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1. Device for inserting information bits into a 
specific frame structure at specific locations, at least 
one of said locations containing at least one 
justification opportunity bit, said device comprising:

- means for dividing the incoming digital bit stream 
with bit rate DI into "n" bit streams with a reduced bit 
rate Dl/n, wherein "n" is >. 2;

- a buffer memory into which are written at the 
reduced bit rate Dl/n and read at a reduced bit rate D2/n 
successive words of "n" bits from said divider means, 
where D2/n denotes the bit rate at which said words are 
inserted in the outgoing frames, said buffer memory 
cooperating with justification control means adapted to 
compare the read and write bit rates of said buffer memory;

- an elastic memory having a capacity determined to 
contain* at each instant of time defined by a transition of 
a clock signal having a frequency corresponding to said 
reduced insertion bit rate D2/n, a variable number of bits 
of words read in said buffer memory and not yet inserted 
or not yet reinserted into the outgoing frames, said

.../2
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number varying according to justification commands 
generated by said justification control means;

- means for selecting at each said instant of time, 
and according to said justification commands, "n" bits 
contained in said elastic memory which are to be inserted 
or are to be reinserted at this time; and

- means for temporarily blocking a clock for reading 
said buffer memory if the justification command generated 
at a given time is such that the number of bits to be 
stored in said elastic memory exceeds a predetermined 
limit value.
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DEVICE FOR INSERTING INFORMATION BITS INTO A SPECIFIC
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The present invention concerns digital transmission 
and in particular time-division multiplex digital 
transmission.

-eeceaaj.pt.ion -of tho..prior· ae^te·—

The frame structures of time-division multiplex 
digital bit streams vary according to the bit rate of the 
tributaries to be multiplexed and are mostly the subject 
of CCITT recommendations . '

They usually include time slots reserved for 
transmitting information signals representing the traffic 
payload and time slots reserved for transmitting 
auxiliary signals such as order wire or
signals .

The present invention is more
concerned with a device for inserting bits constituting a 
digital bit stream having a given bit rate into time 
slots of a given frame structure reserved for 
transmitting information signals.

The invention is particularly applicable to the 
construction of frames for time-division multiplexed 
digital bit streams produced by multiplexing digital 
tributaries at different bit rates using a synchronous 
multiplexing hierarchy as defined in
CCITT Recommendations G.707, G.708 and G.709.

The theory of a multiplexing hierarchy of this kind 
is outlined in figure 1. The various bit rates that can 
be multiplexed by this hierarchy are the bit rates of 
2 408 kbit/s, 8 448 kbit/s, 34 368 kbit/s, 1 554 kbit/s, 
6 312 kbit/s, 44 736 kbit/s · and 139 264 kbit/s
recommended by the CCITT and listed down the righthand 
side of this figure.
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There are various possible multiplexing structures 
for this multiplexing hierarchy depending on the bit 
rates of the tributaries to be multiplexed for a given 
application, and each multiplexing structure (such as 
that shown in bold line in this figure) representing 
tributaries to be multiplexed with bit rates of 
1 544 kbit/s, 2 048 kbit/s, 8 448 kbit/s and 
34 368 kbit/s comprises a number of hierarchy levels, 
denoted Nl, N2, N3 in the example under consideration, 
running from right to left in the figure, in the 
direction in which the frames are constructed from the 
various tributaries .

Tributaries can be introduced and entities called 
containers and entities called multiplexing units can be 
constituted at the various hierarchy levels of a 
multiplexing structure. The multiplexing units 
constituted at a given hierarchy level and denoted TU or 
AU (TUli, TU12, TU22 for level Nl, TU31 for level N2 and 
AU4 for level N3 in the example under consideration) are 
formed by adding to the containers constituted at the 
same hierarchy level signals for indexing and justifying 
these containers relative to these multiplexing units.

The containers constituted at a given hierarchy 
level and denoted VC (VC11, VC12, VC22 for level Nl, VC31 
for level N2 and VC4 for level N3 in the example under 
consideration) are each formed by adding auxiliary 
signals, either to a multiplex signal obtained by 
multiplexing together multiplexing units constituted at a 
lower hierarchy level, or to an information signal 
sampled on a tributary introduced at the level in 
question and denoted C (Cll, C12, C22 for level Nl and 
C31 for level N2 in the example under consideration).

In the context of . its application to the 
constitution of such frames, the invention is more 
specifically used to insert tributaries into containers.
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The following description makes particular reference to 
the insertion of a 139 264 kbit/s tributary C4 into a 
container VC4.

Figure 2 shows the frame structure of a container 
VC4 as defined by the previously mentioned 
CCITT recommendations, the container VC4 being divided 
into superframes each formed by a succession of nine such 
frames .

As shown in this figure, the bits of the 
139 264 kbit/s digital bit si-ream C4 are inserted into 
this frame in groups of twelve (unreferenced) bytes 
called information bytes and are separated by bytes X and 
Y called systematic insertion bytes. The first group of 
twelve bytes is preceded by a byte W assigned to the 
transmission of information bits, the byte W being itself 
preceded by a systematic insertion byte. The last group 
of twelve bytes is similarly preceded by a specific byte 
Z ' assigned partly to transmitting information bits I. 
The eighth bit of byte Z is a stuff bit R which is 
ignored when the frames of the container VC4 are 
received. The seventh bit of the byte Z is a 
justification opportunity bit S for the tributary C4 
relative to the container VC4 for the frame in question 
and can therefore be either an information bit or a stuff 
bit, depending on the justification state of this frame.

Justification is a standard technique for matching 
the rate of the bits to be inserted and the bit insertion 
rate. In the example under consideration, where the 
justification is positive justification, the S bit of a 
frame is an information bit of the tributary C4 unless 
this tributary is justified relative to the container VC4 
for the frame in question, in which case the S bit is a 
stuff bit. The justified or non-justified state of a 
frame is indicated by the value of a justification 
control bit C, the C bit occupying in this instance the
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first location of the systematic insertion bytes X.
The use of this technique conventionally requires a

buffer memory into which the incoming information bits 
are written under the control of a write clock at the

5 clock rate of these bits and which is read under the 
control of a read clock at the insertion clock rate and 
a comparator for comparing the phase of the write and 
read clocks and commanding justification as needed 
according to the comparison result. When justification

10 is applied, the insertion of a justification opportunity
• 9 0

• « 9
bit in place of an information bit imposes a delay in the

• 9 9

» 9 0
insertion of this information bit which is obtained by a

• 9 »
9 9 9 9 corresponding

timing.
adjustment of the buffer memory read

15 In the example under consideration the bit rates
9 9 9 9 are 139 264 kbit/s and 155 520 kbit/s . With some

technologies the device performing the insertion cannot 
operate directly at these bit rates but only at reduced 
bit rates requiring division of the incoming and outgoing

20 digital bit streams into "n" reduced bit rate digital bit 
streams, in which Case the buffer memory principle 
mentioned above is no longer directly applicable.

An objective of the present invention is to provide 
an insertion device enabling operation at reduced bit

25 rates.
------------ SUMMARY OF -THE INVENTION-------------------------------------------------------------------- -

The present invention consists in a devicg^-vfor 
inserting information bits into a specific frame 
structure at specific locations at leMtone of which may

30 contain at least one justjJatSation opportunity bit, 
characterized in thatj^^domprises :

- means ^^Xef^ciividing the incoming digital bit 
stream>f±€n bit rate DI into "n" bit streams with a

^^j-educed bit rate Dl/n,
!--------—a buf-f-e-r—memory—i-nte—whie-h- are—written—a-t -feb-e—b-irfe-
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According to the present invention there is provided 
a device for inserting information bits into a specific 
frame structure at specific locations, at least one of 
said locations containing at least one justification

5 opportunity bit, said device comprising:
- means for dividing the incoming digital bit stream 

with bit rate DI into "n" bit streams with a reduced bit 
rate Dl/n, wherein "n" is 2. 2;

- a buffer memory into which are written at the 
10 reduced bit rate Dl/n and read at a reduced bit rate D2/n

successive words of "n" bits from said divider means, 
where D2/n denotes the bit rate at which said words are 
inserted in the outgoing frames, said buffer memory 
cooperating with justification control means adapted to

15 compare the read and write bit rates of said buffer memory;I ·
- an elastic memory having a capacity determined to 

• contain at each instant of time defined by a transition of
a clock signal having a frequency corresponding to said 

; reduced insertion bit rate D2/n, a variable number of bits
.20 of words read in said buffer memory and not yet inserted

or not yet reinserted into the outgoing frames, said 
number varying according to justification commands
generated by said justification control means;

- means for selecting at each said instant of time,
.’25 and according to said justification commands, "n" bits

contained in said elastic memory which are to be inserted 
or are to be reinserted at this time; and

- means for temporarily blocking a clock for reading 
said buffer memory if the justification command generated

30 at a given time is such that the number of bits to be 
stored in said elastic memory exceeds a predetermined 
limit value.

A preferred embodiment of the present invention will 
now be described with reference to the accompanying

35 drawings wherein:
Figures 1 and 2 have already been described.
Figure 3 is a block diagram of an insertion device 

in accordance with the invention.
Figure 4A and 4B are tables illustrating the 
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operating principle of the elastic memory.
Figure 5 is a block diagram of the elastic memory

and of the bit selector means included in said elastic 
memory.

5
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Figure 6 is a block diagram of control means for 
said selector means and means for disabling the buffer 
memory read clock.

-TOIE -Ι·Ν¥Β*ί«ΡΦΘΜ—·

Referring to figure 3, the bits of the incoming 
digital bit stream (in the example under consideration, 
of a tributary C4 with a bit rate Dl of 139 264 kbit/s) 
are applied to a demultiplexer 1 which in a known way 
divides this bit stream into "n" bit streams at a reduced 
bit rate, 34.816 kbit/s in this example, in which "n" 
takes the value 4.

The successive words each of four bits obtained at 
the output of the demultiplexer 1 are written into a 
buffer memory 2 under the control of a clock signal Hl at 
34.816 kbit/s obtained by dividing by four the clock 
signal Dl recovered by a clock recovery circuit 3 
receiving the digital bit stream C4 and controlling the 
demultiplexer 1.

Reading of the buffer memory 2 is controlled by a 
clock signal H2 with a clock rate of D2/4 where D2 
designates the rate at which bits are inserted into a 
frame of a container VC4 in which (see below) some 
transitions are absent. As will be explained later, the 
signal H2 is obtained from a signal H'2 defining the 
insertion times for the four-bit words from the 
demultiplexer 1.

A phase comparator 5 compares the write and read 
command clock signals for each frame of the container VC4 
and uses known criteria to establish a justification 
control signal SCJ which is stored for the duration of a 
frame in. a memory 6 and which may be a direct 
representation of the justification control bit C.

The successive four-bit words obtained at the 
output of the buffer memory 2 are transferred under the 
control of the signal H2 into a four-bit register 7.
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Before a new word is written into register 7, the 
word previously written into this register is transferred 
into a four-bit register 8 also clocked by the signal H2, 
the combination of the two registers therefore forming a 
shift register operating on four-bit words.

The four-bit word (or half-byte) to be inserted at 
a given time, that is to say at a given transition of the 
clock signal H'2, into a frame of the container VC4 is 
obtained at the output of a four-bit register 9 clocked 
by the signa". H'2 into which there has been written at a 
previous time a half-byte which, as will be explained 
later, consists of either the half-byte stored in the 
register 7 or a half-byte formed in part by bits of the 
word stored in the register 7 and in part by bits of the 
word stored in the register 8, these bits being selected 
by a selector 10.

The selector 10 is controlled by signals α, β from a 
sequencer 11 which delivers a value of these signals 
updated from their previous value and on the basis of 
control signals comprising a signal SOZ for synchronizing 
second half-bytes of bytes Z of VC4 frames from the 
timebase 4 and the justification control signal SCJ from 
the memory 6 which in turn receives a VC4 frame 
synchronization signal ST from the timebase 4.

The combination of the registers 7 through 9, the 
selector 10 and the sequencer 11 will be described in 
more detail below.

The clock signal H2 is obtained by blocking some 
transitions of the clock signal H'2 using a known 
blocking circuit 12 controlled by the sequencer 11, as 
will be explained in more detail below.

The frames of the container VC4 are obtained at the 
output of a multiplexer 13 which receives on first inputs 
information half-bytes from the register 9, on a second 
input the justification control bit C and on third inputs35
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bits E representing systematic insertion bits other than 
the justification control bit C, the bits E and bit C 
forming whole bytes and therefore whole half-bytes. This 
multiplexer is controlled by synchronization signals SY 
supplied by the timebase 4 and marking slots for the 
various bits to be inserted into the frames of the 
container VC4.

Note that the signal H'2 is a clock signal at the 
bit rate D2/4 in which the transitions representing the 
locations of half-bytes formed by the E and C bits are 
absent.

The theory of operation of the selector 10 and the 
sequencer 11 will now be explained with reference to the 
tables in figures 4A and 4B, starting with figure 4Α.

Mqmim2m3, AqA1A2A3, BqB1B2B3 and CqC-jC^ denote 
the respective outputs of the buffer memory 2 and the 
registers 7 through 9 at which half-bytes stored therein 
are delivered at any half-byte time.

ei ei41 ei+2 ei+3 denote the bits forming the half­
byte available at a given half-byte time representing a 
given transition of the clock signal H'2 at the output of 
one of the above components, the subscripts increasing 
from i through i+3 representing the order in which these 
bits are received in the incoming digital bit stream at 
bit rate DI and the increasing subscript bits being 
available at the respective increasing subscript outputs 
of the component concerned.

The various columns for these various components 
show the various half-bytes stored in those components 
for different successive half-byte times tp represented 
by different lines of the table.

The selector 10 selects "m" bits fx.om the register 
7 and "n - m" bits from the register 8. In this example 
”n" is equal to 4.

It is assumed that the initial conditions are such35
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that the selector 10 selects at the initial time tg the 
four bits present at the outputs AgAj^Ag of the register 
7 ( "m" is equal to 4).

The selector 10 continues to operate in this manner 
5 until (for example) the half-byte time tg representing 

the location of the second half of the byte Z for the
frame in question.ft ft··•• ft · · At this time the fourth bit of the half-byte to be

• ft ftftftft ·ft ft inserted is a stuff bit which, as here, may be the bit e?
.... 10 

ft ft ft ft present just before this time at the output Ag. It is
then necessary to repeat the bit e7 at the start of the 
next half-byte time. ■

The third bit of the half-byte to be inserted is a 
justification opportunity bit so it may also be

15 necessary, depending on the justification state of the 
frame at this time, to repeat the bit βθ at the start of 
the next half-byte time.

To make this example more concrete, it is assumed 
that the frame in question is not justified so there is

20 no need to repeat bit βθ. In this case the half-byte to 
be inserted into the frame at time t^, that is to say the 
half-byte stored in register 9 at this time, is the half­
byte e^egege-^g, the half-byte inserted into the frame ut 
time tg being the half-byte e4e5e6e7·

25 As the table shows, the selector 10 must therefore
be set to select the fourth bit (e7) of the half-byte 
stored in register 8 and the first three bits (egege-j^g) 
of the half-byte stored in the register 7 ("m" is equal 
to 3 ) .

30 The selector 10 retains this setting until the
half-byte-time representing the location of the second 
half of the byte Z of the next frame chosen by design and 
without any relationship to the numerical values 
considered for the subscript i as being time t^.

35 If the frame is not justified, the new setting of
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the selector 10 at the next time tg must enable selection 
of the last two bits (®i4®i5) of the half-byte stored in 
the register 8 and the first two bits (θχβθχν) of the 
half-byte stored in the register 7 ("m" is equal to 2).

Applying the same reasoning at the successive times 
t? and tg, the new setting of the selector 10 at time tg 
must enable selection of the last three bits (®2ie22e23) 
of the half-byte stored in the register 8 and the first 
bit (θ24) the half-byte stored in the register 7 ( "m" 
is then equal to 1).

Making the same assumptions at the subsequent time 
tg, the half-bytes available at the output of the memory 
2 and the registers 7 and 8 must not be altered at this 
time and the setting of the selector 10 at time tjg must 
again enable selection of the four bits of the half-byte 
stored in the register 7 ("m" is equal to 4 again). If 
the process as described were allowed to continue, the 
bit to be repeated under the same conditions at time t^g 
would be lost.

The table in figure 4B repeats the table from 
figure 4A for the times tg through tg and, for time tg, 
represents the situation in which the frame is justified. 
Given this assumption, the half-bytes available at the 
output of the memory 2 and of the registers 7 and 8 must 
not be altered at time tg and the selector 10, which at 
this time selects the last three bits of the half-byte 
stored in the register 8 and the first bit of the half­
byte stored in the register 7, is set at time t^g to 
select the last bit ^27) of the half-byte stored in the 
register 8 and the first three bits (e28e29e30) the 
half-byte stored in the register 7.

From the point of view of storing bits not yet 
inserted or not yet re-inserted, the combination of the 
registers 7 and 8 can be regarded as a single register 
forming an elastic memory having a fixed main capacity of35
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four bits (represented by the register 7) and a variable 
additional capacity of zero to three bits (represented by 
the last three bits of register 8), that is, when taken 
together, an elastic memory with a capacity variable 
between four and seven bits, in which the number of bits 
not yet inserted or not yet reinserted is (in this 
example) increased by one or two units at each half-byte 
time representing the second half of the byte Z, 
according to whether the frame in question is not 
justified or justified.

If the number of bits in the single register is 
equal to a limit value (in this example seven bits, or 
more generally 2n-l bits), which is the case at times t7 
and tg considered above, and if the number of bits not 
yet inserted or not yet reinserted must be increased (by 
one or two units), it is therefore necessary to block the 
read clock signal of the buffer memory 2, which is done 
at time tg, failing which information would be lost.

One embodiment of the selector 10 will now be 
described with reference to figure 5. The selector 
comprises four selector units or multiplexers 20, 21, 22 
and 23 each with four inputs connected to the outputs 
AgA^Ag of the register 7 and to the outputs BgBgBgBg of 
the register 8 in such a way as to obtain the various 
possible combinations shown in the figure 4A and 4B 
tables. To be more precise, the data inputs of the 
multiplexer 20 are connected to the outputs AgB-^BgBg, the 
data inputs of the multiplexer 21 are connected to the 
outputs AgAjBgBg, the data inputs of the multiplexer 22 
are connected to the outputs AgA-jAgBg and the data inputs 
of the multiplexer 23 are connected to the outputs 
A0AlA2A3·

Each multiplexer receives on its control inputs the 
signals α, β from the sequencer 11 which will now be 
described with reference to figures 6.35
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The sequencer comprises a counter 30 with a 
capacity of four clocked by the signal SOZ for 
synchronizing the second half-bytes of the bytes Z. This 
counter has an increment of one or two according to 
whether the frat;- in question is not justified or 
justified. It has an increment control input which 
receives the justification control signal SCJ from the 
memory 6 (figure 3),

The signals a, β controlling the selector 10 are 
obtained direct from the two parallel outputs of this 
counter.

The figure 4A and 4B tables are completed by the 
values of the signals a and β and by the count states EC 
(from zero through four) of this counter for the example 
under consideration.

a = 0 and β = 0 denote the values of the counter 30 
output signals representing filling of the elastic memory 
formed by the registers 7 and 8 to the limit value (which 
is seven bits in this example, as already explained). 
a = β = 1 are the counter 30 output signal values 
representing the count state of this counter preceding 
the count state representing the values a = β = 0.

SOZ = 1 represents the value at the actual location 
of the second half of a byte Z of the signal for 
synchronizing the second half-byte of the byte Z and 
SCJ = 1 represents the value of the synchronization 
control signal indicating that justification is required.

The signal BL supplied by the sequencer 11 to the 
circuit 12 for blocking the read clock of the buffer 
memory 2 is obtained at the output of the combinational 
logic circuit 31 implementing the following logic 
equation:

BI. = oT . β" . SOZ + a . β . SC J. SOZ
The signal BL blocks the read clock or not 

according to whether its value is one or zero,-35



13

respectively.
A transition of the clock signal H' 2 is needed to 

disable a command to read the buffer memory 2 and a 
command to write the elastic memory either if the counter

5 30 is in the count state representing a = β = 0 when the
signal for synchronizing the second half-byte of the byte 
Z arrives, whatever the value of the justificationftftftft

··»· control signal for the frame in question, or if the
**·’*·♦ counter 30 is in the count state representing a = β = 1 if

·;·· 10 this synchronization signal arrives and the frame inftftftft
« «> question is justified.
ft ft ft

ft ftft
a ft · 
oft··

ft ftftftftft
• ••ft • ft ·ft ft ft
• ft ft ft ftft
< ftft

ft
4 ·

ft
ft ft ft ft ft 4 

ft ft

ftft · ft ftft ft ftft



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

which are written at the 
at a reduced bit rate D2/n 
from said divider means,

• · 9 ·• · ·

• · · ·» · ♦* · ·• · • ·• ·Il ·« · ·

1. Device for inserting information bits into a 
specific frame structure at specific locations, at least 

5 one of said locations containing at least one 
justification opportunity bit, said device comprising:

- means for dividing the incoming digital bit stream 
with bit rate DI into "n'1 bit streams with a reduced bit 
rate Dl/n, wherein "n" is >. 2;

10 - a buffer memory into
reduced bit rate Dl/n and read 
successive words of "n" bits
where D2/n denotes the bit rate at which said words are 
inserted in the outgoing frames, said buffer memory 

15 cooperating with justification control means adapted to 
compare the read and write bit rates of said buffer memory;

• - an elastic memory having a capacity determined to
contain at each instant of time defined by a transition of 

; a clock signal having a frequency corresponding to said
j20 reduced insertion bit rate D2/n, a variable number of bits 

of words read in said buffer memory and not yet inserted 
or not yet reinserted into the outgoing frames, said 
number varying according to justification commands 
generated by said justification control means;

«ϊ·.· 25 - means for selecting at each said instant of time,
·....· and according to said justification commands, "n" bits• · · ·

contained in said elastic memory which are to be inserted 
or are to be reinserted at this time; and• ·

- means for temporarily blocking a clock for reading
30 said buffer memory if the justification command generated 

at a given time is such that the number of bits to be 
stored in said elastic memory exceeds a predetermined 
limit value.
2. Device according to claim 1 wherein. said

35 predetermined limit value for filling of said elastic
memory is equal to 2n - 1 bits.
3. Device according to claim 1 wherein each of said 
specific locations which is likely to comprise at least 
one justification opportunity bit comprises also at least

40L
Vz

-14-
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one stuff bit and the number of bits stored in said 
elastic memory and the control of said selector means, at 
each time defined by the reduced insertion bit rate D2/n, 
are conditioned also by the number of frames constructed 
previously.
4. Device according to claim 1, 2 or 3 wherein said 
elastic memory comprises first and second registers, each 
register being of "n" bits, said first and second 
registers forming a shift register for "n"-bit words, the 
first register receiving words from the buffer memory.
5. Device according to claim 4 wherein said selector 
means comprise a set of "n" selector units adapted to 
select "m" first bits from said first register and "n - m" 
last bits from said second register for all values of "m" 
between one and "n" inclusive.
6. Device according to claim 5 when appended to claim 3 
wherein said predetermined limit value for filling of said 
elastic memory is equal to 2n - 1 bits and wherein the "n" 
selector units are controlled by a counter with a capacity

• ·• · ···· .20

• · · ·» · ·I · ·

of "n" incremented at the 
"η’’-bit words likely to 
opportunity bit and comprising 
increment of which is adapted

bit rate for 
comprise a 

‘ a stuff 
to assume

insertion of 
justification 
bit and the 
one of two

• · · ·• · · ·• · ·

30

possible values according to the justification command.
7. Device for inserting inforir tion bits into a 
specific frame structure substantially as herein described 
with reference to Figs. 3-6 of the accompanying drawings.

DATED: 30 June, 1993.

PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:
SOCIETE ANONYME DITE ALCATEL CIT
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