
	 	

	 	
	 	 	 	 	

 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

 	 	
 	
 	 	 	

 	 	 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 	 	 	 	

 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 	 	 	 	 	 	

	 	
 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 	 	
	

	
 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	
 	

 	 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	

 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	

 	 	 	 	 	 	 	 	 	 	
	

	 	
 	 	 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 	 	 	 	 	 	

	
 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 	 	

 
    
   	

 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	
	 	 	

 	 	 	 	 	 	 	 	 	

21M.385 Lecture 	Notes
 

Lecture 2 
Audio files / Wave Files 
•	 Wave files are	 recordings of audio	 data, stored as a	 linear set of samples (known as PCM – pulse 

code modulation).	 The Wave file header describes attributes such	 as: 
•	 Bit depth 
•	 Sampling	 rate 
•	 Number of channels 

•	 Wave file data is the actual audio samples, generally	 uncompressed. 
•	 Most audio files are stereo – storing 2 channels	 of audio (left/right). 

•	 This data is stored as interleaved samples. 
•	 A	 frame is a multi-channel sample. So, a one second	 stereo	 wave	 file, sampled at 44.1kHz has 

44,100	 frames,	and 	88,200 samples. 
•	 MP3 files are	 compressed (usually about	 10:1)	 using a lossy compression scheme. We	 can use	

conversion tools (like Audacity) to recreate PCM data from compressed	 audio. 
•	 Most wave files represent CD-quality audio: 16	 bit, 44.1Khz, stereo. 

Example:	 streaming 
•	 To play stereo wave files, we have to configure Audio as stereo (last week was	 mono). 
•	 Therefore, NoteGenerator must	 now provide interleaved audio data. 
•	 We can play wave files as a	 stream or by preloading a buffer. 
•	 WaveFileGenerator uses the built-in python module wave to read a wave file’s header	 data and 

stream the samples	 themselves. Nice! 
•	 Some	 notes: 

•	 wave’s interface is in terms of	 frames, not samples 
•	 must convert from	 16bit data to	 floating point data 
•	 pay attention	 to end of file	 condition 

•	 Note how we deal with the end condition.	If 	we 	ask wave for N frames of	 data, but we get back less 
than N, we know we have hit	 the end of the file. 

•	 Press ‘p’ to play wave file. Note bug if ‘p’	is 	pressed 	twice. 

Playing snippets 
•	 Playing a wave file from start to end	 is boring! 
•	 Instead, let’s identify snippets	 of audio and use those to create new kinds	 of music	 and

interactions. 
•	 Refactor WaveFileGenerator into two classes:	 WaveFile (knows how to read wave data)	 and 

WaveGenerator (asks WaveFile for the right window of	 data at the right time). 
•	 Create a	 new class: WaveBuffer.	It 	is 	similar 	to WaveFile in that it provides wave audio data. But,

it keeps an in-memory copy of the data instead of streaming	 that data	 from disk. 
•	 WaveBuffer and WaveFile are	 both classes that implement a	 WaveSource interface: 

class WaveSource:
7
def get_frames(self, start_frame, end_frame)
7
def get_num_channels(self)
7

•	 This refactoring is a common	 thing to do when	 developing software systems. We break up	 the
functionality of	 WaveFileGenerator into two pieces:	 an audio data provider, and an audio
playback	 location	 manager. We can	 now supply an	 alternative method of serving	 up audio	 data	
and reuse	 the	 same	 playback system. 

•	 Reasons to use audio streaming vs. in-memory audio buffer: 



• @1*$"3'./> &'Z$- 3$3,*B 0)"/$ &,* 0.('3'1$- "0-', )'K$: ?01 "))03$) [0)1 ,.$ "++$))
4,'.1$*2 ,* $()$ JQQ 1<*")<'./ ,++0*):

• W.G3$3,*B> &")1 "++$)):%A,%JQQ%+,.)1*"'.1):%?01%0)$) 3,*$ 3$3,*B:

>&"2$+:; ?";+,:/ %/+:; @,:+# A+/%2.+B"&
• \$1 @,.'+ ]')0"('K$* &*,3 <114>EE777:),.'+#')0"(')$*:,*/
• ^4$. " !"#$ _'($
• F-- " .$7 *$/',.) ("B$* 5`"B$*GaF--%A$7 Y$/',. `"B$*9: ;<$*$ )<,0(- .,7 =$ H ("B$*)> /(,="(

)+*,((EK,,3 +,.1*,(2 1'3$ /*'-2 7"#$&,*32 *$/',.)>
• b)$ 04E-,7. "**,7) ,* 3,0)$ 7<$$( 1, K,,3 '.E,01
• b)$ 1<$ "**,7 1,,( 1, )$($+1%" *$/',.: c,0%+".%0)$ )<,*1+01 6$B) I2D2O2H2d 1, R0'+6(B 4'+6 "

1,,(: P"*$&0( 1,%/$1 =$/'..'./ ".- $.-'./ [0)1 *'/<1:
• e."=($ f+,.)1*"'.%4("B="+6g ".-E,* f(,,4%4("B="+6g 1, <$"*%B,0*%)$($+1',.:
• ^.+$ B,0 ('6$ B,0* *$/',.)2 e-'1GaW.)$*1 W1$3 "1 @$($+1',.: ;<') 7'(( +*$"1$ " .$7 *$/',.:
• b)$ `"B$* Gae-'1 `"B$* Q"1" 1,%$-'1 *$/',.): C"6$ )0*$ 1, /'#$ $"+< *$/',. " 0.'R0$ ."3$ 5("=$(9:
• c,0%+".%)"#$ B,0* )$))',.: W1 7'(( 3"6$ " :)# &'($:
• F&1$* B,0 3"-$ B,0* *$/',.)2 _'($GaeZ4,*1 F..,1"1',. `"B$*:%C"6$%)0*$%1,%$Z4,*1%") "%1$Z1%&'($:

?"2*+:; $C" 2::,$2$+,: .2="& D+$C 8=$C,:
• ^4$. " &'($ 0)'./ %@(*<>:%b)$ +(,#0$*(6<> 1, /*"= "(( 1<$ ('.$):
• _,* $"+<%('.$2 B,0 +". $'1<$* 0)$ 1<$ *$/0("* $Z4*$))',.) 3,-0($ 5+(9%,*2 (,,6 "1%1<$ )1*'./

&0.+1',.) &,* )4('11'./ )1*'./): @$$ 6@0$'<>:%@,.'+%]')0"('K$*%,01401)%1"=G-$('3'1$-%&'($):
• Y$3$3=$* 1<"1 1<$ -"1" '. 1<$ *$/',.)%"..,1"1',. &'($)%')%'. 0.'1)%,& )$+,.-):

!,,8+:;
• F. "0-', *$/',. +". =$ (,,4$- '& 1<$ )1"*1E$.- 4,'.1) "*$ +<,)$. +,**$+1(B: `,,4 4,'.1) +". =$

• ?011G)4('+$-
• P*,))G&"-$-

• @,%&"*2 7$U#$%1*'//$*$- ),0.-) =B%f&'*$%".- &,*/$1g: e"+< ),0.- <"- " 0(','&'(.$%', -0*"1',.
• `,,4'./%"0-',%7'(( <"#$ '.&'.'1$ -0*"1',.2 ),%7$ 30)1 "((,7 &,* "%0)$*G-$1$*3'.$-%)1,4 &0.+1',.

5),3$1'3$) +"(($- +(0(,6(<>9:
• P"*$&0( "=,01 (,,4'./%7'1<%*$)4$+1 1,%=0&&$* &'(('./: Q,%1<$ 3"1<%+,**$+1(B 1,%"#,'-%/"4) ,*

4,44'./: ;<$*$ 7'(( =$ " =0&&$* "1 ),3$ 4,'.1 1<"1 30)1 =$ &'(($- &*,3 1<$ $.- FAQ 1<$ =$/'..'./:

>C2:;+:; /8""*
• P*$"1$ "%4@((#A%#"0,'%+7G ". "0-',%/$.$*"1,* 1<"1 *$+$'#$) "0-',%-"1"%".- 4*,#'-$) "0-',%-"1":

J,7$#$*2 1<$ .03=$* ,& '.401 &*"3$) +,.)03$- ') -'&&$*$.1 &*,3%1<$ ,01401 &*"3$) 4*,#'-$-:
• _,* $Z"34($2 '& "%4@((#A%#"0,'%+ +,.)03$)%OLL )"34($)2 =01 4*,#'-$)%HLL )"34($)2 1<$

*$)0(1".1%"0-', 7'(( =$ )(,7$* =B 1<$ *"1', O>H: @$$%_'/0*$ =$(,7:%
• W. ,*-$* 1, +,.#$*1%h "0-', )"34($) '.1, c "0-', )"34($)2 7$ 30)1%('/*.0)' 1<$ -"1":
• ;<$*$ "*$%"%&$7 -'&&$*$.1 *$)"34('./%1$+<.'R0$)> .$"*$)1 .$'/<=,*2 )"34($%".- <,(-2 ,*

'.1$*4,("1',.: W.1$*4,("1',. +". =$ ('.$"* ,* 3,*$ +,34($Z 5('6$ +0='+9: `'.$"* ') /,,- &,* ,0*
.$$-):

!+:"2& E:$"&8,.2$+,:
• W. 4B1<,.2 1<$ &0.+1',. *@B$*'(+@<>7') 0)$&0( &,* '.1$*4,("1',. ,&%" 1'3$ )$*'$): Y$"- 1<$ .034B

-,+) 1, *$3$3=$*%<,7 1<') &0.+1',. 7,*6):
• P"*$&0( "=,01 '.1$*4,("1',. '. )1$*$,: c,0 30)1 )4('1 1<$ +<"..$()2 '.1$*4,("1$2 ".- 1<$. *$G

'.1$*($"#$:

http:http://www.sonicvisualiser.org


?"#,&*+:; )%*+,
• !$ +". 0)$ @C!"#$% &,* *$+,*-'./ 3'+*,4<,.$ -"1" '.1, " =0&&$* ") 7$((:
• @'3'("* 1,%7*'1'./%"0-',> ,. $#$*B%"@#,'(<>2%")6 &,* .03=$* ,& &*"3$) "#"'("=($%7'1<,01 =(,+6'./:

;<$.%/*"=%1<$ &*"3$): _'."((B2 +,.#$*1 &*,3 )1*'./ 1, *";@C "**"B:
• !$ +". 4("B="+6 1<$ ='1) ,& *$+,*-$- "0-', =B +*$"1'./ ".,1<$* -,.(4%"+5( ,=[$+1> !++,C-,.(78

#$*B%)'3'("* 1,%-,.(2"33(+:

F%=0&&$* ,&%IS )"34($) .$$-) 1, =$ &'(($-: ;<$ -$)'*$- 3,-'&'$- )4$$- *"1', ') O>H: 
b)$ ,.(B ID )"34($) ,& '.401 1, +*$"1$ IS )"34($) ,& ,01401: 
;<$ *$)0(1".1 "0-', )4$$- ')%+<"./$- =B " &"+1,*%,& O>H: 



MIT OpenCourseWare
https://ocw.mit.edu 

21M.385 Interactive Music Systems 
Fall 2016 

For information about citing these materials or our Terms of Use, visit: https://ocw.mit.edu/terms. 

https://ocw.mit.edu/terms
https://ocw.mit.edu
https://ocw.mit.edu/terms
http:https://ocw.mit.edu



