6A_Sound-Related Codes

Many codes to represent sounds were invented between the 1960s and the 1980s. After the establishment of the MIDI hardware protocol (1985) and the Standard MIDI File Format (1988), the invention of new codes for sound slowed. This reflects the dominance of MIDI hardware.

The next best known code is Csound, a derivative of Music V, a language developed by Max Mathews and other at Bell Labs in c. 1970 for computer-generated scores of new music. Although Csound (developed principally by Barry Vercoe at the MIT Media Lab) is largely invisible today, its progeny are numerous. Csound offered multiple file forms and diverse methods of representing several basic parameters of music. Its flexibility and extensibility paralleled the same traits of CMN.

Basic properties of Sound Controllers

The basic properties of MIDI hardware are few. A MIDI instrument requires ports for input and output and a clock. The simple instrument at the left, a “harmonipan”, is a pre-MIDI effort in the same direction. The more highly evolved street-organ controller at the right is also a pre-MIDI invention.

Overview of MIDI

As a hardware protocol, MIDI is concerned with key action and nothing else. Every note of the 88-key keyboard is represented by a discrete integer. Each of these numbered keys and be either on or off.

The accommodation of this information in the Standard MIDI File Format (SMFF) required the adoption of several conventions. Provision was made for three file formats, although the vast majority of MIDI files use only 1—Type 1. Written handouts elaborate on and demonstrate the different methods of accommodating polyphonic music that these files types represent.  

A SMFF is required three “chunks” of information and an end-of-file marker. The chunks contain header data, track data, and the data (key number/on-off information) in temporal order.

A binary SMFF uses an eight-bit architecture and reflects its technological antiquity in using variable-length records that must be decoded, in some cases, from switches. 

Hardware predecessors

MIDI has many predecessors. A host of mechanical instruments developed around the end of the eighteenth century employed digital logic of some kind. The glass harmonica shown here is less representative that the music boxes of the same era. In some designs, the prongs on a revolving metal roll intersected with holes on a fixed plate. Similar ideas were elaborated on mechanical organs in the nineteenth century. 

The development piano rolls at the start of the twentieth century was so robust that many slight differences in technology occurred from manufacturer to manufacturer. In all cases, however, pitch and duration were represented pictorially. In the Welty-Mignon roll shown here, very little other information is included. Some paper rolls included lyrics, tempo and dynamics markings, and comments on the music itself—all as textual additions.

Software predecessors

The mnemonic devices used for memorization of information in the Middle Ages and Renaissance foreshadow systems for representing sound insofar as they were broadly used and, once established, were fixed. The Guidonian hand shown at the left is the pre-eminent aide memoire of earlier times. 

“Piano roll notation” as it has come to be defined sequencer software of the past two decades also uses pictorial methods to represent relative values of pitch and duration with a formally notated score.

Representing pitch

Pitch is represented in an absolute way in MIDI. Twelve integers (one per key) are assigned to each octave of the keyboard.  The integer for Middle C is 60, the C an octave lower is 48, the C an octave above is 72, and so forth. 

Human beings are less absolute in their cognitive representations of pitch. In some cultures fluctuations of pitch falling well below the half-note threshold of MIDI are highly valued. MIDI representations are not appropriate for repertories with such characteristics.

A central problem with MIDI in relation to CMN is its inability to articulate pitch inflections (temporary alterations of tone) unambiguously. Pitch inflection has to do with nomenclature, tuning, and temperament. MIDI assumes equal temperament and twelve-note chromatic scales. Equal temperament was uncommon before the later eighteenth century, and tuning systems have always varied from place to place. Therefore MIDI has some limitation in representing early repertories.

Representing duration

MIDI is far more precise about time than it is about pitch. Measures contain not 3 beats or 4 but a much larger number of (MIDI) clock ticks: 120, 192, or 240. In recording actual performances, MIDI provides for a still more refined grid for notating time. This is wonderful for the accuracy of the recording but presents serious challenges in transcription to a notation system which rests on relative values (e.g., of a half note to a quarter note) and has a high threshold for deviation.

Lab: Cakewalk

The high-level MIDI tool we use in our lab is Cakewalk (the program has a successor with more extensive audio features but not notable evolution of its sequencer capabilities). Cakewalk gives a good sense of what variables can be modified in SMF files and what the consequences of changing them are. 

Lab: Reading MIDI binary files

Another lab session focuses on reading MIDI binary files. Craig Sapp has developed quite a few Linux tools for parsing and decoding MIDI files. This panel shows the hexadecimal, binary, and ASCII versions of the same material.

