
�� �
���� �
��
��
� ��	
� �
� 



	
���
���
� �




��
�� �

 � �
� ���
������ ��� �

�� !
"#�$&% '
�� %���
 � ��� %( !� (� %

�)*
)+,+ )- .
- /�
0,
1�,
23 4,
20

5678 9
:8 ;
< =8 ;
7 >? >@A 7 ;B7CD

5E97CD ;>C8 9
7 F7 ;G H
I8 F>? :7?8? >DD ;8 I7 9?JLK
?K8 99H M >D >?CN FI7 ;D
7<DN
:78D

5O>;
7? :8 I7 ;
7? >?D8 FC7M C8A 8C >D8 FC7M 8 F< >F<KCD8 FC7M =
:>C :< >?DN ;D
? >G F8 9
?

5E97CD ;>C8 9M N ;
@8G F7D >CM >FD
7 ;B7 ;7 FC7< >?DN ;D
?? >G F8 9
?

5P>?DN ;D >N FC8 F;
7?K 9D >F9N
??N ;
@>? >FD
7 ;A ;7D8D >N FN
B8
? >G F8 9

 

ideal

real

Q:7 IN 9D8G 77 @>DD
7<RH 8 ;
78 9
<7 I>C78? >DD ;8 F? @>D
?8R >D

 SUT! '���V
W XY
" Z� ! ��!

[




��
�� �

 � �
� ���
������ ��� �

�� !
"#�$&% '
�� %���
 � ��� %( !� (� %

5\N F?7] K
7 FC7?

^6_a`bc b:8 ;
< =8 ;
7 @K
?D
:8 F< 97 @>FN ;
< >?DN ;D >N F?

dQ8 e
7? @K 9D >
A 97?8 @A 97?A 7 ;R >D

dQN 9
7 ;8D
7? 97??D
:8 F
BK 99
IN 9D8G 7

 SUT! '���V
W XY
" Z� ! ��!

f




��
�� �

 � �
� ���
������ ��� �

�� !
"#�$&% '
�� %���
 � ��� %( !� (� %

g, .
3 4)3+ h

5678 9
:8 ;
< =8 ;
7i <7 I>C7?N ;
C8R 9
7?j C8 FFND
C :8 FG 7 IN 9D8G 7?k ? >G F8 9
? >F?D8 FD 9H

5Q:7 B8?D7?DCN FD >FKNK
? 9H N
?C >998D >FG ? >G F8 9D
:8D
C8 FR
7?7 FD
k ;7C7 >I7<8C ;N
??

D
:7 :8 ;
< =8 ;
7 >?C8 99
7<D
:7ml
nop
qr
sqtu
vN

BD
:>? :8 ;
< =8 ;
7

5E8C ::8 ;
< =8 ;
7 :8? >DN =FR8 F< =><D :M 8 wew8 w
xoy oxstz

5{FH 8DD
7 @A DDN
C :8 FG 7D
:7? >G F8 9
B8?D7 ;D
:8 FD
:7 :8 ;
< =8 ;
7R8 F< =><D :=>99

B8 >9
8 F< 9
78<DND ;8 F? @>?? >N F
7 ;;N ;
?

5Q:7R8 F< =><D :N
B8
?H ?D7 @=
:>C :CN F? >?D?N
B@N ;
7D
:8 FN F7A >7C7N
B

:8 ;
< =8 ;
7 >?D
:7 @>F>
@K
@R8 F< =><D :N
B>D
?CN
@A N F7 FD

i}|z |t~
�
nop
qr
sqtu
j

5{FH
?H ?D7 @>FD
:>? =N ;9
< :8?8
?N @7?N ;DN
B9>
@>D
7<R8 F< =><D :���

5�8 F< =><D :>? @78?K ;
7< >FCH C 9
7A 7 ;
?7CN F<N ;
�7 ;D
�i ��j

C
y
c
leC

y
c
le

0
tim

e

-1
5 1
5

V
o
lta

g
e

�99K
?D ;8D >N FN
B8CN FD >FKNK
? 9H N
?C >998D >FG =8 I7 BN ;
@

 SUT! '���V
W XY
" Z� ! ��!

��




��
�� �

 � �
� ���
������ ��� �

�� !
"#�$&% '
�� %���
 � ��� %( !� (� %

g,�
3 �
0 2��
� g)+}�2,+0

5Q:7D >
@7 ;
7] K >;
7<DND ;8 F? @>D
8
G >I7 FC :8 ;8CD
7 ;
<7A 7 F<?N F

^Q:7 FK
@R
7 ;N
BC :8 FG 7? >FD
:7? >G F8 9
A 7 ;
?7CN F<D
:8DD
:7 :8 ;
< =8 ;
7

G 7 F7 ;8D
7?M 8 wew8 w l
no�
q v

^EFCN
< >FG @7D :N<

5�8K
< >?8 ;8D
7J R8K
< ;8D
7 >?8 ;
7<K F<8 FD ;
7 B7 ;7 FC7DNR8K
<

5�8K
< @K
?DR
7 97??D
:8 FN ;
7] K8 9DND =>C7D
:7R8 F< =><D :

5�F
G 7 F7 ;8 9M D
:7 @8 �>
@K
@R >D `;8D
7��
b �
R8 F< =><D : �
��� �
�

=
:7 ;7 �>?D
:7 @8 �>
@K
@
A N?? >R 9
7 I8 9K
7?N
BIN 9D8G 7D
:7?H ?D7 @C8 F
G 7 F7 ;8D
7

>w
7 wM D
:7 @8 �>
@K
@R >D `;8D
7 �
@8 �>
@K
@R8K
< �
FK
@R
7 ;N
B7 FCN
<7<R >D
?A 7 ;

C :8 FG 7
i��
z � �
s|t��|
� o�y��sp�a�u~
� ~
�M
¡¢ b£j

5�FD
:7R >F8 ;H C8?7M
� �
bM

>w
7 wM D
:7 FK
@R
7 ;N
B7 FCN
<7<R >D
?A 7 ;C :8 FG 7 �
¡R >D

:7 FC7D
:7 @8 �>
@K
@R >D `;8D
7��
b �
R8 F< =><D : �
¡ �
@8 �>
@K
@R8K
<

>w
7 wM
78C :C :8 FG 7C8 ;;>7?N F9H N F7R >D

5Q:7 :>G :7 ;D
:7 I8 9K
7N
B�M D
:7 :>G :7 ;
@8 �>
@K
@R >D `;8D
7 >?

5{F8 9N
G H
7 �8 @A 97 ¤

C8 ;
?k ?78D ;N =
? ;8D
7k A 8??7 FG 7 ;? ;8D
7�¥¥
¦ CH C 9
7?k R8K
<k R >D `;8D
7

 SUT! '���V
W XY
" Z� ! ��!

��




��
�� �

 � �
� ���
������ ��� �

�� !
"#�$&% '
�� %���
 � ��� %( !� (� %

�
h
0 §
¨0©
+- /
�- )�0- .�
- **�
.)©,+ )- .

5\N
@@K F>C8D >N F
?H ?D7 @?M 9>e
78 FH ND
:7 ;
A ;8CD >C8 9
?H ?D7 @M >??KR
ª 7CDDN
FN >?7

5�F
¡¢ «¬_ :8 FFN F
7 �D
7 F<7< ­
H ] K >?D ®? =N ;eDN
?A 7C >BH D
:7 @8 �>
@K
@
<8D8

;8D
7D
:8D
CNK 9
<R
78C :>7 I7<N
I7 ;8 FN >?H D ;8 F? @>?? >N FC :8 FF7 9

5� uopp
�p �u~
� ~
�
?D8D
7<D
:8DD
:7�o¯
s��
� ~�son�~
° y  oxtsxo�± nst ot~

�²~ o
xuopp~� �
R8 F< =><D : �
��� �i ¡³
_k ­
j R >D
?A 7 ;
?7CN F<?

=
:7 ;7_ >?D
:78 I7 ;8G 7? >G F8 9
A N =
7 ;8 F< ­
>?D
:78 I7 ;8G 7 FN >?7A N =
7 ;

5_k ­>?K
?K8 99H C8 99
7<? >G F8 9 `DN `FN >?7 ;8D >N

5O:7 F
7 FG >F77 ;? ;
7 B7 ;DND
:7? >G F8 9 `DN `FN >?7 ;8D >NM D
:7H C >D
7D
:7] K8 FD >DH

¡£ �
��� ´µi _k ­
j M =
:>C :>? @78?K ;
7< >F
<7C >R
7 9?i < �j

5b£ < �@78 F?_k ­ �
¡££

5c£ < �@78 F?_k ­ �
¡£££

5O:8D >B­ �
£ ���

 SUT! '���V
W XY
" Z� ! ��!

�¶



�� �· �¸�
� �
��� §
�
� 



	
���
���
� �




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

�
2, .
� *)�� )- .
¸0 »© )0 .©
¼

5�BD ;8 F? @>?? >N F
@7< >8 =
7 ;7A 7 ;B7CDM D
:7 ;
7C7 >I7 ;=NK 9
< ;
7C7 >I77 �8CD 9H D
:7

?8 @7? >G F8 9D
:8DD
:7D ;8 F? @>DD
7 ;
?7 FD

5½ FBN ;DK F8D
7 9H M
@7< >88 ;
7 FND
A 7 ;B7CD

^Q:7 ;
7C7 >I7<? >G F8 9>? FNDD
:7?8 @78?D
:7D ;8 F? @>DD
7<? >G F8 9

^Q:7 ;
7C7 >I7 ;
@8H R
7CN
@7 FND
8R 9
7DN
<7D7CDD
:7? >G F8 9

i ? >G F8 99N
??j

5Q;8 F? @>?? >N F9>F7??K ¾
7 ;
B;N
@D
:;77 @8ª N ;
A ;NR 9
7 @?

^{DD
7 FK8D >N F

^P7 98H
< >?DN ;D >N F

^­N >?7

 SUT! '���V
W XY
" Z� ! ��!

¶




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

�
,
22)0 2� )¿ .,
1

5P\CK ;;
7 FD >? FND
?K >D8R 9
7 BN ;9N FG < >?D8 FC7CN
@@K F>C8D >N F?M >D >?N F9H

?K >D8R 9
7 BN ;
? :N ;D
< >?D8 FC7CN
@@K F>C8D >N F?

5{CN FD >FKNK
?N
?C >998D >FG ? >G F8 9
A ;N
A 8G 8D
7? B8 ;D
:7 ;D
:8 FND
:7 ;
? >G F8 9
?

5�F9N FG `< >?D8 FC7CN
@@K F>C8D >N F
?H ?D7 @?M 8CN FD >FKNK
? 9H N
?C >998D >FG ? >G F8 9

C8 99
7<xo  s~ 
i 8 wew8 w
{\\K ;;
7 FD
j >?K
?7<M >F?D78<N
BD ;8 F? @>DD >FG 8 F

7 97CD ;>CCK ;;
7 FDD
:8DN F9H C :8 FG 7? =
:7 FD
:7 I8 9K
7N
B8R >D
C :8 FG 7?

 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.tim

e

sig
n

al

�99K
?D ;8D >N FN
B8DH A >C8 9=8 I7 BN ;
@C8 ;;>7 ;

 SUT! '���V
W XY
" Z� ! ��!

�




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

5QN
?7 F<<8D8M D
:7D ;8 F? @>DD
7 ;

^À7 F7 ;8D
7?8CN FD >FKNK
? 9H N
?C >998D >FG C8 ;;>7 ;
? >G F8 9

^ÁN
<K 98D
7? >D
8CCN ;
< >FG DND
:7<8D8R
7 >FG ?7 FD

5QN ;
7C7 >I7D
:>?<8D8M D
:7 ;
7C7 >I7 ;

^ÁK
?DR
7CN FÂ
G K ;
7<DN ;
7CN
G F>�7D
:7C8 ;;>7 ;D
:8DD
:7?7 F<7 ;K
?7?

^ÁN F>DN ;
?D
:7 >FCN
@>FG C8 ;;>7 ;

^P7D7CD
? @N
<K 98D >N F

^67CN F?D ;KCD
?D
:7N ;>G >F8 9
<8D8

^P>?C8 ;
<?D
:7C8 ;;>7 ;

 SUT! '���V
W XY
" Z� ! ��!

Ã




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %



-3�
1,+ )- .

5{@A 9>DK
<7 ÁN
<K 98D >N F
i {Áj

5Ä;7] K
7 FCH
ÁN
<K 98D >N F
i ÄÁj M 8 wew8 w
Ä;7] K
7 FCH
? :>BD e
7H

5Å:8?7_ :>BD
ÁN
<K 98D >N FM
8 wew8 w
Å:8?7_ :>BD
�7H

­ND
7D
:8D ¤
{
\N
? >F7 BK FCD >N F>?8
_ >F7 BK FCD >N F
A :8?7? :>BD7<RH
¢£ÇÆ

5_ N
@7D >
@7M
< >¾
7 ;7 FD
@N
<K 98D >N F
?C :7 @7?8 ;
7CN
@R >F7<DN
G 7D :7 ;M
È u
zaÉ

 SUT! '���V
W XY
" Z� ! ��!

�




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

0
1

0
1

1
0

0
1

0
0

1
0

0

(a
)

(b
)

(c
)

(d
)

P
h

a
s
e

 c
h

a
n

g
e

s

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

i 8j {R >F8 ;H
? >G F8 9
Ji Rj {ÁJi Cj ÄÁJ 8 F<

i <j Å:8?7 @N
<K 98D >N F
£ �
? :>BDN
BbÊ£ÇÆM
¡ �
? :>BDN
B¡¬£ Æ

 SUT! '���V
W XY
" Z� ! ��!

Ë




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %



-30 *

5ÁN
<K 98DN ;¤8
:8 ;
< =8 ;
7C >;CK >DD
:8D
8CC7A D?8
?7] K
7 FC7N
B<8D8R >D
?8 F<

8AA 9>7? @N
<K 98D >N FDN
8C8 ;;>7 ;=8 I78CCN ;
< >FG DND
:7?7R >D
?

5P7 @N
<K 98DN ;¤8
:8 ;
< =8 ;
7C >;CK >DD
:8D
8CC7A D?8
@N
<K 98D
7<C8 ;;>7 ;=8 I78 F<

;
7C ;
78D
7?D
:7?7] K
7 FC7N
B<8D8R >D
?D
:8D
=8?K
?7<DN
@N
<K 98D
7D
:7C8 ;;>7 ;

5ÁN
<7 @ �
@N
<K 98DN ;
³
<7 @N
<K 98DN ;

 

MD
MD

co
m

p
u

ter
at

site
1

co
m

p
u

ter
at

site
2

m
o

d
em

m
o

d
em

R
S

-232
can

b
e

u
sed

R
S

-232
can

b
e

u
sed

lo
n

g
-d

istan
ce

co
n

n
ectio

n
(4

w
ires)

�99K
?D ;8D >N FN
BD =N
@N
<7 @?K
?7<8C ;N
??8 « `=>;
7C >;CK >D

5QNRK >9
<?KC :8
@N
<7 @CN FF7CD >N FMH NK F77<DN
CN FF7CD
8
A 8 >;N
B@N
<7 @?

D
:;NK
G :=>;
7?M 8? =
7 998?DN
CN FF7CD
78C :@N
<7 @DN >D
? F7 >G :RN ;>FG

CN
@A KD
7 ;

 SUT! '���V
W XY
" Z� ! ��!

�




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

5Á8 FH CN
@A 8 F>7?K
?7N F7N ;
@N ;
7A 8 >;N
B« `=>;
7 @N
<7 @?8?8
A 8 ;DN
BD
:7 >;

<8D8CN
@@K F>C8D >N FF7D =N ;e

5O:7 F8C >;CK >D
CN FF7CD
?D =N 9NC8D >N F?8D
8
? >FG 97? >D7M D
:7CN
@A 8 FH C8 F

>F?D8 99D
:7 F7C7??8 ;H =>;
7? >D
?7 9B

5�F?D8 99>FG 8 F< @8 >FD8 >F>FG =>;
7?CN F?K @7D >
@78 F< @N F7H

5ÁN ;
7N I7 ;M
A ;>I8D
7CN
@A 8 F>7?C8 FFND >F?D8 99
C >;CK >D
?8C ;N
?? 9N FG < >?D8 FC7?M N ;

8C ;N
??A KR 9>C
A ;N
A 7 ;DH M
7 wG wM 8C ;N
??8
?D ;
77DM
<K
7DN
G N I7 ;F@7 FD8 9;
7G K 98D >N F?J

Ì F9H KD >9>DH CN
@A 8 F>7?M 7 wG wM D
7 97A :N F7CN
@A 8 FH M
8 ;
78 99N =
7<DN
<N
?N

5Q:7G NN
< F7 =
? >?M D
7 97A :N F7CN
@A 8 F>7?8 99N =ND
:7 ;CN
@A 8 F>7?DN 9
78?78

C >;CK >DR
7D =
77 F8 FH D =N 9NC8D >N F?

^O:7 F8D
7 97A :N F7CN
@A 8 FH >F?D8 99
?C8R 9
7?M D
:7H >FC 9K
<7?7 �D ;8 =>;
7?D
:8D

C8 FR
7K
?7< >F8 FH
BKDK ;
77 �A 8 F? >N FM >w
7 wM D
:7H 8 9;
78<H
:8 I7K FK
?7< =>;
7?

;K FF>FG :7 ;78 F<D
:7 ;7

^{9D
:NK
G :>D
<N
7? FND
?7 99D
:7?7 =>;
7?M D
:7H C8 F
78 ;F
@N F7H
B;N
@9
78? >FG

D
:7?7 =>;
7? BN ;
8
@N FD
:9H
B77J

^Q:>? B77<7A 7 F<?N FD
:7< >?D8 FC78 F<R8 F< =><D :N
BD
:7 =>;
7?

^Q:7?7 978?7< 9>F7?8 ;
7<7< >C8D
7<R
7D =
77 F
ª K?DD =N
A N >FD
?M >w
7 wM D
:7H =>99

FND
G ND
:;NK
G :D
:7< >8 9K
A D
7 97A :N F7?H ?D7 @>F8 FH =8H

 SUT! '���V
W XY
" Z� ! ��!

[




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

� + h
0 2�
¼ Í
0�- /

-30 *
�

5�F8<< >D >N FDN
<7< >C8D
7< =>;
7?M
@N
<7 @?8 ;
78 9
?NK
?7< =>D
:ND
:7 ;
@7< >8J

D
:7?7 @N
<7 @? >FC 9K
<7 ¤

^68< >N
Ä;7] K
7 FCH
@N
<7 @?

^ÌA D >C8 9
@N
<7 @?

^P>8 9K
A @N
<7 @?

5{9D
:NK
G :?KC :@N
<7 @?K
?77 FD >;
7 9H
< >¾
7 ;7 FDD
7C :FN 9N
G H D
:8 F
@N
<7 @?D
:8D

N
A 7 ;8D
7N
I7 ;
<7< >C8D
7< =>;
7?M D
:7A ;>FC >
A 97 ;
7 @8 >FD
:7?8 @7

^{DD
:7?7 F< >FG 7 F<M 8
@N
<7 @D ;8 F? BN ;
@?<8D8 >FDN
@N
<K 98D
7<? >G F8 9

^{DD
:7 ;
7C7 >I>FG 7 F<M
<8D8 >?7 �D ;8CD
7< B;N
@D
:7 @N
<K 98D
7<? >G F8 9

 SUT! '���V
W XY
" Z� ! ��!

f




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

�
Î

-30 *

5{DD
:7?7 F< >FG 7 F<M 8 F
6Ä@N
<7 @

^{CC7A D?7 97CD ;>C8 9
? >G F8 9
? B;N
@D
:7 F7D =N ;eN ;D
:7CN
@A KD
7 ;

^\N FI7 ;D
?D
:7 @DN
<8D8 >F8
< >G >D8 9
BN ;
@

^À7 F7 ;8D
7?8 F
6ÄD ;8 F? @>?? >N F
7] K >I8 9
7 FDDND
:>?< >G >D8 9
<8D8

5{DD
:7 ;
7C7 >I>FG 7 F<M 8 F
6Ä@N
<7 @

^67C7 >I7?8 F
6ÄD ;8 F? @>?? >N F

^\N FI7 ;D
?D
:7 @DN
<8D8 >F8
< >G >D8 9
BN ;
@

^À7 F7 ;8D
7?7 97CD ;>C8 9
? >G F8 9
?M 7] K >I8 9
7 FDDND
:>?< >G >D8 9
<8D8M =
:>C :G NDN

D
:7 F7D =N ;eN ;D
:7CN
@A KD
7 ;

56Ä@N
<7 @?R
7C8 @78DD ;8CD >I7<K
7DND
:7 >FC ;
78?7< >FD
7 ;7?D >F=>;
7 97??

F7D =N ;e>FG

5ÄN ;
7 �8 @A 97M 8
? @8 99
6Ä@N
<7 @8DD8C :7<DN
8 FND
7RNN e
CN
@A KD
7 ;
@8 e
7? >D

A N?? >R 9
7DN
@N
I7D
:7CN
@A KD
7 ;8 ;NK F< >F8RK >9
< >FG =
:>97 @8 >FD8 >F>FG

F7D =N ;e
CN FF7CD >I>DH >FD
:7?8 @7 =8H 8
A N ;D8R 9
7A :N F7C8 F
@N
I78 ;NK F<

5ÁN ;
7A N =
7 ;BK 9
6Ä@N
<7 @? @8 e
7 >D
A N?? >R 9
7DN
7?D8R 9>? :8 =>;
7 97??

CN
@@K F>C8D >N F9>FeN
I7 ;9N FG 7 ;
< >?D8 FC7?M 7 wG wM e>9N
@7D7 ;?

 SUT! '���V
W XY
" Z� ! ��!

��




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

�Í
+ )©,
1

-30 *

5{DD
:7?7 F< >FG 7 F<M 8 FN
A D >C8 9
@N
<7 @

^{CC7A D?7 97CD ;>C8 9
? >G F8 9
? B;N
@D
:7 F7D =N ;eN ;D
:7CN
@A KD
7 ;

^\N FI7 ;D
?D
:7 @DN
<8D8 >F8
< >G >D8 9
BN ;
@

^À7 F7 ;8D
7?A K 9
?7?N
B9>G :DM
7] K >I8 9
7 FDDND
:>?< >G >D8 9
<8D8M =
:>C :D ;8 I7 9

8 9N FG D
:7 ÂR
7 ;

5{DD
:7 ;
7C7 >I>FG 7 F<M 8 FN
A D >C8 9
@N
<7 @

^{CC7A D?A K 9
?7?N
B9>G :D
B;N
@D
:7 ÂR
7 ;

^\N FI7 ;D
?D
:7 @DN
<8D8 >F8
< >G >D8 9
BN ;
@

^À7 F7 ;8D
7?7 97CD ;>C8 9
? >G F8 9
?M 7] K >I8 9
7 FDDND
:>?< >G >D8 9
<8D8M =
:>C :G NDN

D
:7 F7D =N ;eN ;D
:7CN
@A KD
7 ;

5Q:7 @N
?DCN
@@N FK
?7N
BÂR
7 ;
@N
<7 @? >FIN 9
I7CN FF7CD >FG 8CN
@A KD
7 ;>F

N F7RK >9
< >FG DN
8
Ï{­>F8 FND
:7 ;RK >9
< >FG M D
:>? >?<K
7DND
:7 B8CDD
:8D
8

ÂR
7 ;C8R 9
7 :8? 9N =
<7 98H 8 F< :>G :R8 F< =><D :

 SUT! '���V
W XY
" Z� ! ��!

��




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

¸),
1�Í 

-30 *

5Ì F7 @N
<7 @
@K
?DR
7G >FD
:7A ;NC7??RH =8 >D >FG BN ;
8D
7 97A :N F7C8 99
8D
8

eFN =FD
7 97A :N F7 FK
@R
7 ;
i}op
|r~ sp� ��q~j

5Q:7ND
:7 ;
@N
<7 @R
7G >F? >F8
xo��sp� ��q~M =>D
:D
:7D
7 97A :N F7 FK
@R
7 ;DN

< >8 9
J D :>?? >@K 98D
7?

^Ï>BD >FG D
:7 :8 F<?7D

^Ï>?D7 F>FG BN ;
8
< >8 9DN F7

^P>8 9D
:7 FK
@R
7 ;

5O:7 FD
:7 @N
<7 @M =
:>C :>? >FD
:78 F? =
7 ;
@N
<7M
<7D7CD
?D
:7D
7 97A :N F7 ;>FG ?M

>D
8 F? =
7 ;?D
:7C8 99
8 F<?7 F<?8C8 ;;>7 ;=8 I7M =
:>C :>F>D >8 9>�7?D
:7

CN
@@K F>C8D >N F

5Q:7C8 99>FG @N
<7 @
<7D7CD
?D
:7C8 ;;>7 ;8 F< ;
7?A N F<?RH
?7 F< >FG 8C8 ;;>7 ;N
B

>D
?N =F

5Ì FC7D
:7D =N
@N
<7 @?8G ;77N FD
:7C8 ;;>7 ;?M <8D8C8 FR
7?7 FDR
7D =
77 FD
:7 @

5{DD
:77 F<N
BD
:7?7?? >N FM
8 FH
A 8 ;DH C8 FD
7 ;@>F8D
7D
:7C8 99

 SUT! '���V
W XY
" Z� ! ��!

�¶




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

5P>8 9K
A @N
<7 @?

^½ ?7 IN >C7D
7 97A :N F7?H ?D7 @?i 8
b `=>;
7CN FF7CD >N Fj

^Q;8 F? @>D
@N
<K 98D
7<8K
< >NDN F7i D :7C8 ;;>7 ;>?8 F8K
< >R 9
7DN F7j

^\8 F
< >8 9
8 F<8 F? =
7 ;D
:7A :N F7

^½ D >9>�78
:8 9
B `<K
A 97 �CN FF7CD >N FDNN ¾
7 ;8
BK 99
<K
A 97 �CN
@@K F>C8D >N F

 

V
o

ice
T

elep
h

o
n

e
S

ystem
co

m
p

u
ter

at
site

1
co

m
p

u
ter

at
site

2

m
o

d
em

m
o

d
em

R
S

-232
can

b
e

u
sed

R
S

-232
can

b
e

u
sed

�99K
?D ;8D >N FN
BD =N
< >8 9K
A @N
<7 @?D
:8D
K
?7D
:7 IN >C7D
7 97A :N F7?H ?D7 @
i 8
b `=>;
7j

 SUT! '���V
W XY
" Z� ! ��!

��




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

Î�
11 �3�Í
10 Ð�
0 2��
� �,
1/ �3�Í
10 Ð

-30 *
�

5�ND
:N
BD
:7 @
A ;N
I><78R >< >;
7CD >N F8 9
CN
@@K F>C8D >N F
?7 ;I>C7

5ÄK 99 `<K
A 97 �
@N
<7 @

^{99N =
?? >@K 9D8 F7NK
?D ;8 F? @>?? >N F

^½ ?7? BNK ;
=>;
7?

5�8 9
B `<K
A 97 �
@N
<7 @

^Q;8 F? @>D
? >FN F9H N F7< >;
7CD >N F8D
8 FH D >
@7

^½ ?7?D =N
=>;
7?

 SUT! '���V
W XY
" Z� ! ��!

�Ã




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

�
h
0 �)*
)+,+ )- .
- /
+ h
0�
- .
Ñ0 .
+ )- .,
1�
0 10Í h
- .
0�¼ �+0 *

5{FN ;
< >F8 ;H D
7 97A :N F7 9>F7

^�?7 FG >F77 ;7< BN ;
IN >C7

^�8?8R8 F< =><D :N
B8AA ;N �>
@8D
7 9H
c£££ ��

^�8?8
? >G F8 9DN
FN >?7 ;8D >N FN
B8AA ;N �>
@8D
7 9H
c£ < �

^�D?7 ¾
7CD >I7C8A 8C >DH >?c£££ �
��� �
i ¡³
¡£££jÓÒ
c£ �R
A ?

5½ ? >FG 8
@N
<7 @
:>G :7 ;D
:8 F
b¬ w¬ �R
A ?N F8 FN ;
< >F8 ;H D
7 97A :N F7 9>F7 >?

K
?7 97??

 SUT! '���V
W XY
" Z� ! ��!

��




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

�
Ô �
0�+ )- .

5O:8D
=>99
:8AA 7 F>BD =N
ÕÖ
�@N
<7 @?8 ;
7CN FF7CD
7<N
I7 ;8CN FI7 FD >N F8 9

D
7 97A :N F7 9>F7 ×

^_ >FC7D
:77 ¾
7CD >I7C8A 8C >DH N
B8 FN ;
< >F8 ;H D
7 97A :N F7 9>F7 >? Ò
c£ �R
A ?M

dQ;8 F? @>?? >N F
7 ;;N ;
=>99NCCK ;

d67 `D ;8 F? @>?? >N F>? ;
7] K >;
7<

dQ:77 ¾
7CD >I7D ;8 F? @>?? >N F;8D
7 =>99R
7K F<7 ;
c£ �R
A ?M N ;
?N

 SUT! '���V
W XY
" Z� ! ��!

�Ë




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

� - *
0 

-30 *
� +, .
3,
23�

5Øwc b
^EFCN

<7? «R >D
?A 7 ;C :8 FG 7

^½ ?7? b«££ R8K
<?DN
G >I7 @N ;
7D >
@7 BN ;
8
? >G F8 9DNR
7<7CN
<7<M >w
7 wM DN

>F?K ;
7 9N =
7 ;D ;8 F? @>?? >N F
7 ;;N ;

^« �
b«££ �
¢Ö££ R >D
?A 7 ;
?7CN F<

45

15

Øc b@N
<K 98D >N F
7 FCN
< >FG ¤
¡b< >¾
7 ;7 FD
A :8?7? =>D
:8
?8 @78 @A 9>DK
<7A 9K
?

8 FND
:7 ;«
A :8?7? =>D
:8 FND
:7 ;8 @A 9>DK
<7

 SUT! '���V
W XY
" Z� ! ��!

��




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

5Øwc bR >? ¤
^EFCN

<7?Ö R >D
?A 7 ;C :8 FG 7i Ö «
< >¾
7 ;7 FD
@N
<K 98D >N F
7 FCN
< >FG A N >FD
?j

^½ ?7? b«££ R8K
<?

^Ö �
b«££ �
¡««££ R >D
?A 7 ;
?7CN F<

^ l
�>? v>?D
:7 Ï8D >F=N ;
< BN ; lD =>C7 v8 F< >?K
?7< >F
?D8 F<8 ;
<?DN >F< >C8D
78

? >G F>Â
C8 FD
C :8 FG 7N ;
7 F:8 FC7 @7 FDM >w
7 wM 8
?7CN F< ;
7 I>? >N FN
B8
?D8 F<8 ;
<

5Øwc «¤
_ K
AA N ;D
?CN FF7CD >N F?K
A DN
b¬¬££ R >D
?A 7 ;
?7CN F<

5Øw«b¤
{F
7 ;;N ;
CN ;;
7CD >N F
A ;NDNCN 9M =
:>C :C :7C e
?<8D88? >D >?D ;8 F? @>DD
7<

8 F<8KDN
@8D >C8 99H ;
7] K
7?D?8 ;
7 `?7 F<N
BCN ;;K
A D7<<8D8

5Øw«bR >? ¤
{<8D8CN
@A ;7?? >N F
A ;NDNCN 9=
:>C :>FC 9K
<7? Øw«bM ;
7<KC7?D
:7

8 @NK FDN
B<8D8 F77<7<DNR
7D ;8 F? @>DD
7< w

5Øw«b8 F< Øw«bR >? >@A ;N
I7D
:77 ¾
7CD >I7<8D8 ;8D
7 =>D
:NKD ;
7] K >;>FG 8 FH

C :8 FG 7?DND
:77 �>?D >FG ?N BD =8 ;
7

5Øw¢£ ¤
_ K
AA N ;D
?CN FF7CD >N F?K
A DN
ÕÖ£££ R >D
?A 7 ;
?7CN F<

5­ND
7D
:8D ¤R
A ? @78 F?R >D
?A 7 ;
?7CN F<M >D >? FNDR8K
<?A 7 ;
?7CN F<

_ N
@7D >
@7M
A 7NA 97 l>FCN ;;
7CD 9H vK
?7R8K
< `;8D
7DN >F< >C8D
7D
:7R >D `;8D
7

 SUT! '���V
W XY
" Z� ! ��!

�[




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

�
h
0�
- .©
0Í
+- /
� h,
2).

¿

5{¾N ;
< >FG 8 F>F< >I><K8 9
F7D =N ;e
CN FF7CD >N F
A 7 ;
78C :A 8 >;N
BCN
@A KD
7 ;>? FND

8
A ;8CD >C8 9
?N 9KD >N F¤

^�F?D8 99>FG 8 F< @8 >FD8 >F>FG =>;
7M N ;
=>;
7 97??M C :8 FF7 9?CN F?K @7D >
@78 F<

@N F7H

5Q:7A ;8CD >C8 9
?N 9KD >N F>?DN
? :8 ;
7 ;
7?NK ;C7?

^E�8 @A 97 ¤
A ;>I8D
7C8 ;
? I7 ;?K?A KR 9>CRK
?7?

5Q:7 ;78 ;
7?N @7A ;NR 9
7 @
@>G :DNCCK ;
=
:7 F;
7?NK ;C7?8 ;
7? :8 ;
7<

^_ N
@78AA 9>C8D >N F? :8 I7 98 ;
G 7D ;8 F? B7 ;?

^_ N
@78AA 9>C8D >N F?C8 FFND
=8 >D

5{
@7C :8 F>? @>? F77<7<DN >F?K ;
7 B8 >;F7?? =
:7 F8 99NC8D >FG ? :8 ;
7< ;
7?NK ;C7?M

BN ;
7 �8 @A 97 ¤

^P>I><7<8D8 >FDN
? @8 99K F>D
?i y oxÙ~t|j

^{99N =
78C :CN
@A KD
7 ;8 FN
AA N ;DK F>DH DN
?7 F<8
A 8C e
7DR
7 BN ;
7 ;
7 `8 99N =>FG

8 FH CN
@A KD
7 ;DN
?7 F<8 FND
:7 ;
A 8C e
7D

 SUT! '���V
W XY
" Z� ! ��!

�f




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

 co
m

p
u

ter
2

co
m

p
u

ter
1

co
m

p
u

ter
3

co
m

p
u

ter
2

co
m

p
u

ter
1

co
m

p
u

ter
3

C
om

puter
1

using
channel

to
send

a
packet

C
om

puter
2

using
channel

to
send

a
packet

m
ultiplexing

occurs

(a)

(b)
�99K
?D ;8D >N FN
B@K 9D >
A 97 �>FG A 8C e
7D?

^{CN
@A KD
7 ;

d{C] K >;
7?? :8 ;
7< @7< >K
@

d_ 7 F<?N F7A 8C e
7D

d{99N =
?ND
:7 ;CN
@A KD
7 ;?D
:7N
AA N ;DK F>DH DN
?7 F<R
7 BN ;
7D ;H >FG DN
?7 F<

8G 8 >F

^Q:>?8AA ;N8C :G K8 ;8 FD
77?8
A ;N
@A D ;
7?A N F?7DN
8CN
@A KD
7 ;=>D
:8
? @8 99

8 @NK FDN
B<8D8 F77<DNR
7?7 FDM
7 I7 F>BD
:7 ;7 >?8 FND
:7 ;CN
@A KD
7 ;D ;H >FG

DN
?7 F<8 98 ;
G 78 @NK FDN
B<8D8

 SUT! '���V
W XY
" Z� ! ��!

¶�




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

�
h
0�
- .©
0Í
+- /
�
1+ )Í
10 Ð).

¿

5P8D8D ;8 I7 9?8C ;N
??8
? :8 ;
7<C :8 FF7 9

5E8C :<7?D >F8D >N F;
7C7 >I7?N F9H D
:7<8D8
?7 FDRH D
:7CN ;;
7?A N F< >FG ?NK ;C7

 

2 13

2 13

so
u

rces
d

estin
atio

n
s

m
ultiplexor

dem
ultiplexor

shared
channel

Q:7CN FC7A DN
B@K 9D >
A 97 �>FG

 SUT! '���V
W XY
" Z� ! ��!

¶�




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %


�
1+ )Í
10 Ð).

¿ �
0 2*).
- 1-¿ ¼

5ÁK 9D >
A 97 �N ;

^\8 FR
7 >
@A 97 @7 FD
7< >F8
?N BD =8 ;
7N ;
8
:8 ;
< =8 ;
7 BN ;
@

^{CC7A D?<8D8
B;N
@
@K 9D >
A 97?NK ;C7?

^_ 7 F<?<8D88C ;N
??8
? :8 ;
7<C :8 FF7 9

5P7 @K 9D >
A 97 �N ;

^\8 FR
7 >
@A 97 @7 FD
7< >F8
?N BD =8 ;
7N ;
8
:8 ;
< =8 ;
7 BN ;
@

^E�D ;8CD
?<8D8
B;N
@8
? :8 ;
7<C :8 FF7 9

^_ 7 F<?<8D8DND
:7CN ;;
7CD
<7?D >F8D >N F

 SUT! '���V
W XY
" Z� ! ��!

¶¶




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

g,� )©
+¼ Í
0�- /
�
1+ )Í
10 Ð).

¿

5Q>@7 P>I>? >N F
ÁK 9D >
A 97 �>FGi QPÁj

^Ì F9H N F7 >D
7 @8D
8D >
@7 >??7 FDN FD
:7? :8 ;
7<C :8 FF7 9

^E8C :>D
7 @>? @8 ;e
7<i nz ou~oq~ j DN ><7 FD >BH >D
??NK ;C7

^P7 @K 9D >
A 97 �N ;
K
?7? :78<7 ;>FBN ;
@8D >N FDN eFN =D
:7<7?D >F8D >N F

^{F8 9N
G H ¤
Ì F7 `=8H ;N8<DNR
7K
?7<RH N F9H N F7G ;NK
A N
BA 7NA 978D
8

G >I7 FD >
@7M =
:7 ;7D
:7 ;7 >?8 F>F< >C8DN ;M N ;
Ú8G M DN ><7 FD >BH
78C :G ;NK
A

^E�8 @A 97 ¤
Q>@7 `? :8 ;>FG

5Ä;7] K
7 FCH
P>I>? >N F
ÁK 9D >
A 97 �>FGi ÄPÁj

^ÁK 9D >
A 97 >D
7 @?8 ;
7D ;8 F? @>DD
7<? >@K 9D8 F7NK
? 9H

^½ ?7? @K 9D >
A 97 B;7] K
7 FCH C :8 FF7 9?i 8K F>] K
7 B;7] K
7 FCH
A 7 ;C :8 FF7 9j

^�?N F9H K
?7<N F=><7 `R8 F< =><D :D ;8 F? @>?? >N F
?H ?D7 @?

^{F8 9N
G H ¤
{
@K 9D > `98 F7? ;N8<

^E�8 @A 97 ¤
\8R 9
7 QØ

 SUT! '���V
W XY
" Z� ! ��!

¶�




��
�� �

 � �
� ���
������ ��� �

�� %¹ Zº(��! % �

 � ��� %( !� (� %

, Ñ0 ¸)Ñ)� )- .
�
1+ )Í
10 Ð).

¿

5ÌA D >C8 9
ÄPÁ>? eFN =F8?È o²~
Ûs²s|s�p
Ü��tsy �~¯
sp�

5�7C8K
?7 :K
@8 F
?77 B;7] K
7 FC >7?N
BI>? >R 9
7 9>G :D8?CN 9N ;M
7 FG >F77 ;??N @7D >
@7?

K
?7D
:7 >FBN ;
@8 9D
7 ;@
Ý ��� 
Ûs²s|s�p
Ü��tsy��~¯
sp� DN >F< >C8D
7 O8 I7

P>I>? >N F
ÁK 9D >
A 97 �>FG

5O8 I7 P>I>? >N F
ÁK 9D >
A 97 �>FG N
A 7 ;8D
7?RH
?7 F< >FG @K 9D >
A 97 9>G :D =8 I7?8C ;N
??

8
? >FG 97N
A D >C8 9ÂR
7 ;

5{DD
:7 ;
7C7 >I>FG 7 F<M 8 FN
A D >C8 9
A ;>? @>?K
?7<DN
?7A 8 ;8D
7D
:7 B;7] K
7 FC >7?

5{? >FCN FI7 FD >N F8 9
ÄPÁM D
:7C8 ;;>7 ;?C8 FR
7 @>�
7<N FDN
8
? >FG 97 @7< >K
@

R
7C8K
?7 9>G :D8D
8
G >I7 F
B;7] K
7 FCH
<N
7? FND >FD
7 ;B7 ;7 =>D
:9>G :D8D
8 FND
:7 ;

B;7] K
7 FCH

 SUT! '���V
W XY
" Z� ! ��!

¶Ã


