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(57) Procede dynamique et appareil automatique destines
changer la largeur de bande d’une session de
tcleccommunications numerique. La  session  de
teleccommunications utilise une pluralit¢ de canaux
(28, 30, 32, 34, 36, 38) utilis€ée pour transmettre des
donn€es numeériques entre un premier et un second
endroit. Le debit des données ou des caracteres autre que
les donnees a traiter dans le flux de données numeriques
de transmission est détecte. Un parametre d’utilisation
est calcule par division du debit des informations autre
que les donnces a traiter par le débit des donne€es de
transmission global. On change le nombre des canaux
(28 a 38) afin de maintenir le parametre d utilisation en
reponse a des changements se produisant dans le debat
des donng¢es.
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(57) A dynamic and automatic method and apparatus for
changing the bandwidth of a digital communication
session 1s disclosed. The communication session uses a
plurality of channels (28, 30, 32; 34, 36, 38) for
transmitting digital data between a first location and a
second location. The rate of data or non-data characters
in the transmitting digital data stream 1s detected. A
utilization parameter 1s calculated by dividing the
non-data rate by the overall transmission data rate. The
number of the plurality channels (28-38) 1s changed to
maintain the utilization parameter in response to changes
1n the data rate.
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METHOD AND APPARATUS FOR DYNAMIC BANDWIDTH
ALLOCATION IN A DIGITAL COMMUNICATION SESSION

TECHNICAI: FIELD
The present invention relates to a method and an

apparatus for use in a digital communication session.
More particularly, the-presentfinvention relates to a

method and an apparatus which can change dynamically

the bandwidth of a digitalcommunication session.

.BACKGROUND OF THE INVENTION

Dlgltal communlcatlon is well known in the art.
One well known communlcatlon standard which is

]proposed and 1n some areas 1s belng ‘implemented is
" the ISDN network standard ' The ISDN network standard
.1s a dlgltal communlcatlon protocol for a public

network (such as one operated by local telephone

 'compan1es) In the Unlted States, the ISDN network
is a dlgltal communlcatlon network operatlng at the
'.77rate of 64 kllObltS per second per channel.

Computers are well known 1n the art. Typically,

-;however, they operate at a much hlgher frequency than

. a sxngle channel of a publlc communlcatlon network.

|  Thus, for example,.computers can store and retrleve
"' at the rate of'mllllons of bits per second.
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.As it becomes 1ncreas1ngly de51rab1e to connect

' computers dlrectly onto publlc dlgltal communlcatlon
'ﬂhnetworks, such as an ISDN network methods and
“ Napparatuses must be prov1ded to 1nterface the

AN ,N'qutcomputer W1th the communlcatlon network. One prior

-‘.‘ 30"'“ -%art technlque 1s dlsclosed 1n U. S. Patent No.

A " 4 775, 987.g In that patent a 51ng1e digital data

fstream from a source (such as ‘a computer) is supplied

 to a dlstrlbutor Wthh supplles a portion of the data

cycllcally onto a plurallty of channels. Each of the
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channels operates at a rate slower than the rate of
the single stream of data supplied to the
distributor. In this manner, the transmission of
data over the plurality of channpels, in total, is or
exceeds the rate of the single stream of digital data
from the sourceto thedistributor. In that patent,
however, oncea communication_session has begun, the
number of channels7used for'the communication session
is fixed and 1s not varled untll the communication
session is termlnated. '

In U. S. Patent 4 805 167, a technique is

'ddlsclosed whereby once a communlcatlon session has
begun, the number of channels used for the
 ,commun1cat1on se551on can be varied. However, 1it is

:mbelleved that thls technlque depends upon the
rsuppller of the dlgltal data to inform its receiver
'lto change the number of channels during the
- communlcatlon sessxon.x.Accordlngly, it is desirable
. g.dto provade an automatlc'method and apparatus for
:glhzdynamlcally changing the bandwxdth or the number of
lj"fchannels zn a dlgltal communlcatlon session.

Other prlor art 1nc1ude* U S. Patent No'

'fie4 759, 017; 4,899, 337, 4,893, 305; 4,888,765;

o ‘h VgAll;4 864,567; 4 825 434; 4,980, 886, 4,987,570; and
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The present 1nvent10n relates to a method and an

o ." apparatus for transmlttlng and rece1v1ng a sxngle
,, ___-_f rr”Vd1g1tal data stream between a flrst unit at a first
.l hl  301f  n' locat1on and a second un1t at a second location in a
e  Vl.s1ngle communlcatlon sess1on.; The units communicate
\' "v1a a plurallty of channels hav1ng a total |
u' transm1ss1on capac1ty rate.  The flrst unit has means

for rece1V1ng the s1ngle dlgltal data stream and for
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transmitting the single digital data stream by cyclically
distributing the single digital data stream along the plurality
of channels 1n the same order in each cycle. The second unit
has means for receiving the data from each of the channels and
for reconstituting the data received from the plurality of
channels into the transmitted single digital data stream. The
method and apparatus of the present invention comprises
measuring the rate of data in the single digital data stream
supplied to the first unit. The number of channels is changed
in response to changes in the data rate in the total rate.

In a preferred embodiment the measuring step
comprises calculating a utllization parameter and the changing
step comprises changing the number of channels in response to
the utilization parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 18 a block diagram of one embodiment of a
communication system i1ncorporating the dynamic bandwidth
allocation apparatus of the present invention, wherein the
system is adapted for transmitting and receiving data over a
plurality of channels from one unit at a first location to a
second like unit at another location.

Figure 2 1s a schematic diagram of a dynamic
bandwidth allocator, which 1s a portion of the apparatus shown

in Figure 1.

Figure 3 1s a block diagram of another embodiment of
a portion of a system for transmitting and receiving data over
a plurality of channels, 1ncorporating another embodiment of
the dynamic bandwidth allocator of the present invention.

Figure 4 1s a schematic block diagram of the dynamic
bandwidth allocator shown in Figure 3.

Figure 5 1s a schematic diagram of the filler circuit

portion of the system shown in Figure 3.

66810-749
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DETAILED DESCRIPTION OF THE DRAWINGS

Referring to Figure 1 there is shown a block
diagram of an embodiment of a communication system
10. The communication system 10 is shown
schematically as comprising a TX control unit 12 (for
transmission data) and an RX control unit 14 (for
receiving data). The TX control unit 12 is connected
to a host 20 via a first digital data link 22. The
host 20, which is a source of digital data, such a

computer, supplies a single-stream of digital data
over the first dlgltal data link 22 to the TX control
unit 12. The TX control unlt 12 and the host 20 are
also connected by the command link 24. The command

~link 24 supplles the command 51gnals from the TX

control unit 12 to the host 20 and visa versa, and
ncludes 51gnals such as CLKl clock signal, etc.

In the embodlment shown in Figure 1, the single
stream'of dlgltal data from the host 20 comprises

. "paddlng characters"'or "flags"
 ;synchronous data protocols, such as SDLC, HDLC, or
J.BISYNC send data over a synchronous connection as

"ypackets or characters separated by non-data packets
”or'"flags" or "paddlng characters" Since the amount

,_of data to be transmltted across a channel at any
~ partlcular tlme may not exactly equal the amount of
;»syfr{bandw1dth of the channel,_these "flags“ or "“padding

f'packets of data aS'well as’ packets of "non-data" or

For example, many

characters" are used.to occupy the time slots in the
bandwldth not occupled by actual data values. Thus,

'1Q_for example, 1n HDLC protocol a "flag" has the data
‘-- value of 7E (hexadec1ma1) -

The s1ngle stream.of digital data from the host

20 is recelved by the TX control unlt 12 at the clock

rate of CLK1 and_;s.supplled to a distributor 26 via

a second digital data link 39.

The distributor 26 is
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connected to a plurality of communication N channels
28, 30, 32, 34, 36 and 38. Each of the channels is
subject to a delay, with D as the maximum delay of
all the channels, relative to each other. As will be
appreciated, although only six channels are shown,
the invention is not so limited and can be used with
any number of plurallty of channels. The data is
supplied from the TX control unit 12 to a switch 40
within the distributor 26. The switch 40 is’
controlled by the TX control unit 12 through a
control link 42. The function of the switch 40 is to
cyclically place data from the TX control unit 12 and
ultimately from the host 20 over each of the

plurallty.of channels-(za 38).

The system 10 is particularly suited for
interfacing with an ISDN network. Hereinafter the

- system 10 will be descrlbed‘wlth respect to its
"connectlon to and operatlon with an ISDN network.
' However, 1t should be apparent to those skilled in
~ the art that the invention is ‘not so limited and can
- be used W1th any type of analog or digital
"’communlcatlon network..f; .

- The system 10 also comprlses an RX control unit

;';14 whlch recelves d1g1ta1 data from the switch 40

._';reassembled 1nto a sxngle stream of digital data.

W-,V_'rThe data from the Rx control unit 14 is then supplied

. h-'jié;}to the flrst d1g1ta1 11nk 22‘wh1Ch is then supplied
r5f?eﬁto the host 20.- I SR

The apparatus 10 1s connected to the distributor

 ]  26 located at a flrst 1ocatlon.: . The plurallty of
17dchannels (28-38) connect the system.lo at the first
'locatlon to a second 1ocatlon. At a second location,
--5a substantlally 11ke system 110 1s located. Similar
to the system 10 the system 110 comprises a TX
' control unit 112, connected to the switch 140, and
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controlling the switch 140 through a control link 142. The TX
control unit 112 is also connected to a second host 120 via a
data link 122. The host 120 and the TX control unit 112 also
communicate through a command link 124. In addition, data from
the second distributor 126 1s received by the RX control unit
114 and 1s supplied to the data link 122 to the host 120.

As will be appreciated from a review of Figure 1,
each of the systems 10 and 110 can transmit data to the other
like unit and simultaneously receive data from the other like
unit in a full duplex communication session. Thus far, these
components are well known i1n the art.

Referring to Figure 1, there 1s also shown a dynamic
bandwidth allocator (DBA) 46 of the present invention. The DBA
46 receives the digital data stream from the host 20 along its
digital input bus 48. As will be seen, 1in response to changes
in the rate of transmission of data signal, in the digital
signal, from the host 20 to the TX control unit 12, the DBA 46
outputs a control signal 44 which 1s supplied to the
distributor 26. The control signal 44 causes the distributor
26 to change the number of channels over which the switch 40
cyclically distributes the digital signal supplied thereto.
Thus, with the DBA circulit 46 of the present invention, the
system 10 can dynamically and automatically change the number
of channels over which its digital signal would be transmitted.

By having an efficient and automatic means of

66810-749
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dynamically changing the number of channels used in a
communication session, the system 10 will perform
more efficiently. Similarly, a like DBA unit 146 1is
located at the second location and controls the

system 110.
Referring to Figure 2 there is shown a schematic

block diagram'of“one'embodiment of the DBA circuit
46. The DBA.01rcu1t 46 comprlses a comparator 50 ‘
which recelves the d1g1ta1 signal from the input bus

48. The comparator 50 also receives a signal

;representatlve of non-data stored in a non-data

reglster 52.  At every clock cycle from the CLK1
clock s1gnal (Wthh synchronlzes the data and non-

‘data s1gnals from the host 20 to the TX control unit

12), the comparator 50 compares the digital signal

= from,the 1nput bus 48 to the s1gnal from the non-

_ [data reglster 52 and outputs a s1gnal supplied to the
 ~§counter 54.  In the event the two signals are equal,
"'=a pulse 1s outputted by the comparator 50 and the
»:ucounter 54 1ncrements 1ts count.

Perlodlcally,,(as determlned by the Divide By N

“Vclrcult 60) a m1croprocessor 56 receives the output

_ lfrom the counter 54 and compares ‘the contents of the
"fjficounter 54 to a‘value stored 1n the'memory 58. At
, ‘J the time of the comparlson, the'mlcroprocessor 56
" $g7wou1d also cause the counter 54 to be reset. In
5ﬁfféﬁﬁresponse to the comparlson the microprocessor

'“-l»determlnes 1f a change in the number of channels is
D _.Q*&;?des1rable, In that event - a 51gnal is sent along the
efm:;sohipaffioutput bus 44 to the dlstrlbutor 26. In addition, a
EERRAER “P;lneW'value 1s outputted by the'mlcroprocessor 56 and
_."fls stored in the memory 58. In the event the
'“macroprocessor 56 determlnes that no output signal

“hshould be sent along the output bus 44, thereby

malntalnlng the same number of channels, then no new
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data would be outputted by the microprocessor 56 to
be stored in the memory 58.
Speclfically, in the preferred embodiment, the

method of the present 1nvent10n is as follows. The
5 comparator 50 measures the rate at which non-data

characters occur in the'dlgltal_stream 48. An

efficiencyparameter’is'calculated by dividing the

rate of the non-data characters by the rate of the
. total dlgltal stream,“ The number of channels”is
'lO.' . 'changed in response to the amount of non-data
o _characters in the dlgltal stream. In addition to the
.algorlthm set forth hereln (1 e.,calculatlon of an
’eff1c1ency parameter), there can be a number of
different algorlthms used to act upon the

‘l7a f15.° j. measurements taken from the data stream.

- An.example of the foreg01ng operatlon is as
.fffollows.. Assumlng that 5 channels of 64 kilobits per
'fpfsecond channel each are in operatlon. Thus, the

..'rtotal dlgltal bandWLdth from the ‘host 20 to the TX

f7;d5520ffp: _contro1 unlt 12 1s at the rate of 320KB/sec., Every

p'T,- 1/320k second a clock szgnal CLK1 compares the
 fkd1g1tal s1gnal to the non-data character 52. If the

,__ hresultant comparison 1s true, l.e..a non-data

* dt  character 1s 1n that bandW1dth locatlon, the counter

fddfat25 ; h l 54 is 1ncremented. The DlVlde By N circuit 60 would

rjfplalso count the number of CLKl clock sxgnals. For

:fifdk”lfjslf fexamp1e.,after 320 CLK1 clock szgnals,.the Divide By

' N circuit 60 sends a pulse to the microprocessor 56.
,)Thls*would represent a tlme /increment of 1/1000 sec.

fjﬁfff)30j:pjfdp0ur1ng thls txme perlod 320 synchronous characters

,“ :; :(°f data and non-data)‘WLll'have been transmitted.
- fQ]Thus the memory 58'would have stored thereln the
n?value of 320. The number of non-data characters
stored 1n the counter 54 1s compared to the total

¢°l"l'35':" number of characters stored in memory 58.
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If the results of that comparison, i.e. the
ratio between the non-~data characters and the total
characters is very very low, e.g. 1/320, then the
microprocessor 56 would issue a command along its
output signal 44 to the distributor 26 to increase
another channel. For maximum efficiency, the ratio
should be a non-zero number maintained as close to
zero as possible. If thevresults of the ratio shows
that the ratio is greater than 64/320, then the
microprocessor 56 would issue a command along its
output bus 44 to the distributor 26 to shut down one
of the communication channels. Thus, one channel
worth of nonédata is in the counter 54 indicating

that one channel can be shut down for greater

‘ efflclency

Referrlng to Figure 3 there is shown a schematic

;idiagramlof another embodlment.of a system 10
'emp10ying the'DBAfcircuit-46.of'the present

invention. The system 10 shown in Figure 3 is

wsubstantlally 1dent1ca1 to the system 10 shown in
evFlgure 1. The only dlfference is that the host 20
jcomprlses a rece1v1ng unlt 20a and a filler unit 20b.
' The rece1V1ng unit 20a interfaceS'wlth an external
"* source of dlgltal data or can be the source of
.1fd1gital data.- However, the receiving unit 20a
'«' supp11es only dlgltal 31gnals representatlve of data

3"fff characters to the flller unit 20b accompanied by its

1 clock signal CLKZ. The filler unit 20b receives the
‘command and clock signal CLK1 along the command link
 'ﬁ24 from the TX control unlt 12. - In response to the
. acommand and CLKl clock szgnal ‘the filler unit 20b
 fsupp11es the dlgltal 51gna1 comprising of the data
~ characters from the‘REC unit 20a and the non-data or

flag characters 1n order that the rate of the
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transmission supplied to the TX control unit 12 is
maintained at the'CLxl clock signal rate.
Since the'digita1 signal from the REC unit 20a
to the filler~unitp20b.is.always transmitting data
characters, the'DBA circuit 46 is adapted to receive
the clock s1gna1 CLKZ which accompanies the data
character transmissxon. In response to the data
character transpLSSLOn, the DBA circuit 46 sends an

output sxgnal along the output bus 44 to the -

dlstrlbutor 26.~ _
Referrlng to Flgure 4 there 1s shown in greater

© detail the DBA c1rcu1t 46 shown in Figure 3. The DBA

circuit 46 recelves a clock s1gna1 CLK2 from the REC

‘unit 20a. Each clock SLgnal CLK2 is clocked into a
‘_counter 154. Slmllarly, a DlVlde By N circuit 160 is

also prov1ded to count down the clock signal CLK2. A

' -mlcroprocessor 156 recelves the output of the Divide

. By N c1rcu1t 160 and 1n response to that signal,

. reads the contents of the counter 154. The

B -rmlcroprocessor 156 also then resets the counter 154.
" , F1nal1y, the'mlcroprocessor 156 reads the contents of
"' the'memory 158 and makes a comparlson between the
,', ]contents of the'memory 158 and the contents of the
;h .counter 154.; In response to that comparlson, if the
.'[number of channels 1s to be changed an output signal
- is supplled on the output bus 44. In addition, a new

..‘\nj,ﬂvalue 1s stored by the'mlcroprocessor 156 into the

-~ . *
.« ., - Cpns . . > . . ' .
s . . . . . - . . : .
. ; . .
. . .
’ * : :' . ’ . . . . . - - -
% T . . ’
. . . 8 S .
' . ‘
Yo . . . .
. N .
. "t L .
1]
. “
> "

The theoret1cal bas1s for the operation of the

“_'DBA01rcu1t 46 shown 1n Flgure 3 is the same as
_cj¢ prev1ous1y descrlbed., However, s1nce the DBA circuit
h-"g 46 is contlnually'monltorlng characters which contain
"  on1y data, the DBA.c1rcu1t 146 measures the rate of
 data. A;utlllzatlon parameter is calculated in

.:accordance wlth.  & 
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(TOTAL RATE - DATA RATE)/(TOTAIL RATE).

The number of plurality of channels is changed in
response to changes in the data rate, tO'maintain the
utilization parameter as close to zero as possible.

Similar to the embodiment shown in Figure 1,
however, instead of analyzing the number of non-data
characters or flag characters, the DBA circuit 146
shown in Figure 3 analyzes the actual number of data

“characters. Thus, the utilization parameter takes

into effect the total rate minus the data rate which
is the rate of the non-data characters. The two
equatlons are'mathematloally equivalent.

' Finally, referrlng to Figure 5, there is shown
one embodiment of the filler unit 20b. Data

- charaotersfromthe REC'unit 20a is supplied to a

first of adouble buffered?FIFOS. The data
characters are supplied to the first FIFO 82 which
are then_suppliedlto.the,secondFIFO.84. The data
charaoters'are olooked into'the‘first FIFO 82 and

 ;'second FIFO 84 at the clock signal rate of CLK2.
fWhen the second FIFO 84 1s filled, a s1gnal is sent
to the controller 86 1nd1cat1ng that the contents in
' .the second FIFO 84 are buffered and are ready to be
t'_read out.- Slnce we assume that the clock signal CILK1
~_"always operates at a faster rate than the clock
. signal CLK2, the controller 86 in response to the
ﬁ-.prseoond FIFO 84 belng fxlled'w1ll go low. This causes

the AND gate 90 to be 1nh1b1ted and non-data 88 is no

"longer transmltted to the TX control 12. However,
_Wlth the controller 86 outputtlng a low signal, the
“.1nverter 92 outputs a high. ' This causes the AND gate
94 to be enabled thereby causing the contents of the

 second FIFO 84 to be read out by the CLK1l clock

31gnal. Agaln,,when a sufflclent number of data

.characters 1s read out from the second FIFO 84, and
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when data oharacters'no longer exceed the storage
contents of second FIFO 84, the controller 86 would
then go high. Thls would cause the AND gate 90 to be
enabled, causing non—data 88 to be sent out to the TX
control unit 12 by the CLK1 clock signal. The filler
unit 20b descrlbed herein can be a standard HDLC type
UART hardware commerc1ally avallable in chip form.

The reoe1vxng functlon is similar to the
foregoing. ' Dlgital S1gnal comprising of data’
characters and non-data charaoters are from the RX

'control un1t 14._ Each d1g1ta1 s1gnal is clocked into
the comparator 104 by the clock 51gnal CLK1l. Each

d1g1ta1 51gna1 1s compared to the non-data flag

~stored 1in the reglster 88. If the incoming packet is
‘a non-data, the results of the comparator 104 would
- be hlgh. Invertlng the hlgh 51gna1 through an
|  1nverter 106 would cause the AND gate 100 to be
._r'fdlsabled., ThiS'would.prevent'the dlqltal signal from
," be1ng stored 1nto the second FIFO 98. However, if
'tthe dlgltal 51gnal 1s a character 51gnal the result
';._ of the comparator 104‘would be low.. This would be
'   1nverted by the 1nverter 106 cau51ng the.AND gate 100
.-br* to be enabled thereby caus1ng the dlgltal s1gna1 to
”'{n‘ bbe passed 1nto the second FIFO 98. The AND gate 102
L l  lfswou1d also be enabled caus1ng the clock signal CLK1
‘ffdjfjfnfgtf pto gate the dlqltal sxgnal 1nto the second FIFO 98.
"';7l7;ﬁf‘l7ueWhen the flrst FIFO 96 1s fllled -a command signal is

'ff'nlffthen 1ssued to the REC*unlt 20a to cause it to issue
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-'the CLKZ slgnal to read out.the contents of the first

There are'many advantages to the method and

dlt”wd  ito df'apparatus of the present 1nventlon. Flrst and
.':  foremost 1s that a s1mple and eff1c1ent dynamic and
:"llautomatlc means and method for determlnlng and

' 'malntalnlng the eff1c1enoy of a network can be
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accomplished. This is accomplished by observing the
data stream and measuring the density of the data
stream. The number of channels for the bandwidth of
a digital communication session can be dynamically
5 changed in that session in response to the

measurement of the density. As used herein, the term
density canmeanény one of the following

umeasurementSf.fatiojOf-data to total, data to non-
data, nonédata-to'total,.and non-data to data.
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WHAT IS CLATMED IS:

1. A method of synchronously transmitting and
receiving a single digital signal between a first
unit at a first location and a second unit at a
second location, in a single communication session,
wherein said digital signal contains data signals and
non-data signals, the density of data signals in said
digital signal (hereinafter "data rate") varying with
time, wherein said units are connected by a plurality
of channels, having a total transmission capacity
rate (hereinafter: "total rate"), wherein said first
unit has means for receiving the single digital
signal, means for transmitting said single digital
signal by cyclically distributing the single digital
signal along the plurality of channels in the sane
order in each cycle, and wherein said second unit has
means for receiving the digital signal from each of
said channels, means for reconstituting the digital
signals received from said plurality of channels, by
said receiving means, into the transmitted single
digital signal, wherein said method comprising:

measuring the data rate; and
changing the number of said plurality of
channels in response to changes 1in sa%d data

rate in said total rate.

2. The method of Claim 1 wherein said

measuring step further comprises:
calculating a utilization parameter 1in

accordance with “
(total rate - data rate) / (total rate); and
wherein said changing step further

comprises:

changing the number of said plurality

of channels in response to said utilization

parameter calculated.
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3. The method of Claim 2 wherein said changing

step further comprises:
changing the number of said plurality of

channels to maintain said utilization parameter
as close to zero as possible, 1n response to

changes in said data rate.

4 . An apparatus for synchronously transmitting
and receiving a single digital signal between a first
unit at a first location and a second unit at a
second location, in a single communication sesslon,
wherein said digital signal contains data signals and
non-data signals, the density of data signals 1in said
digital signal (hereinafter: data rate) varying with
time, wherein said units are connected by a plurality
of channels, having a total transmission capacity
rate (hereinafter: "total rate"), whereiln said first
unit has means for receiving the single digital
signal, means for transmitting said single digital
signal by cyclically distributing the single digital
signal along the plurality of channels in the same
order in each cycle, and wherein said second unit has
means for receiving the digital signal from each of
said channels, means for reconstituting thé digital
signals received from said plurality of channels, by
said receiving means, into the transmitted single
digital signal, wherein said apparatus comprising:

means for measuring said data rate; and

means for changing the number of said
plurality of channels in response to changes in
said data rate in said total rate.

5. The apparatus of Claim 4 wherein said

measuring means further comprises:

SUBSTITUTE SHEET
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means for calculating a utilization
parameter in accordance with
(total rate - data rate) / (total rate); and
wherein said changing means further
comprises:
means for changing the number of said
plurality of channels in response to said
utilization parameter calculated by said

calculating means.

6. The apparatus of Claim 5 wherein said
changing means further comprises:
means for changing the number of saild
plurality of channels to maintain said
utilization parameter as close to zero as
possible, in response to changes in said data

rate.

7. A method of synchronously transmitting and
receiving a single digital signal between a first
unit at a first location and a second unit at a
second location, in a single communication session,
wherein said digital signal contains data signals and
non-data signals, the density of non-data signals in
said digital signal (hereilinafter: non-data$rate)
varying with time, wherein said units are connected
by a plurality of channels, having a total
transmission capacity rate (hereinafter: "total
rate”), wherein said first unit has means for
receiving the single digital signal, meaﬁs for
transmitting said single digital signal by cyclically
distributing the single digital signal along the
plurality of channels in the same order in each
cycle, and wherein said second unit has means for
receiving the digital signal from each of said
channels, means for reconstituting the digital

SUBSTITUTE SHEET
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signals received from said plurality of channels, by
said receiving means, into the transmitted single
digital signal, wherein said method comprising:
measuring the non-data rate; and
changing the number of said plurality of
channels in response to changes in said non-
data rate in said total rate.

8. The method of Claim 7 wherein said
measuring step further comprises:
calculating an efficiency parameter in
accordance with
(non-data rate)/(total rate); and
wherein said changing step further
comprises:
changing the number of said plurality
of channels in response to said efficiency

parameter calculated.

9. The method of Claim 8 wherein said changing
step further comprises:
changing the number of said plurality of
channels to maintain said efficiency parameter
as close to zero as possible, 1n response to

changes in said non-data rate.

10. An apparatus for synchronously transmitting
and receiving a single digital signal between a first
unit at a first location and a second un}t at a
second location, in a single communication sesSion,
wherein said digital signal contains data signals and
non-data signals, the density of non-data signals 1in
said digital signal (hereinafter: non-data rate)
varying with time, wherein said units are connected
by a plurality of channels, having a total
transmission capacity rate (hereilinafter: "total

SUBSTITUTE SHEET
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rate"), wherein said first unit has means for

receiving the single digital signal, means for

transmitting said single digital signal by cyclically

distributing the single digital signal along the
plurality of channels in the same order 1in each
cycle, and wherein said second unit has means for
receiving the digital signal from each of said
channels, means for reconstituting the digital
signals received from said plurality of channels, by
said receiving means, into the transmitted single
digital signal, wherein said apparatus comprising:
means for measuring the non-data rate; and
means for changing the number of said
plurality of channels in response to changes 1n

said non-data rate in said total rate.

11. The apparatus of Claim 10 wherein said
measuring means further comprises:
means for calculating an efficiency
parameter in accordance with
(non-data rate)/(total rate); and
wherein said changing means further
comprises: '
means for changing the number of said
plurality of channels 1in responsé to said
efficiency parameter calculated by said
calculating means.

12. The apparatus of Claim 11 wherein saild
changing means further comprises: ) .
means for changing the number of said
plurality of channels to maintain said
efficiency parameter as close to zero as
possible, in response to changes in said non-

data rate.
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