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l. Introduction
(by Dr. Stephen Arnold)

"Music" is a term which has to stand for a variety of things. One reads music; one plays
music; one listens to music; one studies music; one even "makes" music.

At the end of everything, Music has to have a sonic existence: that is the whole point of it.
But to support the sonic manifestation, we have developed ancillary representations which
have a number of functions.

The one with a long history is notation. In its earliest forms, when cultural transmission was
essentially aural, it captured the barest minimum of information. In no way was it meant to
specify every detail of performance, since that kind of information was conveyed via the
aural-traditional route which depended on experts so familiar with their musical culture that
there was no necessity for the notated to forms even to attempt to do so.

For much of our recorded music history, notated forms of music have not been created as
authoritative statements aimed at the archives of posterity. They have been practical
documents created to support performance, and they tend not to include details of how to
perform a work (e.g. details of dynamics, articulation, even instrumentation and tempi
variation) but a rather more conceptual representation of the composition in abstract. This is
especially understandable when one bears in mind that composers were usually also
performers who frequently led performances of their own music, and that there was therefore
a shared, unwritten, aural traditional framework which prescribed conventions of
performance.

As Music became less localized, more massive in its forces and time-scales, and more
individualized and differentiated in style and content, the need for more more highly specified
scores and parts became ever more acute, until almost every conceivable nuance of
performance was explicitly characterized by graphical or textual signing within the notated
version. Think of Mahler's Symphonies. This tendency has continued, although, to this day,
there are observable, inevitable (and desirable) deviations between notated and performed
manfestations of the work.

With the move to highly specified musical notation has come a scholarly approach to music
which accords a privileged place to the notated representations of the work. Within our
musical culture, what is meant by the term "music" is, as often as not, the score rather than
the performance. Scholars study notated works for many kinds of evidential data relating to
the work's history or content, while performers confidently develop their performnces guided
only by the notated form of the work.

With the burgeoning of the Information Age, new dimensions for Music are opening up. At
the conceptual level, we now conceive of an information space of many inter-related and
interleaved dimensions, capable of fulfilling a wide variety of musical functions and needs,
not only within purely musical contexts, but also as part of broader multimedia frameworks.
The gap between concept and realization is, however, still frustratingly wide. Standards for
text, image, networks, metadata, etc., are fields of intense research and commercially
oriented activity, raising the prospect of exploting critical masses of content-rich, time-based
media over wide-area networks within the framework of , for example, MPEG4, MPEG7,
SDIF and SMIL. But the situation regarding standards for musical data is confused, the
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confusion arising from the complexity and endless variety of musical data, much of which is
“culture specific” rather than genuinely generalizable.

Even though there are as yet no universal, platform-independent, generic, established
standards for music representation, music information or tagging, significant steps are now
being taken to provide structures for music data and tools for display, searching and
manipulation which will undoubtedly prove to be of great value, not only in the rarified realms
of academe, but also throughout the "real” commercial worlds of the music and media
industries.

The JISC-funded MuTaTeD! project is one of several within the fields of music technology,
music information and computer music, which are running in the Department of Music at the
University of Glasgow. Ours is a step-by-step approach. MuTaTeD! attempts to validate
through implementation the concept of integrating two existing music-representation
standards, namely SMDL (Standard Music Descrpition Language) and NIFF (Notation
Interchange File Format). This integration was forseen and advocated in the NIFF
specification of 1995.

An application based on this integration should support (i) via. SMDL, the representation of
Music as a time-structured entity, and (ii) via NIFF, the high-quality display of the notated
version. An important outcome of MuTaTeD! is the first and only (or so we believe!) SMDL-
to-NIFF converter, which allows NIFF-compliant notation editors such as LIME, CPN, IGOR
and SmartScore to display SMDL-encoded music data.

The Report which follows is divided into two principal sections: (i) a discussion of the
challenges of music representation and retrieval; (ii) a detailed introduction to and description
of the parsers and compliers used to implement the MuTaTeD! prototype. A final section (iii)
considers the outcomes of this project and looks forward to future developments in this
research area. In particular, we outline MuTaTeDII which builds on MuTaTeD! by designing
and implementing a music-information retrieval system with delivery/access services for
encoded music.

We have taken steps to communicate our work to others working in the fields of music
encoding, arts and humanities computing and content-based retrieval: some of the more
important conferences and meetings are listed below. We have also targetted specialist
email ansd news groups, organized and taken part in specialized workshops and been
invited to present at others. We shall be co-organizing an important international workshop
as part of the International Computer Music Conference in Berlin in August 2000.

We therefore believe that we have attained the goals of the original MuTaTeD! proposal,
both in terms of the its technical objectives and of its dissemination objectives.

While we are confident that what has been accomplished within MuTaTeD! is of considerable
importance, we recognize that, within the broadest context of music-information
representation and retrieval, the steps we have taken, difficult though they have been, are
fairly modest in their scope and that considerable further work remains to be done. For this
reason, we have embarked on a second phase of MuTaTeD! (MuTaTeD2!), which aims to
embed MuTaTeD! outputs in a considerably broader functional context.
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Il. Achievements and Deliverables
(by the MuTaTeD! Team)

Despite the work being limited to the equivalent of a 4-month FTE project, a significant
amount of territory has nevertheless been covered. Principal achievements are:

proof of concept for the integration of SMDL and NIFF (see Chapter I11.8)

development, revision and integration of a SMDL DTD and a NIFF DTD (see Chapter
IV.6 and Appendices A and B)

the first SMDL to NIFF converter, complementing the Mounce Niff>SMDL converter
(Cantate) (ditto)

expert and user workshops (see Chapter 11.1)

establishment of a small but continuing influence of the MPEG?7 standardization process
aimed at incorporating compatibility with SMDL. (see Chapter 11.1 and Appendix C)
involvment in the development of the revised SMDL standard, as this will be updated due
to changes in HyTime.

presentations, workshops and invitations to research meetings (Chapter I1.1)

1. Conference Papers and Workshops

The results of this works were presented in several large conferences and meetings, national
and international:

ARS ELECTRONICA FESTIVAL, Linz, AUSTRIA, September 5 - 8 1999

Meetings of CUIDAD and CIRCUS,
Invited Paper Presentation. Title: "Music Tagging Type Definition".

CIRCUS Meeting, Dublin, Ireland, October 20-22 1999
Invited Paper Presentation. Title: "Metadata and CIRCUS".

DRH99, London, UK, September 12-16 Sept 1999
Paper Presentation: "MuTaTeD!"

Expert and user workshops provided the means of early dissemination of the results:

DRH99, London, UK, September 12-16 Sept 1999
Co-organized Expert Workshop "Music Information Retrieval"

Workshop in Glasgow, 15 December 1999
Organized local workshop "Systems for Music Information Representation and Retrieval”

2. Contact with relevant research groups

Contact with local and external research groups, mailing lists and newsgroups made us
aware of other developments in this topic-area and enabled us to become involved in the
processes of standardization or creation for SMDL related applications.

Our local research group meets weekly. It is made up of the research assistants, music
technology lecturers and academic related staff.
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Projects run within the Music Department and relevant to MuTaTeD! are:

Direct software evaluation of Music Notation Packages for an Academic Context

(Project Management: Carola Boehm and Stephen Brandon)

Evaluating music notation packages in the context of a multi-user, multi-computer, networked
academic music environment.

Funded by JISC and Universities & Colleges Information System Association (UCISA).
(http://www.pads.ahds.ac.uk/notation_eval.html).

A system for Music-Information Retrieval of Encoded Music (MuTaTeD'll)

(Project Management: Carola Boehm)

The aim of the proposed project is to design and implement a music-information retrieval
system with delivery/access services for encoded music. It builds on the output on the
MuTaTeD! project. The prototype service will provide a user-friendly, web-based
search/browse/query interface to access musical content. Funded by the Library Information
Commission and started in 1999.

External Working groups include:

Audio MPEG7 AdHoc group (International scope)

Involvement within the framework of the MPEG7 working group (MPEG ISO/IEC JTC1/SC29
WG11) (http://www.darmstadt.gmd.de/mobile/MPEG7/) to ensure the integration of
technologies for information retrieval vital for communities of music libraries and digital
music-libraries.

EU-funded working group CIRCUS (European Scope)

Content Integrated Research into Creative User Systems (http://www.circusweb.org),
CIRCUS is a working group funded by the EC’s Esprit programme. CIRCUS brings together
artists, designers, performers, theorists and computer scientists to debate the research
issues posed by the next generation of advanced information technology for the creative and
performing arts, media and the electronic publishing industry (in its broadest sense). It brings
together partner institutions in the UK, Ireland, Finland, France, Germany, Netherlands and
Spain. CIRCUS advises the EC on the integration of content and technology in terms of
creative pull vs technology push.Glasgow contributes to the subgroup dealing with metadata
standards for the creative arts user community.

MusicWeb Connect (European Scope)

Within the european-funded MusicWeb Connect project Glasgow has the reponsibility of
technical co-ordination, evaluation and dissemination. It aims to integrate and implement
music-specific on-line interactivity and collaborative working tools. Two technologies
underpin this project, a) the GUIDO Music Representation Language and Note Server for
dynamic music representation and b) "Gentle", the educational application built upon the
Hyperwave Information/Knowledge Management System. The collaborating institutions are
the Royal Conservatory of Music and Dance Den Haag (Project Co-ordination), Netherlands;
Institute for Information Processing, Graz, Austria; Technische Hochschule Darmstadt and
Hochschule fur Musik Hanover, Germany; and IRCAM, France. Funded by EU Connect
Programme and German and Dutch national funding.

3. Additional Dissemination Activities



Department of Music UNIVERSITY
MuTaTeD! of

. . GLASGOW
Il. Achievements and Deliverables

The success of the international expert workshop organized under the auspices of
MuTaTeD! as part of DRH99 has led to a further workshop to be held in the University of
Massachusetts to which we have been invited.

We are organizing a further workshop under the auspices of the Internationla Computer
Music Conference 2000, where we are also presenting formal papers relating to MuTaTeD!.

SAMURAI (2nd Symposium on Adequate Music Representation Issues), Vancouver, CA
Invited paper. June 16-19 2000

WEDELMUSIC, Firenze, ITALY
Invited as Member of Expert User Group to the first meeting of the EU-funded working group
WedelMusic. April 1-2 2000
The objectives of the project are:
to make possible the distribution of interactive music via the internet managing IPR and
integrating audio, symbolic and image formats within a unified model
to adopt a model for distributing music, taking into account the user needs

Paper (acceptance to be confirmed): "Music Tagging Type Definitions, MuTaTeD | and Il :
Systems for Music Representation and Re-trieval”, Special Session on Sound and Music
Technology within the EUROMICRO WORKSHOP on Multimedia and Telecommunication,
Maastricht, Netherlands 4-7 September 2000
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lll. Systems for Music Representation and Retrieval
(by Carola Boehm)

1. Abstract

The project MuTaTeD! validated the concept of integrating two existing music representation stan-
dards: SMDL (Standard Music Description Language) and NIFF (Notation Interchange File For-
mat). An application with the combined implementation of these two standards, SMDL and NIFF,
supports the representation of music as a time-structured entity in its own "gestalt" as it is con-
ceived and yet provides a standard for high-quality display via the NIFF format. The paper will
discuss the general issues surrounding music information representation and music information
retrieval, present the result of the UK-JISC funded "proof-of-concept” project: MuTaTeD! (Music
Tagging Type Definition) and inform about further development within the UK-Library Information
Commission funded MuTaTeD'll project and its MPEG7 involvement.

2. The Broad Context

A serious problem for IT today concerns Information Overload. When, as now, the internet is be-
coming the platform, the browsers become the operating system, and applications become serv-
ices’, services to access music content have to define new methods of storing and distributing
time-based data if they are to serve large quantities of high-quality information across wide area
networks (WANS). Future information services will need to carry the burden of extensive metadata
management, - content searching and manipulation of time-based data - if they are to facilitate
intelligent access and efficient delivery to their user communities.

It is now, therefore, quite widely accepted that there needs to be development in three areas (i)
Information Structure (ii) Information Representation and (iii) Information Access.
In a number of IT sectors, there has been considerable progress in user interfaces, metadata
management systems for access, information retrieval, workflow management, and similar areas.
But in the area of Music

the most widely encountered music information structure is midi

visual information representation over WANS is largely restricted to static images

music information retrieval is still in its infancy.

While this leaves plenty of scope for researchers, there is a sense that users have still to benefit
as fully within the area of Music as they clearly have in other domains.

3. The Music-Specific Context

Accessing and manipulating time-based data over wide-area networks is a research area ready to
deliver its first results. For a variety of tasks, such as automatic page-turning and slide-shows, and
within a variety of fields, such as multi-media applications and professional video or media compa-
nies, there is a requirement for a language that describes time-based media in its structure.

Two main options seem to be possible here:
handle the media files as they are and synchronize their interaction with each other, or
use a structured language to represent time-based media files, such as those associated with
music, as a time-based medium within its own time-dependent structure.

! Kostas Glinos (EU, DG3), "Information Access and Interfaces", presentation for the last call of the 4"

framework, 29 September 1997, Brussels.
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The first option has yielded solutions that have already been commercially exploited, e.g. interac-
tion of sound and movies, parallel depiction of scrolling text and movies, web slide-sound shows,

etc. The second option has so far been neglected, so that the Music community is left without the
musical equivalents of, for example SGML (Standard Generalized Markup Language)® and XML

(eXtensible Markup Language)® and packages to handle them.

"Music Representation Languages" are essentially a means to describe certain musical elements
and their time-relation to each other. At the macro level, such a language might represent a se-
guence of four sound files played one after the other, corresponding to the four movements in a
symphony. At the micro level, it might represent single notes on several staffs in their relative
“"time-positions”. Thus, within this model of a "time-based media structure”, by heightening the de-
tail of granularity, we conjoin the two options outlined above.

An application with the combined implementation of two standards, SMDL (Standard Music De-
scription Language)* and NIFF (Notation Interchange File Format)®, would support the representa-
tion of music as a structured, time-based entity in its own gestalt, - while simultaneously supporting
high-quality display via the NIFF format. The publication of the SMDL standard draft in 1995 was
recognized in the NIFF specification of the same year when it proposed this very combination for
applications.

Among applications which might be founded on this concept are:
®* Platform independent file interchange (music software, web)

® Intelligent and dynamic access to structured music (libraries, education)

®  Using music-recognition functionality, easy and instant access to a critical mass of music
(sheet music sales and loans, music publishers, performers, music and audio distributors)

®* Collaborative creation and working processes and the synchronization of time-based media
entities of the same and different type (media production industry)

As mentioned above, in order to achieve this, the existence and acceptance of a language that de-
scribes time-based media in its time-based structure is required and with it the possibility to repre-
sent it in a musical way. The development and adoption of such a language as we envisage will
make possible the realization of these objectives.

The basic idea of the MuTaTeD! Project (Music Tagging Type Definition) grew out of these con-
siderations and suggested the following primary project goals:

® the proof of concept of integrating two existing standards, one for music content
(SMDL) and one for music score representation (NIFF)

® the use of a standard Meta-DTD for music-tagging languages

2 SGML, Standard Generalized Markup Language, 1SO 8879:1986 of ISO/IEC JTC1/SC34, see
http://www2.echo.lu/oii/fen/docstand.html#SGML 28/02/00.

¥ XML, eXtensible Markup Language, W3C and IETF, see http://www2.echo.lu/oii/fen/docstand.html#XML
28/02/00.

* sMDL (Standard Music Description Language) is a HyTime application that conforms to international
Standard ISO/IEC 10744. See below.

®> Notation Interchange File Format, created 1995 in collaboration with several music companies. See below.

-9-
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4. Music Representation Standards — The Historical Context

Research into Music Representation Standards is not new. There have been many and varied ap-
proaches to standardised music representation. The following, historically oriented listing helps
show the context for our current efforts.

Independently of (and in parallel with) “conventional” music notation, numerically based systems
for encoding musical information have been devised, perhaps governed by an idealistic Pythago-
rean sense® that numerical abstraction and elegance was especially appropriate. But they were
also to fulfil a practical need, at a time predating audio recording, to capture musical data as it was
being played — a task for which common music notation is not at all well suited”’.

Using typewritten text and early computers, substantial archives of incipits and melodies were de-
veloped, giving rise to an ASCII-based notation. These holdings may still be found in many cata-
logues of music?

With the development of professionally oriented music applications for the computer, new data
structures, file formats, and music description standards emerged with almost with every applica-
tion. The Music Notation software applications, in particular, were forced to create their own un-
derlying music data structures to contain all the information needed to print music. In the absence
of established and widely adopted standards, this was inevitable if the applications were to be of
any practical use. Surprisingly, perhaps, there was not much impetus to agree a joint standard.

NIFF (Notation Interchange File Format)® was the first (and only) commercially-based effort by
several companies to agree on an interchange file format for Notation. Although there are now a
few NIFF-compliant programs, all the most widely used notation and music programs are still (early
2000) not capable of reading NIFF. Perceptions of their commercial interest appear to lie behind
various music companies’ failure to follow through with previously announced plans for NIFF im-
plementation. This is difficult for the Music user community to bear, forced as it is to struggle on
with MIDI, which cannot and indeed was never intended to support the full extent of the needs of
the field.

Recent activity to revive NIFF-related development is largely to the credit of the user community
rather than commercial concerns, The MuTaTeD! Project can reasonably be claimed as an im-
portant part of this recent push forward.

A positive development can be seen with music tagging languages. The number of text-based mu-
sic languages, cognate with SGML/XML/SMDL, is rising. A number of groups are pushing for stan-
dardisation of a single language to be used over the web. There are developments spinning off
from XML under the W3C'°, and developments with SMDL (Standard Music Description Lan-
guage), backed by MuTaTeD! and their work within MPEG7*.

® See [Wolf 1963].

" Ibid. p. 423-437

® See entries: "DARMS", "Plaine and Easy", "Alma", "Essen", and similar in: {Selfridge Field 1997], "Beyond
M|d| Cambridge Massachusetts, CCRMAH 1997.
° See "Notation Interchange File Format”, http://www.musitek.com/niff.html 26/02/00 and Cindy Grande,
"NIFF" in [Selfridge-Field 1997] p.491- 511
World Wide Web Consortium, http://www.w3.org/
! ISO/IEC DIS 10743, Standard Music Description Language (SMDL) see
http://www2.echo.lu/oii/fen/audio.html#SMDL, 26/02/00 and Sloan and Newcomb, "Hytime and SMDL", in
[Selfridge-Field 1997] p.469-489.
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As ever, agreement is required so that application developers may safely integrate the standard in
their application. Even though SMDL unlike all the other tagging music standards is an ISO*® stan-
dard, it seems so far to have failed the final test of acceptance by application developers.

Below is a summary list of music description standards throughout the last 200 years.

Early Number Notation (19" century and earlier)**
Davantes, Kircher, Avella, Mersenne, Bontempi, Stierlein, Mine,
Schulz, Rousseau, Galin-Paris-Cheve, Geisler, Teule, Gatting

19" Century Shorthand™:;
Sauveur, la Salle, Romanos, World Music Language

Formats for Typewriter and Early Computer Age:
DARMS™, Plain and Easy'’ and ALMA'®, WMN", MECOS?,
ANTOC?*, SPECO*, NUTOC?®, Essen ESAC*

Computer Age: Formats for Notation Software - Binary File Formats
Encore File Format®®, Finale's Enigma®®, Syqyest, Lime's Tilia*’,
Nightingale®®, Score's Score®,

2 The Moving Picture Experts Group (MPEG) is a working group of ISO/IEC in charge of the development of
international standards for compression, decompression, processing, and coded representation of moving
pictures, audio and their combination. So far MPEG has produced: MPEG-1 (approved Nov. 1992), MPEG-
2 (approved Nov. 1994), MPEG-4 version 1, the standard for multimedia applications (approved Oct.
1998). and is now developing MPEG-7 the content representation standard for multimedia information
search, filtering, management and processing (to be approved July 2001). (http://drogo.cselt.stet.it/mpeg/
11/01/00)

13130 stands for International Organisation for Standardization. The International Organisation for
Standardization (ISO) is a worldwide federation of national standards bodies from some 130 countries,
one from each country. see http://www.iso.ch/infoe/intro.htm 28/02/00.

See [Wolf 1963].
|b|d p.419-449.
® See Selfridge-Field, Dydo, Hall, Wiering. Towbridge, "Musical Notation Codes (1):DARMS" in: [Selfridge-
F|eId 1997] p.163-216.
’ See John Howard, Plaine and Easy Code: A code for Music Bibliography, in: [Selfridge-Field 1997] p.362-
371
See [Gould/Longemann 1966].
See [Steinbeck 1982].
% pid. p.35.
2 > Ibid.
Ib|d p.35 and p394.
Ib|d p.47.
See [Schaffrath 1992] and Schaffrath, "The Essen Associative Code", in: [Selfridge-Field 1997] p.343-359.
® See Passport Design, Encore at http://www.gvox.com/ 26/02/00. Passport Design Inc. was bought by G-
VOX Entertainment.
Coda Music Software, http://www.codamusic.com/coda/ 26/02/00.
" See [Haken/Blostein 1993] and David Cotte, Lippold Haken, "The Lime Tilia Representation”,
[Selfridge-Field 1997] p.283-292.

%8 See Tim Crawford, Donald Byrd, John Bibson, "The Nightingale Notelist", in: Selfridge-Field p.293-314 and
Muswware Inc. http://www.musicwareinc.com/prod02.htm 26/02/00.
® See Leland Smith, Score in: [Selfridge-Field 1997] p.252-279 and Score (San Andreas Press),
http://lwww.scoremus.com/ 26/02/00.
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Computer Age: Formats for Composition/Performance Systems
Midi*°, Mode’s SmallMusic®, Kyma’s Kyma®*>, Common (Lisp) Music
Notation®®, Max Score*, Csound's Score®, NeXT's Score format™®,
Radio Baton Score File*’, Hush/Hymne/DejaVu**, MML*

Computer Age: Formats for Notation - Text based File Formats
MusicTex®, Lilyponds Mudela®, abc*?, GUIDO®,

Computer Age: Interchange File Formats
NIFF*

Computer Age: Analysis and Content Serching
Humdrum's Kern*, MuseData*®, CPN*’,

WebAge: Formats for Storage, Compression, Delivery
MPEG4*, SMIL*

Web Age: Tagged Music Description Formats
SMDL/SGML*°, MuXML®*, MusicML, MNML *?, MPEG7>

Fig.1 Short list of different Music Representations Schemes

See Midi Manufacturers Ass. (MMA), http://www.midi.org 26/02/00 and [Selfridge-Field 1997] p.41-110.
See [Pope 1992].
% See [Scaletti 1998].

® See Schottstaedt, W. "Common Lisp Music Documentation. Reference manual” ftp://ccrma-ftp.stanford.
edu/clm/ 28/02/00 and Schottstaedt, "Common Music Notation”, in:[Selfridge-Field 1997] p.217.

* See IRCAM/Opcode Max, http://www.opcode.com/products/max/ 26/02/00.

% See Vercoe, B. 1991. "CSound Manual and Release Notes" at ftp://media-lab.mit..edu 26/02/00 and David
Bainbridge, "Csound", in: [Selfridge-Field 1997] p.111-142.

%6 See D. Jaffe, "The NeXT Score File" in: Selfridge-Field p.146-152 and "NeXT, Handbook and Manuals".
See M. Mathews, "The Radio Baton Conductor Score File", in: [Selfridge-Field 1997] p. 153-158.

8 See [Ossenbruggen/Eliéns 1995 + 1996]
39 See Matsushima, in: [Selfridge-Field 1997] p.143-145.
See Werner Icking, "MUTEX, MusicTEX, and MusiXTEX", in: [Selfridge-Field 1997] p.222-231.
See Han Wen Nienhuys, "Lilypond", http://www.cs.uu. nI/peopIe/hanwen/hlypond/index.html, 26/02/00.
See Chris Walshaw, "abc", http://www.gre.ac.uk/~c.walshaw/abc/ 26/02/00.
% See Holger H. Hoos , Juergen Kilian, Keith Hamel, "GUIDO", http://www.informatik.tu-
darmstadt. de/AFS/GUIDO/ 21/02/00

** See "Notation Interchange File Format”, http://www.musitek.com/niff.html 26/02/00 and Cindy Grande,
"NIFF" in [Selfridge-Field 1997] p. 491-511.

See David Huron, "Humdrum and Kern", in: [Selfridge-Field 1997] , p.375-398.
See Walter B. Hewlett, "MuseData", in [Selfridge-Field 1997] , p.402-445.
" See [Maidin 1995].

8 See ISO/IEC JTC1/SC29 WG11, Moving Picture Expert Group, "ISO/IEC DIS 14496-1 MPEG4",
http [lwww2.echo.lu/oii/en/video.htmI#MPEG-4, 26/02/00.

° See W3C Audio Visual Working Group, "SMIL, Synchronized Multimedia Integration Language",
http://www2.echo.lu/oii/en/moving.htmI#SMIL, 26/02/00.

*% |SO/IEC DIS 10743, "Standard Music Description Language (SMDL)",
http://www?2.echo.lu/oii/en/audio.htmi#SMDL, 26/02/00 and Sloan and Newcomb, "Hytime and SMDL", in:
[Selfridge-Field 1997] p. 469-489.

L uMuXML", http:/itcf.nl/3.0/musicml/index.html, 26/02/00.

°2 "The Musical Notation Markup Language", http://irdu.nus.sg/music/ 26/06/99.

%3 See ISO/IEC JTC1/SC29 WG11, Moving Picture Expert Group, "Multimedia Content Description
Interface", http://www.darmstadt.gmd.de/mobile/MPEG7/Objectives.html, 26/02/00.
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It is hard to understand why it is, that until now no music representation standard has been ac-
cepted. A list of problems of developers of music representation standards, which could explain
this absence of accepted standards would encompass difficulties of collaborative development ef-
forts as well as difficulties in the intellectual effort itself. Without going into detail, the creation of
music standards involves the problematic design and implementation of a) time, b) granularity, c)
representation, and d) language functionality. Within the MuTaTeD projects it was decided that
rather than implementing yet another language, two existing standards, SMDL and NIFF, were to
be taken in order to minimise the problems outlined above.

6. A Short Introduction to SMDL (Standard Music Description Language)

SMDL (Standard Music Description Language) is a HyTime application that conforms to interna-
tional Standard ISO/IEC 10744.

There are four domains in SMDL.:
logical domain - contains the abstract musical content , described as "the composer's inten-
tions with respect to pitches, rhythms, harmonies, dynamics, tempi, articulations, accents, etc.".
It contains any number of “cantus' elements.
gestural domain - contains any
number of performances, each of WORK
which specifies how and where
components of the logical domains
are rendered in a specific WORKSEG
performance, as in "the information
added by performers".
visual domain - contains any number SCORE CANTUS | |PERFORM| |ANALYSIS
of scores, each of which specifies
exactly how components of the logical ,/ \
domain is rendered visually, as in "the LYRIC THREAD WAND BATON

information added by human editors, : ;
engravers, and typesetters". : / :

analytical domain - comprised of any
number of theoretical analyses.

The process of creating an SMDL CES PIICHED REST TUPLET | CHORDCHE
document instance involves generating a ' ' ' '
logical domain from a score or a
performance, and (optionally) of
generating a visual or gestural domain which represents all the correspondences between that
score or performance and the logical domain. The relationships between the different domains are
created using hyperlinks which may connect chunks of multimedia materials as well.

SMDL can be seen as the XML of music. The Standard Music Description Language (SMDL) is
defined (in ISO/IEC Draft International Standard 10743) and builds upon SGML (ISO 8879) and
HyTime (ISO/IEC 10744). Defined as "an architecture for the representation of music information,
either alone, or in conjunctlon with text, graphics, or other information needed for publlshlng or
business purposes” it was historically in its development closely related to HyTime> and is ex-

> For the history of the development of the standard SMDL, see
ftp://ftp.techno.com/pub/HyTime/history/history.txt 26/02/00. and/ or http://coral.lili.uni-
bielefeld.de/~hnord/hytime/ 26/02/00 and [Newcomb 1991+ 1992].

-13-
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pected to be published in its revised form with compatibility with XML and HyTime2 in 2000., which
was taken up by the US Defense Department. Not being interested in the music-side of things,
rather only in the time-based structures, SMDL was created (loosely speaking) by extracting the
music side out of HyTime. Nice thing about it is that it is a ISO standard, thus is more secure
against any commercial or private pressures in order to change it. But only a few browsers handle
it, and these are not available for all platforms. It is unbelievable that there has existed a very well
defined standard (700 pages) for about three years, without anybody developing applications. We
in Glasgow are still trying to get projects (EU and national) funded to work on platform independent
applications using SMDL and NIFF in combination. We would definitely be delighted if an institution
like 11CM would join us in that effort.

7. A short introduction to NIFF (Notation Interchange File Format)
As Stephen Mounce writes in his introduction to NIFF:

“The NIFF project began in February 1994 with a meeting between technical people
representing three major music notation programs and three music scanning pro-
grams. The group's goal was to define a new standard format for exchange of music
notation data, which everyone agreed was long overdue in the industry.

The original companies involved were: Passport Designs (publisher of Encore), San
Andreas Press (Score), Coda Music Technology (Finale), Musitek (MidiScan) and
TAP Music Systems/MusicWare (NoteScan). The list of advisors has continued to
grow over time.

In January of 1995 Coda decided to withdraw from the process (with the intention to
publish their own Enigma format). Shortly thereafter, Mark of the Unicorn, Twelve
Tone Systems, Opcode Systems, and TAP Music Systems/MusicWare agreed to re-
place Coda as financial sponsors.®®

Thus NIFF is the result of more than two years collaboration between major music software pub-
lishers and experts in the field of music notation/representation. NIFF files include graphical object
and page layout as well as MIDI performance information.

Up to now, MIDI files have been the de facto standard for exchange of music data between pro-
grams. Although this is sufficient for playback, it is inadequate for displaying and printing of music
notation. NIFF tried to answer this need with a dedicated notation score representation with its
major functionality of being an interchange file format.

To sum up the positive characteristics of NIFF:
- platform-independent interchange
intended to preserve a significant amount of visual detail
allows representation of the most common situations occurring in conventional music
makes provision for software developers to define their own extensions to handle the more un-
usual situations
allows inclusion of Encapsulated PostScript (EPS) files and fonts to allow interchange of fea-
tures not otherwise defined in the format
the standard is open and non-proprietary.
there are Software Developers Kits (SDKs) available

% Stephen Mounce (ed), "Niff Homepage", http://www.student.brad.ac.uk/srmounce/niff.html, 1/11/00
-14 -
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Both SMDL and NIFF seemed stable enough to start developing SMDL based and NIFF compati-
ble services for music information retrieval. Although one may be aware of the fact that other stan-
dards are much more accepted and hyped within the music industry, and that both NIFF and
SMDL are not accepted by it, they still seem to be the only standards powerful enough and close
enough to being officially standardized, for developers not to be prone to the danger of working to-
wards moving goalposts. Within this context, plans were made to set up a proof of concept project
to validate the concept of integrating these two existing music representation standards.

8. MuTaTeD! — a proof of concept

Objectives of the project were: to integrate SMDL as the Model with NIFF as one possible View,
and establish a standard Meta-DTD for music tagging Ianguages, which could be used by the wide

I'J

8% - =" ‘
O 4P | niff capable <+ o
= @ 11 3 '2|-—I_.I'3 T

wide-area netwaork

SMDL
<ces id=ces2 repeats=2>

<pitched exspec=quarter>
4—’ <nompitch><gampitch><pitchnm>e</pitched>

<pitched exspec=quarter>

<nompitch><gampitch><pitchnm>g</pitched>
<pitched exspec=dquarter>
<nompitch><gampitch><pitchnm>g</pitched>

user community. The project MuTaTeD! validated the concept of integrating two existing music
representation standards. Additionally, it was to research into the development and integration of a
SMDL DTD for the wider music user community and develop a web-application as a demonstra-
tor.(see fig. 5) The work heavily influenced the "Structured Music MPEG7 proposals™® which were
proposed in order to ensure an SMDL-compliant standard.

Fig - 5 Basic Architecture for the MuTaTeD! project

Due to the time and financial constraints of this project an early decision was taken to use freely
available software development environments. For the parser and compiler the Lex/Yacc Parser
Technology (lexer, parser, code generator) was chosen and a multipass compiler has been devel-
oped with this technology. To create the NIFF output files the NIFF Software Development Kit, also
freely available, was used. In addition to this, we could utilize already existing multipass compilers,
which convert SMDL to NIFF, developed by the CANTATE®’ project (developer: Steven Mounce).
Including our multipass compilers, which also make use of the NIFF SDK we had the following
compiler passes:

CANTATE MuTaTeD!

*® See [Boehm/Hall 1999].
’ Cantate, Computer Access to Notation and Text in Music Libraries.
http://www.svb.nl/project/cantate/cantate.htm, 11/01/00
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2 Pass Compiler: NIFF --> SGML(SMDL)
- NIFF -> SGML(NIFF)
- SGML(NIFF) -> SGML(SMDL)

Multi-Pass compiler: SMDL --> NIFF

- SMDL --> SGML(SMDL)

- SGML(SMDL) --> SGML (NIFF)

- SGML(NIFF) --> C(NiffSDK) --> C-Code
- C-Code --> NIFF binary

The feedback from several large libraries and library projects, which have shown interest in this
work, emphasized the value of having the full circle of converters from SMDL to NIFF and NIFF to
SMDL available. Although the SMDL-to-NIFF converter as developed still has some restrictions in
its functionality, it should be noted that MuTaTeD!, besides having prooved the concept of inte-
grating SMDL and NIFF, it was the dfirst project to build a SMDL to NIFF converter.

8.1. The technical Set-Up

The ideal situation
(see Fig. 6), as
sketched below, would
have been to distribute
the multipass
converter across
server and client whilst
using a platform
independent client.
This design would

client side

NIFF

C-Code --> NIFF binary

* SGML(MML) --= MML

anm

: Sbmttwmwl_l_tl@uluwllllllllllllllllll.lll

[ SGNR=ansE =50 CANITRSOICy o g e s m mm s m = s .

have had the
advantage of client-

wide-area

server distribution in
order to maximise the
performance for the
user. The conversion
processes to the final
binary NIFF files
would be executed on
the clients' machines,
thus minimising the
downloading time and

—

server side

SMDL

SGML(SMDL) --> SMDL(NIFF) ]

— SGML(SMDL) -> SMDL(GUIDO) .
el I SGML(SMDL) --> SMDL(MML)

.Illlllllllllllllllllllllllllllllllll:

SMDL --> SGML(SMDL)

platform
dependencies. Only
text-based information
would be sent to the
client, the binary being
created

within the client-side
application.

client side
WIinNT

Additionally this would
have the advantage
of involving separate
passes, allowing the
modularity to add
different client side
converters, such

server side
SG Indigo

Fig. 6 Ideal Setup

NIFF SDK only for UNIX
NIFF

wide-area

C-Code --> NIFF binary

SGML(NIFF) --> C(NiffSDK) --> C-Code

SGML(SMDL) --> SMDL(NIFF)

E SMDL --> SGML(SMDL)

SMDL
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as for instance GUIDO or MML. In this way it could be easily expanded.

Facing the problem that the NIFF SDK was available only for Unix, ppd peid@virgpe time for te-
dious recompilation procedures of the software tools for WinNT, the decision was made to put all of
the passes onto the server side. (see Fig. 7)

8.2. The MuTaTeD! Multipass Compilers

A compiler contains a lexer, a parser and a code generator. The lexer splits up the program text
into what are called ‘tokens’, tiny pieces of information. These are then examined by the parser,
which builds a tree representing the program’s structure. If the program can be parsed success-
fully, then the tree is well-defined and is passed on to the code generator, which walks over the
tree and produces target code as it examines each node in the tree. The compiler developed in
MuTaTeD! works with two passes. The first translates SMDL into an intermediate form of NIFF,
called SGML(NIFF)>. The second translates into NIFF binary code. Each of the two passes is
written using LEX and YACC. The second pass translates an SGML(NIFF) file to a C program,
using the NIFF SDK. This is compiled and executed, resulting in a NIFF binary file that can then be
loaded into a NIFF compatible music editor, such as LIME. (see source code excerpt Fig .8 and
Fig. 9)

I start (beginn_niff, setup, date) I
| |
I begin_niff I I setup (begin_setup, info, partsL) I I Data (begin data....)
C(NIFF SDK) C(NIFF SDK) C(NIFF SDK) C(NIFF SDK)
C(NIFF SDK)
compile
NIFF Binary

-17 -
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Fig. 8 Multi pass compiler, via Lex/Yacc
How the lex/yacc compilers work can shown in the following examples, deriving from the 2nd Pass,
(SGML(NIFF) --> C(NIFF_SDK)):

start : NIFF begin_niff setup data END NI FF end_niff

begin niff : {printStartFile();

printf("if (! NNFFIOCStartNiff())

doerror(\"NIFFI CSt oreFornmNi ff failed\");\n");}
end niff : {printf("NIFFICENdNi ff();\n"); printEndFile(); }

setup : SETUP END_SETUP end_set up

A
printf("if (! N FFI OStartSetupSection())
doerror (\"N FFI CSt art Set upSection failed\");\n");
printf("if (! N FFICstoreDefaul tCLT())
doerror (\"N FFI Cst oreDef aul t CLT failed\");\n"); }
end setup : { printf("if (! N FFICchunkStringTabl e()) doerror
(\"NIFFI CstringTable failed\");\n");
printf("M/WiteStringTable();\n");
printf ("N FFl CEndSet upSection();\n");}

| NFO begi n_i nfo VERSI ON | NTEGER END_| NFO
begin_info : {printf("if (! N FFI CchunkN fflnfo(version, progtypeNone,
uni tsNoUnits, -1 ,-1)) doerror (\"N FFI CStoreLi st SetupSection
failed\");\n");}

PARTSL begi n_partsL part_plus END PARTSL end_partsL
begin_partsL : {printf("if (! NNFFICStartParts()) doerror
(\"NIFFICstartParts failed\");\n");}
end partsL : {printf("N FFl CGendParts();\n");}

part _plus : part

part _plus part

part : PART begin_part |D | DENTIFI ER NAVE | DENTI FI ER END_PART

begin part : {printf("if (! N FFl CchunkPart(0,0,0,1,-1,-1,-1)) doerror
(\"NI FFl CchunkPart failed\");\n");}

data : DATA END DATA end_dat a
D {printf("if (! NFFICStartDataSection()) doer-
ror(\"N FFI Cst art Dat aSection failed\");\n");}
end_data : {printf("N FFI CEndDat aSection();\n");}
..etc
.etc

Fig. 8 Source Code 2nd Pass, (SGML(NIFF) --> C(NIFF_SDK))

*8 For future notation within this document, a file written in SGML and using an X DTD is described as being
in SGML(X). A file written in C and using functions from the NIFF SDK is referred to as being in C(NIFF
SDK).

-18 -



Department of Music

A

MuTaTeD! UNIV]E;{SITY &
I : L
S

I1l. Systems for Music Representation and Retrieval GLASGOW

8.3. Conclusion

Besides proving the concept of using these two standards, the use of the LEX/YACC technology
enabled us to implement the converters, but also restricted our flexibility to certain extent. With
LEX/YACC we had to hardcode our chosen DTD's into the converters. This is implemented
differently in the follow-up project, MuTaTeD'll in which the Groveminder Technology is used. This,
besides other advantages, allows for the reading in of different DTDs. NIFF, being binary, also
posed some problems of accessing and searching the content. The fact that a compilation proce-
dure has to always precede a reading in, has consequences in the design of intuitive content music
retrieval out of NIFF, specifically for displaying music. So although NIFF has proved to be the pow-
erful format, we are thinking of using another text-based representation language for future
implementations.

We hope to be able to continue influencing the MPEG7 standardization process to include com-
patibility with SMDL. Newest developments within the finalization of the SMDL standard will include
compatibility with XML and HyTime2.

Finally, MuTaTeD!'s major contribution to the music user community is the first SMDL-to-NIFF
converter.
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IV. Detailed project report of the implementation of the prototype
(by Dr. Cordelia Hall)

1. Summary

The goal of the project was to provide a ‘proof of concept’ for translation of SMDL
documents into NIFF binary format. The compiler that does this has two passes. The first
translates SMDL into an intermediate form of NIFF which we call SGML(NIFF). This form
is a text file with SGML like tags. The second translates from this intermediate language
into NIFF binary code. Each of the two passes is written using LEX and YACC.

The second pass is a little more complex than the first, because it translates an
SGML(NIFF) file to a C program which uses the NIFF SDK. This is then compiled and
executed, resulting in a NIFF binary file that can then be loaded into a music editor such
as LIME, and browsed.

The next two sections are for interested musicians who need to use the compiler (and are
willing to look at files of music in music representation languages) but do not need to
modify it. The rest of this document is for programmers who need to maintain and extend
the compiler.
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2. How to run the compiler

The MuTaTeD! compiler is located in the directory
/usr/people/mutated/mutatedWork/Compiler
and can be run from the directory
/usr/people/mutated/mutatedWork/Compiler/Run

To run it on a file <file>.smdl formatted in SMDL, copy <file>.smdl into the directory above,
then go to that directory and type

java Compiler <file>.smdl <file>.nif
The file <file>.nif will then be the binary NIFF file.

The Web demonstrator requires a script in the local cgi-bin directory of the server; this will
be added by Carola later.
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3. Amusician’s guide to the MuTaTeD! Compiler

3.1. Twinkle —an extended example

In this section, we look at several versions of Twinkle, a short, well known children’s song,
so that we can compare the different formats used by the two passes of the compiler.

This first format is SMDL. This initial section describes the HyTime modules needed and
those needed for the SMDL DTD.

<?HyTime VERSI ON "1 SQ' | EC 10744: 1992" HYQCNT=32>
<?HyTi me MODULE base desct xt >

<?HyTi me MODULE neasure fcsndu axi sndu>

<?HyTi me MODULE | ocs coordloc nultloc rell oc>
<?HyTi me MODULE | i nks>

<?HyTi me MODULE sched splitfcs grpdex exrecon>

<! DOCTYPE wor k SYSTEM "sndl . dt d"
[<IENTITY score SYSTEM "tw nkl e. nus">
<IENTITY stress SYSTEM "stress. sgni>
<IENTITY pitch SYSTEM "pi t chgam sgni >
<IENTITY ficta SYSTEM "fi ct agam sgni >
<IENTITY | ength SYSTEM "not edur. sgm' >
<IENTITY extlists SYSTEM "extli sts.sgni>
1>

Thework entity gives the technical description of Twinkle.

<wor k>
<axis id=virtinme></axi s>

&stress
&pitch
&ficta

&l ength
&extlists

<l-- this file was created by hand -->

The cantus represents the logical structure of the music, and it is here that the notes of Twinkle
appear:

<cant us id=canl bi bi nf o=bi bl1>

<t enpobat id=tenpl>

<pr oscope exspec=entire>

<pr oj ect r ><pr of un>Moder at o</ pr of un></ pr oj ectr >
</ pr oscope></t enpobat >

<extlist id=entire><extent><dinist><di nspec>
<markl i st>1<marklist>-1</extlist>
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<stresuse id=sul idr=four></stresuse>

This thread is Twinkle' s single musical line.

<t hread i d=t hreadl noni nst =pi ano>

The ces entity represents a sequence of notes. At present, we also use it to group notes so that each
ces gives the notes on one staff line.

The key is represented by the attribute fictagam . When this value is none, then the key is C mgor.
If thisvaueisflats<n> or sharps<n>, then the key has the indicated number of flats or sharps.

<ces id=cesl pitchganmepgaml fi ctaganrnone>

The entity pitched represents a note. The attribute exspec determines the length of the note. If it is
quarter, then the note is a quarter note.

The pitchnm tag is followed by a letter that indicates the pitch of the note. If it is ¢, then the note is
middle C. If there is an accidental, then it will appear after the note, with the following form:

<fi ct adj ><nsdi st >0<gsdi st >n</fi ct adj >
wherenis—1if aflat, Oif anatura, and 1 if a sharp.

Here are the notes in the SMDL representation of Twinkle:

<pi tched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnec</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnn>c</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnn>g</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnn»g</ pi t ched>

<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnra</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnra</ pi t ched>
<pi tched exspec=hal f >
<nonpi t ch><ganpi t ch><pi t chnneg</ pi t ched>

<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnef </ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnef </ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnmre</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnpe</ pi t ched>
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<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnrd</ pi t ched>
<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnkd</ pi t ched>
<pi t ched exspec=hal f >

<nonpi t ch><ganpi t ch><pi t chnn>c</ pi t ched>

</ ces>
<ces id=cesl pitchgamepgani fictaganm=none>

<pi tched exspec=quart er>
<nonpi t ch><ganpi t ch><pi t chnn>c</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnmrc</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnmrg</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnmrg</ pi t ched>

<pi tched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnra</ pi t ched>
<pi tched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnra</ pi t ched>
<pi tched exspec=hal f >

<nonpi t ch><ganpi t ch><pi t chnn>g</ pi t ched>

<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnef </ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnef </ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnre</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnre</ pi t ched>

<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnm>d</ pi t ched>
<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnrd</ pi t ched>
<pi tched exspec=hal f >

<nonpi t ch><ganpi t ch><pi t chnnrc</ pi t ched>

</ ces>
<ces id=cesl pitchganmpgaml fi ctaganrnone>

<pi tched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnneg</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnn>g</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnf </ pi t ched>
<pi t ched exspec=quarter>
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<nonpi t ch><ganpi t ch><pi t chnnf </ pi t ched>

<pi tched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnmre</ pi t ched>
<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnpe</ pi t ched>
<pi t ched exspec=hal f >

<nonpi t ch><ganpi t ch><pi t chnnkd</ pi t ched>

<pi tched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnneg</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnn>g</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnef </ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnef </ pi t ched>

<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnre</ pi t ched>
<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnre</ pi t ched>
<pi tched exspec=hal f >

<nonpi t ch><ganpi t ch><pi t chnned</ pi t ched>

</ ces>
<ces id=cesl pitchganrpgaml fictaganrnone>

<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnmrc</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnkc</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnneg</ pi t ched>
<pi tched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnneg</ pi t ched>

<pi t ched exspec=quart er>

<nonpi t ch><ganpi t ch><pi t chnnra</ pi t ched>
<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnra</ pi t ched>
<pi t ched exspec=hal f >

<nonpi t ch><ganpi t ch><pi t chnnmrg</ pi t ched>

<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnef </ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnef </ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnre</ pi t ched>
<pi t ched exspec=quarter>
<nonpi t ch><ganpi t ch><pi t chnnre</ pi t ched>
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<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnrd</ pi t ched>
<pi t ched exspec=quarter>

<nonpi t ch><ganpi t ch><pi t chnnkd</ pi t ched>
<pi t ched exspec=hal f >

<nonpi t ch><ganpi t ch><pi t chnn>c</ pi t ched>

</ ces>

Now that we have reached the end of the thread and cantus, here are the end tags.

</t hr ead>

</ cant us>

SMDL also provides bibliographic information, and can provide graphic information as well:

<bi bi nfo i d=bi bl>

<aut hor >Unknown</ aut hor >

<uni f or n>Twi nkl e</ uni f or n»

<i sbd>unknown</ i shd></ bi bi nf o>

<nanel oc id=graphi cl><nm i st >score</nmni i st ></nanel oc>
<score id=linkl |inkends="graphicl canl" extra=A intra=A></score>
</ wor k>

3.2. Twinkle — SGMLniff code produced by the first pass of the MuTaTeD! Compiler

The first section of the document is the setup section, which defines the part names:

<! DOCTYPE ni ff SYSTEM "intdtd.sgnt []>
<ni ff>
<set up>
<i nfo>6b 1</info>
<part sL><part ><i d>pO<name>part 0</ part ></ part sL>
</ set up>

The other section gives the data (the notes):

<dat a>

The data is organised into pages, each of which contains one or more systems. Each system contains
one or more staffs:

<pagelL>
<systenlL>
<stafflL>
<st af hedC></ st af hedC

NIFF requires atime slice to appear after each note, giving the sum of the rests and notes read so far
in the measure. At the end of each bar, another time dice gives the number of bars read so far.
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<t s><t st ype>2</t st ype><t op>0<bot t onp4</t s>

The clef entity specifies the clef and the octave gives the initial octave used. If it is octave O, then
the octave contains Middle C.

<cl ef ><t ype>t r ebl e<oct ave>0</ oct ave></cl ef >

The keysig entity gives a number that represents the key. If that number is O, the key is C Mgor. If
that number is between 1 and 7, then the key signature has that number of sharps; if it is between 8
and 14, then it is one of the keys with flats (the number of flatsis an offset from 7).

<keysi g>0</ keysi g>

The time signature is given by the top and bottom values:

<t i mesi g><t op>4</top><bottonr4</bottone</tinesi g>

A note is represented by a stem and anotehead. A notehead has a stafstep, which indicates the pitch
as an offset from the lowest line on the staff (which has an offset of 0). In the example here, this
noteisaMiddle C. A notehead aso has a duration, which is given by afraction, and a partid.

If there is an accidental, then it is specified after the note in a line of the form

<acci dent >n</ acci dent >

wherenis 2 if aflat, 3if anatural and 4 if a sharp is required.

<stemp</stenp
<not ehead><st af st ep>- 2<dur ati on>

<t op>1<bot t onp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t stype>2</tstype><t op>1l<bottonri</ts>

<stenp</stenp
<not ehead><st af st ep>- 2<dur at i on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<st enp</ st enp
<not ehead><st af st ep>2<dur at i on>
<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>3<bot t onp4</t s>

<st enp</stenp
<not ehead><st af st ep>2<dur at i on>
<t op>1<bot t onp4<t ag><part i d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>4<bot t onp4</t s>

<st enp</ st enk

<not ehead><st af st ep>3<dur ati on>
<t op>1<bot t onmr4<t ag><parti d>p0</ parti d></ not ehead>
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<t s><t st ype>2</t st ype><t op>1<bott onp4</t s>

<st enp</stenp
<not ehead><st af st ep>3<dur ati on>

<t op>1<bot t onmr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<stemp</stenp
<not ehead><st af st ep>2<dur ati on>
<t op>1<bot t onp2<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t stype><t op>4<bottonri</t s>
<t s><t st ype>1</t st ype><t op>8<bot t onp4</t s>

<stenp</stenp
<not ehead><st af st ep>1<dur ati on>

<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bottonr4</t s>

<st enp</ st enr
<not ehead><st af st ep>1<durati on>

<t op>1<bot t omr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t stype>2</tstype><t op>2<bottonri</t s>

<stenp</stenr
<not ehead><st af st ep>0<dur ati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>3<bot t onp4</t s>

<st enp</stenp
<not ehead><st af st ep>0<dur ati on>
<t op>1<bot t onmr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>12<bot t onr4</t s>

<st enp</stenp
<not ehead><st af st ep>- 1<dur ati on>

<t op>1<bot t onp4<t ag><part i d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bott onp4</t s>

<stenp</stenp
<not ehead><st af st ep>- 1<dur ati on>

<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<st enp</ st enr
<not ehead><st af st ep>- 2<dur at i on>
<t op>l<bot t omp2<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t stype><t op>4<bottonri</t s>
<t s><t stype>1</tstype><top>16<bottonrd</ts>

</staffL>
</ systenL>

<syst enm>
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<staffL>

<st af hedC></ st af hedC

<t s><t st ype>2</t st ype><t op>0<bot t onp4</t s>
<cl ef ><t ype>t r ebl e<oct ave>0</ oct ave></ cl ef >
<keysi g>0</ keysi g>

<stemp</stenp
<not ehead><st af st ep>- 2<dur at i on>

<t op>1<bot t onp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t stype>2</tstype><t op>1l<bottonri</ts>

<stenp</stenp
<not ehead><st af st ep>- 2<dur at i on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<stenmp</stenp
<not ehead><st af st ep>2<dur ati on>

<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>3<bot t onp4</t s>

<stenp</stenp
<not ehead><st af st ep>2<dur ati on>
<t op>1<bot t onp4<t ag><part i d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>20<bot t onr4</t s>

<stenp</stenp
<not ehead><st af st ep>3<dur ati on>

<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bottonr4</t s>

<stemp</stenp
<not ehead><st af st ep>3<dur ati on>

<t op>1<bot t onp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t stype><t op>2<bott onr4</t s>

<stenp</stenp
<not ehead><st af st ep>2<dur ati on>
<t op>1<bot t onmp2<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>24<bott onp4</t s>

<stenmp</stenp
<not ehead><st af st ep>1<durati on>

<t op>l<bot t onmp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bottonr4</t s>

<stenp</stenp
<not ehead><st af st ep>1<dur ati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<st enp</ st enk
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<not ehead><st af st ep>0<dur ati on>
<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>3<bot t onp4</t s>

<stenmp</stenp
<not ehead><st af st ep>0<dur ati on>
<t op>1<bot t onmp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t stype>1</tstype><t op>28<bottonrd</ts>

<stenp</stenr
<not ehead><st af st ep>- 1<dur ati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bott onp4</t s>

<stenp</stenp
<not ehead><st af st ep>- 1<dur at i on>

<t op>1<bot t onmr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<stemp</stenp
<not ehead><st af st ep>- 2<dur ati on>
<t op>1<bot t onp2<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t stype><t op>4<bottonri</t s>
<t s><t st ype>1</t st ype><t op>32<bot t onr4</t s>

</staffL>
</ systemn>

<systenlL>
<staffL>
<st af hedC></ st af hedC

<t s><t st ype>2</t st ype><t op>0<bot t onp4</t s>
<cl ef ><t ype>t r ebl e<oct ave>0</ oct ave></cl ef >
<keysi g>0</ keysi g>

<stenp</stenp
<not ehead><st af st ep>2<dur ati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bot t onp4</t s>

<stenmp</stenp
<not ehead><st af st ep>2<dur ati on>

<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<st enp</stenp
<not ehead><st af st ep>1<dur ati on>

<t op>1<bot t onp4<t ag><part i d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>3<bot t onp4</t s>

<st enp</stenp
<not ehead><st af st ep>1<dur ati on>
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<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>36<bott onp4</t s>

<stenmp</stenp
<not ehead><st af st ep>0<dur ati on>

<t op>1<bot t onmp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bott onp4</t s>

<stenp</stenp
<not ehead><st af st ep>0<dur ati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<st enp</stenp
<not ehead><st af st ep>- 1<dur ati on>
<t op>1<bot t onmp2<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>40<bot t onr4</t s>

<stemp</stenp
<not ehead><st af st ep>2<dur ati on>

<t op>1<bot t onp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t stype>2</tstype><t op>1l<bottonri</ts>

<stenp</stenp
<not ehead><st af st ep>2<dur ati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<stenmp</stenr
<not ehead><st af st ep>1<durati on>

<t op>1<bot t omp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>3<bot t onp4</t s>

<stenp</stenp
<not ehead><st af st ep>1<dur ati on>
<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>44<bot t onr4</t s>

<st enp</stenp
<not ehead><st af st ep>0<dur ati on>

<t op>1<bot t onmr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bott onr4</t s>

<stemp</stenp
<not ehead><st af st ep>0<dur ati on>

<t op>1<bot t onp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t stype><t op>2<bott onr4</t s>

<stenp</stenp
<not ehead><st af st ep>- 1<dur at i on>
<t op>1<bot t onp2<t ag><parti d>p0</ parti d></ not ehead>
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<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>48<bot t onp4</t s>

</staffL>
</ systenl>
<systenL>
<staf fL>
<st af hedC></ st af hedC

<t s><t st ype>2</t stype><t op>0<bott onr4</t s>
<cl ef ><t ype>t r ebl e<oct ave>0</ oct ave></ cl ef >
<keysi g>0</ keysi g>

<stenp</stenp
<not ehead><st af st ep>- 2<dur at i on>

<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bottonr4</t s>

<st enp</ st enr
<not ehead><st af st ep>- 2<dur at i on>

<t op>1<bot t omr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t stype>2</tstype><t op>2<bottonri</t s>

<stenp</stenr
<not ehead><st af st ep>2<dur ati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>3<bot t onp4</t s>

<st enp</stenp
<not ehead><st af st ep>2<dur ati on>
<t op>1<bot t onmr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>52<bot t onr4</t s>

<st enp</stenp
<not ehead><st af st ep>3<dur ati on>

<t op>1<bot t onp4<t ag><part i d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bott onp4</t s>

<stenp</stenp
<not ehead><st af st ep>3<dur ati on>

<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<st enp</ st enr
<not ehead><st af st ep>2<dur ati on>
<t op>l<bot t omp2<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t stype><t op>4<bottonri</t s>
<t s><t stype>1</t stype><t op>56<bottonri</ts>

<stenp</stenp
<not ehead><st af st ep>1<durati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bot t onp4</t s>
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<stenp</stenp
<not ehead><st af st ep>1<durati on>

<t op>1<bot t onP4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<stemp</stenp
<not ehead><st af st ep>0<dur ati on>

<t op>1<bot t onp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t stype><t op>3<bottonri</t s>

<stenp</stenp
<not ehead><st af st ep>0<dur ati on>
<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>60<bot t onp4</t s>

<stenmp</stenp
<not ehead><st af st ep>- 1<dur ati on>

<t op>1<bot t omp4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>1<bott onr4</t s>

<stenp</stenp
<not ehead><st af st ep>- 1<dur ati on>

<t op>1<bot t onr4<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>2<bot t onp4</t s>

<stenp</stenp
<not ehead><st af st ep>- 2<dur at i on>
<t op>1<bot t onP2<t ag><parti d>p0</ parti d></ not ehead>
<t s><t st ype>2</t st ype><t op>4<bot t onp4</t s>
<t s><t st ype>1</t st ype><t op>64<bot t onr4</t s>

</stafflL>
</ systenlL>
</ pagelL>
</ dat a>
</niff>

3.3. Twinkle — C code produced by the second pass of the MuTaTeD! Compiler

The C files use the NIFF SDK written by Tim Butler and referred to in the first part of this
report. Fortunately, the intermediate language, SGMLniff, has a structure that follows NIFF
very closely. As the NIFF SDK naturally follows NIFF closely as well, the compiler is a
relatively simple one in which the include section is created, then the NIFF chunk calls are
inserted and finally, the C code required at the end is created.

#i ncl ude <stdi o. h>
#i ncl ude <string. h>
#include "niffio.h"
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#i ncl ude "stdcriff.h"

extern void doerror(const char *strMessage);
void MYWiteStringTabl e(void);

i nt

mai n(i nt argc, char **argv)

{

unsi gned char version[8] = "6b";

FI LE *out f p;

N FFI CFi | e *pnf ;

NI FFI Ost or age *pst ore;

NI FFI CChunkLengt hTabl e *pclt;

Rl FFl OCSuccess success;

STROFFSET of f set ;

RATI ONAL r at ;

outfp = fopen("Testl.nif", "wh");

if (!outfp)

doerror("Can't open Testl.nif for witing");
pstore = NI FFI OSt or ageNewSTDC( out f p) ;

if (!pstore)

doerror("Can't create new N FFl Cst orage");

Here is where the compiler starts generating code that depends upon the tokens it reads from the
SGMLniff file it parses. The NI FFI O<name> calls correspond roughly to SGMLniff.

if (I NNFFICStartNiff()) doerror ("N FFI OCStoreFormNi ff failed");

if (! NIFFI OStart SetupSection()) doerror ("N FFI OStart Set upSecti on
failed");

if (! NIFFI OStoreDefaul t CLT()) doerror ("N FFI CstoreDefaul tCLT fail ed");

if (! NFFICGchunkN fflnfo(version, progtypeNone, unitsNoUnits, -1 ,-1))
doerror ("N FFI CStorelLi st SetupSection failed");

if (! NNFFICstartParts()) doerror ("NIFFICStartParts failed");

if (! NFFIOChunkPart(0,0,0,1,-1,-1,-1)) doerror ("N FFI GchunkPart
failed");

NI FFI CEndPart s() ;

if (! N FFI CchunkStringTabl e()) doerror ("N FFICStringTable failed");
M/WiteStringTabl e();

NI FFI CEndSet upSecti on();

if (! NIFFICStartDataSection()) doerror ("N FFI CStart Dat aSection failed");
if (! NNFFIOstartPage()) doerror ("N FFl OStart Page failed");

if (! NNFFICstartSysten()) doerror ("N FFl CStart Systemfail ed");

if (! NNFFICStartStaff()) doerror("NIFFICStartStaffL failed");

if (! NIFFI CchunkSt af f Header ()) doerror ("N FFI CchunkSt af f Header fail ed");
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Durations are represented by rational numbers: the top is the numerator and the bottom is the
denominator.

rat.nunerator = O;

rat.denom nator = 4;

if (! NIFFICchunkTi meSlice(2,rat)) doerror ("N FFI GchunkTi meSlice
failed");

if (! NFFIGChunkd ef (1,2,0)) doerror ("N FFl GchunkC ef failure");

if (! N FFI CchunkKeySi gnat ure(0)) doerror ("N FFl CchunkKeySi gnat ur e
failure");

if (! N FFI CchunkTi meSi gnat ure(4,4)) doerror ("N FFl CchunkTi meSi gnat ur e
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, -2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4,-2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4;

if (! NIFFICchunkTimeSlice(2,rat)) doerror ("N FFI OGchunkTi meSlice
failed");

if (! NIFFI GchunkStem()) doerror ("N FFl OchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4, 2, rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 3;

rat.denom nator = 4;

if (! N FFI CchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");
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rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 2,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunmerator = 4;

rat.denom nator = 4;

if (! NFFIGchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

rat. nunerator = 4;

rat.denom nator = 4;

if (! NFFIOGhunkTineSlice(l,rat)) doerror ("N FFl CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.numerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4, 3,rat)) doerror ("N FFl QchunkNot eHead
failed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(2,rat)) doerror ("N FFl CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.nunmerator = 1;

rat.denom nator = 4,

if (! N FFI GchunkNot ehead(4, 3,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunerator = 2;

rat.denom nator = 4;

if (! NIFFICchunkTimeSlice(2,rat)) doerror ("N FFI GchunkTi meSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.nunmerator = 1;

rat.denom nator = 2;

if (! N FFI GhunkNot ehead(3,2,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunmerator = 4;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl GchunkTi meSlice
failed");

rat. nunerator = 8;

rat.denom nat or 4;
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if (! NFFIOGhunkTineSlice(l,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4, 1, rat)) doerror ("N FFl GchunkNot eHead
failed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(2,rat)) doerror ("N FFl CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.numerator = 1;

rat.denom nator = 4,

if (! N FFI GchunkNot ehead(4,1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunerator = 2;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4,0,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunerator = 3;

rat.denom nator = 4;

if (! NIFFI GchunkTimeSlice(2,rat)) doerror ("N FFI GchunkTi meSlice
failed");

if (! NIFFI GhunkSten()) doerror ("N FFl OchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! NI FFI CchunkNot ehead(4, 0,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunmerator = 4;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl GchunkTi meSlice
failed");

rat. numerator = 12;
rat.denom nator = 4;
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if (! NFFIOGhunkTineSlice(l,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.numerator = 1;

rat.denom nator = 4;

if (! NIFFI OchunkNot ehead(4,-1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(2,rat)) doerror ("N FFl CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.numerator = 1;

rat.denom nator = 4,

if (! N FFI GhunkNot ehead(4,-1,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat.nunerator = 2;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");
rat.numerator = 1;

rat.denom nator = 2;

if (! N FFI GhunkNot ehead(3,-2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. numerator = 4,

rat.denom nator = 4;

if (! NFFIGhunkTinmeSlice(2,rat)) doerror ("N FFl OchunkTi neSlice
failed");

rat. nunerator = 16;

rat.denom nator = 4;

if (! N FFI CchunkTinmeSlice(1,rat)) doerror ("N FFI CchunkTi neSlice
failed");

NI FFI CEndSt af f () ;

NI FFI CEndSyst em() ;

if (! NNFFICStart Systen()) doerror ("N FFl CStart System fail ed");
if (! NNFFICstartStaff()) doerror("NIFFICStartStaffL failed");

if (! N FFIGCchunkSt af f Header ()) doerror ("N FFI CchunkSt af f Header failed");
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rat.nunerator = O;

rat.denom nator = 4;

if (! N FFI CchunkTinmeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

if (! NIFFI Cchunkd ef(1,2,0)) doerror ("N FFl CchunkC ef failure");

if (! N FFI GhunkKeySi gnature(0)) doerror ("N FFI OchunkKeySi gnat ur e
failure");

if (! NFFIGhunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, -2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat.numerator = 1;

rat.denom nator = 4,

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, -2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4;

if (! NIFFICchunkTimeSlice(2,rat)) doerror ("N FFIl CchunkTi neSlice
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, 2,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 3;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NIFFI GchunkStem()) doerror ("N FFl OchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 2,rat)) doerror ("N FFl GchunkNot eHead
failed");

rat. nunerator = 4;
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rat.denom nator = 4;
if (! N FFI CchunkTinmeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

rat. numerator = 20;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(l,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, 3,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 3,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4;

if (! NIFFICchunkTi meSlice(2,rat)) doerror ("N FFI QGchunkTi meSlice
failed");

if (! NIFFI GchunkStem()) doerror ("N FFl OchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 2;

if (! N FFI GhunkNot ehead(3,2,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 4,

rat.denom nator = 4;

if (! N FFI CchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

rat. nunerator = 24;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(1,rat)) doerror ("N FFl GchunkTi meSlice
failed");

if (! NIFFI GchunkSten()) doerror ("N FFl OchunkStem fail ed");

rat. nunerator = 1;

rat.denom nat or 4;
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if (! N FFI GhunkNot ehead(4, 1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.numerator = 1;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, 1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NIFFI GchunkStem()) doerror ("N FFl OchunkStem fail ed");

rat.nunmerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 0, rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunmerator = 3;

rat.denom nator = 4;

if (! N FFI CchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

if (! NIFFI GchunkStem()) doerror ("N FFl OchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 0,rat)) doerror ("N FFl GchunkNot eHead
failed");

rat. nunerator = 4,

rat.denom nator = 4;

if (! N FFI CchunkTinmeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

rat.nunerator = 28;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(l,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NFFIGhunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;
rat.denom nator = 4;
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if (! N FFI GhunkNot ehead(4,-1,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat.numerator = 1;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4,-1,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NIFFI GchunkStem()) doerror ("N FFl OchunkStem fail ed");
rat.numerator = 1,

rat.denom nator = 2;

if (! N FFI GhunkNot ehead(3,-2,rat)) doerror ("N FFlI CchunkNot eHead
failed");

rat. nunerator = 4,

rat.denom nator = 4;

if (! N FFI CchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

rat. nunerator = 32,

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(l,rat)) doerror ("N FFl OchunkTi neSlice
failed);

NI FFl CEndSt af f () ;

NI FFI CEndSyst em() ;

if (I NNFFIOStartSysten()) doerror ("N FFl CStart System failed");
if (! NNFFICStartStaff()) doerror("NIFFIOStartStaffL failed");

if (! N FFICGchunkSt af f Header ()) doerror ("N FFI CchunkSt af f Header fail ed");
rat. numerator = O;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl OchunkTi neSlice
failed");

if (! NFFIGChunkd ef (1,2,0)) doerror ("N FFl GchunkC ef failure");
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if (! N FFI GhunkKeySi gnature(0)) doerror ("N FFI CchunkKeySi gnat ure
failure");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4, 2, rat)) doerror ("N FFl GchunkNot eHead
failed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(2,rat)) doerror ("N FFl CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.numerator = 1;

rat.denom nator = 4,

if (! N FFI GchunkNot ehead(4, 2,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunerator = 2;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunerator = 3;

rat.denom nator = 4;

if (! NIFFI GchunkTimeSlice(2,rat)) doerror ("N FFI GchunkTi meSlice
failed");

if (! NIFFI GhunkSten()) doerror ("N FFl OchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 1,rat)) doerror ("N FFl GchunkNot eHead
failed");

rat. nunmerator = 4;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl GchunkTi meSlice
failed");

rat. numerator = 36;
rat. denon1nator = 4;
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if (! NFFIOGhunkTineSlice(l,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4, 0, rat)) doerror ("N FFl GchunkNot eHead
failed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(2,rat)) doerror ("N FFl CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.numerator = 1;

rat.denom nator = 4,

if (! N FFI GchunkNot ehead(4,0,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunerator = 2;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.nunmerator = 1;

rat.denom nator = 2;

if (! N FFI GhunkNot ehead(3,-1,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunmerator = 4;

rat.denom nator = 4;

if (! NIFFI GchunkTimeSlice(2,rat)) doerror ("N FFI GchunkTi meSlice
failed");

rat. nunerator = 40;

rat.denom nator = 4;

if (! N FFI CchunkTinmeSlice(1,rat)) doerror ("N FFI CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat. numerator = 1,

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, 2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 1;
rat.denom nator = 4;

-45 -



Department of Music UNIVERSITY
MuTaTeD! of L

GLASGOW N
TR

IV. Detailed Project Report

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4, 2, rat)) doerror ("N FFl GchunkNot eHead
failed");

rat. nunmerator = 2;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(2,rat)) doerror ("N FFl CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.numerator = 1;

rat.denom nator = 4,

if (! N FFI GchunkNot ehead(4,1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunmerator = 3;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(2,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunmerator = 4;

rat.denom nator = 4;

if (! NIFFI GchunkTimeSlice(2,rat)) doerror ("N FFI GchunkTi meSlice
failed");

rat.nunerator = 44;

rat.denom nator = 4;

if (! N FFI CchunkTinmeSlice(1,rat)) doerror ("N FFI CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat. numerator = 1,

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, 0,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 1;
rat.denom nator = 4;
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if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4, 0, rat)) doerror ("N FFl GchunkNot eHead
failed");

rat. nunmerator = 2;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(2,rat)) doerror ("N FFl CchunkTi neSlice
failed");

if (! NFFICchunkSten()) doerror("N FFl CchunkStem fail ed");
rat.numerator = 1;

rat.denom nator = 2;

if (! N FFI GhunkNot ehead(3,-1,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. numerator = 4,

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl CchunkTi neSli ce
failed");

rat. nunerator = 48;

rat.denom nator = 4;

if (! N FFI CchunkTimeSlice(1,rat)) doerror ("N FFI CchunkTi neSlice
failed");

NI FFI CEndSt af f () ;

NI FFI CEndSystem() ;

if (! NNFFICStart Systen()) doerror ("N FFl CStart System fail ed");
if (! NNFFICstartStaff()) doerror("NIFFICStartStaffL failed");

if (! NIFFI CchunkSt af f Header ()) doerror ("N FFI CchunkSt af f Header fail ed");
rat. nunerator = O;

rat.denom nator = 4;

if (! N FFI CchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

if (! NIFFICchunkd ef (1,2,0)) doerror ("N FFl Cchunkd ef failure");

if (! N FFI GchunkKeySi gnature(0)) doerror ("N FFI CchunkKeySi gnat ur e
failure");

if (! NIFFI GchunkSten()) doerror ("N FFl OchunkStem fail ed");
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rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4,-2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat.numerator = 1,

rat.denom nator = 4;

if (! N FFICchunkTimeSlice(2,rat)) doerror("N FFI CchunkTi neSlice
failed");

if (! NFFIGhunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, -2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4,

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, 2,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 3;

rat.denom nator = 4;

if (! NIFFICchunkTi meSlice(2,rat)) doerror ("N FFI OGchunkTi meSlice
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, 2,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 4;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

rat.nunerator = 52,

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(1,rat)) doerror ("N FFl GchunkTi meSlice
failed");

if (! NIFFI GchunkSten()) doerror ("N FFl OchunkStem fail ed");

rat. nunerator = 1;
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rat.denom nator = 4;
if (! N FFI CchunkNot ehead(4, 3,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat.numerator = 1;

rat.denom nator = 4,

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GhunkNot ehead(4, 3,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4;

if (! NIFFICchunkTi meSlice(2,rat)) doerror ("N FFI OGchunkTi meSlice
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 2;

if (! N FFI GhunkNot ehead(3,2,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 4;

rat.denom nator = 4;

if (! NFFIOQhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSli ce
failed");

rat.nunerator = 56;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(1,rat)) doerror ("N FFl GchunkTi meSlice
failed");

if (! NIFFI GchunkSten()) doerror ("N FFl OchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat.nunerator = 1;

rat.denom nator = 4;

if (! N FFIGchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

if (! NIFFI GchunkSten()) doerror ("N FFl OchunkStem fail ed");

rat. nunerator = 1;

rat.denom nat or 4;
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if (! N FFI GhunkNot ehead(4, 1,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4;

if (! NIFFICchunkTi meSlice(2,rat)) doerror ("N FFI QGchunkTi meSlice
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4,0,rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 3;

rat.denom nator = 4;

if (! NIFFICchunkTimeSlice(2,rat)) doerror ("N FFI GchunkTi meSlice
failed");

if (! NIFFI GchunkStem()) doerror ("N FFl OchunkStem fail ed");

rat.nunmerator = 1;

rat.denom nator = 4;

if (! N FFI GchunkNot ehead(4, 0, rat)) doerror ("N FFI CchunkNot eHead
failed");

rat. nunerator = 4,

rat.denom nator = 4;

if (! N FFI CchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

rat.nunerator = 60;

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(1,rat)) doerror ("N FFl GchunkTi meSlice
failed");

if (! NIFFI GchunkSten()) doerror ("N FFl OchunkStem fail ed");

rat. nunerator = 1;

rat.denom nator = 4;

if (! N FFI CchunkNot ehead(4,-1,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat.nunmerator = 1;

rat.denom nator = 4;

if (! NFFIGhunkTineSlice(2,rat)) doerror ("N FFl GchunkTi neSlice
failed");

if (! NFFIGhunkSten()) doerror ("N FFl CchunkStem fail ed");

rat. nunerator = 1;
rat.denom nator = 4;
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if (! N FFI GhunkNot ehead(4,-1,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 2;

rat.denom nator = 4;

if (! NIFFICchunkTi meSlice(2,rat)) doerror ("N FFI QGchunkTi meSlice
failed");

if (! NFFIGchunkSten()) doerror ("N FFl CchunkStem fail ed");
rat.nunmerator = 1,

rat.denom nator = 2;

if (! N FFI GhunkNot ehead(3,-2,rat)) doerror ("N FFl CchunkNot eHead
failed");

rat. nunerator = 4;

rat.denom nator = 4,

if (! N FFI CchunkTimeSlice(2,rat)) doerror ("N FFI CchunkTi neSlice
failed");

rat. nunerator = 64,

rat.denom nator = 4;

if (! NFFIGchunkTinmeSlice(l,rat)) doerror ("N FFl OchunkTi neSlice
failed");

NI FFl CEndSt af f () ;

NI FFI CEndSyst en() ;

NI FFI CEndPage() ;

NI FFI CEndDat aSecti on();

NI FFI CEndNi f f () ;

The rest of the C code is generated in one piece by the MuTaTleD compiler.

NI FFI Cst or ageDel et e(pstore);
fcl ose(outfp);

return O;
}
voi d
doerror(const char *strMessage)

{

fprintf(stderr, "%\n", strMessage);
exit(1l);
}

void MYWiteStringTable (void)
{char strings[256][20];

NI FFI Gst bl nySt bl [ 20] ;

short i1;

int nWitten;
strcpy(strings[0], "piano");
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strcpy(strings[1], "p");

strcpy(strings[2], "violin");

strcpy(strings[3], "vl");

for (i=0; i < 4; i++) nyStbl[i].str = strings[i];
nNWitten = NIFFI CStoreStbl (nyStbl, 4);

if (nWitten !'=4) {doerror("Couldn't wite strings");}

}

3.4. Twinkle —in LIME

Finally, here is the image of the binary NIFF file produced in the music editor LIME:
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3.5. Limitations of the MuTaTeD Compiler

This compiler was intended to be a‘ proof of concept’ rather than a full-blown compiler that
accepts a large variety of SMDL files. As such, it has significant limitations, and produces good
results only for pieces that contain

A single line using the treble clef
Octaves0, 1 and 2

4/4 meter

no repeats

Pieces containing flagged notes do not trandate well because there is an ambiguity that has to be
resolved. A note containing a flag may be part of a beamed group or have a flag by itself, depending
upon decisions to be made by the writer, and given the timespan for this project, thisis best Ieft to
later work.

The second pass of the compiler is more robust and can handle chorales.
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4. A programmer’s guide to the implementation

This section is for the programmer who wants to extend the compiler.
There are two versions of the MuTaTeD compiler. The first is in the directory
/usr/people/mutated/mutatedWork/Compiler

and supports the Web Demonstrator. This is a stable version of the compiler that
can handle enough of the SMDL language to be a ‘proof of concept’, but is not
a real compiler. The second is under development in the directory

/usr/people/mutated/mutatedWork/Development

Both of these directories have README files that describe their contents.

4.1. Compiler directory - overview

Here is an overview of the Compiler directory and its subdirectories:

Examples_NIFF contains NIFF files produced by compilation of the test files in
Examples_ SMDL. These are:

Achild.nif
Alabama.nif
Chinese.nif
Larle.nif
Tchinese.nif
Twinkle.nif

Examples_SMDL contains SMDL files that can currently be compiled by the stable version
of the compiler. These are:

Achild.smdl
Alabama.smdl
Chinese.smdlI
Larle.smdl
Tchinese.smdl
Twinkle.smdl

SGMLniff_NIFF contains the code for the second pass of the compiler.
mk_niffCG — script that builds the object file
niffCG — object file that performs the second pass of the MuTaTeD compiler

niffCG.y — YACC file (parser)
nifflex.l — LEX file (lexical analyser)
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SMDL_SGMLniff contains the code for the first pass of the compiler
mk_smdICG — script that builds the object file
smdICG — object file that performs the first pass of the MuTaTeD compiler
smdlyacc.y — YACC file (parser)
smdllex.l — LEX file (lexical analyser)
Run contains code that, when executed, will run the compiler (performing two passes).

CompilerScript — script that runs the compiler
Compiler.java — Java program that calls CompilerScript

The NIFF SDK is in the directory
/usr/people/mutated/mutatedWork/ O_niffsdk-1_02

It contains a subdirectory in which examples can be compiled and executed, called
niffsdk1.02/niffio/src/example/Testl

as shown in the script CompilerScript. Once the code generator of the MuTaTed! compiler

has finished producing the C file containing calls to the NIFF SDK, that file is placed in the

Testl directory, and the C executable is then placed by the SDK into the directory
niffsdk1.02/niffio/test

This can then be executed with the SDK library by the command

./bin/Testl

Unfortunately, this process still produces a core file, and so that file has to be removed.
The binary NIFF file is then

niffsdk1.02/niffio/test/Testl.nif

which is renamed and moved by the CompilerScript script.
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5. A programmer’s guide to LEX and YACC

First we discuss how a compiler works, then the software that it generally uses. Before
this, we define some useful terms.

A pointer is a link from one piece of data to another.

A tree is a structure that is composed of lots of nodes, each of which has two possible
shapes. The first shape belongs to the interior nodes that hold the tree together. An interior
node has some data, and two pointers, each of which points to a node. The second shape
belongs to a leaf node, which has data but no pointers.

A stack is a structure which can be viewed and accessed only from the top. A new value
may be put into the stack using a push operation. The stack then contains that element on
its top. The top element may then be removed using a pop operation.

A compiler contains a lexer, a parser and a code generator. The lexer splits up the
program text into what are called ‘tokens’, tiny pieces of information. These are then
examined by the parser, which builds a tree representing the program’s structure. If the
program can be parsed successfully, then the tree is well-defined and is passed on to the
code generator, which walks over the tree and produces target code as it examines each
node in the tree.

A regular expression is an expression that is composed of letters, digits and special
symbols. It specifies the structure of the expression being recognised by a lexer.

5.1. A high level view of the structure of a compiler

We now go on to give a more detailed view of a compiler’s structure, so that it is easier to
understand what the standard software does. This is necessary if you are to alter the
compiler.

A lexer takes a text file and converts it into a stream of pieces of data called tokens. These
tokens each have a type. For example, given the file

“This file has 6 words in it!”
a lexer might produce the following tokens:

IDENTIFIER This
IDENTIFIER file
IDENTIFIER has
NUM 6
IDENTIFIER words
IDENTIFIER in
IDENTIFIER it
EXCLAM !
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The types are passed on to the parser, which uses them to determine whether the file has
a correct program. For example, given the file

“4+(3+2*9)
the lexer would produce the tokens

NUM 4
PLUS
LPAREN
NUM 3
PLUS
NUM 2
MUL
NUM 9
RPAREN

and the parser could then check its structure by failing if PLUS and MUL do not have 2
arguments and/or the parentheses do not match. If they do, then the parser could build the
tree

PLUS
NUM 4 PLUS
NUM 3 MUL
NUM 2 NUM 9

A code generator could then traverse the tree and generate the code

*ON Wh

+ +

for a stack machine, which would push all of the arguments on the stack, then pop them
and apply the operators as it encountered them on the bottom of the stack. For example, it
would push 4,3,2,9, then when it read *, it would know that 2 operands are required, collect
them from the top of the stack, perform the multiplication and then push the result. The
stack would then have 4,3,11, and the same thing would be done for each of the remaining
operators + and +. Code generators usually produce a file that contains machine code
such as

LDVAL R1,#0002
LDVAL R2,#0009
MUL R3,R1,R2
LDVAL R4,#0003
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ADD R5,R3,R4

LDVAL R6,#0004

ADD R7,R5,R6

Notice the order in which the operations take place. The code generator must traverse the
tree nodes in the correct order to produce this code, and later optimise the code by reusing
some of the registers RO-R7.

It used to be the case that a programmer writing a compiler would write a lexer, then the
parser, then the code-generator — and do the same thing for another compiler later.

This is hard work because many languages are very hard to parse, and the most
successful algorithms are hard to write without careful study and lots of experience. More
important, it duplicates a lot of the programming work, and makes it hard for other
programmers to modify the code. Lexing and parsing are well- understood technologies
now, so we have software that can do all of the work that compilers need in general, and
that can accept high level programming which takes a very short time to do. The result is
(usually) a compiler that has few bugs and is easily modified by other programmers who
have used this software. One of the best known ‘compiler generators’ is YACC, which
uses LEX to write the lexer and then generates a parser that produces target code as it
parses.

LEX

We first describe how a LEX lexer works. A lexer has to recognise each token using a
regular expression. Regular expressions are complex and you can read more about them
in a book on LEX and YACC (such as lex & yacc, by Levine, Mason, Brown, O'Reilly &
Associates, 1992). However, we describe a few simple ones here. The expression ab
recognises the string “ab”. If we want to recognise a string containing lots of repetitions of
“ab”, we write (ab)*, which accepts a string with any number of “ab”s in it, including none at
all. If we use + instead of *, then the string must have at least 1 “ab” in order to be
recognised.

Constructing a lexer is fairly straightforward. You first decide what token types you expect
the lexer to recognise, then construct regular expressions that recognise them. The lexer
will have a line for each expression, which ends with the token type you wish the lexer to
return to the parser. The lexer automatically returns the token as well.

Let’s consider a simple example. Suppose that we want a lexer for a small expression
language that contains numbers, operators and parentheses. We need the following lines
in the lexer:

[0..9]+ return NUM;

“+” return PLUS;

o return MUL;

“( return LPAREN;
“” return RPAREN;
YACC
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We now describe how to use a YACC parser generator.

The parser generator contains a series of token types that must be specified in the first
section. These are used to form a table that will be given to the lexer, so that it knows what
token types are being used.

There are two tasks that are performed by the YACC parser generator. It parses the
tokens returned to it, and it generates target code as it parses. We will write a little parser
generator that produces the machine code given earlier. Before that, we need to provide
you with a little background on parsing.

Parsers are generally written for a class of languages called the context free languages. A
context free language is one that can be parsed by a context free grammar, a series of
rules that specify the set of sentences in the language. If we think only of programming
languages, then the set of sentences for a context free grammar is the set of syntactically
correct programs.

Here is a grammar for the expression language we have described so far.

Start ::= Expression
Expression ::= PLUS Expr Expr
| MUL Expr Expr

Expr ::= LPAREN Expression RPAREN
| NUMBER

Each rule contains the name, followed by *::=’, followed by the rule body. Rules are often
called productions. For example, the first rule is the ‘Start’ rule, and the second is the
‘Expression’ rule. The rule body contains one or more clauses, separated by a vertical line.
Each clause contains a sequence of words which may be either a token type or the name
of a production.

Before looking at code generation, let’s look at the parsing process. The parser attempts to
match the stream of tokens against the productions. It starts with the Start production, and
moves immediately to the Expression production. There, it has two possible clauses that
may match. To select a clause, it looks at the token stream. If there is a PLUS token, then
it accepts that token and selects the top clause; if there is a MUL token, it does the same
for the bottom clause. If it succeeds in accepting all the tokens and it has finished the body
of the Start production, then the expression is accepted, otherwise it is rejected by the
parser.

We cheated a little by using a very simple grammar which allows the parser to select a rule
by looking ahead at just one token. Many grammars require the parser to look ahead k
tokens. Such a parser is known as an LR(K) parser, and that is close enough to what a
YACC parser is for our purposes.
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Now, we add code generation. The idea is very simple and easy to use: each time the
parser recognises a clause, it has the opportunity to generate some code. Since LEX and
YACC use C, we will write a statement in C that performs the code generation for each
production in our grammar.

Before we write the C code, we have to consider what possible types of data the lexer
could return. This is determined by a record structure declared at the top of the YACC
code. We have decided to have a number only, which we will call ‘num’, so our record
structure is

%union {
int num;

}

The parser generator will need to generate register numbers (we won’t worry about how
many registers there are), so that will be done by the C function

Int registerNum = 0;

String getRegister () {return registerNum;}

Void nextRegister () {registerNum++;}

which appears in the last section of the YACC code.

Start ::= Expression

Expression ::= PLUS Expr Expr

{
printf(“ADD  %s,%s,%s”,nextRegister(),$2,$3);
return getRegister();
|
| MUL Expr Expr
{
printf(“MUL  %s,%s,%s",nextRegister(),$2,$3);
return getRegister();
|3
Expr ::= LPAREN Expression RPAREN
| NUMBER
{
printf(“LDVAL %s,#%s”,nextRegister(),$1.num);
return getRegister();
¢

Notice that two things are happening for each of the clauses that produce target code. An
instruction is printed, and a register value is returned. That register value is the returned
value of the clause (and therefore the rule), and is accessed using a $ sign. This is
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possible because the parser generator builds an internal tree data structure as it parses,
and by the time an entire clause has been recognised, all of the values required to do the
code generation are present in that tree.

Let's see what happens when the parser generator looks at the following token stream:

MUL
NUMBER 3
LPAREN
PLUS
NUMBER 4
NUMBER 5
RPAREN

The first rule is the Start rule, which requires that it looks at the Expression rule. It then
selects the MUL clause and parses it. This requires that the Expr production be used, and
so the NUMBER clause is finished, causing the first line of target code to be emitted:

LDVAL RO,#3
The other Expr in the MUL clause then gets parsed. There are two clauses to select from,
and since LPAREN is the next token, the first is chosen. After LPAREN is accepted, the
Expression production is then parsed, and the PLUS clause selected.
As the next two numbers are parsed, the code generated is

LDVAL R1,#4
LDVAL R2,#5

Then the PLUS clause is finished, generating the target code

ADD R3,R1,R2

and the RPAREN token is accepted. Finally the original MUL clause is finished, generating
the code

MUL R4,R0,R3
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6. The MuTaTeD! Compiler — pass 2 as an example of LEX and YACC

The second pass of the compiler for the MuTaTeD! Project has a more complex task. It
must recognise an SGML language expressed by a DTD, and generate C code. The C
code is composed of a sequence of calls to the NIFF SDK library, which produces the
NIFF binary code. The SGML(NIFF) language is very close in structure to the NIFF
language, so the code generation is straightforward.

The source language contains a sequence of tagged expressions. The parser must require
that each beginning tag be matched with the end tag for most productions (some are more
complex because an end tag isn’t required but may appear). Then the parser must output
a call to the appropriate NIFF SDK function.

6.1.The lexer for the second pass

The lexer contains a series of pairs of lines each of the form

“<tag>" return BEGIN_TAG
“\<tag>" return END_TAG

Each of these tokens represents the corresponding tag token.
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6.2. The parser generator for the second pass

The parser will have productions of the form
Production ::= BEGIN_TAG pl1 p2 ... pn END_TAG

Roughly speaking, the associated C code will emit a call to the NIFF SDK that starts with
TAG and contains arguments provided by $2..$n+1.
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6.3. The lexer for the SGML(NIFF) pass

A
/*
* this is a lexer for sgm (N FF).

*
*/
The first section is for files that are included because they are useful C libraries:

#i ncl ude <mat h. h>
#i nclude "y.tab. h"

int printall = 0;
%

This next section gets more space for the finite state machine that LEX generates because we are
using avery ssimple but expensive machine by giving along series of strings as the regular
expressions

/* need nore space because | exer is working hard for us */
% 10000 /* parse tree */
% 20000 /* positions */
% 10000 /* states */
% 10000 /* packed transitions */
9

These next lines contain the regular expressions that specify the tokens accepted by the LEX lexer.

[\\t ]+ /* ignore whitespace */;

"<I DOCTYPE'[a-zA- Z\"\[\]\. ]+">" ;

"<ni ff>" {if (printall == 1) printf("NNFF\n"); return N FF;}
"<fniff>" {if (printall == 1) printf("END N FF\n");

return END N FF; }
"<set up>" {if (printall == 1) printf("SETUP\n"); return SETUP; }
"</setup>" {if (printall == 1) printf("END_SETUP\n");

return END_SETUP; }
" <dat a>" {if (printall == 1) printf("DATA n"); return DATA }
"</data>" {if (printall == 1) printf("END_DATA n");

return END _DATA, }
"<i nf 0>" {if (printall == 1) printf("INFOnN"); return INFG }
"</info>" {if (printall == 1) printf("END_INFON");

return END | NFQ, }
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"<partsL>" {if (printall == 1) printf("PARTSL\n"); return PARTSL;}
"</partsL>" {if (printall == 1) printf("END_PARTSL\n");

return END _PARTSL; }
"<part>" {if (printall == 1) printf("PART\n"); return PART,}
"</part>" {if (printall == 1) printf("END_PART\n");

return END_PART; }

"<id>" {if (printall == 1) printf("ID\n"); return ID;}

" <nane>" {if (printall == 1) printf("NAME\n"); return NAME }
"<pagelL>" {if (printall == 1) printf("PAGEL\n"); return PAGEL;}
"</ pageL>" {if (printall == 1) printf("END_PAGEL\n");
return END_PAGEL; }
"<syst enl>" {if (printall == 1) printf("SYSTEM.\n");
return SYSTEM.; }
"</systemL>" {if (printall == 1) printf("END_SYSTEM.\n");
return END SYSTEM.; }
"<partid>" {if (printall == 1) printf("PARTID\n"); return PARTID;}
"</partid>" {if (printall == 1) printf("END PARTID\ n");
return END PARTI D; }
"<t upl et ds>" {if (printall == 1) printf("TUPLETDS\n");
return TUPLETDS; }
"</tupletds>" {if (printall == 1) printf("END TUPLETDS\n");
return END_TUPLETDS,; }
"<tag>" {if (printall == 1) printf("TAGN"); return TAG}
"<staf fL>" {if (printall == 1) printf("STAFFL\n"); return STAFFL;}
"</staffL>" {if (printall == 1) printf("END STAFFL\n");
return END STAFFL;}
"<st af hedC" {if (printall == 1) printf("STAFHEDC\ n");
return STAFHEDC, }
"</staf hedC" {if (printall == 1) printf("END_STAFHEDC\ n");
return END_STAFHEDC, }
"<mayr epeat >" {if (printall == 1) printf("REPEAT\n");
ret urn REPEAT,; }
"</ mayrepeat>" {if (printall == 1) printf("END REPEAT\n");
return END_REPEAT; }
" <r epeat nune" {if (printall == 1) printf("REPEATNUM n");
ret urn REPEATNUM }
"</repeatnune" {if (printall == 1) printf("END REPEATNUM n");
return END REPEATNUM }
"<t s>" {if (printall == 1) printf("TS\n"); return TS;}
"<fts>" {if (printall == 1) printf("END_TS\n"); return END TS, }
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"<t stype>" {if (printall == 1) printf("TSTYPE\n"); return TSTYPE; }
"</tstype>" {if (printall == 1) printf("END_TSTYPE\n");

return END _TSTYPE; }
"<t op>" {if (printall == 1) printf("TOP\n"); return TOP;}
"</top>" {if (printall == 1) printf("END_TOP\n"); return END TOP;}
"<bot t onp" {if (printall ==1) printf("BOTTOMn"); return BOTTOM }
"</bottome" {if (printall == 1) printf("END BOTTOM n");

return END BOTTOM }
"<acci dent >" {if (printall == 1) printf("ACC DENT\n");

return ACCI DENT; }
"</accident>" {if (printall == 1) printf("END_ACC DENT\ n");

return END_ACCI DENT; }
" <ar peggi o>" {if (printall == 1) printf("ARPEGA O n");

return ARPECGA G, }
"</arpeggio>" {if (printall == 1) printf("END ARPEGE O n");

return END ARPEGA G }
"<chor dsynmp" {if (printall == 1) printf("CHORDSYM n");

return CHORDSYM }
"</ chordsyne" {if (printall == 1) printf("END CHORDSYM n");

return END_CHORDSYM }
"<cl ef >" {if (printall == 1) printf("CLER\n"); return CLEF;}
"<fclef> {if (printall == 1) printf("END_CLEF\n");

return END_CLEF; }
"<type>" {if (printall == 1) printf("TYPEn"); return TYPE }
"<oct ave>" {if (printall == 1) printf("OCTAVE\n"); return OCTAVE, }
"</octave>" {if (printall == 1) printf("END OCTAVE\n");

return END OCTAVE; }
"<keysi g>" {if (printall == 1) printf("KEYSIG n"); return KEYSI G }
"</keysig>" {if (printall == 1) printf("END _KEYSIGn");

return END_KEYSI G }
"<l yric>" {if (printall == 1) printf("LYRICQn"); return LYRIC }
"</lyric>" {if (printall == 1) printf("END_LYRIQn");

return END LYRI C; }
" <not ehead>" {if (printall == 1) printf("NOTEHEAD\ n");

ret urn NOTEHEAD,; }
"</ notehead>" {if (printall == 1) printf("END _NOTEHEAD\ n");

return END NOTEHEAD; }
"<st af st ep>" {if (printall == 1) printf("STAFSTEP\n");

return STAFSTEP; }
"<duration>" {if (printall == 1) printf("DURATION\n");

return DURATI ON, }
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"<rest>" {if (printall == 1) printf("REST\n"); return REST,}
"<frest>" {if (printall == 1) printf("END_REST\n");

return END_REST; }
" <st enp" {if (printall == 1) printf("STEMn"); return STEM }
"</stemp" {if (printall == 1) printf("END STEM n");

return END_STEM }
"<timesig>" {if (printall == 1) printf("TIMESIG n");

return TI MESI G }
"</timesig>" {if (printall == 1) printf("END_TIMESIG Nn");

return END Tl MESI G }
"<tupl et>" {if (printall == 1) printf("TUPLET\n"); return TUPLET;}
"</tuplet>" {if (printall == 1) printf("END_TUPLET\ n");

return END TUPLET; }
The next regular expression matches white space
[Vt ]+
This matches integers

([0-9]+-[0-9]+) {yylval.num= atoi(yytext); if (printall == 1)
printf("INTEGER\ n"); return | NTECGER;}

This matches the version number
[0-9][a-zA-Z] {if (printall == 1) printf("VERSION');return VERSION }
This matches identifiers that start with a letter and then contains digits and/or letters

[a-zA-Z] ([0-9]|[a-zA-Z])* {yylval .str = yytext; if (printall == 1)
printf("IDENTIFIER n"); return | DENTIFIER;}

This matches unexpected characters or a carriage return
.| \n {ECHO }

%0

yyerror(const char *nsQ)

printf("%: % at '%'\n", yylineno, nsg, yytext);
}
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6.4. The parser generator for the SGML(NIFF) pass

This is the data structure that determines what values are returned along with the token
type. They can either be integers (with the name ‘num’) or strings (with the name ‘str’).

%uni on {
int num
char *str;

}

Here are the token declarations that are used to generate the table yytab.h, used by both the lexer
and the parser generator.

/* here are the tokens */

% oken <str> | DENTI FI ER

% oken <num» | NTEGER

% oken NI FF END NI FF
SETUP END_SETUP
DATA END_DATA
I NFO END_|I NFO
PARTSL END PARTSL
PART END_PART
REPEAT END REPEAT
REPEATNUM END REPEATNUM
| D
NANVE
PAGEL END PAGEL
SYSTEML END_SYSTEM.
PARTI D END PARTI D
TUPLETDS END TUPLETDS
TAG
STAFFL END_STAFFL
STAFHEDC END_STAFHEDC
TS END_TS
TSTYPE END TSTYPE
TOP END TOP
BOTTOM END BOTTOM
ACCI DENT END_ACCI DENT
ARPEGE O END _ARPEGA O
CHORDSYM END CHORDSYM
CLEF END CLEF
TYPE
CCTAVE END OCTAVE
KEYSI G END_KEYSI G
LYRI C END LYRI C
NOTEHEAD END_ NOTEHEAD
STAFSTEP
DURATI ON
REST END REST
STEM END_STEM
TI MESI G END_TI MESI G
TUPLET END TUPLET
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Here is the grammar for the SGML (NIFF) markup language. Recursive productions are productions
that call themselves, either directly or indirectly.

%%

/* Granmar for SGW(N FF) */

| *

Productions with start tags only (that appear in the exanple bach.niff,

si nce
the DID is out of date):

id, nane, tag, type, stafstep, duration

Productions that sonmetines do not have end tags:

top, bottom

The ot hers always have a start and end tag.

Recursive productions are marked prod_star or prod_pl us.
*/

start : NIFF begin niff setup data END NI FF end _niff

/* use this when yacc goes into an infinite | oop or does other clever
things!! must al so

conpile using -t flag. Look at y.output when reduce/reduce errors crop up
*/

debug: {yydebug = 1;}

begin niff : {printStartFile();
printf("if (! NNFFICStartNiff())
doerror(\"NI FFI CStoreFormNi ff failed\");\n");

}

end_niff : {printf("N FFI CEndNiff();\n"):
print EndFil e();
}

setup : SETUP begin_setup info partsL END SETUP end_set up
begi n_,setup Y

printf("if (! N FFICstart SetupSection())
doerror (\"NI FFI OSt art Set upSection failed\");\n");
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printf("if (! N FFI OStoreDefaul t CLT())
doerror (\"N FFI Cst oreDefaul t CLT failed\");\n");
}
end_setup : {
printf("if (! NFFICchunkStringTabl e()) doerror
(\"NIFFICstringTable failed\");\n");
printf("M/WiteStringTable();\n");
printf ("N FFl CEndSet upSection();\n");
}

info : 1 NFO begi n_info VERSI ON | NTEGER END_I NFO

begi n’_i nfo :
{printf("if (! N FFI OGhunkN fflnfo(version, progtypeNone, unitsNoUnits,
-1 ,-1)) doerror (\"N FFICOStoreListSetupSection failed\");\n");}

partsL : PARTSL begin_partsL part plus END PARTSL end partsL

begi n_pértsL: {printf("if (! NIFFICStartParts()) doerror
(\"NIFFICstartParts failed\");\n");}

end_partsL : {printf("N FFl CEndParts();\n");}

part_plus : part
| part part_plus

part : PART begin_part |D | DENTI FI ER NAVE | DENTI FI ER END_PART

begi n1_part s {printf("if (! NFFI ChunkPart(0,0,0,1,-1,-1,-1)) doerror
(V"N FFI CchunkPart failed\");\n");}

data : DATA begi n_data pagelL_star END DATA end_dat a

begin’_data: {printf("if (! N FFIOStartDataSection())
doerror(\"NI FFI CsSt art Dat aSection failed\");\n");}

end_data : {printf("N FFl CEndDat aSection();\n");}

pagelL_star : pagelL pagelL_star
| /* enmpty */

pageL : PACEL begi n_pagelL pl cont_star END PAGEL end_pagelL

begi n_bageL: {printf("if (! NFFICsStartPage()) doerror(\"N FFI CSt art Page
failed\");\n");}
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end_pageL : iprintf("NIFFICEndPage();\n");}

pl cont _star_alts : systenlL | text

pl cont _star : plcont_star_alts plcont_star
| /* empty */

text : | DENTIFI ER

systenL : SYSTEM. begi n_systenl sl cont_star END SYSTEM. end_systeni

begin_syétenL D {printf("if (! NNFFICStart Systen())
doerror(\"NIFFlI Cstart Systemfailed\");\n");}

end_systeni : {printf("NIFFICEndSysten();\n");}

’

slcont_star_alts : staffL | text

sl cont _star : slcont_star slcont_star_alts
| /* empty */

anynmusC : accident | arpeggio | chordsym| clef /* | figbass */
| keysig /* | lyric */
| notehead | rest /* | repeat */
| stem/* | tagactiv | tenponk */
[* | text | tie */
| timesig /* | tuplet*/

tagcon : partid /* | voiceid | altern | grace | mid | nunber | ossia |
silent */
| tupletds

partid : PARTID begin_partid | DENTI Fl ER END _PARTI D end_partid
begin_pértid

end_partid :

/* voiceid : | NTEGER ;o*
/* altern : | NTEGER po*
/* grace : duration ox/
[* mid : | NTEGER o/
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/* nunmber : | NTEGER -

/* ossia : ; */

/* silent : : */

tupletds : TUPLETDS transab transcd END TUPLETDS
{ printf(">>>ERROR<<< TUPLETDS\n"); }

transab : duration

transcd : duration

alts ts_anynusC : ts | anynusC

alt ts anynmusC star : alt _ts anynusC star alts ts _anynusC | /* enpty */

staffL : STAFFL begin_staffL stafhedC stafcon _plus end staffL END STAFFL

begin_sfaffL: {printf("if (! NIFFIOStartStaff())
doerror(\"NIFFI CstartStaffL failed\");\n");}

end_staffL : {printf("N FFI CEndStaff();\n");}

st af hedC stafcon_plus : stafhedC alt_ts_anymusC star
st af hedC_st af con_pl us
| stafhedC alt_ts_anynusC star

/*

note that stafhedC is supposed to be PCDATA in Muunce's DID, but there is
t he

following line in his bach exanpl e:

<st af hedC><t ag><parti d>p0</ parti d></ st af hedC

so it is obviously not PCDATAl WII| try to reconstruct...
*/

st af hedC : STAFHEDC st af hedC chunk st af hedC _next END STAFHEDC

st af hedC _chunk :
{printf("if (! N FFI GchunkSt af f Header ())
doerror (\"N FFl CchunkSt af f Header failed\");\n");}
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st af hedC_next : TAG tagcon
| /7* enpty */

ts : TS TSTYPE | NTEGER END_TSTYPE TOP | NTEGER BOTTOM | NTEGER END_TS
{

printf("rat.numerator = %;\n", $6);

printf("rat.denom nator = %l;\n", $8);

printf("if (! N FFI GChunkTinmeSlice(%l, rat))
doerror (\"N FFlI CchunkTi meSlice failed\");\n", $3);

}

acci dent : ACCI DENT | NTEGER END_ACCI DENT

{
printf("if (! N FFI CchunkAcci dent al (%))

doerror (\"N FFl CchunkAcci dental failure\");\n",
$2);
}

arpeggi o : ARPEGA O | NTEGER END_ARPEGE O
{ printf(">>>ERROR<<< arpeggio %\ n", $2); }

chordsym : CHORDSYM | NTEGER END_CHORDSYM
{ printf(">>>ERROR<<< chordsym %\ n", $2); }

clef : CLEF TYPE cl ef _next OCTAVE | NTEGER END_OCTAVE END_CLEF

{
printf("if (! N FFI Chunkd ef (%, %, %l))
doerror (\"N FFl Cchunkd ef failure\");\n",
getC ef(cleftype), getd ef Step(cl eftype), $5);
}

clef _next : |DENTIFIER
{ strcpy(cleftype, $1);}

/* figbass : ; */
keysig : KEYSI G | NTEGER END KEYSI G

{ printf("if (! N FFI GchunkKeySi gnat ure( %))
doerror (\"N FFI CchunkKeySi gnature failure\");\n",

}

’

[* lyric : ; */
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not ehead : NOTEHEAD STAFSTEP | NTEGER DURATI ON TOP | NTEGER BOTTOM | NTEGER
not ehead_next END_NOTEHEAD
{

printf("rat.numerator = %d;\n", $6);
printf("rat.denom nator = %;\n", $8);
printf("if (! N FFI CchunkNot ehead( %, %l, rat))
doerror (\"N FFl CchunkNot eHead failed\");\n",
not eheadShape( $6, $8) , $3) ;
}

not ehead_’next : TAG PARTI D | DENTI FI ER END_PARTI D
| /7* enpty */

duration : DURATION TOP | NTEGER BOTTOM | NTEGER
{ printf(">>>ERROR<<< duration\n"); }

/* repeat : ; */
rest : REST STAFSTEP | NTEGER DURATI ON TOP | NTEGER BOTTOM | NTEGER END_REST

printf("rat.numerator = %;\n", $6);
printf("rat.denom nator = %d;\n", $8);
printf("if (! N FFI CGhunkRest (%l, %, rat))
doerror (\"N FFl CchunkRest failed\");\n",
r est Shape( $6, $8), $3) ;
}

/* sonething funny about this! But it appears in
Mounce's bach exanple, so let's do it this way
*/

stem: STEM END_STEM
{printf("if (! NFFI CchunkStenm()) doerror(\"N FFl OchunkSt em

failed\");\n"):}

/* tagactiv : ; */
/* tenponk : ; */
[* tie: ; */

timesig : TIMESIG TOP | NTECER END_TOP BOTTOM | NTEGER END_BOTTOM
END_TI MESI G

{
printf("if (! N FFI CchunkTi meSi gnat ure( %, %))

doerror (\"N FFI CchunkTi meSi gnature failed\");\n",
$3, $6) ;
}
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[*t Upl et : ; */

9o

void printStartFile ()
{

/* nunber of strings in table is first index */
char table [24] [100]
= {"#include <stdio.h>\n",
"#include <string. h>\n",
"#include \"niffio.h\"\'n",
"#i nclude \"stdcriff.h\"\'n",
"extern void doerror(const char *strMessage);\n",
"void MYWiteStringTabl e(void);\n",

"int\n",

"mai n(int argc, char **argv)\n",

Il{\nll’

"unsi gned char version[8] = \"6b\";\n",
"FI LE *outfp;\n",

"N FFICFil e *pnf;\n",

"Nl FFI CSt or age *pstore;\n",

"Nl FFI CChunkLengt hTabl e *pclt;\n",

"Rl FFI CSuccess success;\n",

" STROFFSET of fset;\n",

"RATIONAL rat;\n",

"outfp = fopen(\"Testl.nif\", \"wb\");\n",

“if (loutfp)\n",

"doerror(\"Can't open Testl.nif for witing\");\n",
"pstore = NI FFl OSt or ageNewSTDC(out f p); \ n",

“if (!pstore)\n",

"doerror(\"Can't create new N FFI CStorage\");\n"

b
int i;
for (i =0 ; i <24 ; i++)
printf("%",table[i]);
}
void printEndFile ()
{

/* nunber of strings is first index */
char table [23] [100]
= {" N FFI Cst or ageDel et e(pstore);\n",
"fclose(outfp);\n",
"return 0;\n",
“I\n",
"voi d\ n",
"doerror(const char *strMessage)\n",
{\n",
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fprintf(stderr,
exit(l);\n",
\n",

\V"os\\n\ ",

"void MyWiteStringTable (void)\n",

"{char strings[256][20];\n",
"N FFI OGSt bl nyStbl[20];\n",
"short i;\n",

"int nWitten;\n",
"strcpy(strings[O],

\"piano\");\n",

"strcpy(strings[1], \"p\");\n",
"strcpy(strings[2], \"violin\");\n",
"strecpy(strings[3], \"vli\");\n",

"for (1=0; i < 4; i++) nyStbl[i].str =
"nWitten = N FFI CStoreStbl (nmyStbl,
"if (nWitten != 4)
Il}\nll
3

int i;

for (i =0 ; i <23 ; i++)

printf("9%",table[i]);

i nt not eheadShape (int t, int b)
if (t > (b / 2)) return 3;
else if (t >= b) return 2;

el se return 4;
[* this will
}
i nt

rest Shape (int t, int b)

if (b
else if
else if
else if

else if

1)
(b
(b

return 2;

2) return 3;
4) return 4,
(b 8) return 5;
(b 16) return 6;
else if (b == 32) return 7,
else if (b == 64) return 8;
el se return -1,

int getdef (char c[])

{
if (!strcnp(c,"treble"))
else if (!strcnp(c, "bass"))
else if (!strcnp(c,"tenor"))
else if (!strcmp(c,
else if (!strcnp(c,
else if (!strcnp(c,

“doubl eG"))
"tab"))

"percussion"))

probably have to be fixed up!

return 1;
return 2;
return 3;

return 4;
return 5;

return 6;

-75-

strMessage);\ n",

strings[i];\n",
4);\n",
{doerror(\"Couldn't wite strings\");}\n",

*/



R
o

Department of Music UNIVERSITY

MuTaTeD! of i' i)
IV. Detailed Project Report GLASGOW
el se return O;
}
int getdefStep (char c[])
{
if (!strcnp(c,"treble")) return 2;
else if (!strcnp(c, "bass")) return 6;
else if (!strcnp(c,"tenor")) return 4;
else if (!strcnp(c, "percussion")) return O;
else if (!strcnp(c,"doubleG')) return 2;
else if (Istrcnp(c,"tab")) return 8;
el se return O;
}

char cleftype[10];
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6.5. The first pass of the compiler —LEX and YACC files
The LEX file

%
/-k
* this is a |lexer for SMVDL.

*

*/

#1 ncl ude <nat h. h>
#i ncl ude "y.tab. h"

int printall = 0;
%
/* need nore space because | exer is working hard for us */
% 10000 /* parse tree */
% 20000 /* positions */
% 10000 /* states */
% 10000 /* packed transitions */
90

"<?HyTime "[10-9a-zA-Z \ . \/:\"=]*">"
{if (printall) printf("QHYTIME\N");return Q HYTIME ;}

" & {if (printall) printf("INCLUDE\n");return | NCLUDE ;}

"c" {if (printall) printf("C_NOTE\n");return C_NOTE;}
"d" {if (printall) printf("D NOTE\n");return D _NOTE; }
"e" {if (printall) printf("E_NOTE\n");return E_NOTE }
" {if (printall) printf("F_NOTE\n");return F_NOTE;}
"g" {if (printall) printf("GNOTE\n");return G NOTE;}
"a" {if (printall) printf("A NOTE\n");return A NOTE; }
"b" {if (printall) printf("B_NOTE\n");return B_NOTE; }
"id" {if (printall) printf("ID\n");return ID;}

“idr" {if (printall) printf("IDRN");return IDR ;}

" bi bi nf 0" {if (printall) printf("BIBINFONn");return BIBINFO ;}
"exspec” {if (printall) printf("EXSPEC\ n");return EXSPEC ;}
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"repeats”

"nom nst"

"fictagant

"pi t chgant

"dhal f"

"dquarter"

" dei ght h"

n hal f 1]

"quarter"

"ei ght h"

"si xt eent h"

"whol e"

" <! DOCTYPE "

"<IENTITY "

"<wor k>"

"</ wor k>"

"<axis "[!10-9a-zA-Z \.\/:\"=]* >

"</ axi s>"

{if (printall) printf("REPEATS\n");
return REPEATS ;}

{if (printall) printf("NOM NST\n");
return NOM NST ;}

{if (printall) printf("FI CTAGAM n");
return FI CTAGAM ; }

{if (printall) printf("PITCHGAM n");
return Pl TCHGAM ; }

{if (printall) printf("DHALF\n");return DHALF ;}

{if (printall) printf("DQUARTER n");
return DQUARTER ;}

{if (printall) printf("DEl GATH\n");
return DElI GHTH ;}

{if (printall) printf("HALF\n");return HALF ;}

{if (printall) printf("QUARTER n");
return QUARTER ;}

{if (printall) printf("E GHTHn");
return El GHTH ;}

{if (printall) printf("SI XTEENTH\ n");
return S| XTEENTH ;}

{if (printall) printf("WHOLE\n");return WHCLE ;}

{if (printall) printf("E _DOCTYPE\n");
return E_DOCTYPE; }

{if (printall) printf("E_ENTITY\Nn");
return E_ENTITY; }

{if (printall) printf("WORK\n"); return WORK }

{if (printall) printf("END_WORK\N");
return END WORK; }

{if (printall) printf("AXIS\n");
return AXI'S;}

{if (printall) printf("END AXIS\n");
return END AXI S; }

"<cantus"[!0-9a-zA-Z \.\/:\"=]*">" {if (printall) printf("CANTUS\n");

return CANTUS,; }

-78 -



Department of Music

MuTaTeD! of

) , GLASGOW
V. Detailed Project Report

UNIVERSITY

=
L)
L o

"</ cant us>" {if (printall) printf("END_CANTUS\n");

return END_CANTUS; }

"<tenpobat "[!0-9a-zA-Z \ . \/:\"=]*">"

{if (printall) printf("TEMPOBAT\n"); return TEMPOBAT;}

"</t enpobat >" {if (printall) printf("END TEMPBAT\N");

return END TEMPOBAT; }

<proscope"[!0-9a-zA-Z \ . \/:\"=]*">"
{if (printall) printf("PROSOOPE\n"); return PROSOCPE }

"</ proscope>" {if (printall) printf("END_PROSCOPE\n");

return END_PROSCOPE; }

"<projectr"[!10-9a-zA-Z \.\/:\"=]*">"

{if (printall) printf("PRQECTR n"); return PROECTR;}

"</ projectr>" {if (printall) printf("END_PRQECTR n");

return END PRQIECTR; }

<profun"[!0-9a-zA-Z \.\/:\"=]*">"

{if (printall) printf("PROFUN\\n"); return PROFUN }

"</ prof un>" {if (printall) printf("END_PROFUN\N");

return END_PROFUN; }

"<extlist"[!0-9a-zA-Z \.\/:\"=]*">"

{if (printall) printf("EXTLIST\n"); return EXTLI ST;}

"</extlist>" {if (printall) printf("END_EXTLIST\n");

return END EXTLI ST; }

<extent"[!0-9a-zA-Z \.\/:\"=]*">"
{if (printall) printf("EXTENT\n"); return EXTENT;}
</ ext ent >"
{if (printall) printf("END _EXTENT\n"); return END_EXTENT; }

"<dimist"[10-9a-zA-Z \.\/1\"=]*">"

{if (printall) printf("D MIST\n"); return D MIST;}

"</dimist>" {if (printall) printf("END_D M.IST\n");

return END DI MLI ST; }

"<di mspec”[!0-9a-zA-Z \ . \/:\"=]*">"

{if (printall) printf("D MSPEC\ n"); return DI MSPEC, }

</ di nspec>" {if (printall) printf("END D MSPECQ\n");
return END DI MSPEC, }

"<marklist"[!0-9a-zA-Z \.\/:\"=]*">"

{if (printall) printf("MARKLI ST\n"); return MARKLI ST;}
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"</ marklist>" {if (printall) printf("END_MARKLI ST\ n");

return END_MARKLI ST; }

"<stresuse"[!0-9a-zA-Z \ . \/:\"=]*">"
{if (printall) printf("STRESUSE\n"); return STRESUSE, }

"</ stresuse>" {if (printall) printf("END STRESUSE\n");
return END_STRESUSE; }
"<t hr ead" {if (printall) printf("THREAD\n"); return THREAD,}
"</t hread>" {if (printall) printf("END THREAD\n");
return END_THREAD; }
"<ces" {if (printall) printf("CES\n"); return CES;}
"</ ces>" {if (printall) printf("END CES\n");

return END_CES; }

"<rest" {if (printall) printf("REST\n"); return REST;}
"</rest>" {if (printall) printf("END REST\n");

return END_REST,; }
"<pi tched" {if (printall) printf("PITCHED\ n");

return Pl TCHED, }
"</ pi t ched>" {if (printall) printf("END_PI TCHED\ n");

return END_PI TCHED; }
" <nonpi t ch>" {if (printall) printf("NOWI TCH n");

return NOWPI TCH; }
"<fictadj>" {if (printall) printf("FI CTADJ\ n");

return FI CTADJ; }
"<nsdi st >" {if (printall) printf("NSD ST\n"); return NSD ST;}
"<gsdi st >" {if (printall) printf("GSDI ST\n"); return GSDI ST;}
"</fictadj>" {if (printall) printf("END_FI CTADJ\n");

return END_FI CTADJ; }

" <ganpi t ch>" {if (printall) printf("GAMPI TCH n");
return GAMPI TCH; }

"<octave"[!0-9a-zA-Z \.\/:\"=] ">
{if (printall) printf("QOCTAVE\n");return COCTAVE, }

"</ octave>" {if (printall) printf("END OCCTAVE\n");
return END OCTAVE; }

<pi t chnnmp" {if (printall) printf("PITCHNM n");
return Pl TCH\M }

"<lyric"[!0-9a-zA-Z \.\/[:\"=]*">"
{if (printall) printf("LYRIQn");return LYR C}
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"</lyric>" {if (printall) printf("END_LYRICQn");

return END_LYRIC; }

"<syllable"[!0-9a-zA-Z \.\/:\"=]*">"
{if (printall) printf("SYLLABLE\n"); return SYLLABLE;}

"</ syl | abl e>" {if (printall) printf("END SYLLABLE\n");
return END SYLLABLE; }

<sylltext>"[a-zA-Z\,\'"\- \.]+"</syl|text>"
{if (printall) printf("TEXT %\ n",yytext); return TEXT;}

"<uniform"[a-zA-2\,\"\- \.]+"</uniform"
{if (printall) printf("UN FORM %\ n",yytext); return UNI FORM }
"</sylltext>" {if (printall) printf("END _SYLLTEXT\n");
return END _SYLLTEXT; }

"<bibinfo "[0-9a-zA-Z \=\"\:\/]*">"
{if (printall) printf("BIBINFOn"); return BIBINFO }

</ bi bi nf o>"
{if (printall) printf("END BIBINFONn"); return END BI Bl NFQ, }

" <aut hor >"
{if (printall) printf("AUTHOR n"); return AUTHCR }

"</ aut hor >"
{if (printall) printf("END AUTHOR n");return END AUTHOR }

"<i shd>"
{if (printall) printf("1SBD\n"); return |SBD;}

"</isbd>"
{if (printall) printf("END ISBD\n"); return END | SBD;}

<nam3| ocC "[O-ga_ZA_Z \=\n\:\/]*n>n
{if (printall) printf("NAMELOQ\n"); return NAVELCC; }

"</ nanel oc>"
{if (printall) printf("END_NAVELOC\n"); return END NAMELCC }

"<nm i st>"
{if (printall) printf("NWMLIST\n");return NW.I ST, }

"</ nmist>"
{if (printall) printf("END NM.IST\n"); return END NM.I ST;}

<score "[0-9a-ZA-Z \=\l|\:\/]~ku>n
{if (printall) printf("SCORE\n"); return SCORE;}

"</ score>"
{if (printall) printf("END _SCORE\n");return END_SCORE; }
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{if (printall) printf("EQIALS\n"); return EQUALS; }
"<I--"[ \V(\)\,\'0-9a-zA-Z)*"-->" ; [* SMDL comment! */

[a-zA-Z] ([0-9]|[a-zA-Z] ) *
{yylval .str = yytext;
if (printall) printf("IDENTIFIER Nn");return | DENTIFIER }

([0-9]+[-[0-9]4)
{yylval . num = atoi (yytext);
if (printall) printf("INTEGER n");return | NTEGER }

\"[a-zA-Z]*" . "[a-zA-Z] *\"
{if (printall) printf("QUOTED ID\n");return QUOTED | D;}

\"[\/: 0-9a-zA-Z]*\"
{if (printall) printf("VERSION_ID\n");return VERSI ON I D;}

" {if (printall) printf("LBRACK\n"); return LBRACK ;}
" {if (printall) printf("RBRACK\n"); return RBRACK ;}
"> {if (printall) printf("RANGLE\n"); return RANG.E ;}
[\t\n ]+ /* ignore whitespace */;
{ECHO }

%%
The YACC file
%uni on {

int num

char *str;

/* here are the tokens */

% oken <str> | DENTI FI ER
% oken <nun» | NTEGER
% oken DOCTYPE

HYTI ME

ID IDR

C NOTE D NOTE E _NOTE F_NOTE G NOTE A NOTE B _NOTE

EXSPEC

START

REPEATS

FI CTAGAM

Pl TCHGAM

FI CTADJ

NSDI ST
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/* Gammar for SGVL(N FF) */

/*

GSDI ST
END_FI CTADJ
NOM NST
VERSI ON_| D

DHALF DQUARTER QUARTER EI GHTH HALF WHOLE DEI GHTH SI XTEENTH

RANGLE LANGLE
RBRACK LBRACK

ENTI TY

QUOTED | D
DOCTYPE_ELT

WORK END_WORK

AXI'S END_AXI S

CANTUS END_CANTUS
TEMPOBAT END_TEMPOBAT
PROSCOPE END_PROSCOPE
PRQJECTR END_PRQJECTR
DI MLI ST END DI MI ST

DI MSPEC END DI MSPEC
NMLI ST

END_NMLI ST

EXTLI ST END_EXTLI ST
EXTENT END_EXTENT
MARKL| ST END_MARKLI ST
STRESUSE END_STRESUSE
THREAD END_THREAD

CES END CES

I NCLUDE Q DOCTYPE E_ENTI TY E_DOCTYPE

Q HYTI ME EQUALS

REST END REST

PROFUN END_PROFUN

Pl TCHED END_PI TCHED
NOVPI TCH END_NOMPI TCH
GAMVPI TCH END_GAMPI TCH
OCTAVE END_OCTAVE

Pl TCHNM END_PI TCHNM
LYRI C END LYRI C
SYLLABLE END SYLLABLE
SYLLTEXT END_SYLLTEXT
Bl BI NFO END_BI Bl NFO
TEXT

AUTHOR END_AUTHOR

UNI FORM END_UNI FORM

| SBD END_| SBD
NAVELOC END_NAMELOC
SCORE END_SCORE

Productions with start tags only (that appear in the exanple bach.niff,

si nce

the DID is out of date):
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id, name, tag, type, stafstep, duration
Productions that sonetines do not have end tags:
top, bottom

The others al ways have a start and end tag.

Recursi ve productions are marked prod_star or prod plus.
*/

start : init hytinme_star doctype work

init : {initialise();}

doctype : E_DOCTYPE | DENTI FI ER | DENTI FI ER QUOTED | D
LBRACK ent _star RBRACK RANGLE
{

spaces();
printf("<!DOCTYPE niff SYSTEM\"intdtd.sgm" []>\n");
}

ent _star : E ENTITY I DENTI FI ER | DENTI FI ER QUOTED | D RANGLE ent st ar
| /7* empty */
hytinme_star : Q HYTI ME hytinme_star
| /* enmpty */

/* when we figure out what performand score should have in them then
*/

/* we can give the (cantus | perform| score) structure given by the
DTD */

/* However, the DID says that performand score are ANY! */

work : WORK begi n_work setup axis include_doctype_star cantus
bi bi nf o nanel oc score END WORK end_wor k

begi n_work : {

spaces();
printf("<niff>\n");
}
setup : {
spacesin();

printf("<setup>\n");

spacesin();
printf("<info>6b 1</info>\n");
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spacesQut ();
printf("<partsL><part><i d>pO<nane>part0</part></partsL>\n");

spacesQut () ;

printf("</setup>\n");
}

axis : AXIS END AXI S

i ncl ude_doctype_star : | NCLUDE | DENTI FI ER i ncl ude_doct ype_st ar

| /* enpty */
end_work : {
spaces();
printf("</niff>\n");

}

/* this agrees with Munce exanples, but they do not agree with his DID
*/

cantus : CANTUS begi n_cant us
cantus_choi ces_star END CANTUS end_cant us

/*
acceptabl e pieces will have one treble line on the piano;
key signature (priority 1)
get in shape for soneone else to follow on (docunentation within source
code) (2)
(send Carol a the docunent)
wite your own SMDL pieces if you cannot get that working after a little
time
el se get Mounce software working if possible (90 m ns)
*/
begin_cantus : {
spacesln();
printf("<data>\n");
spacesln();
printf("<pageL>\n");
spacesln();

end_cantus : {

spacesQut () ;
printf("</pageL>\n");

spacesQut () ;
printf("</data>\n");
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cantus_alts : thread | lyric | tenpobat | stresuse | extlist

cantus_choices _star : cantus_alts cantus_choices _star
/* this last line is required by Mounce exanples but not by his DID */
| /* enpty */

thread : THREAD thread_attri butes RANGLE assign_firstCes
nmusi c_events_star END THREAD

thread attributes : I D EQUALS IDENTIFIER thread attri butes
| NOM NST EQUALS | DENTI FI ER thread_attri butes
| /7* empty */

musi c_events_star : nusic_events mnmusi c_events_star
| /7* empty */

musi c_events : /* tuplet */
ces
| pitched
| rest
/* | chordchg */

assign_firstCes :
{ firstCes = 1;
}

ces_events_star : ces_events_star ces_events
| /7* empty */

ces_events : /* tuplet */
pi t ched
| rest
/* | chordchg */

/[* tuplet : ; */

/* chordchg : ; */

ces . CES ces_attributes RANGE begi n_ces ces_events_star END CES
end_ces

ces attribute : 1D EQUALS | DENTI FI ER

| PI TCHGAM EQUALS | DENTI FI ER
| REPEATS EQUALS | NTEGER
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/ *
spaces();
printf("<repeat numr%l</repeat nunr\ n", $3);
-k/ }

| FI CTAGAM EQUALS | DENTI FI ER
{set Fi ct agan( $3) ;
}

ces attributes : ces attribute ces attributes
| /* enpty */

begi n_ces :

spacesl n();
printf("<systenL>\n");
spacesl n();
printf("<staffL>\n");
spaces();
printf("<staf hedC</staf hedC\n");
spaces();
printf("<ts><tstype>2</tstype><top>0<bottonr4</ts>\n");
spaces();
printf("<clef><type>trebl e<octave>0</octave></clef>\n");
octave = 0,
spaces();
printf("<keysi g>%l</keysi g>\n", get Fi ctagam());
spaces();
if (firstCes == 1)

{

printf("<timesig><top>4</top><bottonr4</bottonk</tinesig>\n");
firstCes = 0;

}
}

nmusi c_events_star : nusic_events star music_events
| /7* empty */

end_ces :

spacesQut () ;
printf("</staffL>\n");

spacesQut () ;
printf("</systenL>\n");

}
rest : REST EXSPEC EQUALS set Durati on RANGLE END REST
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spaces() ;

/* we do not know what the staff step is, soit's on G for now */

printf("<rest><stafstep>3<durati on><t op>%l<bott onmr%</rest>\n", durati onTo
p, durati onBotton);
i f (topcount == bottontount)

spaces() ;
printf("<ts><tstype>l</tstype><top>%l<bottonrd</ts>\n",
++bar count *4) ;
topcount = O;
bot t ontount = 1;

}

syl lable_rest : REST EXSPEC EQUALS syl | abl e_set Durati on RANGLE END REST

pitched front : Pl TCHED EXSPEC EQUALS set Durati on RANGLE
NOVPI TCH GAMPI TCH maybe_set Cct ave
Pl TCHNM set Pi tch

spaces();
printf("<stenp</stenr\n");
spaces();
convertPitch(pitch);

printf (" <not ehead><st af st ep>%l<dur at i on><t op>%l<bot t onr%a<t ag><parti d>p0<
/ parti d></ not ehead>\ n",
real Pitch, durationTop, durati onBottom
}

pitched : pitched front maybe fictadj END Pl TCHED
spaces();

printf("<ts><tstype>2</tstype><top>%<bottonmr%</ts>\n",topcount, bottonto
unt);
/* note that nore than one bar may have gone by, in which case
this should be a
while loop - so this is a hack - but we do not know how ties
over bars are represented
so it may not be a hack */
if (topcount == bottontount)

spaces() ;
printf("<ts><tstype>1l</tstype><top>%<bottonrd</ts>\n",
++bar count *4) ;
topcount = O;
bot t ontount = 1;
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maybe_fictadj : FICTADJ NSDI ST | NTEGER GSDI ST | NTEGER END_FI CTADJ

{
int accidental = O;
if ($5 == -1) accidental = 2;
else if ($5 == 0) accidental = 3;
else if ($5 == 1) accidental = 4;
spaces();

printf("<accident>%l</acci dent>\n", accidental);

}
| /7* enpty */

maybe_set Cctave : OCTAVE | NTEGER END_ OCTAVE

set Duration :

{ octave = $2;}
| /* enpty */

DHALF

{

durationTop = 3;
durati onBottom = 4;
updat eCount s() ;

}

| DQUARTER

{
durationTop = 3;
dur ati onBottom = 8;
updat eCount s() ;

}

| DEI GHTH

{
durationTop = 3;
durati onBottom = 16;
updat eCount s() ;

}
| HALF

durationTop = 1;
durati onBottom = 2;
updat eCount s() ;

}
| WHOLE

durationTop = 1;
durati onBottom = 1;
updat eCount s() ;

}
| QUARTER
{
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durationTop = 1,
durationBottom = 4;
updat eCount s() ;

}

| El GHTH

{
durationTop = 1;
durationBottom = 8§;
updat eCount s() ;

}
| S| XTEENTH

durationTop = 1;
durati onBottom = 16;
updat eCount s() ;

}
| /* enmpty */

syl l abl e_setDuration : DHALF
| DQUARTER
| DElI GHTH

| HALF

| WHOLE

| QUARTER

| El GHTH

| SI XTEENTH

setPitch : C_NOTE
pitch = C }
D _NOTE
pitch = D}
E_NOTE
pitch = E}
F_NOTE
pitch = F;}
G_NOTE
pitch = G}
A NOTE
pitch = A}
B_NOTE
pitch = B;}

Lot el et el e Sl e Rl g it Bl o Y

pi tchnm : PI TCHNM | DENTI FI ER

tenpobat : TEMPOBAT proscope END TEMPOBAT

stresuse : STRESUSE END STRESUSE

proscope : PROSCOPE projectr END PROSCOPE
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projectr : PRQIECTR profun END PRQJECTR

profun : PROFUN | DENTI FI ER END_PROFUN

extlist : EXTLIST extent END _EXTLI ST

maybe_extlist : EXTLI ST extent END_EXTLI ST
| /7* empty */

extent : EXTENT dimist nmaybe_extent _end

maybe_extent _end : END _EXTENT
| /* enpty */

dimist : DI MIST di nspec maybe dimist_end

maybe_dinmist_end : END DI M.I ST
| /* enpty */

di mspec : DI MSPEC markl i st _pl us maybe_di nspec_end
maybe_di nspec_end : END_DI MSPEC
| /7* empty */

marklist_front : MARKLI ST | NTEGER nmaybe markli st _end

marklist _plus : marklist _front marklist _plus
| marklist_front

maybe_markli st _end : END _MARKLI ST
| /* enpty */

lyric : LYRIC lyric_attributes syllable |list END LYRI C

lyric attributes : THREAD EQUALS IDENTIFIER lyric_attributes
| /* enpty */

syllable_alts : syllable_rest
| syllable
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syllable list : syllable_ alts syllable_|ist
| syllable alts

syl lable : SYLLABLE syllable_attributes TEXT END SYLLABLE

syllable_attributes : THREAD EQUALS | DENTI FI ER syl l abl e_attri butes
| /* enpty */

bi binfo : BIBI NFO aut hor UNI FORM i sbhd END BI Bl NFO

aut hor : AUTHOR | DENTI FI ER END_AUTHOR

i sbd : 1SBD I DENTI FI ER END_| SBD

score . SCORE END SCORE

nanel oc : NAMVELOC nmii st END NAMELCC

nmist : NMLI ST | DENTI FI ER END_NMLI ST

%0

/* clef constants here */
const TREBLE = O;
const NOT_A CLEF = -1000;

[* pitch constants here */
const NOT_A PITCH = -1000;

/* duration constants here */
const DURATI ON TOP_ERRCR = -1;
const DURATI ON_ BOITOM ERROR = - 1;
const NOT_A DURATI ON = -1000;

/* octave constants here */
const NOT_AN COCTAVE = -1000;

[* pitch constants */
const
const
const
const
const
const

aRONMRO

>OTmMOO
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const B = 6;

/* key constants */
const NONE = O;

const FLATS1 = -1;
const FLATS2 = -2;
const FLATS3 = -3;
const FLATS4 = -4;
const FLATS5 = -5;
const FLATS6 = -6;
const SHARPS1 = 1;
const SHARPS2 = 2;
const SHARPS3 = 3;
const SHARPS4 = 4
const SHARPS5 = 5;
const SHARPS6 = 6;

const NOT_A FI CTAGAM = -1000;

int topcount, bottontount, barcount;
i nt octave;

int pitch;

int fictagam
int clef;

int durationTop
i nt durationBottom
int sharp;

int flat;

int natural;

int firstcCes;

int real Pitch;

int spacenum

void initialise()

{

octave = NOT_AN OCTAVE
pitch = NOT_A PI TCH
fictagam = NONE;
cl ef = TREBLE;
durationTop = O;
durationBottom= 1
topcount = 0;
bottontount = 1;

bar count 0;
firstCes 0;

real Pitch = 0O;
spacenum = O;

}

voi d set Fi ct agan(char *nane)

if (!'(strcnp(nane,"none"))) fictagam = O;

-03-



Department of Music UNIVERSITY
MuTaTeD! of

GLASGOW

IV. Detailed Project Report

else if (! (strcnp(nane,"flatsl"))) fictagam = 8;
else if (!(strcnp(nane,"flats2"))) fictagam= 9;
else if (!(strcnp(nane,"flats3"))) fictagam = 10;
else if (!(strcnp(nane,"flats4"))) fictagam= 11
else if (!(strcnp(nane,"flats5"))) fictagam= 12
else if (!(strcnp(nane,"flats6"))) fictagam = 13;
else if (!(strcnp(name,"flats7"))) fictagam = 14;
else if (!(strcnp(name, "sharpsl"))) fictagam= 1
else if (!(strcnp(nane, "sharps2"))) fictagam= 2;
else if (!(strcnp(nane, "sharps3"))) fictagam = 3;
else if (!(strcnp(nane, "sharps4”))) fictagam = 4;
else if (!(strcnp(name, "sharps5"))) fictagam = 5;
else if (!(strcnp(name, "sharps6”))) fictagam = 6;
else if (!(strcnp(name, "sharps7"))) fictagam= 7;

el se fictagam = NONE;
}

int getFictagam() {return fictagam}
/* todo - make this stuff table driven */

voi d | ookupTrebl eCl ef Oct O(i nt pitch)
{

real Pitch = NONE;

if (pitch == C {realPitch = -2;}

else if (pitch == D) {realPitch = -1;}
else if (pitch == E) {realPitch = 0;}
else if (pitch == F) {realPitch = 1;}
else if (pitch == G {realPitch = 2;}
else if (pitch == A) {realPitch = 3;}
else /* nmust be B */ {realPitch = 4;}

}
voi d | ookupTrebl ed ef Cct 1(i nt pitch)

real Pitch = NONE;
if (pitch == C {realPitch = 5;}

else if (pitch == D) {realPitch = 6;}
else if (pitch == E) {realPitch = 7;}
else if (pitch == F) {realPitch = 8;}
else if (pitch == G {realPitch = 9;}
else if (pitch == A) {realPitch = 10;}
else /* nmust be B */ {realPitch = 11;}
}

voi d | ookupTrebl ed ef Cct 2(i nt pitch)

{

real Pitch = NONE

if (pitch == C {realPitch = 12;}
else if (pitch == D) {realPitch = 13;}
else if (pitch == E) {real Pitch = 14;}
else if (pitch == F) {realPitch = 15;}
else if (pitch == G {realPitch = 16;}
else if (pitch == A) {realPitch = 17;}

1
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else /* must be B */ {realPitch = 18;}
}

/* here we're assunm ng that there are only proper fractions */
int reduction()

int k;

int result = 1;

if (topcount > bottontount) k = bottontount; else k = topcount;
while (k > 1)

if ((topcount %k == 0) &% (bottontount %k == 0))
{ result = k; break;}
el se k--;
}

return result;
}
voi d updat eCount s()
{
i nt newbottom = O;
int gcd = 0;

/* add two fractions - first normalise */

newbott om = bottontount * durationBottom

topcount = (topcount * durationBottom) + (durationTop * bottontount);
bot t ontount = newbottom

gcd = reduction();

t opcount = topcount / gcd,
bot t ontount = bottontount / gcd;

/* now deal with the current tine sig. Since that is hardwired in for */
/* now, we can convert only for that - to be nmade nore general later */

if (bottontount < 4)

{

topcount = topcount * (4 / bottontount);
bot t ontount = 4;

}
}

voi d | ookupTrebl e ef Tabl e(int oct, int pitch)

if (oct == 0)
| ookupTrebl ed ef Cct O(pitch);
el se
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if (oct == 1)
| ookupTrebl ed ef Cct 1(pitch);
el se
if (oct == 2)

| ookupTrebl ed ef Cct 2(pitch);
/* el se check another octave when this gets nore sophisticated */

}

voi d convertPitch (int pitch)

{
[* printf("clef=%l; octave=%l; pitch=%l,
real Pitch=%l;\n", cl ef, octave, pitch,real Pitch); */
if (clef == TREBLE)
| ookupTr ebl ed ef Tabl e( oct ave, pitch);
/* el se check another clef when this gets nore sophisticated */

}

voi d spacesin ()

L

int i;

spacenum = spacenum + 3;

for (i = 1; I <= spacenum i ++)
prlntf(ll II).

}

voi d spacesQut ()

t

int i;

for (i =1; i <= spacenum i ++)
printf(" ");

spacenum = spacenum - 3;

}

voi d spaces ()

t

int i;

for (i = 1; I <= spacenum i ++)
printf(" ");
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APPENDIX A: SMDL DTD
(by Steven Mounce)

<!-- SMDL DTD Aut hour: S.R Mounce CANTATE Project -->

<INOTATION virtinme PUBLIC -- Virtual Tine Unit --
"+//1SQ | EC 10744/ / NOTATI ON Virtual Measurenent Unit//EN'
>
<! NOTATI ON Sl second PUBLIC -- Real Tinme --
"+//1SQ 1 EC 10744/ / NOTATI ON Systene International second//EN'
>
<l-- not actually part of standard:. -->

<IENTITY %tactvtu "80640">
<l-- The follow ng paraneter entity declarations could be used in
conjunction with the above %actvtu entity : -->

<IENTITY % av.cxdm -- could use this as the value of the axisdim
attribute of an axis neasured in nusic tine.
(Maxi mum possi bl e val ue given hyqcnt=32.) --

"4294967295"

>

<IENTITY % av.cxbg -- could use this as the value of the basegran
attri bute of threads, batons, and wands. --
"vtu"

>

<IENTITY % av.cxgh -- could use this as the value of the granZhnu
attri bute of threads, batons, and wands - -
wy o1

>

<IENTITY % av.cxpg -- could use this as the value of the pls2gran
attribute of threads, batons, and wands - -
"1 %actvtu”

>

<IENTITY % av.cxfm-- could use this as the value of the docndu
attribute (of work), the fcsndu attribute
(of cantus), and/or the axisndu attribute
(of axis). --
"virtime 1 1"

<IENTITY % SMDLrc -- SMDL resources; things that can appear anywhere --
"chordgam | pitchgam | nudef | axis | fictagam |
strestem | nanel oc | desctab | extlist | bibinfo |
text">
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<! ELEMENT axi s -- Axis definition for a finite coordi nate space --- O
ANY >
<I ATTLI ST axi s HyTi ne NANVE axi s
id ID #I MPLIED -- Default: none --
axi sneas -- Measurenment domain (SMJ) of this axis --
-- |l extype(NOTATION) --
CDATA #FI XED virtinme
axismdu -- SMJto MDU ratio that nmakes the MDU a
conmon denoni nator of HMJs for al
schedul es on
this axis in all FCS elenents that use it.--
-- lextype(frac) --
CDATA #FI XED "virtinme 1 1"
axisdim -- Dinension of this axis in MUs --

-- lextype(nunber) --
CDATA #FI XED " 4294967295"

<l-- Description Table -->

<l el enent desctab

-- Descriptive text definition table --

-0 (desctxt, descdef)+ >
<lattlist desctab HyTine NANVE desct ab
id I D #REQUI RED >
<I-- Descriptive Text -->
<lel enent desctxt -- Descriptive text --
OO0 (#PCDATA) -- lextype(words) -->
<lattlist desctxt HyTine NANME desct xt >

<!-- Descriptive Text Definition -->

<l el enent descdef
(oNe)
<lattlist descdef

-- Descriptive text definition for exlist --
(extent) >
HyTi me NANVE descdef >

<lelenment text - o (#PCDATA) >

<!-- Wrk Segnent Content Mdel -->
<!-- use: work, workseg -->

<IENTITY % m wksg

"(workseg+ | (cantus | perform| score)*)"

>
<IENTITY % bi b. att

"bi bi nfo
t hene

<! ELEMENT wor k

| DREFS #l MPLI ED
| DREFS #| MPLI ED"

- O (%n wksg;) +(¥®SMDLrc;) >

<! ATTLI ST work
HyTi ne

NAME #FlI XED HyDoc
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SMDL NANME wor k
id I D #| MPLI ED
docndu -- SMJto MDU ratio that nakes the MDU a

comon denom nator of HMJs for all schedules in
all FCS that are in a given nmeasurenent domain.
Constraint: SMJ nane and ratio for all of the
neasur enent domai ns used in the docunent.

| extype( (NAME, s+, frac), (s+, NAME, s+, frac)*) --

CDATA #FI XED "virspace 1 1" -- Default: "1 1" for
each SMUJ - -
%i b.att -- bibinfo attributes --
>
<I-- authority attributes -->

<IENTITY % aut h. at
"authorty -- reference(s) to the source docunent(s) or
aut hority(ies) fromwhich this SMDL
representati on was derived. --
| DREFS  #l MPLI ED"
>

<!-- e.g. reference to NI FF doc -->

<!-- Bibliographic Information Attributes -->

<l-- Wrk Segnent -->
<! ELEMENT wor kseg -- segnent of nusical work. --
- O (%n wksg;) >
<! ATTLI ST wor kseg
SMVDL NANVE wor kseg

id I D #| MPLI ED

cl ass CDATA  #I MPLIED -- e.g. novenent, section, nusical nunber.
Default: not specified. --

endnod CDATA "pause" -- e.g. "15 min. interm ssion",

"await curtain", etc. --

<! ELEMENT cantus - O (thread | lyric | tenpobat | stresuse)*>
<I ATTLI ST cant us

Hy Ti me NANVE fcs

SMVDL NAME cant us

%i b. att -- bibinfo attributes --

%aut h. at -- authorty attributes --

nor m -- Nornmalization according to the
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nanmed al gorithm
(decl ared as a notation) has been applied. --
NOTATI ON (normal gs) # MPLIED -- Default:
not nornalized --
-- HyTine fcs attributes --

id I D #REQUI RED
f csnane -- Nane of semantic FCS descri bed
by the el enent --
NANVE #1 MPLIED -- Default: FCS
is unnaned --
f csndu -- SMJto MDU ratio that nmakes the MDU a

common denoni nator of HMJs for all schedul es on

all axes of FCS in a given neasurenent domain.--

-- Constraint: SMJ nane and ratio for one or
nore of the domains used in the FCS. An SMJ
nane can occur only once. --

-- lextype((NAME s+, frac), (s+, NAVE, s+, frac)*) --

CDATA #FI XED "" -- Defaul t:
equal to docndu --
axi sdefs -- Definitions of FCS axes --

-- Constraint: Gs of axis elenment types --
-- lextype(dL) --
NAMES

#FI XED virtime
>
<IENTITY %e.nusic -- nusical events and event groups --
"tuplet | ces | pitched | rest | chordchg">
<!-- note that the event elenment (fromHyTine) allows all nmanner of
mul ti nedia event types to be added -->
<! ELEMENT t hr ead -- schedul e of nusic events and event groups. --

- O(%.nusic;)*>
<! ATTLI ST thread

HyTi nme NANVE evsched

SMDL NANE t hread

id | D #l MPLIED -- Default: none --
axi sord -- Oder of axes in schedule --

-- Constraint: Gs of axis elenent types. Omtted
G neans all events in schedule fully occupy
the omtted axis --

-- lextype(dL) --

CDATA #FI XED "" -- Default:
axi sdefs in FCS --
appor der -- Order of schedule elenents is significant to

the application and nust be preserved --
(order| di sorder) order
sorted -- Representation of schedul e el enents
is sorted
by order of position on axes of schedule --
(sorted|unsorted) unsorted
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-- HyTine schdneas attributes --

basegr an -- Base granule for each axis --
-- lextype(words) --
CDATA #FI XED "vtu" -- Default: SMJ
for each --
granz2hmu -- Ganule to HMJ ratio for each axis --

-- Constraint: 1 ratio per axis, or 1 for all --
-- lextype(fracs) --

NUVBERS #FI XED "1 1"
-- HyTine overrun attributes --
overrun -- Handling of dinmension that overruns range --

(error|wap|trunc|ignore) error
-- pls2gran attributes --

pl s2gr an -- Pulse to granule ratio for each axis --
-- Constraint: 1 ratio per axis, or 1 for all --
-- lextype(fracs) --

NUVBERS "1 80640"
nom nst -- nomnal instrunent(s) or other performng
resource(s) allocated to this thread. --
CDATA #| MPLI ED -- Default:

not specified --

>
<l-- Tuplet -->
<! ELEMENT t upl et
- O(%.nusic;)>
<I ATTLI ST tupl et

HyTi ne NAME evgrp

SVDL NANVE t upl et

id I D #I MPLIED -- Default: none --
gr pscope -- @G oup scope (nom nal extent of group) --

-- For each axis, the dinension is the | owest first
guantum of any group nenber through the highest
| ast quantum of any group nmenber on that axis.
Al'l of a nenber's extents are included. --

-- reftype(extent) --

| DREF #| MPLIED -- Default:
to be calculated --
gr pdex -- Group derived extent specification --

-- Use for resizing, rearrangenent, repetition.
G oup nenbers are given the derived extents.
If nomnal extent is also wanted, it nust be
specified as one of the derived extents. --
-- Constraint: multiple references concatenated --
-- reftype(extlist) --
| DREFS #I MPLIED -- Default:
no derivation --
-- pls2gran attributes --
pl s2gr an -- Pulse to granule ratio for each axis --
-- Constraint: 1 ratio per axis, or 1 for all --
-- lextype(fracs) --
NUMBERS "1 1"
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<l-- Cantus Event Sequence -->
<! ELEMENT ces
- O(%.nusic;)*
>
<I ATTLI ST ces
SMVDL NANVE ces
i d I D #1 MPLI ED -- Default: none --
ornstyle -- Onanentation style: e.g. , period --
CDATA #| MPLI ED
pi t chgam -- Current pitch gamut --
| DREF #1 MPLI ED -- Default: val ue of
syntactically previous
pitchgam attribute. --
fictagam -- Current ficta gamut --
| DREF #1 MPLI ED -- Default: val ue of
syntactically previous
fictagamattribute. --
nudef -- governing mcrotuning unit definition --
| DREF #1 MPLI ED -- Default: value of
syntactically previous
nmudef attribute. --
di vi si -- either allocate simnultaneous notes
anong perform ng
resources, or nmake everybody play everything. --
(tutti | divisi) tutti
-- default: everybody
pl ays everything. --
ar peggi o -- Either arpeggiate or don't arpeggi ate. Applies
only
to the onset of the events scheduled to start
together, and only when that starting
time is the
earliest scheduled start tinme in the entire ces. --
(rollup | rolldown | noroll) nor ol |
-- default: no arpeggiation. --
grace -- are the contained events grace notes? --
(grace | nograce) nograce -- default: these are
not grace notes. --
choi ce -- |Is only one subel enent, chosen by the perforner,
to
be played at any one tinme, or are all of themto be
pl ayed? (attribute for handling ossia, 1st/2nd ending
etc. --
(al'l | one) al
choicrit -- Oiteria by which choice should be nade. --
CDATA #1 MPLI ED -- default: no choi ce needs
to be nmade (choice=all) --
conl oc -- I D of schedule, evgrp, or event to be used in
pl ace

of, or as content of, this elenent (see HyTinme
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International Standard). --

| DREF #CONREF
repeats -- Nunber of repetitions beginning at end of | ast
guant um occupi ed. | extype (unzi). --
CDATA 1
>
<lel enent dinmspec -- D nension specification --
-- Constraint: Content nust resolve to a pair of markers
(unless nmarkerl omtted for inplied dinref) --
OO (marklist, marklist?) >
<lattlist dinmspec HyTine NANVE di mspec
id ID # MPLIED -- Default: none --
>
<lelenment marklist -- List of axis markers or their equivalents --
-- Constraint: nested marklists nmerge into single list --
-- Constraint: calspec pernmitted only in cal endars --
(ON©) (#PCDATA) -- lextype(snzi*) -->
<lattlist marklist HyTine NANVE mar Kkl i st
>
<lelement dimist -- Constraint: derives dinspecs from marker pairs.
Nested marklist/dimist merge into single list with
effect of "((markerl, marker?2)|di nspec)*"
-- Constraint: calspec permtted only in calendars --
(ONe) (dimist]dinmspec
| #PCDATA) * -- | extype(snzi*) -->
<lattlist dimist HyTime NAME dimi st
>
<! el ement extent -- Schedul ed extent --
-- Constraint: nmultiple dimists concatenated into one
list,
whi ch nust contain one di nspec per axis --
OO0 (dimist+) >
<lattlist extent HyTi me NAVE ext ent
id ID # MPLIED -- Default: none --
>
<lelement extlist -- Scheduled extent l|ist --
-- Constraint: derives dinmspecs from marker pairs and
extents from di nspec sequences (one per axis) and
i nterspersed syntactic extents --
-- Constraint: nested marklist/dimist/extlist nerge into
single list with effect of
"(((rmarker1, marker 2) | di nspec) +| extent) +" --
-- Constraint: calspec permtted only in calendars --
OO0 (extlist|extent|dimist]|dinmspec
| #PCDATA) * -- | extype(snzi*) -->
<lattlist extlist HyTinme NAME extli st
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id I D #I MPLIED -- Default: none --
-- added attlist for all-desc bel ow --
desctxt -- Descriptive text --

-- If specified, its descdef in desctab is treated

by HyTine as the elenent or as its content.
-- lextype(words) --
CDATA #CONREF  -- Default: none --
desctab -- Current description tables --
-- Constraint: searched in order listed --
-- reftype(desctab) --
| DREFS  #CURRENT

<I-- Rest -->
<! ELEMENT r est
- O(extlist?)>
<! ATTLI ST rest

HyTi me NANVE event
SVDL NAME r est
id I D #| MPLI ED
exrecon | DREF #| MPLI ED
exspec | DREFS #REQUI RED
pl s2gr an NUVBERS "1 1"
conl oc | DREF #CONREF

>

<l-- Note Event -->

<! ELEMENT pi t ched
-- Anusically-pitched note. Used in: %. nusic; --
- O(extlist?, nonpitch?, vary?)

>

<! ATTLI ST pi tched

HyTi ne NAME event

SMVDL NANVE pi t ched

id ID #1 MPLI ED

exrecon | DREF #| MPLI ED

exspec | DREFS #REQUI RED

pl s2gran NUMBERS "1 1

conl oc | DREF #CONREF

det une -- Signed nunber of MJs to add or subtract --
-- Default: play in tune (0). lextype(snum. --
NMTIOKEN 0

tie -- Immedi ate successor to which this event is tied
| DREF #1 MPLI ED -- Default
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not tied --
>
<! ELEMENT vary -- Variation in pitch value of note, expressed as
a formula. --

O O (#PCDATA)
>

<! ATTLI ST vary

Hy Ti e NAME sHyTi e
SMDL NANVE vary
-- notation Data content notation. (Actual notation names
application-specific). (attribute defined by
HyTi ne)
NOTATI ON #REQUI RED - -
conl oc -- Formul a source (if not in content). --
| DREF #CONREF
>
<!-- Chord change Event -->
<! ELEMENT chor dchg -- Chord change event --
- O( extlist?, (ccschord | figbass)?)?
>

<! ATTLI ST chordchg

HyTi me NANVE event
SMDL NAME chordchg
id I D #| MPLI ED
exrecon | DREF #| MPLI ED
exspec | DREFS #REQUI RED
pl s2gran NUMBERS "1 1"
conl oc | DREF #CONREF
det une -- Signed nunber of MJs to add or subtract --
-- Default: play in tune (0). |lextype(snum. --
NMIOKEN 0
tie -- I mredi ate successor to which this event is tied
| DREF #| MPLI ED -- Default
not tied --
>
<l-- Lyric -->
<! ELEMENT lyric -- Tinme-ordered sequence of sung syl l abl es.
Synchroni zed with a thread. --
- O(syllable | rest)+
>

<I ATTLI ST lyric

Hy Ti me NAME evsched

SMVDL NAVE lyric

t hr ead -- Notes to which lyric is sung --
| DREF #REQUI RED

-- HyTine sched attributes --
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of axes in schedule --
-- Constraint: Gs of axis elenent types. Omtted
G neans all events in schedule fully occupy
the omtted axis --
-- lextype(dL) --
CDATA #FI XED "" -- Default: axisdefs in FCS --
appor der -- Oder of schedule elenents is significant to
the application and nmust be preserved --
(order| di sorder) order
sorted -- Representation of schedule elenents is sorted
by order of position on axes of schedule --
(sorted|unsorted) unsorted
-- HyTinme schdneas attributes --
basegr an -- Base granule for each axis --
-- lextype(words) --
CDATA #FI XED "vtu" --
gran2hmu -- Ganule to HW ratio for
-- Constraint: 1 ratio per axis, or
-- lextype(fracs) --
NUVBERS #FI XED "1 1"
-- HyTinme overrun attributes --
overrun -- Handling of dinmension that overruns range --
(error|wap|trunc|ignore) error
-- pls2gran attributes --
pl s2gr an -- Pulse to granule ratio for each axis --
-- Constraint: 1 ratio per axis, or 1 for all --
-- lextype(fracs) --
NUMBERS "1 80640"

axi sord -- Order

Default: SMJ for each --
each axis --
1 for all --

<!-- Sung Syllable -->
<! ELEMENT syl | abl e -- sung syllable --
- O( extlist?, sylltext?)?

>

<! ATTLI ST syl | abl e
HyTi me NANVE event
SMVDL NANVE syl l abl e
id I D #| MPLI ED
exrecon | DREF #| MPLI ED
exspec | DREFS #REQUI RED
pl s2gran NUVBERS "1 1"
conl oc | DREF #CONREF

>

<! ELEMENT syl | t ext

-- Syllable text --

- O ( #PCDATA)
>
<! ATTLI ST syl | t ext
SMVDL NAMVE syl | t ext
>
<l-- Stress Pattern Tenplate -->

- 106 -



Department of Music UNIVERSITY
MuTaTeD! of

GLASGOW

IV. Detailed Project Report

<I'ELEMENT strestem
-- Beat cycle definition; dynam c stress pattern.
Poi nt nums i n ascendi ng order. --

-0 (poi nt num stresval *)*
>
<! ATTLI ST strestem
SMVDL NAME strestem
id ID #1 MPLI ED
poi nt cnt -- Nunber of stress points in pattern. --
NUVBER #REQUI RED
>
<l-- Stress Point Number -->

<! ELEMENT poi nt num
-- Stress point receiving agogi c or dynamc
stresses. Integer from1l to pointcnt --

(ON©) (#PCDATA)
>
<! ATTLI ST poi nt num
SMVDL NAVE poi nt num
>
<l-- Stress Type Val ues -->

<! ELEMENT stresval
-- Stresses applied to specified stress point --

- O (strestxt?, fornula?)
>
<! ATTLI ST stresval
SMVDL NAVE stresval
stresuse -- I D of stresuse for nested stress pattern. --
| DREF #CONREF  -- Default: no nested
pattern. --
>

<I ELEMENT strest xt
-- Inprecise stress specification: |oud, downbeat--

- 0 (#PCDATA)
>
<! ATTLI ST strestxt
SVDL NANME strest xt
>
<l-- Stress Pattern Use -->

<! ELEMENT stresuse
-- Use of stress pattern in tenpo or outer stress
pattern. Default: entire tenpo of tenpo

directive. --
- 0 (di mspec | stresdur)?
>
<I ATTLI ST stresuse
SMVDL NANVE stresuse
id I D #REQUI RED
i dr -- I D of stress pattern --
| DREF #REQUI RED
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strespt -- Stress pt # of pattern on which use begins. Not
1 only if anacrusis. --
NUMBER 1
>

<! ELEMENT st resdur
-- Duration of one iteration of nested stress pattern
Format: NUMBER of points. --

- O (#PCDATA)
>
<! ATTLI ST stresdur
SMDL NANMVE stresdur
>
<! ELEMENT t enpobat -- Baton --
- 0 (proscope+) >
<! ATTLI ST t enpobat HyTi me NANVE bat on
id | D #REQUI RED
-- HyTine sched attributes --
axi sord -- Oder of axes in schedule --
-- Constraint: Gs of axis elenment types. Omtted
G neans all events in schedule fully occupy
the omtted axis --
-- lextype(dL) --
CDATA #FI XED "" -- Default: axisdefs in FCS --
appor der -- Oder of schedule elements is significant to
the application and nust be preserved --
(order| di sorder) order
sorted -- Representation of schedule elenents is sorted
by order of position on axes of schedule --
(sorted|unsorted) unsorted
-- HyTime schdneas attributes --
basegr an -- Base granule for each axis --
-- lextype(words) --
CDATA #FI XED "vtu" -- Default: SMJ for each --
gran2hmu -- Ganule to HMJ ratio for each axis --
-- Constraint: 1 ratio per axis, or 1 for all --
-- lextype(fracs) --
NUVBERS #FI XED "1 1"
-- HyTine overrun attributes --
overrun -- Handling of dinmension that overruns range --
(error|wap|trunc|ignore) error
-- pls2gran attributes --
pl s2gran -- Pulse to granule ratio for each axis --
-- Constraint: 1 ratio per axis, or 1 for all --
-- lextype(fracs) --
NUMBERS "1 80640"
>
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<! ELEMENT proscope -- Projector scope --
-- Defines the scope of an event projector
as an extent of the unprojected schedule --

- 0O (projectr) >
<! ATTLI ST proscope HyTi ne NAVE pr oscope
id 1D #I VMPLIED -- Default: none --
-- exspec attributes --
exspec -- Extent specification --

-- Constraint: nultiple references concatenated --
-- reftype(extlist) --
| DREFS  #REQUI RED

<! ELEMENT projectr -- Event projector --
-- Defines extents in the projected schedule into which
events within the projector scope will be projected --
-- Constraint: extlists are concatenated into one list --

- 0 (extlist+| profun|scaleref) >
<I ATTLI ST projectr HyTine NAME projectr
id ID # MPLIED -- Default: none --
strict -- Strictness of interpretation: e.g., rubato --
-- lextype(words) --
CDATA # MPLIED -- Default: strict projection --
>
< ELEMENT profun -- Projection function --
-0 (#PCDATA) * >
<l-- was %yBrid-->
<! ATTLI ST profun HyTi me NAVE profun >
<! ELEMENT scal eref -- Scaling reference --
-- Instantaneous projection scaling at specified quantum
in each axis of aligned original or projected schedule -
-- Constraint: one dinref per axis of baton --
-0 (dinref+) >
<I ATTLI ST scal eref HyTine  NAME scal eref >

<l-- PITCH MDEL -->

<!-- Nomnal Pitch -->
<l ELEMENT nonpi tch

OO ( ganpitch | freqgspec | jipit)
>

<I' ATTLI ST nonpi tch
SMVDL NAME nonpi t ch
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<!-- Ganut-based Pitch -->
<! ELEMENT ganpitch -- Naned pitch fromganut definition --
(ONO) (octave?, pitchnm fictadj?)
>

<! ATTLI ST ganpitch
SMDL NAVE ganpi tch
>

<l-- Cctave Ofset -->
<! ELEMENT oct ave -- Cctave offset fromnanmed pitch
Signed integer: O nmeans pitch is in definition
octave. Default: no change from octave of
syntactically previous pitch.
| extype (snum. --
(ON0) (#PCDATA)
>

<I ATTLI ST oct ave

SMDL NANVE oct ave
>
<!-- Fictum Adj ustnent -->
< ELEMENT fictadj -- Fictum (#/ b) adjustnent from pitchnm signed
integer. Default: no adjustnent --
(ON©) (gam ntvl)
>

<! ATTLI ST fi ct adj

SMDL NAVE fictad]
>
<l-- Frequency Specification -->
<l ELEMENT freqspec -- Frequency specification --
(ONO) (hertz | formula)
>

<! ATTLI ST freqgspec

SMVDL NAVE freqspec
>
<! ELEMENT hertz -- Absolute frequency in Hertz (decimal fraction) --
(ON0) (#PCDATA) >

<! ATTLI ST hertz

SMDL NAME hertz
>

<!-- Pitch Ganut Definition -->
<! ELEMENT pitchgam-- Pitch gamut definition. If genfreq omtted,
no default frequencies generated --
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- 0O (genfreqg?, namestep+)
>
<IENTI TY % FRAC "NUMBERS" -- fraction: numerator, denom nator? (=1) --
>
<! ATTLI ST pi tchgam
SMVDL NAVE pi t chgam
id I D #REQUI RED
ganut des -- Description of ganut --
CDATA #| MPLI ED -- Defaul t: undescribed --
hi ghst ep -- Hi ghest gamut step nunber: positive integer --
NUMBER #| MPLI ED -- Defaul t:
hi ghest ganstep --
octratio -- Cctave ratio ("1 1" = no octaves) --
%RAC, "2 1" -- Default: normal octaves --
>
<l-- the formula for an even tenpered scale is:
pitch [n+t+l] = pitch [n] * ((highstep+l) root of (octave ratio)) -->
<!-- Generated Frequency Base -->
<! ELEMENT genfreq -- Cenerated frequency base --
(ONO) (ganst ep, freqspec)
>

<! ATTLI ST genfreq

SMVDL NANVE genfreq
>
<I-- Nane Step Goup -->
<! ELEMENT namestep -- Name step group: pitches based on same nane
(C, C#, C##). In conventional nusic: 7
nanesteps (letter nanes AAQ --
- 0O (pitchdef +)
>
<I ATTLI ST nanest ep
SMVDL NANVE namest ep
>
<!-- Pitch Definition -->
<! ELEMENT pitchdef -- Pitch definition (nenber of a pitch gamut)
If ganstep omtted: next sequential (O if first)
Freqgspec overri des generated frequency
for ganstep --
- 0O (pitchnm ganstep?, (freqspec | relfreq)?)
>

<! ATTLI ST pi t chdef

SMVDL NAMVE pi t chdef
>

<! ELEMENT ganstep -- Ganut step: Non-negative integer (>= 0)
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Conventional nusic: 12 ganut steps
(chromatic scale) --
(ON0) (#PCDATA)
>

<! ATTLI ST ganst ep

SMDL NAME ganst ep
>
<IELEMENT relfreq -- Relative frequency with respect to another pitch --
- 0 (pitchnm iratio)
>

<I ATTLI ST relfreq

SMVDL NAME relfreq
>
<!-- Pitch Nanme -->
<l ELEMENT pitchnm -- Name of pitch in a ganut --
(ON0) (#PCDATA) >
<I ATTLI ST pitchnm
SVDL NANVE pi tchnm
>
<!-- Misica Ficta Ganut -->
<! ELEMENT fi ctagam -- Musica ficta gamut definition. --
- O (pitchnm fictadj)+
>

<I ATTLI ST fi ctagam

SMDL NAME fictagam
id I D #| MPLI ED
>
<!-- Interval -->
<IELEMENT interval -- Scale difference or frequency ratio of two
pitches --
OO0 (gamntvl | arbintvl | jipitint)
>

<l ATTLI ST i nterval

SMVDL NAVE i nterval

>
<!-- Gnut-based Interval -->

<! ELEMENT gami ntvl -- Ganut-based interval: nunber of nane steps and
gamut steps between two gamut pitch
definitions --

(ONO) (nsdi st, gsdist)
>

<! ATTLI ST gam nt vl
SMVDL NAME gam nt vl
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>
<!-- Nane Step D stance -->
<! ELEMENT nsdi st -- Nane step distance. |extype (snum. --
00 ( #PCDATA)
>

<! ATTLI ST nsdi st

SMDL NAME nsdi st
>
<!-- Gnut Step D stance -->
<! ELEMENT gsdi st -- Gnut step distance. |extype (snun) --
(OO (#PCDATA)
>

<! ATTLI ST gsdi st

SMVDL NANVE gsdi st
>
<l-- Arbitrary Interval -->
<IELEMENT arbintvl -- Arbitrary interval --
(ONO) (gsdist | iratio | formula)
>

<I ATTLI ST ar bi ntvl

SMVDL NAVE ar bi nt vl
>
<IELEMENT iratio -- Integer ratio interval
| extype (snzi, s+, snzi); --
(ON©) (#PCDATA)
>

<IATTLIST iratio

SMDL NAME iratio
>
<! ELEMENT nudef -- Mcrotuning unit definition --
- O (interval)
>

<! ATTLI ST nudef

SMDL NAMVE nudef
id I D #REQUI RED
nmucount --  Nunber of Mk in the interval --
NUMBER #REQUI RED
>
<l-- Just Intonation Pitch -->
<IELEMENT jipit -- Just intonation nomnal pitch --
OO0 ((ganpitch | freqspec | jipitref),
i nterval ?)
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< ATTLI ST jipit

SMVDL NAVE jipit
id ID #1 MPLI ED
>
<IELEMENT jipitref -- Just intonation nom nal pitch reference --
-0 EMPTY
>

<IATTLI ST jipitref

SMVDL NAVE jipitref
i dr | DREF #REQUI RED
>
<!-- Just Intonation Interval -->
<IELEMENT jipitint -- Just intonation nomnal pitch interval --
O - (jipit, jipit)
>

<I ATTLI ST jipitint
SMDL NAVE jipitint
>

<!-- Conmmon Chord Synbol -->
<! ELEMENT ccschord -- common chord synbol chord change --
- O ( ( refpitch, ( chordnm| chordbdy)) +,

bassnot e?)
>

<! ATTLI ST ccschord

SMDL NAME ccschord
chor dgam -- Current chord body gamut --
| DREF #| MPLI ED
-- Default: no change --
>
<! ELEMENT bassnot e -- bass note (may also be in body of chord).
If polychord, interval refers to first
refpitch. --
- O (gamntvl)
>

<! ATTLI ST bassnote

SMDL NAME bassnot e
>
<!-- Figured Bass (Thoroughbass) -->
<! ELEMENT fi gbass -- Figured bass (thoroughbass) chord

change. --
- O( refpitch, figbsint*)
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<! ATTLI ST fi gbass

SMVDL NAVE figbass
id I D #| MPLI ED
>
<! ELEMENT fi gbsi nt -- Figured bass (thoroughbass)
interval --
- O( nsdist, fictadj?)
>

<! ATTLI ST fi gbsi nt
SMVDL NAVE figbsint
sustain -- ID of last figbass over which voice sustains --
| DREF #| MPLI ED
-- Default: no sustain --

<!-- Reference Pitch Value -->
<! ELEMENT refpitch -- Reference pitch on which chord intervals
are based. "Root" for CCS chord; "bass"
for figured bass. --
- O ( ganpitch)
>

<I' ATTLI ST refpitch

SMVDL NAME refpitch
>
<!-- Chord Body -->
<! ELEMENT chordbdy -- Intervals of chord with respect to reference
pitch --
O O (chordtxt?, gam ntvl*)
>

<! ATTLI ST chor dbdy

SMVDL NANVE chor dbdy
>
<! ELEMENT chordtxt -- Inprecise chord body description (wthout root
or bass) --
- O (#PCDATA)
>

<! ATTLI ST chor dt xt

SMDL NAME chor dt xt
>

<l-- Chord Body Gamut -->
<! ELEMENT chordgam -- Chord body gamut --

- O (chordnm chordbdy) + >
<! ATTLI ST chordgam
SMVDL NAMVE chor dgam
id ID #| MPLI ED
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<! ELEMENT chordnm -- Chord body nane --
- O (#PCDATA)
>

<! ATTLI ST chordnm

SMDL NAME chordnm
>
<l--  needed? -->
<! ELEMENT perform
- - ANY
>
<I ATTLI ST perform
Hy Ti me NAME ilink
SMVDL NANVE "perforn
anchrol e CDATA  #FI XED "perform notation #AGG cantus #AGG
id I D #| MPLIED -- Default: none --
| i nkends -- Link ends --
-- Constraint: one anchor per anchor role. If one
is omtted, ilink element is first anchor. --

-- Constraint: No HyTine reftype constraints,
but application designers can constrain
el ement types with reftype attribute --

| DREFS #REQUI RED
extra -- External access traversal rule --
-- Constraint: one per anchor or one for all --
-- lextype(("E'["I"["A"["N"["P"),
(s+, ("E"["I"|"A"|"N|"P"))*) --
NAMES # MPLIED -- Default: no HyTinme
traversal --
intra -- Internal access traversal rule --
-- Constraint: one per anchor or one for all --
-~ Textype(("E'["1"|"A'|"N'| "P"),
(s, (C"E'["IM[UAT N UP))*) -
NAMES #I MPLIED -- Default: no HyTinme
traversal --
endt er s -- Link end terminformation --

-- Constraint: one per anchor or one for all --
-- reftype(HyBrid) --
| DREFS #I MPLIED -- Default: none --
aggtrav -- Traversal of agglink anchors: agg or nenbers --
-- Constraint: one per anchor or one for all --
-- lextype(("AGG'|"MEM' | "COR"),
(s+, ("AGG'|"MEM'|"COR'))*) --
NANVES agg
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-- HyTine conloc attribute. --
conl oc -- I D of elenent to be used in place of, or as
content of, this elenent (see HyTine
International Standard). --

| DREF #CONREF
>
<l-- link to NIFF, SCORE or bitmap -->
<! ELEMENT score
- - ANY
>
<I ATTLI ST score
HyTi ne NANVE ilink
SMVDL NANVE "score"
anchrol e -- Anchor roles --

-- Constraint: one per anchor --
-- lextype((NAMVE, s+, (RN, "AGG")?),

(s+, NAME, s+, (RN, "AGG')?)+) --
CDATA #FI XED "score edition #AGG cantus #AGG'

id I D #| MPLIED -- Default: none --
| i nkends -- Link ends --
-- Constraint: one anchor per anchor role. If one
is omtted, ilink elenent is first anchor. --

-- Constraint: No HyTine reftype constraints,
but application designers can constrain
el ement types with reftype attribute --

| DREFS #REQUI RED
extra -- BExternal access traversal rule --
-- Constraint: one per anchor or one for all --
-- lextype(("E"["I"|"A"|"N'["P"),
(s+, ("E'["I"["A"|"N'|"P"))*) --
NAMVES #I MPLIED -- Default: no HyTine
traversal --
intra -- Internal access traversal rule --
-- Constraint: one per anchor or one for all --
-- lextype(("E"["I"|"A"["N'["P"),
(s+, ("E'|"I"|["A"["N'["P"))*) --
NAMES #I MPLIED -- Default: no HyTinme
traversal --
endt er ns -- Link end terminformation --

-- Constraint: one per anchor or one for all --
-- reftype(HyBrid) --
| DREFS #I MPLIED -- Default: none --
aggtrav -- Traversal of agglink anchors: agg or nenbers --
-- Constraint: one per anchor or one for all --
-- lextype(("AGG'|"MEM' | "COR'") ,
(s+, ("AGG'|"MEM'|"COR'))*) --

NANMES agg
-- HyTine conloc attribute. --
conl oc -- I D of elenent to be used in place of, or as

content of, this elenment (see HyTine
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International Standard). --
| DREF #CONREF

<! ELEMENT anal ysi s
- - ANY
>

<I ATTLI ST anal ysi s

HyTi me NANVE ilink
SMVDL NAVE "anal ysi s"
anchrol e -- Anchor roles --

-- Constraint: one per anchor --
-- lextype((NAME, s+, (RN, "AGG")?),

(s+, NAME, s+, (RN, "AGG')?)+) --
CDATA  #FI XED "anal ysis #AGG cantus #AGG'

id | D #1 MPLIED -- Default: none --
I i nkends -- Link ends --
-- Constraint: one anchor per anchor role. If one
is omtted, ilink elenment is first anchor. --

-- Constraint: No HyTine reftype constraints,
but application designers can constrain
el ement types with reftype attribute --

| DREFS #REQUI RED
extra -- External access traversal rule --
-- Constraint: one per anchor or one for all --
-- lextype(("E"["I"|"A"["N'["P"),
(s+, ("E'["I"["A"|"N'|"P"))*) -- _
NAMES #IMPLIED -- Default: no HyTine
traversal --
intra -- Internal access traversal rule --
-- Constraint: one per anchor or one for all --
-- lextype(("E'["I"["A"["N"["P"),
(s+, ("E"|"I"|"A"|"N'["P"))*) --
NAMES # MPLIED -- Default: no HyTine
traversal --
endt erns -- Link end terminformation --

-- Constraint: one per anchor or one for all --
-- reftype(HyBrid) --
| DREFS #I MPLIED -- Default: none --
aggtrav -- Traversal of agglink anchors: agg or nenbers --
-- Constraint: one per anchor or one for all --
-- lextype(("AGG'|"MEM' | "COR'") ,
(s+, ("AGG'|"MEM'|"COR'))*) --

NAMES agg
-- HyTine conloc attribute. --
conl oc -- IDof element to be used in place of, or as

content of, this elenent (see HyTine
International Standard). --
| DREF #CONREF
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<l-- Should it be defined in the sanme way as as score etc,
i.e. anilink to an external file? O do we
want this elenent to contain information in SGW fornat -
yes for panorana.
Recal|l that %ib.att contains idrefs to bibinfo el enents.
shoul d bi bi nfo not have an id? O herw se how does the
idref refer toit? | added one -->

<l -- Changed ANY content to (#PCDATA) -->
<l-- Bibliographic Data -->
<! ELEMENT bi bi nfo
-- Bibliographic data --
- O (thenes?, aut hor, uni formi sbd)
>

<! ELEMENT aut hor - o (#PCDATA) >
<! ELEMENT uni form - o (#PCDATA) >
<! ELEMENT isbhd - o (#PCDATA) >

<l-- followng structure defined for cantate -->
<I-- 1 have added an id -->
<! ATTLI ST bi binfo
SVDL NANVE bi bi nfo
id ID #REQUI RED
>
<l-- is thene idrefs (frombib.att) referring to themes

el ements?lf so why no id? | have added one which is inplied -->

<!-- Themes -->
<! ELEMENT t henes -- Themes that best identify the work(e.g. incipit) --
- O (ilink)*

>
<! ATTLI ST t henes

SMDL NAME t herres

id I D #| MPLI ED
>

<! ELEMENT naneloc - o (nmist*)>

<! ATTLI ST nanel oc HyTi me NAME nanel oc
id ID #REQU RED>

<IELEMENT nmist - o (#PCDATA) --I|extype (NAMVES)

<I'ATTLI ST nmist HyTime NAME nmi st
nanetype (entity|elenment|unified) #FIXED entity
obnanes (obnanes| nobnanes) #FI XED nobnanes
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APPENDIX B: SGMLniff DTD
(by Steven Mounce)

<!-- S.R Mounce Project: LIB-CANTATE/ 4-2016 Last Mdified: 31/5/96 -->

<!-- the dtd for the intermediate sgm version of N FF follows.
At each stage the full specification is detail ed. Recal
that this dtd assunes the various (list)conponents are in
the correct order. Also, it (for the nonment) ignores M Dl
information. Note that it may be worth incorporating the
RIFF INFO list which contains coments about the piece
see p27
note on tags: any tag can be placed (theoretically) on any
chunk. It is up to the reading programto interprete (or
ignore) it. My programw || handle only the nost basic tags
(i.e. logical info).
To check: are the followi ng definitely only graphical ?
staff groupings list (and hence chunks)
i ne chunk
-->

<IELEMENT niff - o (setup, data)>

<l-- +tags?-->

<l-- RIFFINFCL is assuned not to be needed (handl ed/i gnored) by

previ ous program conmponent . chunkLengthTCH is utilized by the N FF
parser, ignored by the I FG stringTabCH is used and discarded by | FG
def Val CH, f ont DesL, cust G aphL are all concerned with fonts and
graphics. -->

<! ELEMENT setup - o (info, partsL) ><!-- staffgrpL would follow parts
if it isin struc -->

<IELEMENT info - o (#PCDATA) >

<!-- info content is the version followed by an integer fromthe
fol | owi ng
set (neg 1,1,2,3,4,5,6)

The nunber denotes the source of the file as foll ows:
neg 1 no val ue/ ot her

engravi ng program

scanni ng program

MDI interpreter

sequencer

research program

educati onal program
->

PO BRWNE

<! ELEMENT partsL - o (part)+ >

<l ELEMENT part - o (id, nanme) >
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<I-- is alyric tag necessary? -->
<IELEMENT id - o (#PCDATA) >

<! ELEMENT nane - o (#PCDATA) >

<l-- not sure if things to do with staffs required, so renoved from
structure

-->
<l-- the idis referred to on Data Section chunks associated with this

part. Assigned sequentially fromzero -->

<! ELEMENT staffgpL - o (staffgpC+ >
<! ELEMENT staffgpC - o (grouping) >
<l ELEMENT grouping - o (#PCDATA) ><!-- 1,2 or 3 -->
<! ATTLI ST staffgpC first |DREF #REQU RED

| ast | DREF #REQUI RED> <!-- staff id -->
<l-- A staff G ouping chunk describes
sone type of synbol at the left end of a series of sequential staves -
such as an initial vertical line. The one present in the setup section
is the default. Is this really necessary logical info for SMOL file?
Renove if not -->

<I-- DATA -->

<! ELEMENT data - o (pagelL)* >
<!-- Theoretically there could be none -->

<IENTITY %pl cont "(systenlL | text)*">

<l-- is text chunk just graphical ? -->

<! ELEMENT pageL - o (%l cont) >

<I ELEMENT text - o (#PCDATA) >

<l-- Specific tags: -->

<!-- ELEMENT pagehedC - o EMPTY

no use at all since height, width tags not needed? -->

<!-- NFF font synmbol Chunk, custom G aphic synbol chunk and |ine chunk
are graphical. Is text chunk needed, since there is one for lyrics -
->

<IENTITY %slcont "(staffL|text)*">
<! ELEMENT systenlL - o (%l cont)>
<!-- ELEMENT systenhC - o EMPTY

syst em header chunk not required -->

<!-- the placement, width, height tags are all to do with graphical
pl acenent -->
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<IENTI TY % anynusC "acci dent | ar peggi o| chordsynj cl ef | fi gbass
| keysig|lyric| notehead|rest|repeat
| stemn tagacti v|tagi nact |t enmponk
|[text|tie|timesig|tuplet">

<!-- valid nusic synbol -->

<IENTITY % tagcon "partid|voiceid|altern|grace| mid| nunber |
ossi a| silent|tupletds">
<!-- valid tags -->

< ELEMENT partid - o (#PCDATA)><!-- partid = "p",int -->
<! ELEMENT voiceid - o (#PCDATA)><!-- an integer -->
<IELEMENT altern - o (#PCDATA)><!-- an integer -->

<! ELEMENT grace - o (duration)>

<IELEMENT mid - o (#PCDATA)><!-- an integer -->

<! ELEMENT nunber - o (#PCDATA)><!-- an integer -->

<! ELEMENT ossia - o (#PCDATA)><!-- actually enpty -->

<! ELEMENT tupletds - o (transab, transcd)>

<! ELEMENT transab o o (duration)>

<! ELEMENT transcd o o (duration)>

<l ELEMENT tag - o (% agcon)>

<IENTITY % stafcon "(ts | %nynusC)*">

<l ELEMENT staffL - o (stafhedC, %tafcon) +(tag)>
<! ELEMENT st af hedC - o (#PCDATA) >

<!-- won't parse with enpty content -->
<!-- tags: partld, ossia,silent -->

<IELEMENT ts - o (tstype, top, bottom>

<!l ELEMENT tstype - o (#PCDATA)> <I-- 1(neasure start) or 2 (event) -->
<l ELEMENT top - o (#PCDATA) >

<l ELEMENT bottom - o (#PCDATA)><!-- RATI ONAL see p34 -->

<! ELEMENT acci dent - o (#PCDATA) >
<!-- nunber from1l-9 -->
<!-- Specific tags: -->

<! ELEMENT ar peggi o - o (#PCDATA) >
<I-- applies to preceding chord? O need refs to specify? -->
<!-- Specific tags: -->

<!l ELEMENT chordsym - o (#PCDATA) >
<l-- is this just graphical or does it have logical fn -->
<l-- Specific tags: -->

<! ELEMENT clef - o (type, octave) >
<! ELEMENT type - o (#PCDATA) ><!-- treble, bass,alto,tenor -->
<! ELEMENT octave - o (#PCDATA) ><!-- -2,-1,0,1,2 -->
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<l-- wll

<l--

be necessary to determ ne pitch gamut to use -->
Speci fic tags:

voi cel D?, -- >

<! ELEMENT fi gbass - o (#PCDATA) >
<!-- figbass in SMOL -->

<!-- Specific tags:

<! ELEMENT keysig -
<l-- e.g sharps or

<!-- Specific tags:

<l ELEMENT lyric -
<!-- probably need

<l-- Specific tags:

<! ELEMENT not ehead
<! ELEMENT st af st ep
<! ELEMENT dur ati on

<!-- Specific tags:

<!l ELEMENT repeat -

-->

o (#PCDATA) >
flats -->
-->

o (#PCDATA) >
sone nore info(tinme slices etc)
-->

-->

- 0 (stafstep,

- 0 (#PCDATA) >

- o (top, bottom >
part I D(i f not default),
cuenot e?, sil ent ?-->

dur ati on) >

voi cel D, gracenote,

o (#PCDATA) >

<!-- alogical code telling what type of repeat to do -->
<!-- Specific tags: -->

< ELEMENT rest - o (duration) >

<l-- Specific tags: -->

<! ELEMENT stem - o (#PCDATA) >

<l-- don't think this is required -->

<!-- Specific tags:

<! ELEMENT tagactiv
<l--

chunks unti |
<! ELEMENT t agi nact

<! ELEMENT t enponk -

Speci fic tags:
deactivated (either separately or together)

see draft-->

- 0o EMPTY >

tags which are to be applied to all foll ow ng

-->
- 0 EMPTY >

o (#PCDATA) >

<l-- may not be required: if it is need nore detail -->

<l-- Specific tags: -->

<I|ELEMENT tie - o EMPTY >

<I-- attribute of pitched in sndl - need ref to event tied to? -->
<l-- Specific tags:? -->

<IELEMENT timesig - o (top, botton)>

-->

<!-- Specific tags:

<! ELEMENT tuplet - o (#PCDATA) >
<l-- seens to require stens, but do stens al ways have not eheads?
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PCDATA contains info fromtuplet descriptiontag -->
<l-- Specific tags: -->
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APPENDIX C - Further Documentation

1. Carola Boehm, Cordy Hall, ISO MPEG7 proposal 'Description Scheme for
description of music content, ISO/IEC JTC1/SC29/WG11/ MPEG 98/P620/W2463'
(Vancouver. MPEG 1999)

2. DRH99 Abstract for the Expert Workshop and Paper Presentation held under the
auspices of the "Digital Resources in the Humanities Conference", London 1999

3. Announcement of the Glasgow user workshop organized by MuTaTeD!

4. Announcement of the Paper Presentation of MuTaTeD! at the Ars Electronica
Festival under the auspices of the CUIDAD EU-funded working-group.

5. Slides for the Presentations at the DRH 99 and Glasgow Workshop
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