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Multimedia capability promises to enhance the communication and
presentation of information through the use of real-world data types such
as audio and video. Compact-disk-quality audio is the first of such data
types to be offered as a standard feature on all of HP’s new workstations.
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�8:14� ���� �-?4-<<D!)+3):,� �7=:6)4� � � � � � � ��

,1;84)A-,
� �� .14-� +)6� *-� 47),-,� 16<7� )6� )4:-),A� >1;1*4-� )=,17

-,1<7:� *A� ,:78816/� <0-� .14-� 1+76� 76<7� <0-� -,1<7:� ;+:--6


Audio Control Panel.� $0-� )=,17� +76<:74� 8)6-4� 1;� )6�  #���7<1.
16<-:.)+-� <7� /47*)4� )=,17� 8):)5-<-:;� ;=+0� );� >74=5-� )6,

7=<8=<� ,->1+-� ;-4-+<176� �;--� �1/
� *�
� �44� +778-:)<16/� )=,17

)8841+)<176;� +)6� =;-� <0-� +76<:74� 8)6-4� ;7� <0-� =;-:� )4?)A;

367?;� ?0-:-� <7� /7� <7� +76<:74� <0-;-� )<<:1*=<-;
� $0-� )=,17

+76<:74� 8)6-4� )4;7� 8:7>1,-;� )� Stop� *=<<76� <0)<� ?144� ;<78� <0-
+=::-6<� 84)A� 78-:)<176� .:75� )6A� +778-:)<16/� )8841+)<176


$0-� )=,17� +76<:74� 8)6-4� )447?;� <0-� =;-:� <7� <=:6� 5761<7:16/

76� 7:� 7..
� �761<7:16/� 16>74>-;� 41;<-616/� <7� <0-� )=,17� 168=<

;1/6)4
� �6� )� +76>-6<176)4� <)8-� :-+7:,-:�� 5761<7:16/� )447?;

<0-� =;-:� <7� 41;<-6� <7� <0-� )=,17� ;1/6)4� *-16/� :-+7:,-,
�  6� )

?7:3;<)<176� <0)<� 0);� �!� �!7?-:�� 5761<7:16/� +)6� *-� =;-,

?0-<0-:� 7:� 67<� )6A<016/� 1;� *-16/� :-+7:,-,
� �7:� -@)584-�� )

=;-:� +)6� 5761<7:� <0-� ?7:3;<)<176�;� 416-� 168=<;� .:75� )� ��

84)A-:� 7:� &�"� ->-6� ?0-6� :-+7:,16/� 1;� 67<� 16� 8:7/:-;;�

?1<07=<� =;16/� <0-� �!%� 7:� 7<0-:� ;A;<-5� :-;7=:+-;


Audio Playback.� �6� )=,17� .14-� +)6� *-� 84)A-,� *A� ;1584A
,7=*4-D+41+316/� 76� <0-� .14-�;� 1+76� 16� <0-� .14-� 5)6)/-:� 7:� 16� )6

)=,17D-6:1+0-,� 5)14� 5-;;)/-
� $0-� .14-� ?144� *-/16� 84)A16/

)++7:,16/� <7� <0-� ;-<<16/;� 7.� <0-� )=,17� +76<:74� 8)6-4
� �� .14-

+)6� )4;7� *-� 84)A-,� *A� ,:)//16/� 1<;� 1+76� .:75� <0-� .14-� 5)6)/-:

<7� <0-� ;8-)3-:� 1+76� 76� <0-� �!� &%�� .:76<� 8)6-4


Other Functionality. � �6� ),,1<176� <7� <0-� /:)801+)4� 16<-:.)+-;� <7
)=,17� .=6+<176)41<A� 5-6<176-,� )*7>-�� <0-:-� ):-� ;75-� 7<0-:

+)8)*141<1-;� ;0188-,� ?1<0� �!� �!7?-:� <0)<� ):-� )++-;;1*4-

.:75� )� +755)6,� 416-
� �6� <0-� ,1:-+<7:A� /usr/audio/bin� -@-+=<D
)*4-;� .7:� <0-� )=,17� -,1<7:� �audio_editor��� <0-� )=,17� +76<:74
8)6-4� �AudioCP��� <0-� ,7=*4-D+41+3� .=6+<176� �send_sound��� )6,� <0-
+76>-:<� )6,� )<<:1*=<-;� 8:7/:)5;� ):-� 8:7>1,-,
� $0-� +76>-:<

8:7/:)5� +76>-:<;� )=,17� .14-;� .:75� )6A� ;=887:<-,� .14-� .7:5)<�

,)<)� .7:5)<�� )6,� :)<-� )6,� 6=5*-:� 7.� +0)66-4;� <7� )6A� 7<0-:

.7:5)<� )6,� :)<-
� $0-� )<<:1*=<-;� 8:7/:)5� <-44;� ->-:A<016/� <0)<

1<� +)6� ,-<-:516-� 7:� /=-;;� )*7=<� )6A� )=,17� .14-� 16+4=,16/� .14-

.7:5)<�� ,)<)� .7:5)<�� ;)58416/� :)<-�� 6=5*-:� 7.� +0)66-4;�� ,)<)

4-6/<0�� )6,� 0-),-:� 4-6/<0
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�� 6=5*-:� 7.� )=,17� ,)<)� )6,� .14-� <A8-;� -@1;<� 16� <0-� 16,=;<:A

<7,)A�� 5)316/� 1<� ,1..1+=4<� .7:� )=,17� .14-;� <7� *-� ;0):-,� 16� )

0-<-:7/-6-7=;� -6>1:765-6<


$0-� 4)+3� 7.� ;<)6,):,;� .7:� )=,17� 1;� +=::-6<4A� *-16/� ),,:-;;-,

*A� /:7=8;� ;=+0� );� <0-� ���� ��6<-:)+<1>-� �=4<15-,1)� �;;7+1)D

<176�
� $01;� 7:/)61B)<176� )6,� 7<0-:;� ):-� <:A16/� <7� ,->-478

;<)6,):,;� ;7� <0)<� ;75-,)A� <0-:-� ?144� *-� )� +4-):-:� 81+<=:-� );

<7� 07?� <7� ;<7:-� )=,17� 16.7:5)<176� 16� )� .7:5)<� <0)<� 1;� )++-;;1D

*4-� <7� ->-:A76-� )6,� +)6� *-� -);14A� 16+7:87:)<-,� ?1<0� 7<0-:

);8-+<;� 7.� 5=4<15-,1)


�6� <0-� 5-)6<15-�� ?-� +07;-� <7� ;=887:<� <?7� 7.� <0-� -@1;<16/

.14-� .7:5)<;� )6,� <7� ,->-478� +76>-:;176� =<141<1-;� <0)<� )447?� =;

<7� ;=887:<� ;)58416/� :)<-;�� ,)<)� .7:5)<;�� )6,� *A<-� 7:,-:16/

5-<07,;� <0)<� ):-� 67<� ;=887:<-,� ,1:-+<4A� *A� 7=:� )=,17�

0):,?):-


File Format. � �� .14-� .7:5)<� 1;� )� ;<:=+<=:-� 16� ?01+0� <0-:-� 1;� 16.7:D
5)<176� )*7=<� <0-� ,)<)� );� ?-44� );� <0-� ,)<)� 1<;-4.
� $01;� 16.7:5)D

<176� 5)A� :-;1,-� -@+4=;1>-4A� 16� )� 0-),-:� )<� <0-� *-/16616/� 7.

<0-� .14-� 7:� 5)A� *-� 16<-:;8-:;-,� 16� C+0=63;�� <0:7=/07=<� <0-

.14-
� �6� <0-� 4)<<-:� +);-�� 1<� 1;� 87;;1*4-� <0)<� 764A� +-:<)16� <A8-;� 7.

+0=63;� ):-� 8-:<16-6<� <7� )=,17


!-:<16-6<� 16.7:5)<176� .7:� )=,17� .14-;� 16+4=,-;� <0-� ;)58416/

:)<-�� ,)<)� .7:5)<�� 6=5*-:� 7.� +0)66-4;�� +758:-;;176� <-+0D

619=-�� )6,� 6=5*-:� 7.� ;)584-;
� #75-<15-;� <0-:-� 1;� ),,1<176)4

16.7:5)<176� ;=+0� );� 4778� 8716<;� 7:� -,1<� 5):3-:;


$0-� <?7� )=,17� .14-� .7:5)<;� ?-� +07;-� <7� ;=887:<� 16+4=,-

�1+:7;7.< � "����')>-.7:5�� ?01+0� 1;� +0=63D*);-,�� )6,� <0-
�-($�#=6� )=,17� .7:5)<�� ?01+0� 1;� )� .14-� 0-),-:� .7447?-,� *A

,)<)


'-� )4;7� ;=887:<� )=,17� .14-;� <0)<� +76<)16� 764A� <0-� :)?� ;)5D

84-;
� �4<07=/0� <01;� 1;� )� 878=4):� 5-<07,� 7.� ;<7:16/� )=,17� ,)<)

)6,� 1<� +)6� *-� =;-.=4� 16� )� 0-<-:7/-6-7=;� -6>1:765-6<�� ?-

:-+755-6,� =;16/� )� .14-� .7:5)<� ?1<0� )� 0-),-:� ?0-6->-:� 87;D

;1*4-� *-+)=;-� <0-� )<<:1*=<-;� 7.� <0-� )=,17� ,)<)� +)667<� *-

,-<-:516-,� .:75� <0-� ;)584-;� <0-5;-4>-;


Data Format.� �)<)� .7:5)<� ,-.16-;� <0-� 5-<07,� 16� ?01+0� )=,17
;)584-;� ):-� ;<7:-,
� $0-� 57;<� *);1+� 5-<07,� 1;� 416-):� !��

�8=4;-� +7,-� 57,=4)<176�
� $0-� ;1/6-,� )5841<=,-� 7.� <0-� )=,17

?)>-.7:5� 1;� 9=)6<1B-,� )<� .1@-,� 16<-:>)4;� 7.� <15-
� �)+0� ;<-8

7.� <0-� 9=)6<1B)<176� 0);� -9=)4� ;1B-
� $01;� .7:5)<� 1;� >-:A� -);A

<7� ?7:3� ?1<0� )6,� 1;� 8:-.-::-,� *A� 57;<� )=,17� -,1<16/� )6,

51@16/� :7=<16-;
�  6-� 7.� <0-� .7:5)<;� <0)<� 7=:� )=,17� 0):,?):-

;=887:<;� 1;� <0-� �D*1<� 416-):� !���� ?01+0� 1;� =;-,� *A� +758)+<

,1;3;� )6,� 1;� 878=4):� 76� %��(�D;A;<-5D*);-,� ?7:3;<)<176;


�6� =6;1/6-,� >-:;176� 7.� �D*1<� 416-):� !��� 1;� >-:A� 878=4):

)576/� �)+16<7;0� )6,� !�� =;-:;� *-+)=;-� 16;<-),� 7.� 0)>16/� )6

)5841<=,-� :)6/-� 7.� 	��� <7� ����� =6;1/6-,� �7:� 7..;-<�� �D*1<

416-):� 0);� )6� )5841<=,-� :)6/-� 7.� �� <7� ���
� �44� ;)584-;� ):-

7..;-<� *A� ��
� �7:� -@)584-�� ;14-6+-�� ?01+0� 1;� 67:5)44A

9=)6<1B-,� );� ��� 1;� :-+7:,-,� );� ��


'-� )4;7� ;=887:<� <0-� ���$$� ��6<-:6)<176)4� �76;=4<)<1>-

�7551<<--� .7:� $-4-8076-� )6,� $-4-/:)80�� �D4)?� )6,� �D4)?

;<)6,):,;
� $0-;-� ):-� +758)6,-,� !��� .7:5)<;
� �6� <0-;-� .7:D

5)<;� <0-� ;<:)1/0<.7:?):,� 416-):� ;+)4-� 1;� :-84)+-,� ?1<0� )� *);-D

-1/0<� 47/):1<051+� ;+)4-� ;=+0� <0)<� <0-:-� ):-� ;5)44� ;<-8� ;1B-;� )<

47?� ;1/6)4� 4->-4;� )6,� 4):/-� ;<-8� ;1B-;� )<� 01/0� ;1/6)4� 4->-4;


$0-� :-;=4<� 1;� )� *-<<-:� ;1/6)4D<7D671;-� :)<17� )6,� <0-� )*141<A� <7

:-8:-;-6<� <0-� ,A6)51+� :)6/-� 7.� �D*1<� 7:� �D*1<� ;)584-;� ?1<0

764A� �� *1<;
� �D4)?� )6,� �D4)?� *7<0� ;8-+1.A� �D*1<� ;)584-;� )<

����� ;)584-;� 8-:� ;-+76,
� �D4)?� 1;� >-:A� +75576� 76� %��(D

;A;<-5D*);-,� ?7:3;<)<176;
� �6� 7>-:>1-?� 7.� <0-� �D4)?� )6,

�D4)?� ,)<)� .7:5)<;� 1;� 8:7>1,-,� 76� 8)/-� ��


Sample Rate.� $0-� ;)584-� :)<-� :-.-:;� <7� <0-� 6=5*-:� 7.� ,1/1<)4
;)584-;� =;-,� <7� :-8:-;-6<� 76-� ;-+76,� 7.� )6)47/� )=,17
� $0-

/:-)<-:� <0-� 6=5*-:� 7.� ;)584-;�� <0-� 57:-� )++=:)<-4A� <0-

)=,17� ;1/6)4� ?144� *-� :-8:7,=+-,
� �� ;)584-� :)<-� 7.� �� 3�B

������ ;)584-;�;�� +)6� :-8:7,=+-� 0=5)6� >71+-� ?1<0� ),-9=)<-

+4):1<A�� *=<� 1<� ,7-;� )� >-:A� 877:� 27*� 76� 5=;1+
� �7:� 5=;1+�� ��


3�B� ������� ;)584-;�;�� ?7:3;� ?-44
� $0-� 5=;1+� 76� )44� +75D

8)+<� ,1;3;� 1;� :-+7:,-,� )<� <01;� ;)584-� :)<-
� �1/1<)4� )=,17� <)8-;

���$�� 0)>-� )� ��D3�B� ;)584-� :)<-�� 8:7,=+16/� ;41/0<4A� *-<<-:

)=,17� 9=)41<A
� $0-� )=,17� 0):,?):-� �,-;+:1*-,� 4)<-:�� ;=887:<;

)44� 7.� <0-;-� ;)584-� :)<-;� 84=;� )� .-?� 7<0-:;


$0-� ;)58416/� :)<-� 1;� )4;7� ;=*2-+<� <7� <0-� �A9=1;<� +:1<-:176�

?01+0� ,1+<)<-;� <0)<� <0-� ;)58416/� :)<-� 5=;<� *-� )<� 4-);<� <?1+-

<0-� :)<-� 7.� <0-� 01/0-;<� .:-9=-6+A� *-16/� :-+7:,-,
� �1/0-:

.:-9=-6+1-;� ?144� <A81+)44A� *-� .14<-:-,� 7=<� *A� <0-� :-+7:,16/

0):,?):-
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Audio Application

(e.g., Audio Control Panel
and Audio Editor)

Audio Widgets
OSF/Motif Widgets

Network Services

Client

LAN

Network Services

Server

Audio Server

Audio Driver

Î
Î

MicrophoneEarphones

Xlib Alib

Multiple Channels.� �%-"(.!"� �.�#(�  #%�,� 0#-"� &(+�� -"�'� -0(

�"�''�%,� �(� �1#,-�� &(,-� �+�� �#-"�+� &('(� �('�� �"�''�%�� (+

,-�+�(� �-0(� �"�''�%,��� �"�� -0(� �"�''�%,� #'� �� ,-�+�(�  #%�� �+�

-2)#��%%2� #'-�+%��/��� ('� �� ,�&)%�� �2� ,�&)%�� ��,#,�� �"#,

&��',� -"�+�� 0#%%� ��� �� ,�&)%��  (+� -"�� %� -� �"�''�%��  (%%(0��

�2� ('��  (+� -"�� +#!"-��  (%%(0��� �2� -"�� '�1-� ('��  (+� -"�� %� -

�'�� ,(� ('�

Byte Ordering.� �'�� )+(�%�&� 0#-"� ,.))(+-#'!�  #%�,� ��+(,,� �

"�-�+(!�'�(.,� �'/#+('&�'-� #,� -"�-� -"�� �2-�� (+��+#'!� ( � -"�
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An analog audio signal is continuous in time and amplitude (Fig. 1a). In contrast, a
digital audio signal is discrete in time and amplitude. An analog-to-digital converter
is used to convert an analog audio signal to digital format. This conversion con-
sists of two separate steps: sampling and quantization. Sampling converts the
analog signal from continuous time to discrete time by capturing the value of the
analog signal at regular intervals in time. Theoretically, the sampled signal only
has a value at those sampling times. Fig. 1b shows the sampled version of the
signal in Fig. 1a.

The process of quantization maps each sample value to a number. These num-
bers are represented with a fixed number of bits, giving them limited precision. The
quantization process picks the number that best approximates the amplitude of the
sample. Essentially, each step in the digital code represents a quantum of increase
(or decrease) in the amplitude. Hence the name, quantization. Fig. 1c shows the
signal after quantization, along with the digital codes assigned to each quantiza-
tion level. A digital audio stream is simply a sequence of such digital codes. Al-
though Fig. 1c shows only a few quantization levels, actual implementations use
thousands of levels.

The most straightforward form of quantization uses fixed-size quanta of amplitude.
In other words, each step in the digital code represents the same step size in
amplitude. In this scheme, the mapping from amplitude to digital codes can be
represented with a linear function (known as linear quantization). Fig. 2a shows a
linear mapping function.

A-law and �-law define a kind of mapping in which the digital code is roughly equal
to the logarithm of the amplitude. Although both laws use the same basic idea, the
actual mapping equations are somewhat different in the two laws. Also, to simplify
the conversion to or from linear quantization, a piecewise linear approximation is

Fig. 1. The stages of converting an audio analog signal from analog to digital format. 
(a) Original analog signal. (b) Sampled version of the analog signal. (c) Quantization levels
assigned to the sample points.
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Fig. 2. Methods of quantization. (a) Linear mapping, or linear quantization. (b) Logarithmic
mapping function and its piecewise linear approximation.
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used. Fig. 2b shows a logarithmic mapping function and its piecewise linear
approximation.

Telephone companies use A-law and �-law to carry long distance conversations
because these formats save bandwidth. For telephone conversations, signal
strength may vary as much as 30 dB because some callers have softer voices
than others, or some microphones are more sensitive than others. It is necessary
to maintain a 35-dB signal-to-noise ratio (SNR) over the entire range. With linear
mapping, quantization noise remains independent of the amplitude level, so one
must design for 65-dB signal-to-noise ratio (30 dB + 35 dB) to meet the require-
ments. As the signal strength varies over the 30-dB dynamic range, the SNR
varies between 35 dB and 65 dB. This solution delivers a higher SNR than re-
quired at most amplitudes to meet the SNR requirement at minimum amplitude.
The price for exceeding the SNR specification in a linear mapping scheme is that
12 bits per sample would be required. However, using A-law or �-law, 35-dB sig-
nal-to-noise ratio can be maintained over a 30-dB amplitude range with just eight
bits. This works because logarithmic mapping has the property that larger signal
amplitudes result in larger quantization steps. Thus, quantization noise is propor-
tional to the amplitude, maintaining a reasonable SNR across a broad dynamic
range. This is a more efficient way to use the quantization levels, making eight bits
per sample adequate. Thus, the use of A-law or �-law results in a 33% reduction
in telephone audio transmission. The same benefits are realized in computer
audio.

The differences between A-law and �-law are minimal. The U.S.A., Canada, and
Japan use �-law for telephone transmission, whereas most other countries use
A-law for telephone transmission. While A-law is somewhat easier to implement,
�-law provides slightly better quality at low amplitudes. Note that A-law and �-law
work well with voice audio only. For high-fidelity music reproduction, linear mapping
with 16 bits per sample is typically used.
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