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 ,       ,   

       μ    

  .   , 3.000  ,    o   

μ   μ   μ  , μ      μ   

 ,  μ       

   μ ,     μ  

μ      -     μ  

-   μ  (Miranda, 2001).

   μ    μ  μ  μ    

( , μ ,  , μ   . .),  μ   

   μ    μ       

 .   μ      - - 

 μ   ,  μ    μ   μ ,  

,  μ ,       μ   

.

 μ        μ     

μ  μ ,  ,      μ    

 μ  .  μ  μ      

μ   μ   μ      μ  μ    

 μ  , μ       

      μ  μ    μ   

   “ ”  μ  μ   ,   μ  

     μ      

  . ,      μ  

   μ     μ   μ ,   μ  

 μ  μ    . 

 μ   μ       

 μ    μ   μ   μ   

 μ  μμ μ  Max/msp.    μ    

μ     μ     μ  μ   μ  

        μ  μ   

   μ    μ   μ    μ  

μ .

   μ  μ    μ   μ  μ  

    .     μ  μ   

    “ ” μ  μ     

   ,         μ   

 μ .   ,    μ  ,  

μ   μ  - -    μ    .   

μ   μμ        μ   
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  (  ).  μ     - - μ   

         μ   

μ  μ       .

      :

1.        μ  

μ       μ    

μ    .   μ   μ  

μ            μ   

μ  μ . 

2.      μ    μ     

    μ     

μ .        ,   

  μ      .     

    μ        

 μ   μ  -   μ  -   

 μ    μ .

     :

3.   μμ      

 μμ μ  Max/msp.       

μ       μ   μ  μ  

 μμ μ .     , 

    μ    tutorials  μ , 

    μ    μ    μ  

  μ   Max/msp1.

4.   ,  μ    ,   

  μ      μ  

μ  μ ,      - μ  

 .       μ   

μ  μ  μ    .

5.       μ  μ .    

   μ  μ    

 μ μ ,     μ    

    μ     

 .  μ       (  

μ )   μ   μ    μ  

,   ,    μ   

1 http://www.cycling74.com
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  μ  μ   μ   μ  

.

H  1    μ  μ      

 μ   μ μ         . . . 

         ,   . 

. . μ    μ  ,   .  

   μ  μ ,   μ   μ  - -     

μ  μ     μ    μ    .

μ  , 

  2006.

1     , μ  μ   Pages 1.0.2 (Apple), Logic 
Pro 7.0.1 (Apple),  Illustrator 8.0. (Adobe), Max/msp 3.4.1(Cycling ‘74),   

 Apple Macintosh PowerMac DP G5.
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   - -  
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1. 1  -   μ  

(Interactive Music Systems)

    μ    μ μ     

   μ  μ .      

,        

     μ     μ , . . 

μ  , ,  . .

1.1 

       “ ”   

   μ ,  μ  μ   

 μ   μ       μ  

μ  μ   μ  ,     μ     

  ,    μ        

  μ  (multimedia)    

(Virtual Reality Interactive Systems).      μ  

    , μ      μ -μ  

 μ       μ     

μ      , , , μ , 

 . , μ       (Winkler, 1995a). 

 μ   ,    μ    

  μ  μ  μ    μ    μ  

μ   μ ,     μ  ,  

 μ .    , ,      

        μ     μ   

   μ   μ . 

     μ ,    

 ,    μ    μ  

  μ        μ .  μ , 

,   μ      ,     

  ,         , ,   

 μ    μ -  .

1.2  -  

  “ ” μ     μ   

       μ   μ  

,      μ    μ    

1       ‘ ’   μ   
μ .     μ        

Interaction. ’     μ  μ       
μ  - - .
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    μ  μ   .     

   “  ”      μ  

μ         μ     μ   μ  

.  Schafer (1977)1       (Sonic 

Environment) μ    “  ” (Soundscape).    μ  

 μ  μ   μ     μ  . , 

 μ       μ    μ    

μ       . ,      μ  

  μ  μ     ,     

μ    μ    (Tzedaki 2002).

1.2.3   

             

,    μ         

       .   μ    

μ μ     μ   μ    μ   

      μ     .

         μ       

μ  μ   ,   μ  μ  μ  

        ,  

    μ       μ  

 μ .

  μ    μ μ        

.

1.     μ  μ  - -  (listening)

2.    - background (hearing)

3.   (   μ       μ  

     )      :  

.   (masking)2

.       .

.    .

  μ    μ    μ      μ  

μ      μ    μ  .      

μμ     -  μ       

     . μ       

 μ    μ μ  ,      

 1 Schafer M.R. The Tuning of the World, (New York: Knopf, 1977) . 274

2      μ       , 
    (   ) μ      (  

) [...] ( , 1995)
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       ( . .  ,  . .). , 

   μ     μ  ( )  

    ,      

μ   μ  μ  μ    ( . . μ , 

 . .). ,    μ μ   μ  

  μ             

       (Tzedaki, 2002).

1.3.  -  - μ

O Leonardo Tarabella (2000)    “Gestural and visual Approaches to 

performance”  :

“  μ  ( ),       μ    

  ,          μ   

 ,   μ       

μ   .  μ     μ  ‘ ’  

 μ   ‘ μ ’ μ   ,  μ   

μ    μ    , μ  

  μ  , μ    

μ  .”

  μ  μ   μ      

μ       .    μ   

    μ ,   μ       

    μ   .     

   16Hz   - - 20000 Hz     

    μ  .    

    μ μ    μ  μ .   

  μ , ,        

 μ       μ  ,    

  ( - )  μ     μ    

 μ  (Tzedaki, 2002).

      .     

μ    μ ,  μ      

 (input control)  μ , μ       

     .  μ        

μ             

 ‘ ’ - ‘μ  ’,      μ   

 μ  ’      μ  .   

μ , ,   - μ  - μ     

     μ μ μ  μ μ    μ ,  

μ    .      (sensors), 

 μ ,  ,   . .  
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  “ ” (mapping)        

μ  μ .

1.3.1.  &  

    μ         

μ  μ          μ  μ  .  

μ     μ   μ         

.     μ   ,      

   μ    μ

 μ      μ      , 

μ       μ  μ   μ   μ  

.  μ    μ    μ   -   

 -   μ  μ    μ      

μ  .  μ         μ  

 ,          

 μ  μ  μ  μ  ,      

 μ  (Tzedaki, 2002).

    μ      , 

      .   μ   

 μ   -  μ  Midi     

-  μ     μ   μ ,     

    μ  μ   .   μ  

μ     (μ  )    μ   

μ   (Winkler, 1995a).

,  μ          

  μ     μ   μ   

μ ,    μ    μ   μ   

.  μ   μ    μ  μ  μ   

  μ    μ     -

,    μμ μ ,    μ   

  μ     μ     

       μ   

 μ  ,  μ  μ      

“ μ μ ”      μ     

     μ .

1.4.     μ

     μ   μ    μ  

μ  μ ,      μ    

μ .  μ   μ    ·     



17

  μ        . ,  μ   

μ        μ  μ      

μ        μ   ,   μ  μ    

 μ .       μ       

“  - ”    ,      

      μ      .

1.4.1  .

    μ    μ     

    μ  ,   , 

    .  μ     μ  μ  

 μ    μ  .  

μ  μ   μ  μ       

    μ  .   μ    

μ  μ   μ μ  μ    .   μ   

  μ     μ  μ  . ’  , μ  

      μ    μ  ,  

      μ     .

       μ     μ  

      , μ   μ   

.  μ        μ   

,  μ     μ  μ   

    μ      μ  

( μ  μ ).  μ   μ  

μ       Witold Lutoslawski ( . . Mi-parti, 

Livre pour Orchestre, Jeux Venitiens . .),       

,  , John Cage, Krystof Penderecki, Luciano Berio, 

Karlheinz Stockhausen . .

 

1.4.2. μμ  vs.  μμ  μ

 μ   μ       μ μ ,  

    μ    μ   μ   .   

, μ   μ   μ μ    μ       

     ·        

μ μ  μ    μ  μμ .

μ  μ   Tod Winkler (2001) :

“ μμ   μ       μ  μ μ  

      μ  .  

μμ       μ μ        

       ,   

  μ   .”
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μ  1. μμ  μ .

μ  2.  μμ  μ .

 μ        μμ   μ   

μ     μ   μ ,    

  -   -  μμ  μ .  

 μ ,    Score Following     

 μ    μ  μ μ  μ    

 μ  , μ       

μ  μμ  ,        μ  μμ  

     μ  μ   μμ  

μ  μ .    μ         

    μ     “ ”  μ .

        μ      

“ ” μ   μ  ( . . μ    μ  

μ    ,   μ     μ   

 ,      μ  

μ  μ   (input),   score following  

 μ   (input) . .)

1.5   -   μ   .

μ  μ   odd Winkler (Winklet T, 2001):

[...]    μ  μ  μ    μ  

  μ .     μ μ .   

  μ      ,  μ  

  μ     μ . , 

μ    μ     .  
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 μ     μ   “ ” 

           

  .   -       

μ ,   μ  μ     μ    

  μ  .         

 ,       μ  μ μ  

 μ ,       μ   μ  

    μ        

 μμ    .

     μ     μ μ  

 μ       μ μ       μ . 

 μ   μ      μ ,  μ  

   μ    μ    

(Minsky, 1987)1.     μ     μ  

     “ μ ”,    

    .    μ   μ     

 ,   μ        

 .

μ  μ   Iazzetta F. (1996) :

O  ,   μ     ,   

μ  μ   ‘ μ ’ μ     μ  .  

   μ     μ   

       μ  ( μ   

)     μ    .  

      μ    

μ ,  ,    (cybernetics) ,    

 (Information Theory),   μ  (artificial 

Intelligence)   μ    (cognitive sciences),  

           

 μ   μ  μ   μ  (  

),      μ    

 μ μ  μ . 

 μ   μ      μ  μ   

. μ μ     μ   μ μ  

(messages)  μ  μ  (sender)   (receiver).  μ  

  ,  μ μ     μ    

μ    μ     μ μ .  μ μ  

      μ   μ   μ .  

μ     μ ,  μ μ     

μ  μ    -     

1 Minsky, M. (1987) The society of Mind, Heinemann, London . 329.
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   .         

μ  :   (context) μ    μ    

 .  “ ”   μ     

μ     μ μ  μ    μ ,     μ  

      .      μ  

    ,      μ   

      μ  μ  ( .3).

μ  3.  μμ  

   μ     “ ”    

        μ  ( μ  

μ μ )    (   μ μ ).   μ   

     “ ” ( μ )   “ ” 

( )  μ  (μ μ )  μ    μ   

.    μ        

μ     μ μ  (unidirectional),   

            

 μμ   .   μ     μ μ  

 μ  μ   μ        

   μ   μ  μ μ ,   

      μ    . 

   μ        

      μ       

 μ .       -    

        μ   

 μ  ( ).      μ  

   - μμ -   μ   -  

 - -   μ    μ .  μ  

     μ     

   μ       μ  μμ  

-    . (Iazzetta , 1996)
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1.5.2   – .

 μ   μ    μ       

 ,    μ  ,   .  

      μ   

  “ ” (agents)   , . . ) μ  μ ,  

 μ  , ) μ  μ ,   μ   (music 

boxes), ) μ   μ ,     μ  

μ  (interactive computer music systems) (Iazzetta, 1996).

   μ    μ   μ ,  μ  

      ( oore, 1988)1.   

 μ  “ ”       μ  

.         

   μ  μ ,   ,      

μ ,        .   

μ    μ         

 :

1. /  – 

2. /  –  

3.  – 

4.  – 

5.  /   /   –   

.

  μ       :

1. /  – /   

2.  μ  

3.   μ      μ

  μ           

     μ  .   μ   

 μ    μ  .  μ    μ  

     John Cage 4’33’’ (John Cage, 1952)    

       μ   –     

μ        μ  ,    

     –   ,   

 μ  μ         

    μ  μ    μ  μ  (Background).

1  Moore Richard F “The Disfunctions of MIDI” Computer Music Journal Vol. 12, No 1, 
Spring 1988,  19.
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1.5.3. μ  μ   17 Texts for Intuitive Music1

 μ   Karlheinz Stockhausen  μ  1968  1970  

 “17 Texts for Intuitive Music”,   μ   Werke Nr. 33 μ   

 “ Für kommende zieten.” (     ).  μ  

, μ        μ  μ    

 ,    μ   μ .

 μ  “Communication”  μ       1968 

 μ       :

Communication

When you are thinking only of your playing,
play as quietly, gently and as long as possible.

When you sense that another player is thinking of you,
play moderately loud, rather agitatedly and moderately long.

When you think of another player
and he doesn’t sense it,

play as loud, excitedly and as short as possible

When you think of another player
and he has sensed it,

play, in a manner never heard before, a passage of thanks
which is dedicated ti this player;

in all intensities, speeds and of any length.

         

      :

1.    μ    .

2.   μ     .

  (functions)      :

1.  (Sense)

2.  (Think)

3.   (Play).

1  μ      Tzedaki, K. (2002) Interactive Music Systems and 
Environments, unpublished MA Thesis, City Univerisity of London.
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      μ  4.   

   μ     μ ,   

  . μ ,   μ    

       μ   μ  μ  

 (agents).

μ  4.          
communication  Karlheinz Stockhausen.
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1.6.    μ  μ     

 (Interactive Computer Music Systems)

  “  μ  μ ” (Interactive music systems)   

,     μ   -  

     μ  μ .     

 μ    -       μ  

μ   μ  “ ” μ ,   

, μ       (Tzedaki, 

2002).

μ  μ   Robert Rowe (1993) :

“  μ  μ       μ  

  -   -   μ    .  

    μ    μμ    

  μ  (live music performances)“ (Rowe, 1993).

μ    μ         

μ ,     μ    μ  μ ,  

       μ  -  

μ    - -     μ , μ  

          

  - μ       (Chadabe, 1989)

H      μ  μ    

μ     μ        

:

.   .      μ  

     μ   

         

  ’   μ     μ .

.  μ μ  - μ  .   

     μ  μ    

   μ  ,      

  μ  μ  (Koening, 1971).

 μ  (   1990  ) μ  ,  μ    

     μ     μ  

.    μ ,     

     μ , μ    
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μ    μ   (real-time)1,    

 μ      .     

        

μ .        μ  

μ μ  (    μ  μ    μ , 

μ     μ   μ ) μ   

μ   ,        

   μ   μ  μ   μ   

μ   μ  μ     μ      

  μ  (Chadabe, 1989)

μ  μ   Ylitalo Jukka, (2000):

[...]  μ   μ  μ     

     μ      

   “ ”   . 

,        μ     

 μ  μ  (world of signs).     

 μ    ,  μ   (interface) μ  

  μ .

   μ      

     μ  μ       

       μ   μ .  

        

      (Winkler, 2001).

    μ   μ  μ   μ  

- μ  μ      .  μ   

μ        μ    μ     

μ    μ .     

, , μ     ,    

     μ  

μ     μ  -  .   

 μ    μ  μ     

     μ  (Winkler, 2001).

H μ   μ       μ  

μ μ   “ ” (control)  “ ” (feedback).   

μ   μ  μ   (interface)   μ  .  

   “μ ”   -    μ  

(real world actions)  μ  μ  μ   “ ”   μ .  

1  O  “Real-time” μ   μ  μ   μ   
      μ    μ   

   [ μ ]   (sound synthesis),  μ   (sound modification) 
     (sound diffusion) (Emmerson, 2000).
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μ        ’  μ     

 (feedback data), μ         

μ   .       μ     

       (Bonger, 2000).

O Wanderley (2001)  μ   μ  μ    

 -   μ ,    μ    

 μ     :

1.   μ     μ    

  μ   (real-time)       μ   μ .

2.   μ  (μ )   score-level (Score-driven) 

μ  ( . .       μ   tempo 

 μ   μ   μ    

 .)

3.   , μ  μ   μ  

 μ     ,   .    

drag & drop, , mouse click . .

4.   μ  (μ )     post-

production,   μ      μ   

 ( . . ,  . .) μ   .

5. -     μ  

  (interactive multimedia installations),     

    μ      (input) 

μ      μ   μ   , 

    μ  

1.6.1 μ    μ     μ .

  ,   μ     

- -     - - .  

      μμ μ   

   μ  (interpret)  μ        

   μ    μ   μ  , 

     μ  . ,    

μ   .    μ   μ  μ  

 , μ   μ  (software) μ     -  

 - μ  μ    μ    

μ    μ ,   μ      

,  ,   ,   . . (Rowe, 1993).  

  μ        μ     

 μ  -   μ   μ   .    
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        μ    μ  

 μ   μ  jazz,  ’   μ  

         μ  5 (Winkler, 

2001):

μ .5      μ .

   μ    μ μ       

 μ   μ        , 

     Winkler (2001):

1. Human Input / Instruments :    μ   

         

.

2. Computer Listening / Performance Analysis:    

μ   μ    μ       

    μ  μ    μ    μ  

μ    - -    μ   μ , 

 ,   ,  ,     μ  

μ .

3. Interpretation :  μ  (software) μ   μ   

     ,      

μ  μ     μ      μ   

  μ .

4. Computer Composition :       

  -μ -      

μ μ  μ  - μ   μ   μ     

μμ   -   μ        

  μ  .

5. Sound Generation / Output : O     

μ   μ       ,   

  ( . . Midi)     .

      μ  μ  μ  (formal)   

μ      μ  (   μ ) μ . 

,       μ    

 ,          

μ . ,      μ  μ  μ   

μ       , μ    μ  

μ  μ    μ    μ    
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 μ     μ .  μ    

       μ ,   

 μ :

μ  6.   & μ μ     μ  

(Winkler. 2001).  

O Robert Rowe (1993)    Interactive Music Systems,    

  μ    μ  μ     μ  

    μ μ        

μ  :

“   “  ”       

μ           Midi1   

    μμ μ   (scheduling) [...]  

μ   μ   “  ” ,   μ       

       μ    

μ   μ . [...] H  μ    

μ  μ            

 μ ” :

1.   μ   (sensing stage),  

   μ      

 .

2.   (processing stage),      

μ   μ  μ    μ   

 .

3.   (response stage),    

  μ      μ   

  μ  .

1    midi (Musical Instrument Digital Interface)    
   μ     μ  “  

” μ   μ      (Loy 1985).
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      μ   μ μ    

μ μ    μ ,   μ     

    (Rowe, 1993).   μ     

μ   μ  ,      

   ,   μ     .

 μ   μ  μ        

Rowe          Winkler ( .7). 

μ  7. μ μ   μ .

1.6.2.    μ   (Sensing Stage)

 ,      μ   μ  

       μ    μ   μ  

 1.      μ    

,    μ  μ      Midi.

  Midi      μ   (hardware), 

  , ,  μ   . ,  

       μ   (Loy, 1985).   

Midi          

 μ . ,  μ       μ  μ , 

   μ      ,  

μ       μ   μ     ‘80.  

μ        μ   

       μ   , 

μ μ      μ  ,  μ  

   μ     μ  μ     

  μ   [...]    Midi  μ   μ  

   μμ     μ    

    live  μ .     

  μ   (  40%)     μ   

μ       μ    μ  (Igoundin, 

1997).

1    “ ” μ   μ         
μ    (live) μ  .
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H    Midi     μ  μ   μ  

   ( . .     synthesizer).   μ  

   ,  Midi   μ μ  NoteOn,   

           (  μ   

).    ,    μ μ     

Midi,       μ   0     .   

 μ ,  Midi μ      μ ,   μ  

  μ  pitchbend,   μ   pitch-wheel   μ .

     Midi          

     μ ,     

 μ   μ  (Moore, 1988). H  μ   Midi 

     μ    μ μ     

(control rate)      μ  (audio rate). ,  

        μ    .   

μ   μ  μ   μ   μ  

(software),      (audio gear),  μ  

μ     μ   Midi μ   μ  μ   

  μ  μ     μ  μ .

  μ      μ      

 Midi   μ   μ  μ .    

  μ  μ       Midi    

μ  μ  μ  μ   μ   31,250 bits  

.  8-bit midi byte    start bit   stop bit,  

 μ    μ   10 bits.    μ   (NoteOn 

μ μ )  3 bytes = 30 bits,  μ      

. μ  μ   Gareth Loy (1985) : 

“ [...]      Midi μ   ,  

     μ      

 .          

μ    , ’ ’  μ      

μ  . ,       

 μ    (  )    :  10  30 = 

300 bits,         

 μ     ,     

   μ  ” ( μ  Haas)1.

    Midi,        

μ     μ     μ  

1    μ         
   ,    μ     

μ  ,         μ .   
 μ    μ    μ   35 msec,  
μ      μ   μ  ( , 1995).
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  μ       μ    

.      ( .  1.8.1),  . . 

μ ,  ,  ,   

. .,   μ   μ      

     μ .

 μ   Cage  Cunningham    1960     

      Theremin ( . μ ),   μ  

μ     μ  μ    μ    

  μ   (Tzedaki, 2002).  μ  

   μ      Tod Machover  

Michel Waisvisz.  μ     Exos Dextrous Hand 

Master, VPL Data Glove, Buchla Lightning Controller, Radio Drum . . 

    μ  μ      μ   

μ ,   μ   μ   (pitch detection  pitch 

tracking).         (pitch to Midi Converters) 

μ  μ     μ  μ   (audio 

data)     μ    μ  μ .  

μ ,  μ    μ  ,     μ    

  μ  (  μ       

  ),     μ    

  μ   μ  μ    μ   μ  

 μ  .     FFT (Fast Fourier Transform)  

            (Rowe, 

1993).

       μ   

 Midi.     μ  μ     μ  

 IRCAM  Flute Controller.    μ   

,     μ      

 (fingering tracking) μ    μ .  μ   

   μ   μ       

 (μ   μ   μ     μ ),  μ    

   μ   μ  (audio signal)   

synthesizer 4X, μ        μ  

 (Baisnee et  al. 1986).

1.6.3.    (Processing Stage)

          .  

    μ      μ  

  : 

1.  μ μ  μ           

  μ   μ  .
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2.        .

  μ       μ , μ    

    μ  .    μ    

 μ   ‘ ’       

μ  μ      μ  .   μ  

         μ  μ   

      μ .    

       ,    μ   

μ   μ     μ       

μ     μ        

μ     μ .   ,   

μ         μ  μ    

 μ .    μ      

    μ     Midi. 

1.6.4.   (Response Stage)

          μ   

μ  μ .         μ ,  

     .    μ   

 Midi,    μ     

    μ  (audio signal) μ   μ . 

 μ        Guiseppe di 

Giugno μ  μ   μ    Ircam,      

 μ  4X (Baisnee et al, 1986). 

  μ    Midi,    μ   

   μ   μ   .   μ  μ  

  μ    μ      μ  (pitch 

detection)      μ   μ   

(triggers)    μ  ,  . . midi 

μ  μ    .

μ ,       μ    μ  

          .  

 μ   μ  μ  -    

 -  μ , μ     

 . μ ,  μ  μ    μ  

μ  μ  μ μ  (hardware)  μ  (software), μ   

 μ   .
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1.7   μ

    μ      

μ ,    μ    .  μ   

μ     μ      ,   

    μ   μ     

  μ  .

1.7.1    μ

    μ       

  Rowe, R (1993) Interactive Music Systems.    

μ       μ       

μ  μ    μ . ,      

  μ     μ ,     

μ          . 

A.      μ   μ  

     μ    (Score-

Driven)     -  μ  -   

   (Performance-Driven)

1. Score - Driven Systems :  μ     

μ  μ   ( . . μ  , 

  . .)  μ  μ    

  μ       

(matching).   μ  μ   μ      

μ ,  μ    μ       

       μ    

,     μμ   μ   

μ   μ     μ   μ  

 ( . .   μ      

μ    μ     μ  )

2. Performance - Driven Systems :   μ   Score- driven 

Systems,  μ      

μμ  .   ,   μ  

  (representation)  μ    

   μ    (input).  μ   

,  - μ       

    μ     ,   

 μ    μ ,  . .  

,  ,  μ  . ., μ   

     μ    μ .
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.       μ   μ  

 (response)      μ   μ  

  (input).   μ    : ) 

μ  (Transformative), )  (Generative)  ) 

 (Sequenced).

1. Transformative.  μ μ  μ   

μ   μ  μ    μ  

μ μ   μ   μ  

.  μ   μ   μ  

 , μ         

μ  μ       .  

  μ μ  μ ,     

  μ  μ    μ  .  

        μ μ   

 ,       

 .

2. Generative.    μ  (genetic 

Algorithms, GAs),   μ   μ μ ,  

  μ   μ μ      

  μ   μ  (sets)  μ  

μ  ( . .  ,  . .).   

μ  μ   “ μ ”    μ   

  (rules)       

μ    μ .  μ , μ     

  μ  μ     μμ  μ  

 μ        μ    

μ          μ   

  μ    μ  .

3. Sequenced.    μ  

μμ  μ     μ    μ   

μ μ  μ  .     

 ,     μ  μ   

μ       ,  . .  

μ ,   , μ  . .  μ , μ  

 μ μ        

μ   μ    μ   μ   

  μ         μ   

μ   μ     μ  μ  μ   

μ ,    μ      

  . 

.      ,    

μ   μ   μ   ,     
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μ   μ    μ   (instrument 

paradigm)     (player paradigm).

1. Instrument Paradigm.   μ  μ   

  μ     μ  ,  

μ  μ       μ  . 

   μ        μ  

  μ         

μ ,      μ      

  ,   μ  ,  “ ” 

  μ  .  μ ,  μ ,  

   Theremin  μ   μ   

μ .          

μ  μ   μ   μ  ,  

μ      .

2. Player Paradigm.    ,  μ    

      ,   

     μ    

μ .    μ     μ   

 “ ”  μ ,   μ   

     ,  μ   

  μ   μ    μ  

    .       

   μ  μ   μ   , 

 μ       (duo)   (duet)1.

μ      ,   

μ :  μμ  Score-followers  μ  μ  μμ  μ   

   μ   .       

μμ  ,      μ   

μ    μ    μ  -μ - μ   

μ  ,    μ   μ μ   (Score - 

Driven). ,      μ   

μ     μ   μ ,  - -  

 (Sequenced Response).   μ     

(   μ ) μ .        

μ  ,   μ   ( )    

    μ   μμ . ,  

μ   μμ  Score-follower μ     

μ   μ    (player Paradigm),   μ  

μ  μ     “ ”      (Rowe, 

1993). μ   μ     μ :

1    μ   duo  duet     μ    
μ     μ . 
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μ  8.   μμ  Score-Followers.

K     μ   μ  ( .9):

μ  9. μ μ          μ  
μ  (Rowe).

 Fernando Iazzetta(1996)    “Formalization of Computer Music 

Interaction through a Semiotic Approach”1 ,      

 μ      :

“   μ         

     “ ” (generation), μ μ μ  

(transformation)  μ  (interpretation)  μ .   

   μ  μ       :

1.    μ      

μ   μ    μ   (input).

2.    μ   μ   μ  .

3.      μ .

 μ      μ   μ   

Iazzetta  Rowe.    μ    μ  

μ  μ , μ         

(generative, transformative  interpretative),       

  μ   . 

1 μ μ   Journal of New Music Research (1996). . 



37

1.7.2. μ  -    

μ .

μ  μ   Iazzetta (1996) : 

“    μ   .    

    (agents)     

μ    μ     μ ,  

μ     μ    .    

    (functional loop),     

μ  (meaning) μ         

  -  [...].    μμ   

  μ     μ    μ   

  .   μ       

(adapted)  μ     μ     μ    

(react),           

.  μ        μ   

 μ  :

1.   (Competitive Interaction) :  

 ,       

μ     “ ”     μ  

  . ,    

 μ       

μ  μ      μ .  

μ      μ   

  μ      . .   . .

2.   (Co-operative Interaction) :  

 μ  ,      

       ,  

 , “  ”.    μμ  

   μ  μ      

μ μ       

 - -  μ .  μ  μ  

     ,    

    μ  μ      

( )   μ .

3. μ  . (Symbiotic Interaction) :  μ  

        , 

    μ   μ      

μ μ  .     μ   

  μ   μ   .  

μ     μ   μ ,  . . 

 μ   ,      
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 . . ,       

 μ .

  μ     μ  μ ,   μ   μ  

    μ  μ ,  μ   -

μ     μ     .   

μ  μ  μ   μ       

μ   (cooperative interaction),  μ    

μ   ( . .        )    

    (Competitive Interaction).

   μ    .    

      μ   

   ( μ  /  μ ), μ    μ  μ  μ  

.   μ , μ    -   

 μ   μ     μ  μ  ,    

   ,   μ     μ .(Iazzetta, 1996).

1.7.3.  vs μ  

        μ    μ  μ  

     ,    

μ   μ    μ  μ    

    μ    μ    

.    μ ,  μ   

  μ  μ  ( . .  ).    

μ , μ       μ  - - 

            

μ ,    μ   μ    

     .

  , ,        μ  

μ  ,   μ , ,      

    μ  μ   μμ    

           

μ ,       μ  μ   

 μ  μ    ( . .  

μ )    μ   (Iazzetta, 1996).

1.8   μ  μ   μ  .

 μ   μ         μ  

 ,    μ  ,       

   .    -μ     -  
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μ  μ 1     μ  [  μ ]  μ  

 ( )    (  μ ) μ     

 .

   μ         μ  

  μ   .    μ    

μ  μ    μ        

 μ  ,    μ      

- μ    μ  2      

   .       μμ  

         ,    

        μ   

μ  μ    μ  .

  μ  μ    μ       

 μ  ,     μ    μ  μ  

  μ    μ     μ  

.       μ    μ  , 

             μ  

  μ    μ  .

    μ          

   μ   μ        

,      μ     μ  

(software).   μ  μ    ’   

   μ  μ  ,       

“μ ”   μ  (Tzedaki, 2002).

μ  μ   Serafin Stefania  Richard Dudas (2000)

  [...]         μ  

“ ” (virtual) μ        

 μ  μ  .

μ     μ     μ   , 

   μ       

(Sensors),   μ      μ     

   μ .         

       μ   ,  

 μ  μ  μ    μ    .

1       μ  .

2     μ       μ      
 μ  μ       μ    μ   

μ   μ  .
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1.8.1  (Sensors)

    μ        

   ,     μ   μ   

μ  (input devices),     /    

μ  .      -  μ    

 μ  -   μ    μ  μ   

 , ,  . .,     μ    

     μ ,  . .   carrier/modulator   FM   

       μ   physical modeling. [...]  

 μ   μ   μ    μ  

     μ     μ ,   

μ   μ   μ  “ ”     
1.  μ     μ   μ  

,        μ  .  

       μ  μ  (sensors),    

μ       (physical gestures)  

,        μ  μ   μ  

“μ  μ ” (sensors measurements) μ    

(mapping) μ    μ  μ  (control parameters),   μ  

           μ   

 μ    (sound synthesizer) (Wright, 2002). 

H  μ    μ   ,   

  μ  ( .10) :

μ  10.  μ    μ   .

       μ  μ    μ  

          μ   μ    

  ,     ,     

 .

μ  μ   Wright (2002) :

[...]     μ  μ     

μ      μ  ( . . μ  , , 

1     μ        
Music-N     μ    μ  μ     
μ  ,     μ         

 μ  μμ  ( . . Csound).
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 μ  . .)   μ   μ  (data),   

μ   μ     μ .

 Goldstein Mark    “Playing Electronics with Mallets Extending the 

Gestural Possibilities.”  :

“[...]O μ   μ        live 

μ  ,     : 

1.   μ   μ μ   μ   

  .

2.       μ   

   (sensing technology)    

  μ    μ     

μ  .”

    μ   ’    μ  

        

 μ ,   μ  μ     

       -  μ - 

, μ   , μ         

      μ  μ   

 μ  (Tarabella, 2000).

          

μ   μ    (interfaces)     

   μ  μ     

. ’  ,      μ  (μ    

),    μ    μ  . 

        μ     

  μ          

   .     μ   

 μ   μ     μ     

     (Nakra, 2000).

O Machover    “Hyperinstruments : A progress report, 1987-1991.” 

(1992)1  :

“           

.           

μ  “ ”      .  

         “ ” 

1  Machover, Tod. (1992) “Hyperinstruments : A progress report, 1987-1991.” MIT  Media 
Laboratory
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  μ    μ   μ   μ  

    μ  .”

   μ      ,    

      μ  “ ” μ     

μ   μ  ( . . μ   , μ  μ   , 

 μ μ  . .).  μ -      

   μ   μ     μ μ   μ  

  ’     . ,     

       μ  μ     

μμ ,  μ   μ μ   . ’     

    -   - μ      

μ   μ    μ      μ  μ  

   (Wessel & Wright, 2002).

H     μ   μ  μ    μ  

 ,     μ  μ  μ    

  μ .      

 μ           

   μ .

   “Problems and Prospects for Intimate Musical Control of Computers, 

 David Wessel  Matthew Wright (2002)   μ   μ  

   μ   :

. [...]    μ    μ     

  “ ”,  μ μ       

  μ    μ  , ,  

            

   μ     μ  , μ  

   μ  μ    μ  ( μ -) μ  

μ  .

. μ       μ    μ   

μ  -  μ  μ     μ .   

     (mapping) μ   

μ   ,   μ     

    μ ,     ,  μ  

μ  μ  μ   μ     

 μ   μ    .

.     μ  μ   μ   μ  

             

μ      μ   .  

μ    μ   μ    ,   

μ μ μ  μ      μ    
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μ ,   μ      μ  

 .

 μ       μ      

    μ  .    :

1.    μ   μ .

2.         μ  μ .

   μ           

   -    μ  

    μ  μ     , 

              

    ,         

      μ  μ   

     (Jordà, 2001).

 Ungvary,   Vertegaal, R (2000)    “Cognition and Physicality in 

musical instruments”   μ    μ   

 μ  μ  -  :

1.  μ  (learn-ability).       

μ  μ   μ      .

2.   (ease of use).     μ  μ   

     μ .

3. μ  -  (Flexibility).    μ  

 μ    μ    .

4. μ  (Attitude).        

μ   μ    . 

   μ    μ    

  μ  .       μ  

μ      .      

 μ ,   μ       

     μ  ( . . Midi μ μ  μ  Midi 

interface) (Freed et al, 1997)

 Sergi Jordà (2001)   “New Musical Interfaces and New Music-making 

Paradigms” : 

“    μ        (interfaces)  

 μ        μ     
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μ .    μ      μ ,   

 μ    μ     

μ μ μ   (   μ      

   ,  μ       ). 

 μ   μ     μ   μ  μ   

     μμ     μ   

    [...]       

μ         

 (installations),     μ  (  

  μ )  .”

          μ   

      μ  .   

         ,  

  μ          

  μ    μ .      

  μ  μ ,       μ   

   μμ  μ       

μ  (software)     μ  (harware, sensors . .), 

μ          μ  

  μ  μ .
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2. H   μμ μ  Max/msp.

  μ μ      μ     

   μμ μ  Max/msp     

    .   ,     

 ,    μ     μ    

 μμ μ . , , μ     

   Max/msp      μ    

 μ       μ  μ   μ  

 μ  .      

   μ μ      μ   

μ      μ  μ .

2.1  1

H  μμ μ  Max/msp     μ ,  

 μ   μ      1980-1990,   

  , μ    μ   μ 2.  

      RCAM (Institute de Recherche et 

Coordination Acoustique/Musique)  . μ   μμ   

 μ μ  Miller Puckett,   M.I.T.  μμ  μ  

 μ      (Synthesizer) 4X     

    IRCAM       

 μ      μ  (Winkler,1998).

       4    μ  μ    

(Oscillator bank)    ,  1985      

 μ   4   μ      

μ  (signal processing), μ   μ     

 μ μ μ   μ  μ    . 

 μ   μ         

   ,      μ  

     μ    μ  

  ( . μ ).        

μ  μ  μ   μ       

1    μ  -     μ -  
   μμ  Miller Puckett,     : Puckette, 

M. S. (2002) Max at  Seventeen. Computer Music Journal, Vol. 26(1) 31-43,   
Puckett, M. S. (1991a). “Something Digital.” Computer Music Journal 15(4): 66   

    Todd Winkler    : Winkler, T. (2001)Composing 
Interactive Music,Techniques and Ideas Using Max The MIT Press, Cambridge (USA).

2          μ  Max/msp    
 - μ - μ       μ   

(Experimental Music Studio, MIT)  μ       
   1980.  μ  Max    μ   μ   μ  

   μ  , , μμ   
,    μ     1985-1990  IRCAM (Paris) 

(Puckett, 2002).
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 ,         

  μ  . ,     μ  

            

   (digital oscillator)  μ     

μ    μ     μ ,  

    μ  .    μ   

      μ  μ  μ   

 μ  μ  μ    (Puckett, 1991a).

  μ   μ   μ  μ  Max, μ   

  μ  Music500,   μ    Miller Puckett  

1982,    Vercoe (Puckett  1984)1.  μ     

μ   ax   μμ  Max Mathews   μμ   

 RTSKED (Mathews & Pasquale 1981),        

μ    Curtis Abbot  μμ  4CED (Abbot 1980).

   μ   μμ  (Max)     . 

     μ   μ  μ   (control structure) 

μ    RTSCKED  μ  μ    (synthesis 

engine) μ    Music 11.    “ ” (   

)  μ . ,  μμ      μ  

    μ  .

   1985,    Barry  Vercoe     Synthetic 

Performer  Ircam,   Miller Puckett    Ircam.   Puckett 

   μ   4 ,    synthesizer/audio processor    

 μ   μ   μμ    μ   , 

μ   Music500    μμ  μ   μ  Max  

μ   Max Matthews   μμ    RTSKED. H   

  Max,    text-based Language,   4   

   (GUI, Graphical User Interface).    

 command line  μ      μ     

μ  μ   (outlet),  μ   μ   μ   μ  

  μ       μμ . 

    μ     μμ      

Synthetic Performer  Vercoe.     μ μ  

μ   : 

1. Pitch Tracker (     μ   )

2. Score Follower (  μ   μ      

  μ   tempo)

1    μ  μμ   : Puckett, M. s. 1984. “The ‘m’ 
Orchestra Language.” Proceedings of the International Computer Music Conference. San 
Francisco: International Computer Music Association, pp. 17-20
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3. Tempo controllable sequencer

4.  controller     sampling synthesizer    

4 .

μ  μ   Puckett,  μ     μ   

  μ         

 : 

1.        μ   

 μ     (pitch tracking).

2.    μ  μ  ,   

     -  (score-

following techniques),        μ  

 μ         

.

μ      ,  Puckett     μ  μ  

 Barry Vercoe  . . .,    μ     score-

following.     μ    μ     

   μ ,      

Machintosh   Apple      Midi1,    

  μ  μ   μ       μ   

μ      μ  .

 1984  Lawrence Beauregard   Midi     

       μ  μ    

μ   μ   .  μ       

      μ      μ  

μ , μ    μ  μ    

 μ , μ   μ    Midi   

   2. 

    μ   μ       

 Midi   Beauregard      score-following 

   4 .  Max μ  μ     

1  . .D.I. : musical instruments digital interface (      
 μ  ).

2  μ     (pitch detectors),   μ , 
μ   μ    μ μ  μ  ’    

μ        μ  ,      
μ        μ ,      

μμ    μ      μ   
   μ    .  
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 μμ μ   4   μ        

,   ,  4      (GUI : graphical 

user interface).

 μ    Max   4 ,     μ   

     1987.       

Alone  Thierry Lancino  Jupiter  Philippe Manoury. ,    

            

μ     μ .  μ    

    μ       

μμ      ax, μ   μ   4  

   μ  μ      ax.    

μμ   (debugging)      . 

μ           μ ,  

μμ       lisp,  

     1987   C μ     

Machintosh.

H     Max  Macintosh -  μ   μ      

  μ   Max/msp - μ   μ   

   Frédéric Durieux    1988. ,     

   Max   μ  μ  ,    

Pluton,  Philipe Manoury,         1987 

     1988.  patch1   μ   μ  

        μ     μ  Max/msp.

     Pluton  μ   Midi  

Macintosh μ   4 .    μ   μ  

,         μ   

 4 .    μ   ,     

μ       Midi,     

μμ     μ          

Midi.

  μ      Max μ μ      

μμ μ .  μ   μ   μμ μ  

μ     -  μ  -     

 Midi.       μμ  μ  

   μ  μμ     Lee Boynton, Cort Lippe   Zak 

Settel.

1   Patch  Patcher    μ   μμ  μμ   
 μμ μ  Max/msp.  Patch μ       

  μ  μ  μ   μ    μ  
 μ  .
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 μ     μ     μ    

 μμ .      μ   μ    μ  

  David Zicarelli,   μ          

 μ  μ   μ  Cycling741.    μ  

    ax      μ  

(DSP)2.      ‘90  Miller Puckett   μ   μ  

μ  μ    Ircam     Eric Lindeman.   

μ    μ   “ ”  4 . μ    

   μ  μ   μ   μ  μ   

μ  ISPW (Ircam Signal Processing Workstation)(Lindeman et al. 1991). 

μ   Puckett μ   Max μ       

 μ  Max  ISPW.  μμ   μ     

 μ      μ    μ  (real-

time digital signal processing)(Puckett, 1991b).

2.2. μ  μμ μ .

          

  μ  Max/Msp      μ .   

    .     μ  μ    

μ  μ    μ    μμ μ , μ   

 μ            

μμ μ   Max/msp.     μ    

 μμ μ   Max/msp    μ     

       μ .

2.2.1 μ      μ   

μμ μ .

 James McCartney (2002)    “Rethinking the Computer Music 

Languange : SuperCollider”   μ    μμ μ  :

“   μμ μ    μ  (abstract) 

 μ       μμ     

 μ  μ     μ   μ     

  μμ . ,  μ     μ   

 μμ μ ,   μμ  μ    

 μμ    μ      μ     

 μμ μ  (software)     

(hardware).”

1   (Website) http://cycling74.com/

2 DSP : Digital Signal Processing (   μ ).
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  μ   μ    μ 1 , 

     0  1.     bit   

   μ  μ    μ μ   . ,   

bit  μ        μ     

 (1),   (0).  μ    μ μ   

  μ   μ  μ   bits      

bytes,       μ μ     μ   

μ   μ    bytes (kilobytes),  μμ  bytes 

(megabytes)   μμ  byte (gigabytes)  μ   μ   

.

    μ  “ μ  ”  (low-level 

code),   μ   μ      μ   

 μ      μ   , , 

,  . .,  μ .  μ   μμ μ  

(lowest-programming language)     “  μ ” (machine 

language). 

  μ      μ  2     j  

 μ  μ     μ  0  1.   j , 

 μ  2j ,    ,  . . . (  

μ )   , ,  . . .   μ   

 μ      10010  18  ( , 

2000) :

(10010)2 = 1 x 24 + 0 x 23 + 0 x 22 + 1 x 2 1 + 0 x 20 = 16 + 0 + 0 + 2 + 0 =(18)10

 μ       μ   μμ  

μ    μ    μ    μ .   

  μ      μ   (assembly language), 

μ  μ         

μ .    μ  μ    μ   

μ  , μ        μ  

( . . ADD R3,R4.      μ μ  R3,R4).   

 μ    μ     μ μ     

             

μ   (Cooper, 1987).

    (high-level languages),   μ    

μ    μ  ,     μ   

 μ ,     μμ   

 μμ         μ μ , 

1  μ  μ     μ      μ  
    μ       μ  μ .  

 μ      μ  10·     
μ    μ  μ    2 ( , 2000).
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     hardware. μ     

μ         μ ,   

 μ   “ μ ” (compiler).     

           

(Winkler,1998).

2.2.2 μ   μμ μ  (Object Oriented 

Programming)

 

 μ  μμ μ    μμ    

μ  μ ,    μ   μ      

   .  μ       

μ  μμ μ  ( . . C++, Max/msp)  “ ” 

    μ  μμ μ   μ  ( , 

2002).

      μ   

μ  μμ μ .  μ   

μμ μ      “ ” μ   μ  

 μ   μ ,     μ   

μ  μ  μ  μ       

μ  (Pope, 1991)

  μ    μ  μμ μ    

μ   μ  μ    μμ ,   μ  

μμ . ,   μ   μ  .  

 μ     μ  , μ     

 μ    μμ  μ   μ    . 

      μ    μ    

 μ  .   μ    μ   μ  

5     μ   μ   , μ   μ   

       μ  μ  μ      

μ  μ          - μμ   

μ    .  μ   μ    

   μ    μμ .  μ  μ   

μ   μμ   μμ        

μμ .  μ  μμ     

,   (debugging)   μ ,     

 μ    - -   μ   

μμ  (Pope, 1991).
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2.2.3  μμ μ      

μμ μ .

   μμ μ   “ ” μ  μ , 

   μμ       μ   

μ      μ   μ   μ  

 μ  μ , , .        

μμ μ    (4GLs)   μ ,   

 μμ μ     μμ   

(Taufel, 1991).

   4GLs   μ       

 μμ μ  ( . . C++).     μ   

 μ ,  μ  ,   μ   μ  

μ  μ   μ  interface,      

   .   4GLs μ   

 μ   μ    .    

    μ ,      

     1,       

    μ   μ .

,     μ   μ   μ     

    .     μ    μ  

 4GLs     μ         

   text-based. ,  μ  μ μ    μ   

   μ     μ   μ -    

  μ . ’  ,      

   μ  μ   μ  forums μ  

,     μ       

  μ       4GLs, 

μ      μ  μ  μ  .

2.3 μμ μ   μ   ax/Msp.

 μ -   Max/msp μ       

μ  μ   μ  (pre-designed building 

blocks) μ    μ  μ      μ   

(real-time)   μ    μ .  

    Max/msp      - μμ -  

     μ   real-time Midi  audio 

μ - μ . ,     μ     

  μ     μ         

1   ,  μ    μ    μ  - 
  μ    μμ   .
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μ  μ ,   μ    μ  

  μμ       (Puckett, 2002).  Max/

msp  μ     μμ μ  μμ   C,   

μ     4GLs.   Max “ ”,    

μ     C,         

  μ  μ   μ   μ    interface (Winkler, 

2001).  , , μ   μ    μ   C, 

        μ   μ   

      μ   μ   .

    μ  Max/msp,   μ    patcher  

     μ    ( .11),     

  μ    μ    μ  .  

“   ”    μμ    

  ax/msp. O        

μ ,   μμ    μ      

        μ / μμ .  

μ   μ     μ   μ   

μ  μ .

    “  ” μ     

,        μ     μ  

    μ ,    μ  

μ   μ    μ    μ   

μ .          μ   

     “  ”      

  μ   (Puckett, 2002)

μ  11. K  .
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     μ   μ   μ    

,     μ  μμ μ   

Max/msp (object  box, comment, message box, float number box, integer number box, 

dials, slliders . .)( , 12).

μ  12.      μ  Max/msp

 μ          (object box),  

 μ   μ    μ   μ . 

  object box   click   patcher, μ   

 μ  μ    μ   μ  

μ .       μ   μ   

μ   μ    , μ      

 .   ,     μ   

μ  μ   click   patcher (     object 

box).            

 μ     μ        μ    

 ( . . metro, ==, +, loadbang) ( .13)

μ  13.  μ

2.3.1. μμ μ  μ  μ  (object oriented programming).

 μμ    Max/msp   μ  

 μ  μ  (modules) μ      

μ  (Objects)    μ .  μ  μ   

Max/msp μ   μ  μ  ,    μ   ,  

       μ . ( .14)
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.14   μμ  μμ    Max/msp

 Max   200 μ ,   Msp   200 (  

  μ ).    μ   μ   

μ    μ  ,     μ .  

μ , ,   μ     μ     

μ          μμ     

 μ  ,      μ      .

 μμ      (patcher window).   

 μ    μ    μ     μ   

 μ  ( .15)     μ    μ   

.

.15     μ

 μ ,   ,  μ      

  μ       . ( .16)

μ  16.  μ

  μ      μ ,    

 μ   μ  μ    μμ .  μ   

   “ ” (Workstations) μ     

 μ μ μ   ”  ”, (   μ   

  )   μ  μ . ’   ,  
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 μ   μ ,     μ μ    

   μ  ,    μ  

μ    μ ,          

 μ        μ  . 

  μ     μ     μ   μ   

   .      μ   

“ μ ” μ   (Inlets)  μ   (Outlets), μ    

   μ    μ   μμ  ( .17 

& 18).  μ   μ μ   μ  ,     

     μ      μ    

drag and drop.

μ  17  μ          μ

 μ  18  μ , ,        

μ  μ

  μ     μ   μ  ” ” 

(cords),        μ      

  μ .     μ    

       outlet  μ     

  μ    (inlet)  μ -       

  click1 ( .19).

μ  19.   μ .    μ   μ   

 μ .

1 μ.         μ    Options   
Segmented Patch chords.         Drag 
and Drop μ           μ .
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  μ     μ  μ  μ    

    .  μ    μ  μ  

μ /  μ μ   μ     ( . . 

idi)    patcher.  μ ,  μ  midiout  print 

      μ   μ     Midi,  

    Max Window.

   - μ  - μ   Max/Msp,   ,  

 object box       μμ      

,      ( .20).

         
μ  20.  object boxes.

      object  box,      

   μ    ( . . makenote).      μ  

      μ . ,   ,  

  μ  μ   =, +, -, *, /, $,  <, >.

  μ        (outlets) 

μ     μ        

(inlets).      μ      

.        μ      

 ·       .    

μ  μ     μ      

 objects,   Max Reference Manual    

μ .        μ    

μ  μμ μ       μ   Max. 

,    μμ   μ      

     objects,        

  μ    (inlets,outlets)       μ   

,      μ  ( 21) :1

1     μ   -   -  
 μ     Assistance   Options   μ .
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μ  21.          μ  delay1

2.3.2 User Interface μ

   μ    μ  user interface ( .22)  

       μ  ( . . sliders, 

keyboards, dials, buttons)  ,  μ   μ   μ μ  

 μ    μ ,      μ    

  ,    μ   mouse  μ     clicking 

 dragging.  μ       μ ,   

      μ      μμ  μ   

          μ   μ  

    μ  μ      (user friendly 

interface).

.22 User Interface μ

   μ  , ,  comment,  μ     

         μ  μ  

 patcher, μ   μ      μ     

μμ    μ   ,       

         μ  μ   

μμ .   μ       μμ    

well-documented μ         μ  ,  

     μμ   (Debbuging).

 μμ       Max/msp   

     Max/msp binary  files  μ   

   μ .    μ    

μμ       μ  μμ   

μ    (Encapsulation).     

   μ     .

1      μ  delay    μ      
     μ   μ     
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2.3.3 

    μ   , μ  μ   

μ  μ   μ  μ  (object name), μ    

       μ   .   

      μ  (arguments).    

μ , μ   μ  metro,     metro  

    μ  μ , μ     

   -    -  μ  μ   

ticks  μ . ( .23)

μ  23.  μ  metro   (μ ) μ  μ  1000 ms  
 bangs       .

 μ  μ    ,   

μ      μ ,        

.        μ    μ  

  μ    ,   μ μ    Max 

Window       μ   μ .     

   μ   μ        

μ   μ  μ ,   μ      

μ , μ  μ  (default values).

2.3.4 μ  (Messages)

μ  μ       μ  μ  

 (μ   1).  μ μ  μ     μ   

,   μ  μ     μ   μ   

 .   μ   μ μ    bangs  

  .  μ   μ μ    

  .  Max   μ μ     :

 int (integer)  μ μ     μ   ( . .127).  

  μ μ      μ : int_ μ  ( . . int 78)

float   μ μ      μ  ( . . 3.89  4. 

 .93)     Max   μ μ   float.  

1    μ        .  
  μ  μ  “ μ ” μ  μ μ   

 value  send , receive.
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μ     int,    μ μ    

float    μ  float_ μ  ( .  float 4.33).

list      μ   μ μ    . 

    μ   μ  μ  μ   

  ( . . 60 45 132 64 1.12 0.56).   μ     μ  

 μ μ    list  1 67 32,       

 μ μ      μ      

μ   μ   μ   μμ  -  μ    μ   

      μ  ( . . 1 start 897).

bang  μ μ  bang    μ μ   Max    

μ   “  μ ” μ     

μμ μ   .      μ  “ ’ 

”.   μ    μ  random μ   μ μ  

bang     ,     μ   

  ( .8).

.8  μ μ  bang    μ  random    

 μ    0   99.

Symbol  μ         

μ  .   μ   μ   

 μ  μ    .  μ   μ  

seq (sequencer)     start,stop,record,delay. 

,   μ   “ μ ”     

μ  * ( ),   μ  μ  bangs  

μ .

     μ μ  μ  μ , μμ   

μ . ,    μ   Max/msp    

     μ    . 

 μ             

 μ     μ ,    

     μ  (click & hold)   ctrl + Option (alt) 

   μ       μ  ( .24)

 μ  24. μ   μ μ     μ  midiparse. 

(Ctrl + Option + Click)
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    μ    μ μ    ,  

μ  μ   μ μ     Max Window.   

Max window      μμ     μ  μ  

    μ  μ    ( .25).   Max/msp  

μμ μ   μ    μ     

μ  .      μ    (highlighted) 

    (patch cord),  μ    μ  -  

(target object)  μ      μ     

  μ  -  (source object). 

μ  25. μ    Max window,   μ  metro   

 μ μ  close.

2.3.5.    μ

μ        μ    

 μ   μ ,  Max/Msp     

μ   μ      .      

    μ ,  μ    μ  

      ,   μ   .   

μ  μ   μ     μ ,     

    μ      μ  

 patch.     μ   μ     

    (    μ     μ     

),      μ       .

2.3.6. Encapsulation - Nesting

  μ   μ     μμ μ  Max/msp 

     μ  μ   μ  patches  

μ  μ ,     ( μ )   

  μ  (searching paths),       

μ    μ  Options > File Preferences ( . 26).     

   μ   μ    μ  μ  
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‘μ  ’    μ   μ    

μ .

μ  26. File Preferences Menu.      μ     Max/

msp   ( . . μ  μ ).

  μ    μ  μ    

( .27), μ      patcher μ   μ  . . patcher 

Minor Chord   μ    μμ    

μ  μ  μ     μ   μ    Object Box( .28).

μ  27.  μ  μ     ,    
  μ  3  μ   5  , μ      

 



63

μ  28.  patch Patcher Minor Chord μ    μ .  
        μ   μ    Max/msp  

       (Searching Paths)    .

2.4  μ  : μ  μ    Fibonacci 

  μμ μ  C++  Max/msp.

 μ      μ    μμ μ  

Max/msp  C++.          

μ      μ     n  μ   

 Fibonacci1.

2.4.1 C++ 

#include <process.h>

#include <stdio.h>

#include <math.h>

#include <conio.h>

void main ()

{

clrscr ();

int i,n,m,j,k,l;

long int f1, f2, f;

float a;

f1 = 1;

f2 = 2;

1  H  Fibonacci  μ   μ      μ   
  μ   μ    μ  . Fn = Fn-2 + Fn-1  n=3,4,.... .... μ  

F1=F2=1. O  μ    μ  μ        
μ    μ  ( = 1.618...)
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printf (“\n Kathoriste to plithos ton arithmon Fibonacci :  “);

scanf (“%d”, &n);

printf (“\nOi protoi %d arithmoi Fibonacci\n”, n);

printf (“\nl=1 \tF=1\ nl =2\ tF = 1”);

for (i=3: i <= n; i++)

{

f = f1 + f2;

printf (“\nl=%d\tF=%ld”, i , f);

f2 = f1;

f1 = f:

}} 

2.4.2 Max/msp

  μ      Max/msp      

   μ          

  ( .29).   ‘ ’      

 μ  μ     μ  μ .  μ    

 μ            patcher  

 μ   ·        bang (calculate),  

     ( . .  μ  : ‘   μ    

fibonacci   μ  5).

μ  29. μ  μ    μ  μ    Fibonacci.
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μ     μ  μ   μμ ,   

   μ   μ  -   

 μ   n μ  ( .30).   μ    μ  

      - - μ  fibonacci   

  μ     μ   μ μ  

.

μ  30. μ  μ    n μ  fibonacci.

 μ      μμ   

 Max/msp         μ  . 

  μ   μ  μ        

 .  μ    μ   Cd-Rom  

    μ  μ   μ  Max/msp Runtime.   

     μ  μ      μ   

    μ   μμ μ ,    

 μ  μ     tutorials.    μ  tutorials,  

Cd      μ     Max/msp μ  

         Robert  Rowe (1993)   Tod 

Winkler (2001).
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3. μ 1  (     μ   

 Markov)

3.1. 

 μ       μ  μ  μ  

μ  μ      μ  .    

 μ    μ   μ   μ . 

  μ   μ  μ     

    μ  μ  (Brittanica, 1990)

 μ    μ  μ      

μ  μ   .  “ ” ,     μ  

  μ  ,     μ ,   

      .      μ   

     μ  μ     “ μ ” 

μ   μ  ,   μ μ    

μ μ  ,            

μμ   μ  μ  μ  .    

 μ    μ   μ    

. μ      μ ,   

        .  μ   

    μ  μ     

    μ ,     

 μ     (Miranda, 2001).

 μ  μ     μ     

       μ     

(Alpern, 1995).     μ    

μ     ,     

      μ . 

 Martin Supper,    “A few remarks on Algorithmic Composition”  

Computer Music Journal (2001)   μ   μ    

    :

“  μ  (computer music)      μ    

     [...]  μ  , ,  

    ,   μ  

   μ       

   μ  , μ μ   μ -

1  μ  :   μ   μ       
 >  algorithm < algorism (μ      “ μ ”)<  

algorismus.    μ μ   19  , al-Khowarizmi.     
μ   μ   μ         ,   

μ  μ   μ  .           
μ  ( μ , 1998).
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μ μ   μ μ   (Stockhausen, 1971)1  . 

   μ     Arvo Pärt,  μ  

“computer music”  μ  ( ),       

 ,  μ      

, μ   μ    μ ” ( La 

Motte-Haber 1996a, p. 158 & La Motte-Haber 1996b. p23)2

         μ   

  μ .   μ   Guido d’ Arezzo   

μ  μ , μ    μ     μ      

(“formalized music”),         

 μ        μ  μ   

  (Loy, 1989).

μ  μ   Horacio Vaggione (2001)    “Some Ontological 

Remarks about Music Composition Processes” :

“    μ      μ   

μ ,   μ  μ     .  

μ  μ  ‘ ’   μ      

 ,           

  μ  ,      

μ            

.”

   μ   , ,  μ  

    :

1. μ   -    (Score 

Synthesis).  μ   μ      

        μ  μ    

μ  μ  .  μ     

μ          

 - .

2.   (Sound Synthesis). μ   μ  

   μ      ,     

1 Stockhausen, K. (1971) “Elektronische Musik und Automatic [1965].” In D. Schnebel, ed. 
Texte zur Musik 1963-1970, Band 3. Köln : DuMont, pp.232-241

2  La Motte-Haber, H. (1996.a) “Alles ist  Zahl. Formen pythagoreischen Denkens in der 
Music.” In T. Ott, and H. von  Loesch, eds. Musik befragt-Musik vermittelt, Augsburg: 
Wißner, pp. 153-163.

La Motte-Haber, H. (1996.b) “Strucktur und Programm. Analytische Betrachtungen 
Komposition Summa von Arvo Pärt. “In  W. Gratzer, Gegenwart 1. Hofheim/Ts.: Wolke, pp. 
14-25
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     μ     

μμ    μ .

  μ         μ  

  μ  .      μ   

μ   μ   μ μ  ( μ ),   μ μ  

(μ ) (Supper, 2001).

μ  μ   Martin Supper (2001)  μ  μ   μ  

μ  μ         :

1.   , μ - μ ,  .

2.  , μ   ,   

 .

3.   μ   -μ  μ .

μ          

 μ ,       μ  

    (Chadabe, 1989).   μ  

  μ  μ  μ    μ   

 ,  μ   μ  μ  μ    

      (Rowe, 2001).

     μ     

.  μ   (μ  )  

,    μ   μ .    

μ   μ   μ   μ   μ  

 μ     . 

     (  , Prob_My Berio Chain) μ  

    μ  . ,    

            

   μ .         

     μ .

   , ( . , Chain, Chain1, Canon),   μ    

    μ μ μ   μ  μ   

μ μ  μ  μ    ,    

 . 
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3.2  Markov

3.2.1  

  Markov   1   μ    1906 

    μ μ  A.A. Markov (1856-1922),    -

μ  μ       μμ   

  , μ    μ  Eugene Onegin  Aleksandr 

Pushkin. H     Markov  μ  μμ   μμ  

   μ   μμ      

   μμ .

  arkov          

 μ μ  μ .  μ  μ    μ  

 μ      ,  μ  μ  

    μ    / ,     

 μ   μ   μ   . . (Ames, 1989).

  μ   μ    ,    

 . H  μ   μ     

μ         Lejaren Hiller  Leonard Isaacson2 

      Illiac Suite.  μ    

   μ    μ  μ    

   .  μ       

μ   (  μ  μ  μ    

),   (  μ  μ  μ )  

μ    μ   (Hiller & Isaackon, 1959). 

  μ  μ     μ    μ  

μ     “Strophe”     “Computer Cantata”   Hiller 

 Baker,  μμ   1963,     μ  (  

1      Andrey Andreyevich Markov (   1856 - 
 1922).          
,    μ   .   ,  

  μ    μ     μ   , 
    μ      μ    
      μ .  1886     

μ      μ    μ  μ   
1896.          μ      
- -   μ ,   μ ,      

  .   1900   μ    . 
(Encyclopaedia Britannica, 1990).

2   Lejaren Hiller (1924-1992)  Leonard Isaacson   μ   Illinois  
      μ      
μ  μ   (Roads, 1996).  μ    "The Illiac String 

Quartet"    μ      μ  μμ   μ  
   .
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μ     ,  ,  ,      

μ   )  μ    μ      

   “Putnam’s Camp”     “Three Places in New England (1903

-14)  μ   Charles Ives (1874-1954). 

   μ  μ     Pinkerton 

(1956)1, Brooks et al (1957)2,  Olson (1967)3   I.  ( .Xenakis)4.

3.3  

    μ    μ , μ   

   ( ,F,P)5.   μ μ    μ   

,    μ  μ   X1, X2, X3, ....     

μ      μ μ ,    μ  μ   

{X(t): t 0}  {Xt} t 0.      μ  μ  

    ,     μ   

    (  & , 2000)6 

3.3.1.  (  - μ )  

  μ 7, μ  μ     , 

μ     μ  :

1.      .

2.  μ  μ        

μ        

μ .

1 Pinkerton, R. (1956) “Information theory and melody.” Scientific American 194:77-86

2 Brooks et  al, (1957). “An experiment  in musical composition.” Institute of Radio Engineers 
Transactions on Electronic Computers EC-6(1): 175-182

3 Olson, H. F. (1967). Music Physics, and Engineering. Second ed. New York: Dover

4        Diamorphoses (1957-58 B.A.M 
Paris), Concrete PH (1958), Orient-Occident  (1960).

5   = μ , F =   , P = μ   μ    

  .

6   . .   . - . . (2000)    . 
.  .

7    μ  (Alea, . , .)     
μ ,         μμ    , 
μ   μ       (Meyer - Eppler / Eimert, 1955). 

,     μ ,  μ   μ  μ  
μ         μ     

 μ   μ  . (Boulez, 1958).
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        ,  

 μ  μ   μ      

.

3.3.2     

  
 

(Markov Chains)    

 (conditional probability  systems),      

 - ,       

 .    -    

 ’     ,     .   

,          

         ,   

 ,      ’      

     ,     

. .  (Miranda, 2001).

   “    ”     

(2000)  :

  μ μ  μ     Markov    

 :

  t, t1, t2, ... ,tk  prob {a < Xt < b | Xt1 = x1, Xt2 = x2, ... , Xtn = xn } =  

prob { a < Xt < b | Xtn = xn }  t1 < t2 < .... < tn < t.

     μ    Markov   

 μ    .  μ      

Markov      :

  Markov   μ   0, 1, 2, ... μ  

 μ  μ        μ   n+1  

  0, 1, ... , n  μ    μ   n,  :

prob { Xn+1 =  | n = r, ... , X0 =  } = prob { Xn+1 =  | n = r }

            

    . ,       

  μ     1      

1         μ , ’ ,   
    μ ,    .      

   μ  ( . . 1,2,3..... ),         
μ   μ μ     μ  ( =1,2,3,..... v),       

.
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  -          

:

 

1.          

{x1 , x2 , x3 ........xm}. 

2.          

,      (      

 1)(Campouropoulos, 1994).

  μ  m        

   (m+1) x (m+1)     

  (transition matrix).       

 ,     .      i  

 j             j 

   i    (transition probability). 

p11 p12 p13 ... p1m

p21 p22 p23 ... p2m

... ... ... ... ...

... ... ... ... ...

pm1 pm2 pm3 ... pmm

  μ     xi,   i-     (pi1, pi2, pi3, 

.... pim)    μ   μ    , 

μ  μ .    μ  μ  μ  pij μ    :  

0  pij 1   μ       μ  μ   

μ 2,   :

     μ  μ  .

      pij     μ  t, 

μ   μ      μ  t. μ    

 : 

pij = 1
j=0

m

/

1    μ     ,   μ       
μ  μ  .

2   μ    μ         (%) 
μ     μ . 
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1.   Markov   (stationary)  μ  

(homogeneous),    μ    μ    

         μ .  μ  

    i  j :

prob { Xt = j | Xt-1 = i } = pij     t  = 1, 2, 3, ....

2.  μ   Markov   μ ,  μ  μ - 

μ  (  & , 2000).

      μ ,   μ - μ  

 Markov.     μ    

  μ   .  μ     μ  

   μ   μ    μ  -  

μ μ -  .   μ      

  μ  μ   μ  ,   μ - μ  

       ,  

 μ      μ   μ   

μ   . 

3.3.3. μ

         

    μ       

  .    . .     

          0.3,  3  10 

  30%. 

   

 

 0.2 0.1 0.3 0.4 

 0.5 0.1 0.2 0.2 

 0.5 0.2 0.1 0.2 

 0.2 0.2 0.3 0.3 

   μ ,   μ  μ     

 μ  μ     μ  ( . .    

    12 ).      

  (x,y)          

     ,      ,  

   .    μ   

  μ ,      μ   

μ          

 μ . . . : 
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 1 10 3 40 54 

 5 1 2 20 28 

 5 62 1 12 80 

 2 2 13 2 19 

, P  =1/54 = 0.018, P  =10/54 = 0.18, P  = 3/54 = 0.55, P  = 40/54  = 

0.74 

 (Pi j=     i  j)

3.4.      

       . 

  j   (reachable)   i (i j)     

      i   j   

 . 

  i  j  (communicate) (i j)     

.           

  (equivalence),      : 

1.   (reflexible).      

       0  

2.   (symmetrical).    i   

 j,   μ          

    j     i 

3.   (transitive).    i   

 j   j    k    i    k. 

           

 ,         

   μ      . 

         . 

             

         (recurrent)   

           

(recurrent class).         

  (absorbing event)       
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   (transient)      

     .

           

 .          

     ,   

(ergodic).        ,   

 (irreducible.)         

          

       (Grimmet & Stirzaker, 1982). 

3.4.1 μ

  μ     μ  P:

P =

C D E F G A B C’

C 0.20 0.20 0.20 0 0.20 0 0 0.20

D 0.20 0 0.40 0 0.40 0 0 0

E 0 0.50 0 0.50 0 0 0 0

F 0.20 0 0.40 0 0.40 0 0 0

G 0.20 0 0 0.30 0.30 0.20 0 0

A 0 0 0 0 0 0 1 0

B 0 0 0 0 0 0 0 1

C’ 0 0 0 0 0 0.50 0.50 0

  P.1

     C’  ,  (C’ A)  ( C’  C’  

A).    A  G  ,  G A, μ  μ  

       μ      G. 

 μ     ,   C’   (recurrent 

events).  μ     μ  μ   

( μμ μ  ),      (recurrent class).

    ,   μ    μ  

μ  .          

 μ   μ  ,  μ     μ  

μ       -  μ  -   

1 Cambouropoulos, E (1994)  43.
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   .         

μ   μ   μ    , μ  

  μ       .

3.5.   (Random Walk)

  Markov     (Random Walk 

process),       μ   μ ,    

      {p11, p22, p33, p44,...   ...pmm} 

( -   - ).  μ    μ  μ   

Markov        .

W =

0 1 0 0 0 0 0 0

0.5 0 0.5 0 0 0 0 0

0 0.5 0 0.5 0 0 0 0

0 0 0.5 0 0.5 0 0 0

0 0 0 0.5 0 0.0 0 0

0 0 0 0 0.5 0 0.5 0

0 0 0 0 0 0.5 0 0.5

0 0 0 0 0 0 1 0

      μ   .

       μ    

μ  μ  μ     μ   μ  

,  . .  μ  μ  μ      

  μ  μ    μ  (Miranda, 2001) ( . 31) :

μ  31.  μ  μ     

   (Random Walk).

  μ         

    :

   μ   μ   μ   ,   

   .     μ     μ   

.      μ   p,      

     q = 1 - p  (   . . p = 0.5, q = 1- 0.5 = 0.5.). 
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  μ        :

.        μ ,  μ   

  .       

μ     μ    (random walk with 

reflecting boundaries)    μ       

μ  ( .32) :

P1 =

0 1 0 0 0 0 0 0

q 0 p 0 0 0 0 0

0 q 0 p 0 0 0 0

0 0 q 0 p 0 0 0

0 0 0 q 0 p 0 0

0 0 0 0 q 0 p 0

0 0 0 0 0 q 0 p

0 0 0 0 0 0 1 0

μ  32.  μ    μ   .

       μ  μ  , 

     μ   μ   .

.        , μ  .  

        μ  

  (random walk with absorbing boundaries)    

μ       μ  ( .33) :

P2 =

1 0 0 0 0 0 0 0

q 0 p 0 0 0 0 0

0 q 0 p 0 0 0 0

0 0 q 0 p 0 0 0

0 0 0 q 0 p 0 0

0 0 0 0 q 0 p 0

0 0 0 0 0 q 0 p

0 0 0 0 0 0 0 1

μ  33.  μ    μ   .
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        ,  

  o   (   μ  μ  

μ ,  μ μ  )  μ  μ   

(Cambouropoulos, 1994).

3.6.  1.

,    μ  μ   Markov μ   

         . 

 μ ,          

      (Ames, 1989)

          

    ,      

μ  μ      (  , , 

, μ , ,  . .),     

μ  ,   ,      .  

  ,        

 ,        ( . . 

     ,   

  μ   ).    μ    

 μ  μ , μ  μ  μ    

.       μ      

(Campouropoulos, 1994). 

 μ         

      ,    

  . ,        

     ,    

     . 

3.7 μ    (long-term transitions),  

μ  (  μ ) (Stationary distributions)   

μ   (Waiting Counts)2.

  μ      μ   μ  

μ   μ .     μ    

 xi  xj     pij.  μ  μ     

  μ   μ    Markov μ - μ   

μ μ ;     μ   xi  μ   

1       μ   μ  ,    
   μ   ( . ,  , 1995).

2     ,   μ   ( . . μ  μ  ) 
  μ   -   - .
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 xj μ   n- μ ;    μ   μ   μ  

 μ  μ     μ     μ μ ,  

  μ μ    μ  -  .

  μ   μ  μ    μ   xi  μ  

 xj μ   n- μ  (xi xk1  xk2  xk3 ....   ... xk(n-1)  xj ) 

μ  μ  pij
(n)

,    μ  P μ      

μ   μ  μ   n- μ  μ  μ  P(n)   

  n-  μ    P.   P(n)=Pn.

3.7.1. μ

   “Markov Chains as an aid to computer assisted Composition (1994) O 

μ  μ     μ :

   μ  3x3  μ    μ   {A, B, C}. 

   μ    B μ    A   

μ  5 μ  . pAB
(5) = ?. μ     P             

                        

        

 ,   μ  PxP1 = P2 μ  :

                                               

    

P =

0

0

.5

1

0

.5

0

1

0

P(2) =

0

0

.5

1

0

.5

0

1

0

:

0

0

.5

1

0

.5

0

1

0

=

0

.5

0

0

.5

.5

0

0

.5

1   μ     , mxm     :

a11

...

ai1

...

am1

...

...

...

...

...

...

...

...

...

...

...

...

...

...

...

a1m

...

aim

...

amm

:

b11

...

...

...

bm1

...

...

...

...

...

b1j

...

...

...

bmj

...

...

...

...

...

b1m

...

...

...

bmm

=

c11

...

...

...

cm1

...

...

...

...

...

...

...

cij

...

...

...

...

...

...

...

c1m

...

...

...

cmm

 cij = ai1 x b1j + ai2 x b2j + ....   .... + aim x bmj  =  

 ij    C,  μ        
μ     i-      μ     

 j-     

a ik bkj

k=1

m

/
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  P(4) = P(2) x P(2)  :

 

    

  

  , P(5) = P(4) x P,  :

μ ,   PAB
(5)    0.25 = 25%.  μ    

   μ    μ  P(5)  ·  μ    

  μ  μ    μ    μ   

     μ  μ .

 μ    μ     μ  ’   μμ  

    μ   ( .§3.8).

   μ    μ      

    μ  μ      .  

μ ,           

, μ  μ       μ   

μ    ,         

 μ  . ,      μ    

     .   μ    

     μ        

μ  .       μ  μ  

,        ( ) μ     

  (stationary probabilities).

μ , , μ       μ   μ , 

μ μ ,   μ    mj  

       μ  (probability vector) tj.

 μ    μ   :

  μ  t = (0.2, 0.4, 0.4),  μ   μ μ   

 ,   C  μ    20%, 40%  40%   

 .

P(4) =

0

.25

.25

.5

.25

.5

.5

.5

.25

P(5) =

.25

.25

.125

.25

.5

.375

.5

.25

.5

P =

0

0

.5

1

0

.5

0

1

0
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 μ    μ       μ   

 μ     μ :     

μ   μ    μ  ,    μ  (  

   )        

 μ  μ  ,   μ   (Ames, 1989).

,       μ μ  μ   

    μ    μ  (average waiting count). 

 μ  μ     μ    

    ( -    )   μ  

  μ      μ   μ  

 μ      μ .  μ μ   

   μ   μ      :

W =
1- p
1

 p     μ   W    . , 

   μ     μ ,  -  μ  -  
    ,     μ     

 ,    μ  (Ames, 1989).

3.8.         

(  -  ). 

      Markov      

             
  . ,         

     ,     
 ,  .         

   PA B        C   PB C, 

      A  B    B  C  : PA B C = 

PA B  PB C, .            

   0.5 (  50%)         

  C 0.2 (  20%) ,   : A B C  PA B C = 0.5 0.2 =0.1  

(10%) 

     C     , 

       . ,   

          

.       Markov,   

            

       . 

 ,    2
 

      

     (       
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)           

  .      

            

               

,  ,   .  ,  μ    

μ       μ  , μ  μ   

μ    μ   μ   ’   

    μ       

 . ,          

 μ     μ       

 μ  (   =    ) μ     

μ   .

 Charles Ames (1989)     “The Markov Process as a Compositional 

Model : A Survey and Tutorial”  :

“...       μ     

 μ  ’        

.  μ  μ   ,     

μ     .  μ    

    μ    μ  μ ,   

μ       μ    μ   

μ  . . .

     μ    μ  μ  

 μ .      μ   μ  

         

μ .            

μ    μ    μ    μ   

   μ .  μ   μ   

  μ      ,  

  μ       . . .

,       -   Markov μ  

   μ         

 μ     (  ).”

 μ     μ    

Markov  .  μ     μ  

 μ       μ ,   μ  

μ  .     μ    μ   

 μ   μ  .     

     μ  ‘  ’  μ  

     μ     μ  (μ - μ  

).
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4.  E μ       

  

     μ     

  μ    μ  Max/msp.     μ  

     Sequenza per Flauto,  Luciano Berio.  

     μ  μ      

μ  μ    -    -  μ   

. 

      μ     

Macintosh   - -  (Midi keyboard).   ,  

 μ   μ   μ    

    μ     ,    

μ  μ   μ    . 

    μ    ,    μ   

 -     -    μ  μ   

  μ   μ  .

      μ      μ  

μ  , μ    μ       

   .

4.1         μ  

  Prob_My Berio Chain   .

  Prob_My Berio Chain      2003 μ    

μ  μ .      μ     

μ           Sequenza I 

    L. Berio.    μ  μ  

 μ     μ   ,     

μ  (Prob_My Berio Chain)   μ    

 μ    Sequenza per solo Flauto  L. Berio.   

     μ     

μ  .

4.1.1    :  Sequenza    L. Berio 

 Sequenza     1958.      

   “ ’’        

,           . 

          sequenza  

       .   

      .       

       : 
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“  Sequenza I         ,    
        .    

 ,       ,   . 
    ,     , 

        ,  
  . 

               
    .      ,     

  ,          
          ”. 

4.1.2     

        :  ,   

.           

        .  

       ,    

           

 ,         

       . 

          

 ,         

,    .  : 

         ,   

       

 

DO DO# RE RE# MI FA FA# SOL SOL# LA LA# SI SUM

DO 1 5 7 1 9 0 11 3 5 5 20 11 78

DO# 10 0 13 9 4 1 3 4 1 1 5 15 66

RE 8 12 1 15 12 3 2 0 2 0 8 11 74

RE# 4 14 10 0 3 12 7 2 0 2 2 3 59

MI 0 5 9 8 0 14 13 7 2 2 7 1 68

FA 1 4 9 3 14 0 10 11 2 5 0 5 64

FA# 14 3 3 4 16 6 2 7 11 4 0 1 71

SOL 3 4 2 4 0 11 8 0 9 14 2 6 62

SOL# 9 1 5 0 5 4 8 10 0 6 10 5 63

LA 3 2 1 8 0 8 6 6 17 0 6 2 59

LA# 6 6 10 3 4 1 4 7 5 8 0 9 63

SI 20 8 6 5 1 2 2 3 7 11 6 0 71

SUM 79 64 76 59 68 62 76 60 61 58 66 69 798

     Sequenza I   Flauto. μμ   
 μ
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         (798)    

   ,      Sequenza.  

          : 

Do (79) Re (76) Fa# (76) Si (69) Mi (68) Sib (66) Do# (64) Fa (62) Sol# (61) Sol (60) Re# (59) La (58) 

0%
8%
16%
24%
32%
40%
48%
56%
64%
72%
80%

DO DO# RE RE# MI FA FA# SOL SOL# LA LA# SI

μ  34.   μ      Sequenza I.

          

 2  (9 )  7 ,        

         . 

,        

         : 

Do-Sib (7 /2 )

Do#-Si (7 /2 )

Re-Mib (7 /2 )

Mib-Fa (7μ/2 )

Mi-Fa ( 7 /2 )

Fa-Mi (7 /2μ)

Fa#-Mi (7 /2μ)

Sol-La (7μ/2 )

Sol#-Sol-La# (8    2 )

La-Sol# (7 /2μ)

Sib-Re (6μ/3 )

Si-Do (7 /2 )

     ,     

   Sib,  . 
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 ,      μ      

  μ   μ  (    μ )    

μ  μ  ,  μ     μμ μ  Max/

msp     μμ        

μ   μ      μ   μ  

 μ   μ          

μ       Prob_My Berio Chain.

 μμ   μ     μ  :

      ,     

        

Marcov.        ,    

         ,  

    Midi . (C4=60 C#4=61 

D4=61........ . . ) 



89

  Prob1  (probability)       

 .        -

            

 , (       798 ) 

   ,    isto    

       ,   

           

   μ 2.

        -    

     .      

midiformat   sequencer (seq).      

 (       ),     

«  - »    μ      

μ  μ   ( . ). 

     ,    

     ,      (  μ  

,  μ ) : 

1   μ  Prob     (inlets)   μ .   
μ     (   μ )     μ   

μ          μ ,    
    μ . ,  μ ,   1 2 4, μ     
μ   μ    1  2 μ  “  ” 4.   μ  prob 

μ    bang,  μ   μ     ,  μ   
 , μ    μ     μ   

     .    μ    (  
  μ ),  μ  prob   bang    

. μ       μ  μ   
,      μ      μ   

μ   μ . ,  μ   μ   μ    
 μ   3 4  1,    (3)  μ  3/(3+4+1) = 0.375 = 

37.5%    ,   50%    12.5%.

2  μ  Histo  μ  μ   Prob μ         
 μ     μ   ( . μ ).
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(articulation)    (dynamics),     

 : 



91

     Max/msp    

   : 
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     μ   μ :

10 1 1 1 1 4 4 8 1 1 1 1 1 1 1 1 4 4 8 1 1 1 1 1 2 8 1 4 4 8 2 2 2 8 1 1 1 3 3 8 1 5 5 5 1 

1 1 1 1 1 1 1 4 8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 5 5 1 8 1 8 1 1 1 5 5 5 5 5 5 5 5 2 2 2 2 2 

2 8 2 8 3 8 3 10 8 1 1 1 4 8 3 3 3 10 8 1 1 1 8 3 8 1 5 2 2 2 8 2 2 2 6 8 1 1 2 2 10 1 1 1 

1 1 2 8 1 5 5 8 1 1 5 5 7 7 7 7 7 7 7 7 7 7 7 8 3 3 3 2 5 8 1 1 1 1 1 1 2 2 8 1 4 8 1 1 1 2 

10 8 3 2 2 2 2 2 8 5 5 5 5 5 5 1 2 5 5 5 8 1 1 1 5 5 5 5 5 5 5 8 2 2 2 2 8 1 5 5 5 5 5 5 5 

6 8 1 1 2 8 3 8 1 1 1 4 8 3 8 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 8 2 2 8 1 1 8 1 1 8 5 8 1 1 5 

5 6 1 4 8 1 1 1 5 5 5 5 5 2 8 1 1 1 1 1 1 1 1 1 1 1 1 8 4 8 1 1 1 1 1 2 2 8 3 6 2 2 3 2 8 1 

8 1 1 1 1 5 5 5 8 2 2 2 2 2 2 10 1 1 1 1 1 1 5 5 5 8 1 1 1 2 2 1 5 5 2 2 6 1 1 2 2 2 2 2 2 

2 2 2 2 2 5 5 5 2 2 2 8 3 3 3 2 2 2 2 2 2 2 2 2 5 5 5 5 5 5 1 5 5 8 1 5 5 5 8 1 1 1 1 8 1 1 

1 1 1 5 5 5 5 5 1 1 1 8 1 1 1 1 2 2 2 2 2 2 2 2 8 2 6 2 2 2 4 8 4 8 1 1 8 1 5 5 7 7 7 7 7 7 

7 7 7 7 7 1 3 8 1 5 5 5 5 5 5 8 9 8 2 8 1 1 5 5 5 5 5 6 8 4 8 1 1 1 1 1 4 8 1 8 3 2 2 2 2 8 

4 8 3 3 3 3 10 3 3 3 8 3 3 3 2 2 2 2 2 2 2 8 2 5 5 2 2 2 8 1 1 2 2 2 3 2 2 8 2 2 2 2 8 3 6 

3 5 5 5 5 5 2 8 1 5 5 5 5 5 8 2 2 3 10 1 2 5 2 8 1 2 2 2 2 2 2 2 2 8 1 1 1 5 5 6 5 5 5 5 8 

3 6 3 3 3 8 1 1 1 1 8 1 5 5 5 5 5 5 5 5 5 5 5 6 4 9 9 8 5 5 5 

        .  ,  

       : 
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,    : 

 

    Max/msp :
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    μ      μ  :

4 9 8 10 4 2 10 4 10 9 7 9 7 6 5 9 6 5 10 3 9 7 10 3 9 8 10 4 9 5 9 8 10 1 4 9 8 10 

6 10 7 10 6 5 3 9 6 9 7 9 5 2 3 4 10 3 9 4 6 4 9 5 6 5 9 8 5 9 8 10 4 2 3 9 8 7 4 9 8 

3 2 4 9 5 6 5 8 10 5 4 10 3 4 9 7 2 3 7 9 8 1 3 9 7 10 3 1 3 7 8 7 5 7 10 1 4 9 8 5 4 

10 7 5 10 3 1 3 2 4 10 3 9 7 10 1 3 5 3 5 6 5 7 10 7 10 3 9 8 5 10 3 1 3 9 7 5 6 5 8 

3 4 9 8 5 10 6 9 7 10 5 3 5 6 10 4 10 6 9 7 6 5 9 7 10 4 1 3 1 3 9 5 6 5 7 10 5 6 3 5 

2 3 7 8 5 7 9 7 6 9 8 3 10 5 10 2 3 5 9 7 6 10 5 7 10 7 10 2 4 2 4 10 1 3 5 4 9 7 9 5 

2 1 3 9 7 9 8 5 2 4 3 7 4 9 7 9 6 9 6 9 7 10 2 8 5 9 7 10 6 3 9 8 4 2 8 10 2 4 10 2 5 

4 3 4 6 5 3 1 4 3 10 3 9 6 4 5 10 8 1 3 9 8 10 5 9 6 10 7 4 6 5 9 8 7 9 8 7 10 2 5 3 

5 4 9 

   μ  μ ,  : 
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4.1.3    .

        ,    

       .   ,  

           

,       Sequenza  L. Berio  

. 

           

   ,         

Berio    ,      

     « »,    . 

,       ,      

     μ μ ,      . 

      Prob_My Berio Chain      

ax/msp.       .     

             

 ,    μ   .    

 legato   ,    μ     

 non-legato     tempo   μ   

 μ      μ       .  

  μ         μ   

μ   .        

    μ   μ    tempo     μ    

   μ      μ    . 

 μ   (acciacaturas)        

   μ   μ      .  

Flatterzung           μ μ  μ .

    μ μ   Luciano Berio.
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4.2    - μμ      

μ    μ  Chain 1 & Chain 1a.

4.2.1    μ  Chain 1.

  μ  Chain 1 μ  μ    μ  

  .        μ  μ - μ  

μ  ,       μ   

  μ  .  μ   μ   ,  

μ       μ  μ    

 μ    μ .   μ     μ  

     μ    , μ   

sustain pedal,        μ  . 

μ   μ - μ   Markov,    μ  

 μ        .

   μ    μ    .   

μ  μ ,     - - μ   

    .  μ     

μ  : Performance Driven      

    μ  ,     -   

  . ,  μ μ  (transformative)   

μ  μ    μ μ μ  μ    

 . ,     μ   

“ ”,   μμ      

 μ  “ ”  μ , μ      

  μ  μ   .

   μ      μ     

  μ   μ μ   Markov    

 .   μ - μ     μ   

    μ   μ μ       

μ μ ,   μ μ , μ   μ    μ  

μ    μ ,         

    .

  (interface)  μ  μ    - ,    

 μ    μμ μ  Max/msp,    

μ    μ  ( . 35)
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μ  35.   interface    Chain 1.

  μ    μ  μ .  μ   

  μ  μ   μ  notein.     

μ  ,   μ     μ   Midi 

.     μ  μ     

 Midi interface, μ      μ  μ   

     Midi    .1

   μ   μ  notein       

 μ      (noteon  velocity > 0,  noteoff 

 velocity  = 0).  ,   μ       Midi 

keyboard,  μ  μ  μ  μ    ( . . 60 = ),  

     μ  notein  μ  μ   (  

(0) 1  127),   μ       μ .  

    ,  μ         μ  

     μ  μ   0   μ    

1       μ   Powermac G5 (Max/msp 4.3.1 
 Logic Pro 7.0.1),  midi interface Romio Esi   Roland D-70.  μ  

 μ , ,      μ   Midi 
 (Midi controllers),   μ   μ    .
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.  μ    μ  notein   μ  flush1,   

        μ μ   (noteoff = 0)  

   μ μ    bang   .   μ  flush 

μ       μ μ  noteon  noteoff  μ  noteout2, 

 ,     notein,   μ        

 μ   Midi    .

   flush            Midi 

      μ      μ    

    μ  ,       

μ μ  noteoff     . μ   flush,    

μ  bang        noteout,  μ  

  μ μ  noteoff          μ  

.

  μ    noteout    Midi  

μ  μ       driver IAC Bus (Apple), 

μ   μ    μ  Apple Logic Pro 7.01   

 .  μ   μ     . , 

     μ      

  μ  -   .

   μ        Midi 

μ   μ .   , μ    

 μ  μ ,      μ  

μ , μ   μ        

  μ  μ        μ  

  μ    μ     μ    

.    ,  μ   μ     μ  

 μ ,  μ   μμ     

   μ     ,      

  .

4.2.2 M    .

 μ     μ   , μ    

μ  notein μ   sub-patcher FootRouter ( . )  

1  μ  flush    μ       , 
     note-ons      note-offs.  

 flush  bang,          μ μ  noteoff, 
   ,     μ       μ  

μ   0    .

2  μ  noteout     (    )  , 
,    μ    Midi    μ .
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μ  anal1,   μ   μ    

μ μ     μ   μ  μ      

 μ  prob.

 sub-patcher FoutRouter   .     

  Midi μ     μ  prob, μ  

   .  μ   μ  sub-patcher   

 μ  ( .36) :

μ  36. H μ   sub-patcher FootRouter. 

 μ  ctlin    μ   notein, μ   μ  

  Midi.  μ   μ   μ   μ  

μ     μ  μ    μ  Midi controllers (   Midi 

controlers . μ ). ,  μ    controller 64   

μ     sustain pedal,    127   μ   0   

.      ,  μ   127    

ctlin    μ  select2.       μ  

μ  μ  μ   μ  127    μ  select  bang 

        μ  TogEdge3 ,   

   Ggate. , μ    μ      

1  μ  Anal μ     μ       
μ  μ   .    μ    μ  

 μ :    1,   2     μ  
 μ     (Max/msp Help, 2004).

2   μ  Select   μ   (int),  (float)  
μ  (Symbols)   μ   μ       μ .   
 μ  μ   μ   bang  μ  (  μ    

 ) ,  ,    μ  μ   μ   
   (Max/msp Help, 2004).

3   μ  TogEdge   bangs       

μ    0 1    bangs       μ  1 0.   

     bangs (Max/msp Help, 2004).
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  ,  (  )  μ    μ  notein  

  μ  anal.   μ    μ    

          Ggate    ,  

μμ       (control panel)    

    μ     μ  ( . 37 & 38)

μ  37.  .    .

μ  38.  .   pedal   .   .

     sub-patch FootRouter  μ  μ   send μ  

μ  foot.  μ   μ   μ  send  μ   

μ       receive μ    μ . 

   patcher   μ   control panel,   

μ   μ  r (= receive) {foot} μ  μ μ   μ   

   Ggate     -   

 LED ( . 39).

μ  39.  μ   control panel.

   μ        μ   

  μ    .   μ     

 μ      μ μ  dump  μ  

prob.      Max/msp  μ    μ   

Max Window,     μ  ( .40):
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μ  40.  μ  (Prob).

    μ ,      μ  

   μ   μ     , μ   

 μ  ( . .   μ  (64)  μ    1 (72)  

).   μ    μ  prob μ    

μ    μ  bang   .

O  μ     μ       

 μ   μ    μ  prob,    

μ μ  clear.     μ  μ  μ  μ   

    μ       .

4.2.3 μ   .

      ,  μ   

   μ   μ   .  μ   

μ         .   

 μ     μ  μ  ,  μ  

  , μ     . 

      ,  μ  μ   

μ     sub-patch GetDur.  μ   μ   

 μ  41:
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μ  41. GetDur sub-patche.     μ  .

 sub-patch    μ     μ  

.  μ   μ  timer1  μ   μ  

select,    bang       μ       

0 ,         = 0.       μ  

timer   μ       .   

   μ   (  = 0),  μ  select  

 bang     timer,   μ        

   μ   μ     μ    

  μ  .      μ   

,    μ   ,  μ     

   timer    μ  split2.      

 μ   40    ( . .   μ  

 )  μ     ( . .  

μ  μ    ) .   μ   

    μ  split    number boxes  

   μ .

        μ  ,  

μ      :

1. μ   sub-patch VelDuRouter. To μ  sub-patch 

   μ   FootRouter.      

μ   μ       μ  

makenote.  μ       μ  ( . 42):

1   μ  Timer  μ  μ .       
'bang'.   bang    , (  Timer)   μ   μ   
μ   0    μ .     μ     

  μ      μ  μ      
μ  bang     (Max/msp Help, 2004).

2  μ  Split   μ         
   μ         μ .   μ  

  ,  μ         (Max/msp Help, 
2004).



107

μ  42.  sub-patch VelDuRouter.

   μ  42,  μ  VelDuRouter    μ .   

  ( )  μ      ( ).    

 μ      ( μ    GetDur sub-patch)  

μ   - μ  μ   μ   /  -    

  μ    μ  makenote.       

    μμ  D     .  

μ  key        μ   

μ     .   V  D   μ  

9  2. ,       μ   μ   

    μ  select,  μ   

bangs    μ        ( )  

 Ggate, μ     μ   μ    makenote 

    μ  μ  (s dur). μ     

       ,   ,   

 sub-patch FootRouter,       

 control panel μ   μ  μ  send durvalue  send velvalue 

( . μ  39).

2. μ   μ  metro    μ  

μ   , μ     μ  μ  

    bang.  μ      

μ        μ  

   μ    ,      

μ  .   μ    μ  500 ms  

μ  metro     bang  prob    , 

  μ           

  ,  μ     VelDuRouter,  

     μ  μ     

GetDur. 
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4.2.4 μ .

  μ  μ      μ  Chain  

  .     μ  notein    

 μ      .     Midi 

 μ  μ   μ  μ   0  127.     

μ    notein    μ   μ  stripnote1 ,   

  μ     “ ”  μ μ  Note-off (Vel = 0). 

 ,  μ   μ   sub-patcher 

VelDuRouter,  μ       μ  42 ( . ). 

   μ      μ μ ,   

  μ      ,     

  μμ  V.   ,   μ      

           

  .       μ   μ   

μ μ ,   μ μ      μ  μ . 

  μ , ,      μ     

     μ    Midi   

       μ  noteout. μ  

μ    μ   (       

   μ    μ μ  note-off,  μ   

μ    μ  .     

    μ   (    μ  number box), 

         μ     

μ  ( . .  bang   number box),   μ μ  note-off  

  μ         μ  flush.

1   μ  Stripnote   μ  μ μ   note-ons  note-offs (  
    )   μ   μ μ  note-on (    

μ  μ -μ  ).  μ         μ   
     .    μ    

   μ   μ    (Max/msp Help, 2004)
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4.2.5    μ  Chain 1a.

  μ  Chain1a  μ    μ  Chain 1. 

  μ    μ - μ   Markov.    μ  

     μ       

μ     μ   μ     ,  

          .    

 μμ   μ   μ    ( . 43) :

μ  43.    μ  Chain 1a

      μμ    μ     

 μμ          

 μ  μ      μ  

μμ ,    μ  μ μ   μ     

        μ   μ .

 μ        μ  

μ   μ  prob.  μ      

 μ      μ   μ  μ . 
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,        . ,      

          μ     

μ  μ   μ  μ   sub-patches FootRouter, 

VelDuRouter.

μ      μ ,     

“ μ ”    μ      .  

 μ     μ ,      

“ ”     μ     μ  

    μ        

      μ   μ  

 .

,     sub-patch    (   μ   

μ  Chain1)  μ  Quantizer o  μ    

    . 

      μ  Quantizer  V  

  μ   . μ   8   

  μ    μ  ppp ~ fff (ppp, pp, p, mp, 

mf, f, ff, fff).  midi μ    μ  μ    -

μ :
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    μ  μ    μ   

μ   μ      μ .  

   μ  (1,2,3,... ...8)   μ  Prob, 

   μ  μ     Chain1.   

   μ  μ      

   μ   μ  μ  1~127    

μ  makenote.
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4.2.6 .

  μ  Chain 1  Chain 1a     

.      μ  μ    

-μ - μ      μ  μ ,  μ , 

μ     μ  ,   μ  μ  

  μ  μ    . ’     

     μ       

 μ     ,       

  ,   μ  μ .   μμ   

    μ  μ      

  μ .

     μ      μ   

   μ    (controllers)  μ  (  

 ,   D    V).  ,  μ  μ μ  

   μ   μ      .   

μ  (  μ ) μ       μ  

μ    μ  .  μμ  μ   

collage  μ      J.S. Bach : Herliebster Jesu, was 

hast du verbrochen.

       Machintosh (G4  

),  Midi keyboard (controller)   μ   .  

    μ  noteout      Midi 

controller  μ  notein,       μ  Logic 

Pro 7         Cd      

μ  chainlogic.iso.  μ   Midi μ   μ   

 driver  Apple, IAC Bus Driver,   μ    

   Environment  Logic.  μ     

Max/msp  μ        μ  toggle,   

   .

 μ  μ   μ      

μ   μ ,  μ      μ  

  . ,      μ    μ ,   

   ,      , 

μ   μ  μ   .   μ   

μ  Logic   Audio Unit Sculpture  μ   μ  

μ             

μ   μ   μ  .



113



114
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4.3    - μμ      

μ    μ  Canon.

To μμ  Canon   μ    μ   

  ,   μ  μ   μ   

mouse   .   μμ     

μ   μ  “ 1”.   μ  -   

,  μμ   μ   μ  Logic Pro 7.01    

μ  Midi μ   IAC Bus Driver.

  μ    μ    μ    μ  

μ   μ   ,  . .   μ     

 , μ  μ    . .     

  μ  μ  μ      

 μ  “  ”.  μ      

 μ   μ   mouse,     μ  

   μ  μ  μ    ,  

     μ  μ      “  

” (comes).

    μ       (interface) μ  

     μ  (  44,  μ   . 

μ  .10) :

μ  44.     μ  “Canon”.

 μμ     μ μ .   ( )   

1    μ  μ      μ   (dux) 
μ    μ μ   μ  - -  (comes).  μ   

 μ             
“ ” (   , 1994a).
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        mouse.   μ μ  

(μ )     μ    μ  μ    

 μ   ,   μ   μ   “ ”   

  μ    . . ,   μ μ    

  μ   μ        μ  

μ  Midi,   μ   Logic Pro 7.    ,  

 μ        μ  

 Markov  .

  μ μ    μ  μ  μ    μ ,   

 (tracking)        μ   

mouse.   μ     μ    μ   

   mouse (  = μ  ,  =  

),      μ       mouse (  

= μ  ,  = μ  ) ( . 45).

μ  45.   μ .

  μ  μ   μ  μ    

mousestate      μ   μ .  μ  

mousestate     μ      μ   

  mouse.  μ ,  μ      

  bang    (  46) :

μ  46. μ     μ  mousestate.

    μ   μ , μ  

μ     (  ) .        

μ     μ    μ  mousestate :
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1. .     ( μ ),  μ  key  

 μ  31   ,   μ  μ    μ   

μ  select     bang  toggle,   

  μ  metro,   μ      bangs  

 μ  mousestate, μ   μ    70  

 .

2. .    1      

   Gate, μ      μ μ  On/off  

mouseclick   μ  mousestate. ,   μ   

μ             

  (     number boxes    

mousestate)      click.

     patcher,    mousestate   

 μ    μ  μ    Midi. ,  μ  

          mouse, 

μ   μ   0  80,    (  )  0  

127.  μ  mousestate   μ   mouse   μ  

    μ   pixels. ,   

μ  μ   μ 2    μ  (scaling) :

1.   :  μ   0  1679 μ   μ   0 

 80.

2.   :  μ   0  1049 μ   μ   0  

127.

    μ   μ  scale,     

   μ  μ ,  μ μ  μ       

 .  μ ,   μ  scale  μ  μ  (  

     mouse)  μ    0  1679   

μ  μ   μ  0  80.

    ,  μ   μ     

μ μ  .  μ   μ  change    

μ        μ   μ  

μ             

μ      μ   μ .  μ      

μ  change    μ  ,    μ   

μ        .    

1    ( ),      , -  
  .

2 μ  Apple Cinema Display 20’’ (1680 x 1050 pixels).



120

 μ    ’      , μ  

μ   μ  μ   μ   . 

  μ  block  

patcher canon   control panel 

 μ  ( .  ).   

    

 μ    

μ     

  .  control panel 

   μ μ .  

 μ μ     : ) 

     

     

mouse, )    

 μ      

  (come)   

 )    

    

    

   . 

 μ  μ μ ,   

μ      μ   

   μ μ    

μ   μ  μ .

  μ μ , ,   

  μ  “   ” (comes),    

μ μ           (dux) 

μ    μ  μ  , μ , μ - μ  

μ    .   μ       

  . ,    ‘ ’   

( . ).

  μ  block  μ  Canon  ( )    μ μ  

 patcher μ        μ  μ   

    -Midi- μ   ( . 47)1 :

1  μ   . μ .
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μ  47.   μ .

    μ ,  block     

(    μ ) ‘ ’ .      

    μ  :

     -dux- (    

       μ  

μ   mouse)   μ  makenote. 

   μ    

  control panel    

makenote μ  μ   μ    

 μ  send  receive  ( . μ  

 9.2)      μ   makenote 

     

μ   μ   Midi,   

   μ  μ   ( ,    ). , 

    μ  noteout,      

Midi      μ   (  μ  

  Logic Pro 7.01, μ   driver IAC Bus).

    -comes-  μ  

μ  μ     μ  

μ  μ .  

μ    μ  

   μ  μ   

·      

μ 1.      

μ  ( ),    μ  

   -dux-   μ μ   

  . . .         μ , 

1     μ  μ    μ   
μμ μ ,       μ μ  
μμ  
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μ   sub-patch p CanonMarkov2, p CanonMarkov3 . . .

 μ   sub-patch CanonMarkov2    μ  ( . 48)

μ  48.  sub-patch CanonMarkov2

 sub-patch CanonMarkov2    (inlets).     

μ ,  μ  loadbang   μ μ  1   Gate. H  

 ( )  μ μ     on/off    

control panel      μ     μ  

  markov.      μ   , 

  Gate μ   μ    μ μ     . 

    (   μ  μ ) , 

μ   μ  μ    μ     

μ  anal  prob.    μ       

,   μ    μ μ  bang   

μ  prob,   μ   μ  , μ    

  μ   (  bang    μ  anal, 

μ    μ     μ   μ  μ  ). 

    sub-patch  μ     ,   

       mouse.  μ    ,  

    ,     μ  μ   μ  

pipe1.  μ          μ  

  μ μ    μ , μ ,  . .  μ   

 μ  pipe   μ μ  note on  note off , μ  

1  μ  pipe     μ  .      
μ μ             μ   

       μ     . 
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     μ    μ μ .    

    μ   control panel ,  μ ,  

 μ  entrance delay.  μ   μ       

μ , μ   μ  send  receive.   ,   

μ  ,      ,     

 . 

   μ   μ     ,   

μ μ  μ    μ  flush.    ,  

μ        ,    

  - - μ     μ     (dux). 

 μ         μ   

 μ  μ   control panel.       

  sub-patch CanonMarkov2,     

μ  “ μ  ” μ   flush,   μ  

μ   μ  makenote, μ   μ     

(come)   μ  . 

 μ  makenote    μ        sub-

patch CanonMarkov2,    μ     μ   

 μ  μ  μ     “ ”    

  control panel.  μ  μ   μ  (Midi)   

μ  noteout 2,    μ  μ  IAC Bus Driver  μ  

Logic Pro 7.01,       .   μ    

 μ   “ ”     μ   , , μ   

   μ , μ  ’    clear 

 dump. 

       μ  .  

μ   μ   sub-patches CanonMarkov2  CanonMarkov3~4 

   μ     .  

   μ  (  49)  sub-patch CanonMarkov3  μ  

      μ      

·   μ   μ   CanonMarkov4.     comes 

   . ,   μ    

    μ   μ  Entrance Delay 2nd V  control 

panel,  μ       ,   

   μ . 
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μ  49.  sub-patch CanonMarkov3

  μ  Canon         

 μ  .  μ      μ  

.    μ       μ   

μ   μ  μ      - -  

 μ  μ .    μ    μ   

μ  ‘ ’ μ     μ     

μ  μ   .     μ    μ  

μ       μ   μ  μ  

    ‘ ’  .  μ  μ   

μ          

μ  .         . .  

Lighting System  Buchla . .
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5.  -  &  

    μ       μ , 

  μμ μ  Max/msp   μ  Markov. H  μ   

         μ     

 μ  μ    μ .       

       μ      , 

  μ       μ   

  μ    ,      

μμ μ  Max/msp     ,    

        μ   

 μ  .

O μ  μ      “ μ   

 μ   ”   μ     

 μ     μ   μ /

μ  :

“  ‘ ’  μ   ,    ,  

 (   )        

μ     μ  μ    μ  μ  

μ  (Minsky, 1993).1    μ  ,   

  μ    μ  ,   μ  μ   

.  μ       μ   μ  μ , 

         μ  

     (Bent, 1980)2. 

 μ  μ    μ    μ  

 μ  μ .       

      μ     

μ     μ      

 μ   μ   μ  ,    

 μ     μ    .   

 μ   μ        

 μ  μ ,       μ  

μ    μ      μ  

μ .

   ,    μ  , 

   μ      μ  μ ,    

  ‘ ’ μ  μ  (software).    

1 Minsky, M. (1993) Music, Mind and Meaning. Reprint  in Machine Models of Music, S.M. 
Schwanauer and D.A. Levitt (eds), The MIT  Press, Cambrigde, (Ma).

2  Bent, I.D. (1980) Analysis. In the New Grove Dictionary of Music and Musicians, Vol.1. 
Macmillan, London.
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 μ  μμ    μ  ‘μ ’    μ  

,        ‘ μ ’     

 μ  .  μ   μ  

      μ  μ  

μ ,  . .  μ  μ  μ ,  

μμ ,  μ   μ  , 

μ        μ  

μ , μμ      μ  , 

μ     μ  μ   μ  μ   

  . ”.

,   Markov        

   .     ,  

   ,        ‘’ ’’.  

      ,    

       (     . ). 

,       -   - 

             

 . , ,        

          

   .   - -      

          

    μ  . 

    ,        

,     (   μ   

)       ( . .   

    7
 

 Sequenza).    

    ,       

 . ’  ,       

           

     μ       

  .  μ   μ     ,   

   -  -       μ  

 .

    Markov  μ  μ    , 

        μ      

‘ ’ μ  μ μ  (long-run). ,   

μ μ   μ     μ       

    ‘ μ ’.    Bach, Beethoven 

. .   μ         

 μ    μ   -   μ  .  

μ      ,   μ     

μ  μ   μ      μ ,  

μ μ      (Cambouropoulos, 1994).
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        μ    

Markov  μ  μ    -   

 -    μ  μ  μ   -    

 μ μ  μ   μ -  μ μ ,  

 μ ,    .    

     μ    μ μ    

    μ    μ    

(Cambouropoulos, 1994).

 Charles Ames    “The Markov Process as a Compositional Model” 

  μ   μ μ   μ  μ  :

   μ  μ      μ  - - 

μ    Markov    μ   μ    

 μ     -μ - .    

     ‘Illiac Suite’   ‘Computer Cantata’    

    μ μ μ ,   “ ”   μ  

μ    . ,     

    μ      μ .  

μ    Xenakis μ   μ   ,  

    μ   ( ,   . .) 

  μ   μ .    μ   

 Xenaki Screens. (Ames, 1989)

        ,  

        ,    

   ,        

   ,       

 .

μ  μ      μ  μ  (1994) Marcov Chains as an 

aid to computer Assisted Composition :

“   μ     ,  μ    

μ μ   μ     ,   

 μ    [...]   Markov   

   μ      μ  

 (  μ   . . μ ),  μ  μ  

(formalized) μ μ  ,   μ   μ    

   .   μ   

μ  μ  μ         

  (flow) μ ,   μ μ     

  μ .   ,  μ   

   μ    μ   μ    

μ   . . .      μ  
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    μ  μ    μ   

 ‘μ  ’       

.

       μ  [...]  μ     

μ  μ μ   ‘ μ ’    μ    μ , 

   μ   (low originality)  μ   

  (Ames, 1989).

  μ   μ        

μ   μ   μ -    

μμ  (   μ    ).   

        μ  μ    

.  μ   μ  μ     μ    

  computer music.         

   μ  -   μμ    

  μ μ ,   μ  μμ .    

   μ     ,    

         μμ  (Puckett, 2002).

 Fernando Iazzetta (1996)    “Formalization of Computer Music 

Interaction through a semiotic Approach”  :

“     μ     ,  

     μ   μ  μ  

 .  μ       

( )       , 

μ       .    μ  

         μ   

μμ   ,      μ   ( . . μ  

)   . [...]    μ   

-      -       

‘ ’ μ      μ     

         

 μ .  μ   μ   μ  μ  

  ,  ,    

μ   (sign space).” 

“[...]   μ  μ       μ , 

    “ μ ” (contextual)    

.   μ   ,  μ  μ  

(precomposed music),   μ  μ   μ    

,      μ     

    μ       

 μ  μ .  μ       μ , 

  μ      (compositional process) 
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   (performance process)    

 μ       ‘40”.

           

  ‘μ ’   μ  .    

          

μ ,  μ   (output)     

  μ    μ   (performance).  μ μ   

      μ  μ   

  μ   μ   μ   μ  μ  

 ( μ μ    μ ).     

  μ   μ  - a priori μ  - μμ   

 μ  (Linear Problem Solving Approach) (Vaggione, 2001).

  μ  μ          

μ .   μ  μ    μ       

  μ       (    

μ  )              

   μ  μ  (Garnett, 2001).

 μ   μ    μ      

μ  μ    μ   μ .   μ  

  μ   μ     μ    

  ,      (μ  

 μ ) μ    μ   ,     μ  

 μ    ‘μ ’  μ    μ  

.    - μ -  (mapping)  

  ,       μ     

- - μ   μ      μ ,  

          .

  -    μ     

  - μ   μ       

 μ       μ    

     μ .     μ   

  μ   μ  .       

μ    μ      

(Vaggione, 2001).

             

  μ   μ .    μ  

μ ,          

 μ     μ         

     .        

          

    μ  μ    μ . 
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,    μ       

 - μμ  μ       

  μ .         

  μ     μ    μ μ  

 μ   , μ   μ   μ    

       μ    

μμ .

      μ     

          

μ   (input)    μ  (output)  μ  

 (real-time).      μ      

     μ  μ  (Computer 

Interactive Music Systems). ,  -   μ  

  (world – wide – web)      μ   

       μ  .     

      , μ       

μ  μ   ,    μ μ  (Tzedaki, 2002).

“ as software increases in  sophistication and hardware becomes more liberally embedded, one will feel less like 
one is working with a computer than just simply working.” 
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Guy E. Garnett

9. 

  μ    (   μ   

μ  ),     - -  μ μ    

      - -    μ ·  

      “ μ   ”  Andrei Tarkovsky :

“[...] ’   μ    μ   μ       

      μ  ,        

·       μ   ,     

   μ  μ      μ .  

     μ  μ  μ     μ  

  μ ,   μ  μ ·   μ     

μ         μ ·   μ   

 μ .

      μ   μ      

       μ ,      

  μ  μ       μ   μ   

 .

      μ      ,   

    ‘μ  ’,  ,  ‘  

’, μ    μ     μ   ‘ ’  

 .       μ ,   

μ      ,    

   μ         . 

  μ      ‘μ  ’  

μ   μ        .  μ      

  μ     μ  μ   μ   -   

            ‘  

μ ’ -      μ   μ ,  

  μ    ·      

‘ μ ’, ‘ μ ’     ‘  ’ μ  

μ   , μ  μ     .

      μ  μ      

     ‘ ’,  ‘ ’ -     - 

μ ,             

             μ .  

 μμ   ‘ ’ ’    ,     

            

      ,     μ   

.  μ , μ  μ’     μ   

   μ  ‘ ’     μ   , 

μ     ,     · 

   ,   μ   μ   

μ   ,      μ   μ   
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.     μ       

    μ  μ        : “   

   ”. ,     ,    μ   

   ,          , 

  μ          ,  

  .  μ        

μ    μ   ‘ ’      ,  

μ   μ   μ ,       

 μ .          

        .      μ  

         ,   . 

      .    

   ‘   ’,    μ   

,          μ   

                

.

      μ       

    μ     ,  μ  

       μ    ,   

  .       ,    

      μ   μ ,     μμ  

’       μ      μ  

 μ .        μ  μμ    

          μ    

           . 

  ,   μ  ,    μ       

            .     

‘ μ   μ ’,         

μ   μ , μ  μ μ    μ   

,    μ , μ μ        

μ .  μ      μ    μ  

 ,          μ  

 .

 μ   μ       μ     

μ   μ    ‘ μ ’   μ ,   

   μ           

.   μ           

,    μ   μ       

 μ    μ  .         

  μ    , μ   μ  ‘  ’,  

       μ     μ    

 .

   μ   μ       μ  μ , 

μ   μ  μ  μ   .      μ  

 μ     ,  μ     μμ μ   

   ,   μ μ     μ  -  
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    .  μ , μ ,    

   .

 μ  μ     μ    μ    μ   

μ  μ   .  μ  “ μ     ;”  

 μ      μ   .    

   μ       μ  μ   

     μ μ ,   μ   μ   μ  

 μ μ          μ    

  μ         μ      

,  μ  μ  μ       .

     μ   μ     

μ   μ    μ  μ     μ  μ   

·  μ     μ   μ      

.   μ   μ  μ   . μ       

        ,   

  μ   μ    .  ,     

  a priori       μ  μ  

     μ  μ  μ .    

    ·        

μ   μ  -    -   .    

       μ · ’  ,   

          .

          μ  μ   

μ   . μ  ’  μ    μ μ    μ  

  μ  μ     μ μ     μ . μ μ  

 μ       .

     μ   μ     ,   

μ  μ -      μ    μ    ,  

      μ  .   μ      

         ,    

    μ      .  

 μ     μ      ,    

μ   ,     μ   μ  .

  μ  μ   μ         

         μ    , 

 μ    μ  μ .   ’   

     μ    μ ,  

 μ  μ    μ   μ  μ .   

μ μ    μ  μ    μ    μ    

 μ ,  μ      μ  μ       μ  

 μ ,  μ   μ   μ .

        μ   ·  

        .

 μ  μ  μ   μ   μ ,      

   μ  μ     μ      

  μ   μ .         
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  μ   ,   μ    μ  

μ  μ ,   ‘ μ ’ . μ   μ    

,    ,   μ , μ        

     ·  μ ,  μ   

μ      μ μ .

  μ  μ   μ      μ    

,              

   μ . , ,      μ  

μ . ,   ,      ’   

    μ      μ ,      

 μ  μ μ        μ   μ  .

          μ    μ  

   μ   μμ     

μ   μ  ,          

,             .   

        ,      

            

μ           μ      

μ  .      ,    

 μ  ·  μ        μ  

       .       

μ   μ   μ       

 .

               

 ,   ,  μ   μ     

  μ  . ’   μ μ   μ       

 ‘ ’     μ ,     μ  

    μ     .    

  ,       - μ     

       μ  .   

 μ       μ  μ , ,   

  ,     μ ,  μ    

 . 

        μ    μ . (  

μ     μ    μ .)  μ   

 μ    μ   μ   , 

μ   μ   μ μ     μ  

.

  μ      μ   μ    .  

          

μ       μ    ,  .  μ   

         . 

 μ         μ   

μ   μ .         

,       μ    μ .
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         μ      . 

μ  μ    μ  μ   μ  

 μ      ‘ ’ .  , ’ 

    μ ,   μ       

 μ  μ ; μ    μ        

 μ    μ ,          

    μ     ·     

 μ ,   μ    μ        

     .       μ     

  μ   ·      , μ   

 .  ,   μ    μ ,   

,    μ .    μ    , 

      μ    μ , μ     

 μ    μ .

    μ      μ   μ . 

 μ   μ     μ   .  

μ  μ   μ   μ . , μ   μ    

μ   μ         -    μ . μ   

μ       ‘   ’   μ ’·   

   μ  μ  μ     μ   μ  

 μ  μ      .

 ,         , 

     .    μ     

μ   μ         ,  

   μ    μ      

.

            “  

     μ ,      ”.  

 μ  μ      μ         

  .   μ     μ  μ     

    ‘ ’ .  μ  ;  

μ ;   μ     μ      

 μ       μ , μ  , 

  ...    μ          

,  , ,  μ μ  ,   

μ μ      μ     μ  μ  

.  μ  μ        μ    

,      μ     , 

  μ  .

      μ          

    μ  μ . μ      

        μ     

  μ  .           

μ            

.      μ       μ   

μ  .
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     ·  μ    

 μ     ,        

  μ    μ     ,    

μ   μ  ’   μ   μ .    

      μ       μ  

        .

 μ              

 ,  μ μ    μ       μ  

  ...    μ      μ    

μ   μ  μ       μ  .  

   μ  μ    ’   ,   μ  

   , μ         

    μ   μ        , 

  μ   , μ   μ     . ’  

      ·   μ    

 μ ,          

  μ     μ  .  μ    

‘ ’  μ    μ , μ   : 

         μ       

     ,       

     μ  .   

μ   μ  ’         

  ’    .   μ     

             

    μ .

  μ      μ       

μ    μ    μ     ,  

   : “         

 ( ’ 7). ’      μ  μ    μ · 

μ ,  ,   μ   ;     ;   

;    ,    μ     ’ μ ; 

  ‘ ’    μ     μ μ   μ μ  

  μ     μ   μ  .

    ,      - , , , 

μ , ... ,    ,  ...     μ  

   ,     μ        

.         ,     

       ,  ,   -   

 μ  μ     .

   ;      ;      ; 

   μ    μ   ;    μ  

,   μ ;       ; 

    μ  -     μ    

. μ  .        μ  

  -   .
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  μ   μ ,  μ    μ    

  μ  μ   ;    ’  

  μ ;     ,       

      μ ;      μ  

      .      . , 

  μ  μ   μ     μ  -  

  μ   μ μ   μ     . 

 μ   μ      μ    

 μ    μ  , ,  . 

μ   μ    μ ,  μ  μ    

 μ  μ  μ , μ   μ     

·  μ  μ  μ  μ   ,   μ   

      μ μ   μ    μ   

μ        μ   μ .    

 μ   μ     μ  μ     

   ,             

     μ  μ   μ    μ   

   μ   .   μ         

μ            μ   

.         μ  

μ   ·          , 

μ          μ     .

         μ , μ  

 μ μ       (   μ   μ  

)     μ ,   μ , μ   .

  μ   μ     μ ,   μ  

,   μ     μ    μ  

 -    .        

’ ,   ,    μ  μ         

   .

    μ    μ .   μ μ   : 

“  μ !  μ !   ,  !  μ  μ ! 

 μ ! ! μ ! μ !”       

    .  μ    μ   ,  , 

 ·        ·    μ  

  .     μ ...      

...   ’ ,  μ      μ ,  

;   μ       μ    

 μ  μ   μ  μ  μ    ;    

    μ    μ   .   μ  

 μ   ,   μ   μ   . 

  μ  ’   ,     μ  μ    

μ   ‘ ’   .  μ   μ     

   ,      .  μ  μ     

 ,       μ .
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 μ    μ     μ ,   μ μ . 

   μ μ   μ  , μ  μ    

.

 , ’   μ      μ   μ  

   μ  μ      -   

 μ  .   μ        

 ,      .   

 μ   μ       μ    μ μ  

’   μ   .

 

Andrei Tarkovsky.
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μ

.1      μ

.1.1    μ  ;

   μ   - - μ   “ μ ”  “ ”,  

         μ  

.   μ       μ  .

      ‘50,      μ   μ ,  

      μ      

  μ .  Schaeffer  Henry μ    

μ     μ  «Musique concrète».  

μ   Eimert  Stockhausen   μ  ,    

μ   ,  μ  «Elektronische Musik».  Varèse μ   

   -   μ   ,   

μ   - «Organized Sound».  μ    

Luening  Ussachevsky μ   «Tape-Music». 

  ,    μ ,  μ   

     μ    μ ,    μ  

μ       μ . ,  μ    

     μ    μ   μ    

μ     μ  -  μ    

  . (Holmes, 2002)  synthesizer, μ   μ  

μ ,          μ   

μ ,      .   

   μ    μ    μ :

1)  μ    (Pure Electronic Music).

2)    (Electroacoustic Music).

.1.2 μ   μ  (Pure electronic music)

       μ  μ  μ   

  μ    μ ,    

 .       

     μ     . 

  “  ”,     μ    

μ  ,         

 μ  μ      μ   μ .   

  (additive sound synthesis)   μ     

.
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        Ensembles for Synthesizer 

(1961-1963)  Milton Babbitt  μ   RCA Music Synthesizer  

Columbia-Princeton Electronic Music Center   Switched on Bach (1968)  

Wendy Carlos,       μ      J.S. Bach 

μ    Synthesizer Moog. 

 μ   μ , ,  μ    μ   

   μ   μ   μ  ,   μ  

 μ .       μ      

μ     - -    μ .

       μ  , 

     μ   ab ovo, μ     

 μ  o  ,     μ  

 μ      μ .

.1.3  μ  (Electroacoustic Music)

    μ ,     

  μ   μ  μ ,      

μ    μ , μ   μ    

    .       

 μ        μ    μ  

  ,    μ  μ  μ   μ  μ  

   μ      μ     

.

     “  μ ”    

μ   live  - μ  μ      

.    μ     Catridge 

Music (1960)  John Cage   μ    - , 

μ             

   Rainforest IV (1973)  David Tudor    

μ   ,        

    , μ    “ μ ” 

   μ   μ .

  μ     μ    

 μ  .       

μ  μ   μ  μ     μ  

     “digital sampling”.     

         μ     

μ  , μ        

.
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  -   -    μ  

   Live Electronics.         

μ   μ       ,  

   μ .       

   μ        

        μ   

 μ .  Karlheinz Stockhausen,    1964   

 Mikrophonie I, μ   μ    μ   

      tam-tam.    μ   

Live Electronics   Superior Seven(1992)  Robert Ashley    

   μ  , μ      

μ  μ       .

.1.4     μ .

  μ      μ ,    

 μ  .      μ     

μ    μ       μ  .  

μ       μ     μ     

  μ ·         μ  

 μ  .       , 

     Granular    μ    

 μ    μ    μ  μ  

  μ   . 

   -   -   μ , 

 μ      μ   μ   

  μ     -   -    

  .   μ μ   μ     μ  

μ  μ     μ :

1.    (Synthesizers).

2.  (Tape Music).

3.  μ  μ      (Tape Music + Live 

Performance).

4. Live Electronics.

5.     μ  (Interactive Music 

Systems).

6. Multimedia Music + Internet Music.

7. μ  .  μ    μ .
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.2  

.2.1 μ  μ     μ     

μ μ         19  .1.

 μ     μ    μ   

μ        μ    

    μ     μ     

     μ   μ   μ    20    

.

  ,     μ μ    μ  

 μ ,         

 μ  .      μ μ   

  μ  (formal) ,     

 . μ ,  μ   μ μ  μ   μ  

 μ ,     μ      

 (Xenakis 1992).  μ      μ  , 

μ     μ  μ   μ    μ .

    6 -5   . . ,     

   μ  μ  μ  μ μ  .  

μ       μ  μ  μ     

,     μ  μ  μ   μ   

(“ μ   ”) 

 μ  μ μ      μ    μ  

      μ    .    

  μ   “ μ  ”   , 

 μ  .

 1026 μ. .,  Guido d’ Arezzo  μ   μ  (formal) 

  μ  .       ,   

μ    μ    μ   μ . μ  

      μ  .

    14       15 ,   Guillaume 

de Machaut, Philip de Vitry, Johannes Ciconia Guillaume Dufay, John Dunstable 

- μ  μ μ  μ  μ  (   μ  )  

1   μ      : Roads, C. (1996). The Computer Music 
Tutorial. The MIT Press, Cambridge (USA) | Chadabe, J. (1997). Electric Sound The Past 
and the Promise of Electronic Music, PrenticeHall, New Jersey | Maurer, J.A. (1999). A Brief 
History of Algorithmic Composition. Retrieved December 23, 2001 from the World Wide 
Web: http://www.ccrma.stanford.edu/~blackrse/algorithm.html    Holmes, T. (2002) 
Electronic and Experimantal Music. Routledge New York & London,    

 .
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μ        μ  μ   

μ .    μ  ,      

μ μ  “μ ”, μ     μ  

 ,      μ  .  μ  

μ , μ  (talea)  μ  (color) μ   μ , μ  

μ  μ .  μ      μ  

μ  μ   μ    μ  μ .

 Guillaume Dufay (ca1400-1474), μ , μ      

μ  (  1:1,618...)  μ  μ       

tempi   μ   μ        

 .  rondeau,  ,       

  μ ,   μ     

μ  μ  .

  , ,   μ    Soggetto cavato, μ   

  μμ     μ    ( . . 

Hercules: e=re=D; u=ut=C).   μ  μ     

  Guido d’ Arezzo.

  16       μ  . 

  μ    “ ” ,    

   “Archicembalo” ,       

Don Nicola Vicentino (1511-1572).

  1600 μ       Athanasius Kircher     

“Musurgia Universalis” (1600),  μ   μ   μ  “Arca 

Musarithmica”    μ  , μ  μ   

μ      μ , μ   μ . To 1641 

      μ    Blaise Pascal.

,   μ   μ  μ     

"Musikalisches Würfelspiel"  W.A. Mozart.    μ   

μ ,    .       

μ          μ    

  μμ  μ ,      

μ  μ  . 

 1822   μ  μ      

"Kaleidoacousticon system" - μ         μ  

 μ    μ      214 μμ  .  

1865, μ  μ  ,  μ μ  "Quadrille Melodist", μ   

 428 μμ  .

 1877  Thomas Edison (1847-1931)   . ,  

     μ ,       
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.        μ  -  μ   

-   μ ,      μ  

 μ  ( μ , , ,  . ).  μ   

       μ   Emile Berliner (1851-1929),  

      μ   μ  μ    

Edison. 

To 1880,   Alexander Graham Bell (1847-1922),  μ  μ   

    Washington     ,  

 1898   Valdemar Poulson (1869-1942)   "Telegraphone,"  

       μ   μ  μ .

.2.2 20   :  -   μ      

 μ .

       20    μ     

  μ  ,  μ      μ  

   μ  μ      20  ·   

    μ       

  μ   .

H 12  ,   μ    Arnold Schöenberg (1874

-1951),         Anton Webern (1883

-1945), Alban Berg (1885-1935), Olivier Messiaen (1908-1992), Luigi Nono (1923

-1991), Karlheinz Stockhausen (1928-)  Pierre Boulez (1925- ),   

         μ  μ , 

   μ   μ    μ μ    

μ - μ μ   ( . . Structures, Boulez) μ  μ  

           

 μ  ( . . Karlheinz Stokausen, Etude I & II)

  μ     μ     

 μ    μ .     50 

 μ     μ  μ  μ   

     μ ,   μ ,  μ    

μ .    μ          

μ            ,   

 μ          , 

 ,  - -  .   μ    

       μ   

 μ  μ       μ  μ  

 μ  .
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.2.3   - Avant Garde.

   μ   20         

μ      μ    (        

),  μ     Avant-Garde1,    

   μ  ,   μ     

 μ    ,     μ  

     μ      

.

  Avant-Garde   μ   μ  μ , 

   .  μ   μ  

 -  μ   μ  μ   

μ .  μ  μ         

μ   μ  . ,       

       ,    μ  

       .     

        μ   μ . 

 μ         μ  , 

μ  , ,   μ     μ   

   μ  μ ,    μ  

  μ   ’   μ       

    ,        μ   

20  .

   -  μ     μ  -  

  μ   μ  μ        

 μ , μ       ,    

       μ      

   .

      19     μ  μ   

     μ   μ ,     

   17  .  μ  μ , ,   

μ  μ ,    μ  μ    

μ    μ    μ  

μ . ,         

   μ         μ  

,      μ     μ  

1  -  : . . )     , . 
 μ   19      20 ,   μ    

  μ  μ   μ ,       
μ  . )   μ  μ ,   , μ  

  , μ     [...] ( μ , 
1998).
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 .         12  

μ   Arnold Schoenberg (1874-1951)      μ   

 μ  ,      Igor Stravinsky (1882

-1971),    μ         

μ   μ     Pierre Boulez (1925-)  Karlheinz 

Stockhausen  μ   μ    Clusters, μ  μ  

           

μ   ( . . Threnody for the victims of Hiroshima, Krysztof Penderecki, 

1958),  μ        μ  μ  

 μ  ,      μ     

           

μ  μ    μ .

.3     μ   (Cahil, Theremin, Martenot, 

Trautwein & Hammond)

       ,    

  μ     μ  μ   

   μ  . 

 ,    Nikolay Obukhov  1918     

  μ  Ether          

      5         

  .      Obukhov   

     ,  μ  μ   

        μ  

:  Cahil, Theremin, Martenot, Trautwein & Hammond.

.3.1 Taddeus Cahil - Telharmonium

  19       μ  μ   

μ  ,   μ   Musical Telegraph (1874)    

Elisha Gray   Singing Arc (1899)   William Duddell. ,   

      μ      

Telharmonium  Taddeus Cahil,     μ      

19  .  Telharmonium -    μ     200 

-  μ   μ      1902 

μ    μ  μ  μ   μμ .  , 

       μ   μ  μ  

, μ          μ .   

   Telharmonium, μ   μ   

     μ   μ       

    μ     .
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    . 1.  Taddeus Cahil  2. To Telharmonium  3. T    
 Telharmonium

.3.2 Leon Theremin

   μ  μ    μ   μ  

     Leon Theremin.    1920   

   μ   μ  “Aetherphone”, 

  μ   μ   μ   μ   

  (Theremin).  theremin    

       ·   μ  

μ           

      .   

 μ    μ      

 μ   .       

  ·       

     μ    

μ        (     

     μ  ),  

       

 μ      ,  μ ,  (  

       ). 

 Theremin μ   μ  μ    μ    μ   

           

    μ       μ  

,   -  μ  μ    μ  μ   - 

  μ        .

 Theremin    μ μ    μ     

 .  μ ,      30  

 Terpsitone,            -

         μ   μ  

   μ    μ  .  μ    

  μ        μ   μ   

   μ  (Interactive Music),    

     20  .

.3.3 Maurice Martenot

     μ  μ      Theremin, 

    Ondes Martenot (  μ  Ondes 
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Musicales).        μ  Maurice 

Martenot (1898-1980),        

μ .   Martenot     μ  

,    μ       

   μ        

   . μ    ,  

     μ ,   

μ    μ ,      Theremin  

  μ    μ   μ   

    .  μ     

  (     Theremin).  

  Martenot, μ     μ   

 μ o  ,   μ     μ   

μ   ,  μ   - μ  - -  

μ μ ,         (user-

friendly) μ  .

 Ondes Martenot   μ    , μ   

μ  μ   clavichord.     μ     

μ      μ  .     

μ   μ     μ  

μ      ,    μ    

μ       μ  .  

  μ ,       

μ   ,  μ    

,    μ   μ  μ     

  , μ      μ  

μ      μ .    

    μ    7 .  

Martenot, μ       μ   

 o   Dimitri Levidi (1886-1951)     

      .     1928   

μ    Symphonic Poem for solo Ondes Martenot and Orchestra,  

    μ  μ μ  1/4  1/8  ,  

 μ    μ       .

 1932  Martenot  μ          

  μ ,     μ .     μ  

,     μ     μ    μ   “ ”,  

 μ    μ   .    μ     

controller   , μ     μ   .  

 μ       μ   

μ       μ . μ , 

 μ          

    .     

μ μ   μ   μ  synthesizer 
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(AfterTouch), μ     μ         

μ       vibrato.  ,  μ   controller  

 μ      μ  ,   μ   

   .

 μ  Martenot μ   μ  μ    , 

      ,    μ   

    μ μ   ” μ  ”, 

  μ .      :

1. Haut-parleur (Loud-Speaker,   )

2. Resonance (   μ  )

3. Metallique (μ     gong, μ   μ   

   μ  )

4. Palm ( μ    , μ  μ    

)

 Ondes Martenot   ,      

    μ     μ     Ondes Martenot. 

     μ  μ    μ   

μ   μ   .     

        : Dances Incantatoire for Two Ondes 

Martenot Andre Jolivet (1905-1974), Fete des Belles Eaux for Sextet of Ondes 

Martenot, Symphonia-Turangalila Olivier Messiaen, Suite for Martenot and Piano 

Darius Milhaud. . . 

.3.4 Friedrich Trautwein

To 1928 o Friedrich Trautwein   μ    Paul Hindemith   

μ    Oskar Sala (1910-2002),     μ  μ  

  μ    μ μ    .     

Trautwein   Trautonium,   μ     

             , 

     μ  μ   μ  ’    

 μ .      μ   Trautwein   

 “ ”  μ  ·  μ      

:      Hindemith   ,   

 μ     μ         

.

  ,    μ  Martenot,  μ    

  .    μ   Pedal     

,     μ    “μ ”   

 μ        .
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 1934  Trautwein     μ   ,   

μ      .  μ   

μ  μ μ  μ  ,   μ    

 μ  μ , μ     μ     

  μ  .

      μ      Hendemith,  

    ,   μ  Concertino for Trautonium and 

string Orchestra (1931),  - -   μ   Sala     

μ  μ     μ  .

   μ  μ ,  Trautwein  μ   μ  

 μ   μ  Monochord, μ       

       .  Sala    

   Trautonium     μ  μ ,    

         μ  

μ     μ   - μ  ,  

      Pedal. To     μ  

Mixturtrautonium    μ  μ   μ    

  studio     Eimert    Stockhausen.

μ   μ   Mixturtrautoniums,     Deutsches 

Museum          Sala.

.3.5 Laurence Hammond

 1929   Laurens Hammond (1895-1973)  μ    ,   

Hammond Organ, Novachord, Solovox,    μ    

.  μ    μ  μ   μ     

  Hammond Organ,     91  μ  

μ  ,     μ  μ     

 .   ,    μ  3,  

  μ   μ   jazz μ   μ . 

μ      μ  μ        

μ     spectral musique ( . . Grisey Modulations). μ   

μ          

 .     μ     

 μ  ,  μ  μ  μ      

  μ . ,    μ   

     μ     , ,  

 , μ   (synthesizers),   μ   

  μ .  ,    Telharmonium,  Ondes 

Martenont   Hammond         

μ      μ  μ   μ   μ   

 .
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.4 Tape Music (Musique concrete Vs Elektronische musik)

.4.1    (Tape Music)

H μ  - -    μ ,   

   μ      ,   

 μ  μ   (Tape Players- Recorders).   

     μ ,          

μ     μ     . , ,  

  μ   μ   ,    

   μ μ   μ ,      

μ  μ  μ    μ  μ .  μ    

   μ   Allegemeine Elektrizitats Gesellschaft 

(AEG)    1935.

      μ   μ ,   

μ      μ      ,   μ   

       μ .      

μ  :

.)  μ     μ ,    μ   

μ  ,     .

.)     μ      , μ  

  - μ   ,   μ     

      μ       

μ    ( . . Loops, Wavetable synthesis . .).

  μ   ,   μ   μ   

 μ   live performance,    “ ” μ   

    μ   μ .  

  μ     -  -  μ  

,      μ  -   -  

 μ .   μ  μ     

    (Synthesizers)    μ , 

  μ   “ ” μ  (  μ    μ  

    ),    μ  - - 

    μ . ,      

       “ ” μ ,      

 μ   μ    μ   avant-garde     

  .  μ            

μμ    μ       .

 μ      μ ,  μ    μ  

, μ μ    μ   μ     

 μ ,      μ       
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 .     μ      μ   μ  

        ,    

μ     Theremin   Trautonium    

μ . ,      μ    μ  

,  μ      μ ,   μ  

 μ , , μ        

μ .

.4.2     

    μ   μ ,    μ    

          

   μ  μ .  μ    μ  

“ μ ”   .  μ   μ    

  .   μ       μμ  

      “ μ   ” .  μ    

,      μ  μ    

   .          

μ       μ  ,  John Cage   

Karlheinz Stoc hausen,         μ  

        μ   μ . 

   John Cage :

[...]    (  Tape μ )  μ   

μ  μ      ,      

,     .       μ  

μ .       μ μ  ( - -

- ).  μ μ     μ ,    

. μ   μ      μ   

! [...]

O Karlheinz Stockhausen, ,    μ    

     ,       μ  

   .  μ  μ   μ     

  μ    ,     μ    

 μ   μ   μ .    ,  μ ,    

   μ  μ        μ    

μ   .          

  ,      μ    .  

   μ    Stockhausen       

“ μ    ” (Unified Time Domain).
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.4.3    Tape Music

      μ  μ    μ    

μ ,      μ    μ  

μ , 50  μ ,         

μ  μ     μ . ,  μ      

 μ     μ     μ    

    CD   DVD,   μ   

- μ  -   μ  Tape  ,      

μ   μ        .   

μ    μ    μ    μ   

μ   μ .

.4.3.1 Tape Splicing

      μ ,    μ   

 μ      .   μ    

   μ μ   , μ  μ       

 .    μ   μ    

   μ , μ     -  

μ  μ -  μ   μ   .   , 

         μ   

,  μ     μ   μ   

  μ     μ μ     .    

μ     (    μ    ), μ  

μ        μ    μ  μ   

  μ       μ       

.4.3.2     μ  μ .

      -  μ    μ -  

      μ       

 μ   .   μ      Alvin 

Lucier μ   I am sitting in a room (1970),     

   .  μ       μ  

      .  μ    

      ,    μ    

     μ    μ ·     

     μ     . 

   μ  μ    μ  ,  

μ     IIR (Infinite Impulse Response),     

   μ       μ  

     .
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.4.3.3 Tape Echo & Looping (  & )

     μ ,  μ       

      μ .     

      μμ  μ ,    

   μ     μ  .   

μ  μ        ,  μ  

  μ     μ  ,    

      μ   . , 

 μ   μ     , 

 μ   o μ  (Wavetable Synthesis).

.4.3.4   μ

, μ   μ μ       

 μ ,    μ   μ   

μ .    μ    μ  μ     

 ‘50    μ     . ’    

      μ     μ    

μ       μ      μ .

.5    Tape Music

 μ        μ   μ    

  ,       μ   

  .            

  μ     μ  μ .    

 μ    μ  μ  ( , ,  ),  

  μμ     .

.5.1 ORTF - Paris

   μ    μ   μ ,   

 μ       ,     

.   μ      μ    

   μ  :  Pierre Schaeffer  Pierre 

Henry.     (o Schaeffer      μ ), 

         μ   μ  

   .  μ        

Musique Concrete : μ  μ   μ   μ  

 ,       ,   

μ  ,   . (   concrete = μ   

 ,       μ      

).
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 Schaeffer         1931  

        μ .   

 μ      μ  (French National 

Radio & Radiodiffusion-Television, RTF),         

  μ  μ . H   Schaeffer    

     μ ,    1944    

μ     μ  μ     μ   

La Coquille a planetes,    μ  μ    μ  μ  

   .   μ ,  1947  Schaeffer   Jacques 

Poullin,  , μ  μ      μ     

   μ     .

    1948  Schaeffer     ,   

  μ    Etudes de Bruits.    μ   

μ    μ       musique concrete.  

μ        μ μ :

1. Etude aux chemins de fer (  μ    μ    

 μ    )

2. Etude aux tourniquets (  , μ      

(tourniquetes , whirligigs)

3 + 4. Etude au piano I & II (μ   μ     

 Boulez)

5. Etude aux casseroles (μ     ,  , 

  μ  )

  μ    μ :

1. 4 

2.   μ

3. 

4.   

5.  “ ” 

6.   μ  

7.         μ .

 μ       Schaeffer,       

 musique concrete    μ  μ  μ     

     μ .        

 μ   :

1.    -      μ -  

μ     μ    μ       

      μ     

μ ,        .
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2.      μ   μ  μ  ( . . 

, μ  . ),  μ  μ  μ  .

3.   μ     μ    

    (     μ    

).

4.       ,   

μ    μ  μ  μ .

   Etudes  Schaeffer      Pierre 

Henry,   μ     1949.  1951   μ  

    μ  μ   μ , 

  μ   RTF   μ   μ  

   μ    μ   μ  

 μ .    μ  GRM (Groupe Recherches 

Musicales)       1951    μ :

1.   .

2.   μ  10  (Morphophone)  μ   

μ     . 

3.  Tolana Phonogene,  μ  24 presets  

,      keyboard.

4.  Sareg Phonogene μ      μ  

μ   (Pitch-Shifting Effects).

5. To Potentiometre d’ Epsace. (Controller       

  μ   ).

      μ      μ   

  Schaeffer  Henry,   Symphonie pour un homme seul,  

 μ  μ     ( μ     μ  μ ) 

 μ  :

1.   ( ,   ,  . .)

2.   ( μ , μ  , μ μ   . .)

 μ    μ    Henry  , ,   Le 

Voyage (1961-62)    Variations pour un porte et un soupir (1963),   

  μ    musique concrete.

 ,    Henry  Schaeffer,  μ     

μ  , μ     μ    

Pierre Boulez, Karlheinz Stockhausen, Marius Constant, Darius Milhaud,Olivier 

Messiaen, Luc Ferrari, Edgar Varese  Iannis Xenakis.
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.5.2 WDR - Cologne

           

μ .    μ         

         μ   μ  

,    μ    μ , 

   -   μ -   -  μ . 

   1949  Dr. Werner Meyer-Eppler (1913-1955),  μ  

μ  , μ     μ   “Elektronische 

Klangerzeugung”,        

μ  .        μ  Herbert Eimert 

(1897-1972),       μ    

  μ    μ      

 μ ,       Anton Webern.    

    μ     μ  ,  Robert 

Beyer (μ  )   μ      

       μ       

.    μ   , μ     

    μ   μ     .

μ          μ  , 

       Konrad Boehmer,     

     μ   μ  μ   :

[...]  μ         ‘50   “ ” 

μ .   μ       μ  , 

   μ           [...]

  , ,         

 μ    Schaeffer  Eimert,    μ   

     . ,   - - 

  μ   .   μ μ   ’ μ  μ , 

   ,    μ    

  Schaeffer,        μ   

μ  ,   μ , μ      .   

       Schaeffer, :

[...] μ     μ  μ  ,  μ  

 μ    μ    12  μ . 

μ      μ  μ      

  μ       [...]

’            μ , 

  μ   μ . μ    Milton Babbit     

Pierre Boulez. 
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  ,      ,      

    Eimert   μ   μ    

   μ        μ  μ    

     music concrete,       

    μ μ      μ  

   μ    ·      

 μ     .

      μ  μ   μ    

μ  ,        μ      

μ   μ       synthesizer  . To 

  μ  μ  :

1. -   μ  .

2.   μ  .

3.           

           

 μ    μ  (μ   1957).

4.   ,   μ    

 band-pass filter.

5.  ring-modulator

6.    .

   μ     μ     

   ,    μ   μ     

          . 

      μ     

μ  μ    μ   μ  ,   

      (reverb),   (echo)    

  μ    μ μ   μ μ  μ , 

    μ  μ      

μ    .

   μ          

: Sinophonie I (Barlow, 1945), Klang im unbergrenzten Raum (Eimert, 1952), 

Klangstudie (Eimert, 1952), Pfingstoratorium-Spiritus Intelligentiae, (Krenek, 1956), 

Glissandi (Ligeti, 1957), Artikulation (Ligeti, 1958), 1st & 2nd Exercises, (Cardew, 

1958), Transicion I (Kagel, 1958-60), Acoustica (Kagel, 1969), Studie (Humpert, 

1965) Tanz (Gehlhaar, 1975) . .
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.5.3 Columbia Tape Music Center.

    μ   μ   μ   

    50’   μ . μ μ  μ    

 ,  μ      ,   

      μ    μ  

 μ   .        μ   

 μ    μ ,   Columbia Tape Music Center   

.

H    1951,   μ  ,  Otto Luening (1900

-1996)  Vladimir Ussachevsky  (1911-1990),      

 μ  Columbia,    μ       

    μ μ  μ   μ  μ .  

μ   μ μ  :

1.     Ampex 400

2.   Magnachord

3.  μ  Western Electric 369.

O Ussachevsky  μ   μ  μ      Peter 

Mauzey,     μ ,  9      μ   

 μ ,        Ussachevsky: 

Sonic contours. H    μ        

μ      .    μ   

 Ussachevsky  Luening,   μ      

 .       μμ  μ    

concrete music.       μ ,    

     Columbia       

 .

μ      μ  - -   μ  

   μ    : Fantasy in Space 

(1952), Low speed (1952), Invention in Twelve notes (1952)  Luening   

μ            Sonic 

contours  Ussachevsky    μ  μ    . 

           

μ   μ , μ       

μ .

μ         Columbia,    

   μ     μ  Rockefeller, μ   

       , μ   

         μ  

  μ   μ .      
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 ,        ,  

     .

   Columbia,      μ   μ   

  Princeton University, μ   μ   μ  

       : Animus I (Druckman, 1966), 

Time’s Encomium (Wuoriner, 1968-69), Electronic Study  No.1 (Davidovsky, 1960), 

Le Tomeau d’ Edgar Poe (Mimaroglu, 1964), Variations for Flute and Electronic 

Sound (Carlos, 1964), Ensembles for synthesizer (Babbitt, 1961-63).

.6  μ  Studios μ :   1948   1967 

( ).

  μ   μ  (Tape Music)   μ    

   μμ ,   μ     

   μ .     μ     

       ‘50   ‘60   μ   

 μ   μ     .  μ  

    μ ,     

μ      .      

  μ         

.   μ       -  

μ μ    μ μ  -  Tape usic,      

    μ   μ    μ  

 ,     μ      μ μ . 

 1966,  μ   μ        

  μ ,      560   μ .

  μ  μ :

μ   

 Buenos Aires, 
Argentina : Laboratorio 
de  Musica Electronica

Instituto Torcuato di 
Tella, Centro 

Latinoamericana de 
Altos Estudios Musicales

(CLAEM)

1962 Lutero (Bolanos,1965), Dos en el 
mundo (Bolanos, 1965), Dance 

bouquet (Rondano, 1965)

Gent, Belgium: Intitut 
voor Psychoakoestiek en 

Elektronische Muziek 
(IPEM)

IPEM 1962 Escurial (de Meester, 1963) 
Endomorfie I (Goethals, 1964), 

Votre Faust (Pousseur, 1966)

Toronto, Canada: 
University of Toronto: 

electronic Music Studio

University of Toronto 1959 Etude No.1 (Shaeffer, 1959) 
Composition for Flute and Tape 

Recorder (Aitken, 1963), Sequence 
Arrangement No. 1 (Hassell, 1964), 

Three Etudes for Hugh Le Caine 
(Cross, 1965) Alchemy 

(Charpentier, 1966) I of IV 
(Oliveros, 1966)

Saniago, Chile: 
Laboratorio de Acoustica

Catholic University 1958 Variatiociones espectrales (Ausar, 
1959)
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μ   

London, England: 
Radiophonic Workshop

British Broadcasting 
Corporation (BBC)

1956 The Disagreeable Oyster (Briscoe, 
1959), Opium (Almuro, 1959), 
Anathema, for reciter and Tape 
(Wilkinson, 1962), A Round of 

silence (Smalley, 1963)

Paris, France: Groupe 
de Recherches Musicales

(GRM)

French National Radio-
Television (RTF)

1948 ( . μ )

Berlin, Germany: 
Experimentalistudio für 
Künstliche Klang und 
Gerauscherzeugung 

Laboratorium für 
Akustisch-Musikalische 

Grenzprobleme

RFZ (East German 
Radio)

1962 Der faule Zauberer (Kurth, 1963), 
Amarillo Luna (Kubiczek, 1963), 
Quartet für elektronische klange 

(Wehding, 1963), Variationen 
(Hohensee, 1965), Zoologischer 

Garten (Rzewski, 1965).

Cologne, Germany: 
Studio für elekronische 

Musik

West German National 
Radio (WDR)

1951 ( . μ )

Munich Germany: 
Studio für elekronische 

Musik

Siemens Corporation 1957 Studie für Elektronische Klange 
(Rield, 1959), Antithese (Kagel, 

1962), Imaginary Landscape No.3 
(Cage, realized by Kagel, 1964), 
Heterophony (Antoniou, 1966)

Milan, Italy: Studio di 
Fonologia

RAI (Italian Radio) 1953 Musique n.1 (Berio, 1953), Notturno
(Maderna, 1955), Thema-Omaggio a

Joyce (Berio, 1958) Contrapunto 
Fialletico alla mente (Nono, 1968) 
Intolleranza (Nono, 1960) Music 
For Vibraphones (Hassel, 1965), 

Visage (Berio, 1961), Fontana Mix 
(Cage, 1958-59), Continuo 

(Maderna, 1958) Momenti (Berio, 
1960).

Tokyo, Japan: 
Electronic Music Studio

NHK (Japan Radio) 1953 Music for Sine Waves Selected on a 
Ration Principle of Prime Numbers 

(Mayuzumi, 1955), Ondine  
(Miyoshi, 1959), A red Cocoon 

(Moroi, 1960) Phonogene 
(Takahashi, 1962), Parallel Music 

(Ichiyanagi, 1962) Telemusik 
(Stockhausen, 1966), Comet Ikeya 

(Yuasa, 1966).

Eindhoven, The 
Nederlands: Center for 

Electronic Music 
(Philips Research 

Laboratories)

Philips 
Gloeilampenfabrieken

1956 Poeme electronique (Varese, 1958), 
Variations electronique (Badings, 
1957), Whirling (Dissevelt, 1958) 

Electronic Ballet Music II (Badings, 
1959) Pianoforte (Raaijmakers, 

1960)

Oslo, Norway: Norsk 
Rikskringkasting

NRK (Norse Radio) 1961 Epitaffio (Nordheim, 1963), 
Response I (Nordheim, 1966)

Warsaw, Poland: Studio
Eksperymentalne

Polish National Radio 1957 Campi integrati (Evangelisti, 1959) 
Passacalia na 40 z 5 (Dobrowalski, 
1960), Brygaasmierci (Penderecki, 
1963), Asseblage I-III (Schaeffer, 

1966).
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μ   

Murray Hill N.J.,: Bell 
Telephone Laboratories

Bells Telephone 1957 In the silver Scale (Guttman, 1957), 
Pitch Variations (Guttman, 1957), 

Stochatta (Pierce, 1959), May Carl I 
(Mathews, 1959), Five stochastic 

Studies (Tenney, 1962), 
Composition (Risset, 1965), 
Swansong (Mathews, 1966).

New York, N.Y.: 
Columbia-Princeton 

Electronic Music Center

Columbia & Princeton 
Universities

Tape Center: 
1951

Music 
Center: 1959

( . μ )

San Francisco, Calif: 
San Fransisco Tape 

Music Center

Private until 1966, later, 
Mills College

1961 ( . μ )

Waltham, Mass: 
Brandeis University 

Electronic Music Studio

Brandeis University 1961 Perspectives (Shirley, 1962), UCLA 
(Subotnic, 1964) Piece One 

(Adamis, 1964), Rozart Mix for 
Magnetic Tape (Cage, 1965), Elegy 
for Albert Anastasia (Lucier, 1965) 

Quintonia (Krenek, 
1965)Tonegroups I (Epstein, 1965) 

Whistlers (Lucier, 1966-1967), 
From my first book of dreams- live 

electronic music (Lucier, 1965)

Urbana, Ill.: University 
of illinois Experimental 

Studio.

University of Illinois 1959 Three electronic studies (Hoffman 
and Shallenberg, 1959), Collage 

No.1 (Tenney, 1961), Amplifications
(Hiller, 1962) Seven Electronic 

Studies (Hiller, 1962-1963), 
Computer Cantata (Bakerand Hiller, 
1963), Antiphone (Gaburo, 1963), 

Machine Music (Hiller, 1964), 
27’10.554” for a percussionist (Cage

relized by Neuhaus, 
1965)Adjacenceis (Amacher, 1965), 

Algorithms I and II (Hiller, 1966)
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.7  Computer Music.

μ      μ       

μ  μ ,          

 μ o  μ     .   μ  ,  

μ    (Interactive Music),     

 (multimedia)   μ     μ  μ    

μ         μ  

μ .

       μ  μ      

μ    μ    μ  .  μ   

       μ    Jazz, Pop, 

Rock, Techno, Disco  μ  μ ,      

  μ  μ  μ         

  50 μ    60 μ     μ   

    Musique Concrete 

 μ       40 ,   

μ      ,   

       .      

      μ    

,           

μ   μ  ,    μ    μ  

         μ    

  ,   μ     

μ   μ       μ     .

  1990    synthesizers   ,  

    computer-based software synthesizers.   

      μ    μ  :

1.  μ

2. Sequencing - Editing

3.  

4.    μ .

5. μ   μ   μ  μ   Live 

Electronics. 

.7.1 

    computer music       . 

    μ         

  ,     μ  μ   μ   
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    μ .      μ  μ  

 μ   μ     μ  μ    

   .

1953-1954     , μ      
  μ     Glissandi μ  

    μ       
.

1955-1957  Lejaren Hiller  Leonard Isaacson,   μμ   
 ,  μ   μ ,   μ   

 μ   μ  μ ,    ,    
. .   μ  μ μ   μ     

,  μ          μ  
  μ       μ  Illiac Suite 

  

1956  μ   , Martin L. Klein  Douglas Bolitho, 
μμ    Datatron,    μ    

 μ .  μ μ   4000 pop(ular) μμ ,   
  μ    100   μ  

.

1956-1962  ,  ,   μ   μμ    
μ        μ μ .   

 μμ     : ST/10-080262  10 , Atreés, 
Morsima-amorsima,  ST/48-1.240162   48 .

1957   Bell Labs,  Max Mathews,    , 
μ    .       
μ   μ   μ    (Digital-to-

Analog Converter, DAC).    Mathews      μ   
       μ     

computer music. 

1959-1966 O Max Mathews       Bell Labs, μ  
μ     μ   .  ,  ,  μ  

     : Pitch Variations (Newman Guttman), Sea 
Sounds (John Pierce),  Noise Study (James Tenney),    

    μ     μμ   
: Five Stochastic Studies  Ergodos (Tenney).      
μ     μ   μμ  (    

Music-N Series) μ   μμ  Music I (1957),  μμ    
  μ μ       .  
μμ , μ       

μ     μ   μ ·  μ   1962 
 μμ  Music IV μ      μ  

 μ  .       μ  μ   
μ  μμ ,      ‘60    μ  

: Music from Mathematics.

1965   Bell Labs,     ,  Jean-Claude Risset, 
μ   μμ  , Max Mathews  Joan Miller, μ    

    μ .  μ    μ   
      μ  μ      

μ       .

1966  Mathews  Rosler,         
 μ .    μ     

     μ ,  μ   “ ” 
μ               
μ  .  μ      μ   

  .   μ  μ      
 μ     computer synthesis.  To μμ    

- -    μ      interface.



165

1967-1969  μ   Illinois,  John Cage  Lejaren Hiller,   
 μ     μ , μ   HPSCHD.    
μμ   7 μ   51 computer-generated μ .   

μ      μ     , 
μ    μ  μ       
μ  μ    I Ching.

1969-1974 O  Max Mathews, F.R.Moore  Jean-Claude Risset,   μμ  
Music V, μ  μ    μ  μμ .     

     computer-controlled μμ    μ   
μ    ,  μ , μ    μμ  

μ   μ  GROOVE,         
voltage-controller   synthesizers.

1971-1974    , Georges Pompidou,    Pierre Boulez, 
 μ         μ  .  

     1974    μ   μ  
IRCAM.  Boulez   Jean-Claude Risset,     μ μ   

.  IRCAM  ,  μ     μ  
    μ        μ  

 . .  IRCAM        
  μ   μ    .  μ  

       ,  μ   μ   
      μ     μ   μ  

μ  μ  μ  (software).

1974-1975     Jon Appleton, Sydney Alonso  Cameron Jones  
 ,  synthesizer μ   μ  Synclavier.   , 

           μ   
μ    .   μ       
     computer-based synthesizers    

.  μ      μ   Synclavier, 
μ    New England Corp.

1975-1982 μ   Mini  Micro-computers,    μ   
control-devices   synthesizers.    μ  

 μ    chips         
            

.   μ     μ      
      μ  μ   μ  . 

   μ     “ μ ” μ  μμ  
     (Apple, Comodore, Atari . )

1976    μ  DSP (Digital Sound Prossesor) Software synthesizers, 
 4 ,   IRCAM  μ  μ      
 Giuseppe Di Giugno.      μ  synthesizer 

μ  μ  1976  1981· μ     4 , C.

1979  μ    IRCAM, μ     Xavier Rodet,  
      Chant·  μμ   
μ   physical modelling    μ , 
μ    .
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1979-1984  Fairlight CMI (computer music instrument),   synthesizer, 
      1979.    

        μ  μ   
,   8inch Drives, touch-sensitive  6   μ    

software,   μ    μ  .    μ  
 ,       μ    

μ    (ADC, Analog to Digital Convertion),     
            

.    μ       μ  μ  digital 
sampling instrument (sampler). ,        

    ,     μ     
μ , μ   μ  μ      

μ .  CMI μ  ’  ,  μ     
   .     synthesizer    μ  

     μ      
  ,       25.000$  

30.000$.

  ,    synthesizer,    Crumar, μ  
 μ  General Development System. μ     

  ,  μ   8inch drives,  Z-80 
μ    keyboard controller. To     

 27.000$·     μ        
      ,  μ , Synergy (1982)

1980 H Casio   synthesizer, Casio-VL Tone,    μ  70$.  
   μ   μ    μ     

 100  (Sequencer),  .     
μ   (LFO, Low Frequency Oscilator),    

     μ     μ .

1981  -mu,   Emulator,     sampler.   
μ      μ ,   2   

  8     real-time looping.

  ,   Pierre Boulez,    Répons,    
    μ       IRCAM.  

  μ     4  synthesizer,      ircam 
      24 μ     ,  

     synthesizer,     μ   
  ,      .

1981-1983        Apple    
 .    μ   μ       

 μ      μ  (software) 
   ,    μ   μ     

  μ   μ  μ .     “ μ ” 
 μ  μ .

1982,  Crumar     Synergy   μ    
 μ    synthesizers  Fairlight  Synclaviers.
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1983    Casio  PT-20  μ   31- ,  
   , μ    μ  μ  , 

   μ    μ    . 
 PT-20          508 . 

 μ     100$   μ   μ     μ  
   μμ          
 μ   μ    .

     μ    Synclavier II.     
  Fairlight CMI    ,   

   μ    .    panel  
     μ  μ      

 μ    ,  vibrato   μ   .  
Synclavier II,  16        16-

 .  μ μ      μ    μ   
 2.000   μ    μ    15.000 . 

’    Synclavier II μ      
 μ   μ   μ       

,   μ   28.000  55.000$

 Kurzweil Music Systems   K250,   synthesizer,  
μ  μ μ  ROM,       μ .

1984    M.I.D.I.( Musical Intruments Digital Interface) μ  
      μ   synthesizers  

.     μ    μ     
μ  μ   synthesizer   μ     

 μ      .

 Apple,    , Macintosh,   
    μ    μ   

    μ .

 Roland,   CMU-800R.       
 μ  μ   ,   μ    

 Apple II      .   
   μ    μ    

   .

1985  μμ  Mark   Unicorn,    μμ  μ   
μ  “Performer”       μμ  Midi 

Sequencing    μ  Macintosh.  μμ  μ  
μ   μ . (Digital Performer).

To IRCAM,    μ   (software)   
Macintosh.  μμ      μ   

  μ  μ       David Wessel.

1986     μ  μμ  Music V    
Barry Vercoe  MIT.  μμ    μ μ   

  μ   μ     μ   μ : Csound

1988  Korg   M1 Music Workstation,  computer-based synthesizer, 
          drum machine, 

sequencer   .

    IRCAM      μμ , 
Max. μ   μμ    Miller Puckett.
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1990    Sony  μ  CD

μ    μ  μμ μ  Max   (Ircam)  
 Miller Puckette.   μ   μμ    
μ  μ  μ       synthesizer 4X  Ircam.  

    μμ  (1988)    ·  
μ   μ    μ  Macintosh. 

H Max μ   μ    μ  μ μ .  
μμ    μ       

M.I.D.I.   μ    – -    μ  
       Max (   1989  

μμ          David 
Zicarelli)     μ  (Msp),   

   μ   .    μ    
μμ  μ  μ    μμ μ  C.

 Symbolic Sound   μ   μ  μ   
.      μ    μμ  

μ   μ  Kyma,    μ     
   μ     μ  live-electronics.

1991    Sony  MiniDisc

1992    Sony   μ  (multimedia) CD-ROM

1994     DVD

1996     MiniDisc.

1997    DVD-Audio

1999  IRCAM   μμ  jmax.  μμ  μ   
μ  μ       Francois Déchelle     

μ  .

2000~ μ     21  ,     μ  
μ  μ     Hardware (  - ),  

 Software ( μ ).      μμ   μ   
       μ , μ    

Cubase, Logic Pro,  Cecilia, Csound, Cmix, Max/msp  SuoerCollider.  
           

  μ .  Apple   2003  PowerMac G5   
   64-bit  o   μ    
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.8  Midi Controllers

Description Controller Number Values

On / Off Switch Controllers 64-95

Sustain Pedal 64 127 and 0

Continuous Controllrs (MSB) 0-31

Modulation Wheel 1 0-127

Breath Controller 2 0-127

Foot Controller 4 0-127

Portamento Time 5 0-127

Data Entry 6 0-127

Main Volume 7 0-127

Balance 8 0-127

Pan 10 0-127

Expression 11 0-127

Description Controller Number Values

Extra precision for the above 
(LSB)

32-63

On / Off Switch Controllers 64-95

Sustain Pedal 64 127 and 0

Portamento On / Off 65 127 and 0

Sostenuto Pedal 66 127 and 0

Soft Pedal 67 127 and 0

Other 96-121

Data Entry Yes (+1) 96 127

Data Entry No (-1) 97 127

Channel Mode Messages 122-127

Local Control On / Off 122 127 and 0

All notes Off 123 0

Omni Mode Off 124 0

Omni Mode On 125 0

Monoi On 126 0-16

Poly On 127 0
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.9. μ   μ  (stationary distribution) μ   

μ  Histo  Max/msp.

O  μ     μ   ,   

μ    μ  μ   n μ   .  

 μ    μ  prob  μ   

 μ     dump :

   μ  ( ),  μ    

 μ      μ   

μ   μ .  μ    

       μ , 

   μ     

  n μ   μ .

      μ  μ   

μ  prob   μ μ  Histo,  

    μ   μ  

  .    μ    

 μ  metro  μ   

μ ,   μ     μ μ  

   μ  μ     

   .       

     number boxes    

  μ  histo, μ    

   μ  μ .

 μ ,   μ  μ   11089 

μ   μ      μ  : 1= 3072, 2= 1817, 3= 

3441, 4= 1513, 5= 1405.
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.10     μ  Canon
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.10.1     μ  Canon (unlocked).



173

.11        Prob_My berio Chain
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.12 μ  Block    μ  “Canon”.
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, . (1995).   . University  Studio Press, .

Griffiths, P. (1993)  ,  . . ,  302-307

μ , . (2001) “ μ    μ   

.”     μ , , 

.   .

, . , . (1995)   .  , 

.

, . . (2002)   C++   μ  

μμ μ .  . . 

, . (2001).  :   20   , 

μ  μ      μ μ , μ μ   

,  μ  .

, . (2002).  :   20   ,

μ  μ      μ μ , μ μ   

,  μ  .

, . (2003) “     Sequenza 1    

 Luciano Berio  μ    μ  μ     Max/

msp.”    . . .

Michels, U. (1994a).   , μ  ,   μ  

μ  . . . . .  . .

Michels, U. (1994b).   , μ  ,   μ  

μ  . . . . .  . .

μ , . (1998)     .  

, 

, .  & , . (1994)     

    4  130-133

, . (1995) μ   . μ  

μ    μ μ  μ μ   μ μ     . . . 

.
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Tarkovsky, A. (1981) “ μ   ”.   (μ    

  μ   “Sculpting in Time”, μ  μ ).

 . .   . - . . (2000)    . 
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