Addition & Subtraction

Let's first take a look at decimal addition. 

As an example we have 26 plus 36,

    26

  +36 

To add these two numbers, we first consider the "ones" column and calculate 6 plus 6, which results in 12. Since 12 is greater than 9 (remembering that base 10 operates with digits 0-9), we "carry" the 1 from the "ones" column to the "tens column" and leave the 2 in the "ones" column. 

Considering the "tens" column, we calculate 1 + (2 + 3), which results in 6. Since 6 is less than 9, there is nothing to "carry" and we leave 6 in the "tens" column. 

    26

  +36

    62 

Binary addition  works in the same way, except that only 0's and 1's can be used, instead of the whole spectrum of 0-9. This actually makes binary addition much simpler than decimal addition, as we only need to remember the following: 

0 + 0 = 0

0 + 1 = 1

1 + 0 = 1

1 + 1 = 10 

As an example of binary addition we have, 

  101

+101 

a) To add these two numbers, we first consider the "ones" column and calculate 1 + 1, which (in binary) results in 10. We "carry" the 1 to the "tens" column, and the leave the 0 in the "ones" column. 

b) Moving on to the "tens" column, we calculate 1 + (0 + 0), which gives 1. Nothing "carries" to the "hundreds" column, and we leave the 1 in the "tens" column. 

c) Moving on to the "hundreds" column, we calculate 1 + 1, which gives 10. We "carry" the 1 to the "thousands" column, leaving the 0 in the "hundreds" column. 

  101

+101

1010 

Another example of binary addition: 

  1011

+1011

10110 

Note that in the "tens" column, we have 1 + (1 + 1), where the first 1 is "carried" from the "ones" column. Recall that in binary, 

1 + 1 + 1 = 10 + 1

                = 11 

Binary subtraction  is simplified as well, as long as we remember how subtraction and the base 2 number system. Let's first look at an easy example. 

  111

 - 10

  101 

Note that the difference is the same if this was decimal subtraction. Also similar to decimal subtraction is the concept of "borrowing". Watch as "borrowing" occurs when a larger digit, say 8, is subtracted from a smaller digit, say 5, as shown below in decimal subtraction. 

    35

  -   8

    27 

For 10 minus 1, 1 is borrowed from the "tens" column for use in the "ones" column, leaving the "tens" column with only 2. The following examples show "borrowing" in binary subtraction. 

    10       100      1010

   -  1       - 10     - 110

      1          10       100 

To practice binary addition and subtraction, visit the Practice Exercises page.

Multiplication & Division

Binary multiplication  is actually much simpler than decimal multiplication. In the case of decimal multiplication, we need to remember 3 x 9 = 27, 7 x 8 = 56, and so on. In binary multiplication, we only need to remember the following, 

0 x 0 = 0

0 x 1 = 0

1 x 0 = 0

1 x 1 = 1 

Note that since binary operates in base 2, the multiplication rules we need to remember are those that involve 0 and 1 only. As an example of binary multiplication we have 101 times 11, 

  101

  x11 

First we multiply 101 by 1, which produces 101. Then we put a 0 as a placeholder as we would in decimal multiplication, and multiply 101 by 1, which produces 101. 

  101

  x11

  101 

1010  <-- the 0 here is the placeholder 

The next step, as with decimal multiplication, is to add. The results from our previous step indicates that we must add 101 and 1010, the sum of which is 1111. 

  101

  x11

  101 

1010

1111 

Binary division  is almost as easy, and involves our knowledge of binary multiplication. Take for example the division of 1011 into 11. 

          11   R=10

 11 )1011

        -11

         101

          -11

           10  <-- remainder, R 

To check our answer, we first multiply our divisor 11 by our quotient 11. Then we add its' product to the remainder 10, and compare it to our dividend of 1011. 

     11

  x 11

     11

   11 

  1001  <-- product of 11 and 11 

 1001

 +  10

  1011  <-- sum of product and remainder 

The sum is equal to our initial dividend, therefore our solution is correct. 

To practice binary addition and subtraction, visit the Practice Exercises page.

Maceda, José (b. January 31, 1917, Manila – d. May 5, 2004, Quezon City). Philippine composer of interdisciplinary works that have been performed throughout the world; he is also active as an ethnomusicologist.

Prof. Maceda studied piano with Victorina Lobregat at the Academy of Music in Manila, where he graduated in 1935, and with Alfred Cortot at the École Normale de Musique de Paris from 1937-41. Later he studied in the USA, including private piano studies with E. Robert Schmitz in San Francisco from 1946-49 and musicology studies at Queens College and Columbia University from 1950-52. He then studied anthropology at the University of Chicago and ethnomusicology at Indiana University in 1957-58 and the University of California at Los Angeles from 1961-63, where he earned his PhD. He also worked with the Groupe de Recherches Musicales in Paris in 1958.

Among his many honors are grants from the Guggenheim (1957-58, for study in the USA) and Rockefeller (1968, for research in Africa and Brazil) foundations, the honor l'Ordre des Palmes Académiques in France (1978) and the University of The Philippines Outstanding Research Award (1985). He has also received the John D. Rockefeller Award from the Asian Cultural Council in New York (1987), the Philippine National Science Society Achievement Award (1988), the award Tanglaw ng Lahi from Ateneo University (1988), and the award Gawad ng Lahi from the Cultural Center of The Philippines (1989).

Furthermore, he has received the Fumio Koizumi Award for Ethnomusicology in Japan (1992), the National Research Council Award (1993), the award Araw ng Maynila (1996), the Nikkei Award in Tokyo (1997), the award of the Fondazione Civitella Ranieri in Italy (1997), and the title of National Artist for Music (1998). He also holds the titles of Officier dans l'Ordre National du Mérite (1997) and Chevalier de la Légion d'Honneur (2001) from the government of France.

Initially active as a pianist, he appeared in France, The Philippines and the USA from 1935-57, during which time he introduced many new works, mainly by French composers, and pioneered a French style of piano playing in The Philippines. He also appeared as a conductor of avant-garde music that he arranged for various Philippine organizations and UNESCO from 1964-68 and introduced music by Edgard Varèse, Iannis Xenakis and other composers alongside Chinese and Philippine music.

Prof. Maceda has devoted much of his time to ethnomusicological studies of the music of The Philippines and Southeast Asia since 1953. He has done field music research throughout The Philippines and in eastern and western Africa, Brazil, China, Indonesia, Malaysia, Myanmar, Thailand, and Vietnam and has written extensively about this research for publications in Canada, Germany, Malaysia, The Philippines, the UK, and the USA.

He wrote the book Gongs and Bamboos: A Panorama of Philippine Music Instruments (1998, University of The Philippines Press) and the composer-pianist Yuji Takahashi translated many of his articles into Japanese in the book Drone and Melody (1989, Shinjuku Shobo Company). In addition, the University of The Philippines in Quezon City contains an archive of more than 2,500 hours of his field recordings in 51 language groups, complete with musical instruments, photographs, text transcriptions, and translations.

He taught as Professor of Piano and Ethnomusicology at the University of The Philippines from 1952-90, where he was named a University Professor in 1988 and is now professor emeritus. He has served as Executive Director of its Center for Ethnomusicology since 1997. He has also given lectures throughout the world, including the Charles Seeger Lecture at the meeting of the Society for Ethnomusicology in Los Angeles in 1984 and a lecture as the International Arts Symposium Speaker at the National Academy of Arts in Seoul in 1994. Most recently, he spoke at the Arts Summit in Indonesia in 1995, was the Rayson Huang Visiting Lecturer at the University of Hong Kong in 1999 and served as the Jean-MacDuff Vaux composer-in-residence at Mills College in 2000.

Aleatoric music (also aleatory music or chance music; from the Latin word alea, meaning "dice") is music in which some element of the composition is left to chance or some primary element of a composed work's realization is left to the determination of its performer(s). The term is most often associated with procedures in which the chance element involves a relatively limited number of possibilities.

The term became known to European composers through lectures by acoustician Werner Meyer-Eppler at Darmstadt International Summer Courses for New Music in the beginning of the 1950s. According to his definition, "a process is said to be aleatoric (from Lat. alea=dice) if its course is determined in general but depends on chance in detail" (Meyer-Eppler 1957, 55).

[edit] Early precedents

An early genre of composition that could be considered a precedent for aleatoric compositions were the Musikalische Würfelspiele or Musical Dice Games, popular in the late 18th and early 19th century. (One such dice game is attributed to Wolfgang Amadeus Mozart.) These games consisted of a sequence of musical measures, for which each measure had several possible versions, and a procedure for selecting the precise sequence based on the throwing of a number of dice.

Somewhat related to chance music is composer Alan Hovhaness's use of what he called the "spirit murmur" (beginning with his 1944 piano concerto Lousadzak), in which instruments repeat a melodic or rhythmic phrase for a certain amount of time in an uncoordinated fashion.[citation needed] Similar textures had been employed by Charles Ives, as early as The Unanswered Question (1908).[citation needed]

American composer John Cage's Music of Changes (1951) is the first piece to be conceived largely through random procedures (Randel 2002, 17), though for just this reason his indeterminacy is of a different order from Meyer-Eppler's concept.

[edit] Modern usage

The French composer Pierre Boulez was largely responsible for popularizing the term, using it to describe works that give the performer certain liberties with regard to the sequencing and repetition of parts, an approach pioneered by avant-garde American composer-theorist Henry Cowell in his Mosaic Quartet (String Quartet No. 3, 1935). The term was intended by Boulez to distinguish his work from pieces composed through the application of chance operations by John Cage and Cage's aesthetic of indeterminate music or indeterminacy.[citation needed]

Early examples of aleatoric music include Klavierstück XI (1956) by Karlheinz Stockhausen, which features 19 elements to be performed in changing sequences; certain orchestral works of Witold Lutosławski (from after 1959) which contain passages where the musical content is not precisely dictated (Lutosławski calls this 'ad libitum'); and in some works by Krzysztof Penderecki characteristic sequences are repeated quickly, producing a kind of oscillating sound.

There has been considerable confusion of the terms aleatory and indeterminate / chance music. One of Cage's pieces, HPSCHD, itself composed using chance procedures, uses music from Mozart's Musikalisches Würfelspiel, referred to above, as well as original music. He also generally used coin-tossing and other procedures depending on designs involving a pre-defined number of choices to be made.[citation needed] Still, both the aesthetic aims as well as the number of elements controlled by chance make the two methods clearly different.

[edit] "Open form" chance music

Open form is a term sometimes used for mobile or polyvalent musical forms, where the order of movements or sections is indeterminate or left up to the performer.

Roman Haubenstock-Ramati composed a series of influential "mobiles" such as Interpolation (1958). However, "open form" in music is also used in the sense defined by the art historian Heinrich Wölfflin (Renaissance und Barock, 1888) to mean a work which is fundamentally incomplete, represents an unfinished activity, or points outside of itself. In this sense, a "mobile form" can be either "open" or "closed". An example of a closed mobile musical composition is Stockhausen's Momente (1962-64/69). Terry Riley's In C (1964) was composed of 53 short sequences; each member of the ensemble can repeat a given sequence as many times as he or she chooses before going on to the next (similar to Hovhaness's "spirit murmer", only with a fixed pulsing rhythm), making the details of each performance of In C unique though, because the overall course is fixed, it is a closed form.

