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1. A method for adapting the rate at which a cyclic sequence of
read addresses (RADR) is delivered to a memory (FIFO) to the rate
at which a cyclic sequence of write addresses (WADR) is delivered
to said memory, wherein the sequence of write addresses is
delivered at a rate which is changed intermittently to a predeter-
mined extent, and wherein the rate at which the read addresses are
delivered to the memory is adjusted in a manner such that the read
addresses will be delivered to the memory, on average, at the same
rate as that at which the write addresses are delivered to said
memory, characterized by establishing a change in the
rate at which the write addresses are delivered to the memory;
deriving a first comparison magnitude (x) from the write addresses
and a second comparison magnitude (y) from the read addresses;
comparing the first and the second comparison magnitudes:
adjusting the rate at which the read addresses are delivered to
the memory in accordance with the result (co) of said comparison,
by activating the derivation of at least one of the comparison
magnitudes to a predetermined degree which corresponds to the
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aforesaid predetermined extent, such that at least the major part
of the detected change is initially compensated in the derivation
of at least one of the comparison magnitudes; and reducing the
activation of said derivation successively, so as to reduce the

compensation successively.

11. A method for transmitting datainformation from a synchr.-'»onous
digital hierarchy system (SDH) to a plesiochronous digital
hierarchy system (PDH), said datainformation (DATAINFOin)
occurring divided on frames in the synchronous system, wherein the
frames include units of datainrormation (DATAINFOin) to be
transmitted to the PDH-system, and also units of other information
which shall not be transmitted to the PDH-system, wherein the
relationship between the number of datainformation units and the
number of other information units may vary in each frame, depen-
ding on whether the frame includes a nominal number of datainfor-
mation units or more datainformation units than the nominal number
or fewer datainformation units than the nominal number, and
wherein the method includes the steps of writing datainformation
(DATAINFOin) from the synchronous system into an addressable
memory (FIFO) and reading-out datainformation (DATAINFOout) to the
plesiochronous system from the addressable memory, and in which
method a cyclic sequence of write addresses (WADR) is generated
successively in a manner such that there is generated one write
address for each unit of datainformation (DATAINFoin) to be
transmitted to the PDH-system, whereas the generation of write
addresses is interrupted for each unit of other information,
whereby a nominal number of write addresses are generated for each
frame when a frame having a nominal number of datainformation
units occurs in the synchronous system, and more write

addresses than the nominal number of addresses are generated for
each frame when the occurrent frame includes more datainformation
units than said nominal number, and fewer write addresses than the
nominal number of addresses are generated for each frame when the
occurrent frame includes fewer datainformation units than the
nominal number, wherein datainformation (DATAINFOin) from the
synchrormnous system is written into memory positions in the memory
disclosed by the write addresses, wherein a cyclic sequence of
read addresses (RADR) are dgenerated, wherein the same memory
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addresses as the memory addresses included in the cyclic sequence
of write addresses are included in the sequence of read addresses
and in the same order as said memory addresses, wherein datainfor-
mation (DATAINFOout) is read-out to the ‘plesidchronous system from

memory positions in the memory disclosed by the read addresses

(RADR) , wherein in a starting state, the read addresses are
generated generally phase shifted through one-half of an address
cycle from the smultaneously generated write addresses, so that
data will not be written into and read from the memory simul-
taneously from one and the same membry position, and in which
method the read addresses are generated, on average, at the same
rate as the write addresses, characterized by

- forming a first reference address (a) which corresponds to a
write address, and forming a second reference address (c) thch
corresponds to a read address, such that the mutual phase shift in
the reference addresses (a, ¢) corresponds essentially to one-haif
of an addres: cycle in a starting state;

= generatlng a write signal pulse (xpls) when the write address
(WADR) is equal to the first reference address (a), and generating
a read signal pulse (ypls) when the read address (RADR) ‘is equal
to the second reference address (c), whereby said pulses (xpls,

 ypls) are generated mutually simultaneously when the phase shift
between the read addresses and the write addresses correspond to
the inutual phase shift of the reference addresses, whereas said
pulses (xpls, ypls) are generated with & Lime shift when the phase
shift between the read addresses and the write addresses differ
from the phase shift between the referencn addresses;

- delivering said pulses (xpls, ypls) to a frequency regulating
circuit (PLL) which functions to adjust the ra%= at which new read
addresses (RADR) are generated, wherein said rate is changed when
the write signal pulse (xpls) and corresponding read signal pulse
(Ypls) are generated with a mutual time shift, and wherein the
rate is unchanged when the write signal pulse (xpls) is generated
at the same time as the read signal pulse (ypls);: Ce -
e

- detecting when an occurrent frame contains more or |\ Fore
datainformation units (DATAINFoin) than the nominal number;
- when detecting that a frame contains more or fewer datainfor-
mation units than the nominal number, masking corresponding
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generation of more or fewer write addresses (WADR) for said frame,
by changing the first reference address (a) or the second refe-

rence address (c) or both reference addresses together (a, c) by
as many reference addresses as the numberj corresponded by more or
fewer datainformation units;

- adjusting the changed reference address or reference addresses
(a, c) stepwise back to said sf:arting state, wherein the write
signal pulse (xpls) and the read‘signal pulse (ypls) are generated

‘with a mutual time shift, so that the rate at which read addresses

(RADR) are generated is changed to follow the change in the number
of write addresses (WADR) generated fo:r each frame which occurs

with more or fewer datainformation units than is nominal in a

frame, wherein said rate increases when the frame contains more
information units and decreases when the frame contains fewer
units than the nominal frame number.
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A METHOD AND AN ARRANGEMENT FOR ADAPTING THE RATE AT WHICH DATA
INFORMATION I8 READ FROM A MEMORY TO THE RATE AT WHICH DATA
INFORMATION IS8 WRITTEN INTO THE MEMORY

TECHNICAL FIELD

The present invention relates to the technical field of memory
storage and digital teletransmission. More particularly, the
invention relates to a method and to an arrangement of apparatus
for writing data into a memory and for reading data therefrom in
a manner such that the read-out rate will, on average, be equally
as high as the data write-in rate. The invention also relates to
a method and means for transmitting data information between
synchronous and plesisochronous digital hierarchy systems, in
which data from one system is written into a memory and data
intended for the other system is read-out from said memory.

BACKGROUND ART

In known techniques, different types of phase locking circuits PLL
are used to control the memory read-out rate in a manner such that
data will be read from the memory at a rate which is as high as the

rate at which data is written into the memory.

For instance, in known techniques phase locking circuits are used
to control the memory read-out rate when the write-in rate varies
as a result of deficiencies in the transmission system. Phase
locking circuits are also used to control the read-out rate of
data in those instances when writing of data into the memory is re-
peatedly interrupted. One example of how a phase locking circuit
is used is disclosed in U.S. Patent Specification U.S. 4,941,156.

In certain novel types of digital transmission systems, cdata
information is transmitted from a synchronous digital hierarchy
system {SDH) to a plesiochronous digital hierarchy system (PDH)
via an addressable memory. The data information is divided on
frames in the synchronous digital system. These frames include
units of data information which are to be transmitted to the PDH-
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system, and also units of other information which shall not be
transmitted. The number of data information units can vary with
different frames, as a result of adjustments and justifications
made in conjunction with the transmission of data between
different SDH-systems. These variations are such as to cause the
number of data information units to deviate from a nominal number
of data information units in a predetermined manner. When
transmitting data information from an SDH-system to a PDH-systenm,
data information is written into an addressable memory, and since
the number of data information units may be different in different
frames, the information write-in rate is liable to vary. Data
information written into the adressable memory is read therefrom
into the PDH-system, and when reading data from the memoy ’ it is
necessary to regulate the read-out rate so that it will be, on
averadge, equally as high as the rate at which information is
written into the memory, so that the memory will not become
overfilled with data or empty of data. A write counter is used to
indicate the address at which data shall be written into the
memory, and a read counter is used to indicate the address from
which data shall be read from the memory. In practice, the read-
out rate is therefore controlled by controlling the rate at which

read addresses are generated.

The problem arising with the use of a phase locking circuit to
regulate the memory read-out rate when transferring data infor-
mation from an SDH-system to a PDH-system in accordance with known
techniques, is that jitter occurs on the output of the addressable
memory. Jitter is caused because the variations in the number of
units per frame in the SDH-system is, relatively speaking, so
large and occurs so seldomly that the phase locking circuit is
unable to regulate the read-out rate, but generates troublesome
jitter which is propagated further in the transmission system.

Swedish Patent Application No. 9201672-4 discloses another type
of arrangement for regulating the rate at which data is read from
an addressable memory, this arrangement having tiie form of a
buffer between an SDH-system and a PDH-system. In addition to the
addressable memory, the buffer also includes a write counter which
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produces write addresses at the rate at which incoming data
information enters the memory, and a read counter which produces
read addresses from which data shall be read-out from the memory.
The write-in rate may vary in response to the amount of datainfor-
mation contained in the frames, and the object of this arrangement
is to control the read-out rate in a manner to follow the varying
write-in rate. For the purpose of controlling data read-out rate,
the arrangement includes a mean value counter which is operable to
generate mean value addresses around which the write addresses
pendulate. The generated mean value addresses thus form the mean
values of the generdted write addresses. The arrangement includes
a first phase detector for comparison between a generated write
address and a simultaneously generated mean value address. The
generation of mean value addresses is hastened or delayed when the
write address deviates excessively from the mean value address as
a result of variations in the data write-in rate, so that the write
addresses will constantly pendulate around the mean value
addresses. The mean value counter utilizes'a high frequency clock
for generating successive mean value addresses. The frequency of
the high frequency clock is higher than the frequency at which the
write addresses are generated, so as to enable the generation of
a new mean value address to be hastened or delayed in steps. The
data read-out rate is regulated by means of a second phase
detector, in which each read address gene-rated is compared with
the simultaneously generated mean value address, this comparison
showing whether or not the data read-out rate is too high. If the
read-out rate is too high, the generation of read addresses is
stopped temporarily, so that the read-out rate will become as high

as the write-in rate.
DISCLOSURE OF THE INVENTION

A new standard has been formulated in accordance with CCITT in
respect of the earlier mentioned transmission systems comprising
SDH-systems, PDH-systems and transitions therebetween, for
systems which operate at the frequency 155 MHz. The new standard
concerning the content of the frames has been designated G.703,
G.707-709 and G.781-784 respectively. According to this standard,
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the frames in the SDH-system contain respectively data information
and other information divided in words each consisting geherally
of eight bits. When transmitting between a SDH-system and a PDH-
system, only the datainformation is transmitted, tiis datainfor-
mation being written in words into an addressable memory in which
the datainformation is stored intermediately prior to being read-
out to the PDH-system. Acccrding to specifications in the new
standard, the amount of datainformation contained in each frame in
the SDH-system may correspond to a nominal number of words, or may
contain three words more or three words less than the nominal
number of words for each frame. Since the amount of datainfor-

‘mation will thus vary from frame to frame, the rate at which

information is written into the memory will also vary.

Thus, in accordance with the aforedescribed new standard, the

amount of datainformation contained in respective frames may vary

between the frames. As beforementioned, this is because datainfor-
mation is also transmitted between different SDH-systems and it is
necessary to equalize any rate differencies between signals in the
various SDH-systems when transmitting data. Differencies in rates
in mutually coacting SDH-systems are'eq\jalized in accordance with
specifications in the new standard. Acccrding to this standarqd,
the rates are equalized by adding to a f_'ram,é or removing therefrom
three words of datainformation in a predetermined manner.

When synchronizing the data read-out rate with the varying data
write-in rate in accordance with ‘the new standard, it is un-
suitable to use a phase locking circuit in accordance with the
known technique, since this will amplify the jitter problem.
Neither is it possible to use an arrangement according to the
aforementioned Swedish Patent Application No. 9201672~-4, since the
mean valué counter of this arrangement operates at a frequency
which is higher than the frequency at which incoming datainfor-
mation enters the memory. In the case of an SDH-system which
operates in accordance with the new standard, the information
contained in the incoming frames enters the addressable memory at
a fregquency of 155 MHz. However, since no higher fi‘equency that
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the mean value counter could use 1is available, an arrangement
which includes this mean value counter cannot be used.

The problem of adapting the rate at which data is read from an
addressable memory to the varying rate at which information is
read into the memory is, of course, not unique to the transmission
of information between SDH-systems and PDH-systems, but is also

found in other contexts.

An object of the present invention is to provide a method of
controlling the rate at which information is read from an addres-
sable memory so that this rate, on average, will be equally as high
as the rate at which information is written into the memory,
without causing troublesome jitter in the event of momentary

changes in the write-in rate.

In simple terms, this object is achieved by the steps of detecting
any momentar: changes that may occur in the write-in rate,
initially masking these .' . tected changes, reducing the masking
successively, and regulating or adjusting the read-out rate to the
write-in rate, including any masking of changes.

An arrangement according to the present invention may include
detecting means for establishing a change in the rate at which the
write addresses are delivered to the memory, a first derivating
means for deriving a first ccmparison magnitude from the write
addresses and from a first reference address, a second derivating
means for deriving a second comparison magnitude from the read
addresses and from a second reference address. These comparison
magnitudes are delivered to a control means for regulating the
read-out rate in accordance with the relationship between the
comparison magnitudes. The arrangement also includes activating
means for activating the derivation of at least one of the
comparison units to a predetermined extent which coiresponds to
the detected rate change, so as to initially mask the rate change
for the control means. The activating means functions to reduce
the influence of the derivation successively, =0 that the control
means will adjust the read-out rate incrementally, i.e. stepwise,
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such that said rate will be equally as high as the data write-in

rate.

The inventivé embodiments of z method and an arrangement are
primarily, but not exclusively, intended for use in conjunction
with transitions or transmissions between SDH- and PDH-systenms,
wherein the addressable memory is included in a buffer betwecn
said systems. In the SDH-system, the datainformation is divided on
frames, which include units of datainformation which is to be
transmitted to the PDH-system and also units of other information
which is not to be transmitted to the PDH-system. The number of
datainformation units contained in each frame may vary from frame
to frame, depending on whether the frame contains a nominal number
of datainformation units or more datainformat_ion_ units or less

datainfe;mation units than said nominal number.

‘According to one embodiment of an inventive arrangement, when

writing datainformation into the memory a write address generator
may generate a write address for each unit of datainformation
which is to be transmitted to the PDH-system via the memory. These

- write addresses are generated in cyclic sequences. When reading

information from the memory, tlie read addresses may be generated
in cyclic sequences in a read address generator. A phase locking
circuit is operative to adjust the read-out rate, by adjusting the
rate at which read addresses are generated. According to the
inventiofi, a change in the rate at which datainformation enters
the memory is detected. When a rate change is detected, i.e. when
the number of datainformation units in an incoming frame is more
or less than the nominal number, a corresponding gerieration of
more or less write addresses is initially masked for the phese
locking circuit, so that said circuit will not momentarily change
the rate at which the read addresses are generated. This mask is
then removed successively, so as to provide the phase locking
circuit incrementally with information to the effect that a change
in the write-in rate has been detected and so that the phase
locking circuit will adjus* the rate at which read addresses are
generated in a stepwise manner, i.e. incrementally. Consequently,
it is not necessary for the phase locking circuit to quickly carry
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out very large rate changes, therewith avoiding the risk of

troublesome jitter.

“he prime advantage afforded by the invention is that the read-out
rate being adjusted in steps, and therewith prevents the problem
of jitter occurring. The arrangement is also relatively simple to
implement and ccsts can be kept low, since the components used are

of a conventional kind.

The invention will now be described in more detail with reference
to exemplifying embodiments thereof and also with reference to the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates how datainformation is distributed on frames
in the synchronous system and in the plesiochronous system
respectively,.

Figure 2 illustrates a known technique for writing datainformation
into a memory and for reading datainformation therefrom.

Figure 3 illustrates addresses in an addressable memory.

Figure 4 illustrates an inventive arrdngement. |
Figures 5a-5c illustrate the cyclic generation of write addresses
in three different cases. |
Figure 6 illustrates cyclic generation of read addresses at

varying rates.

Ficure 7 1illustrates the memory positions with associated

addresses in the addressable memory in the inventive arrangement.
Figure 8 illustrates pulses from a first and a second derivating
means included in the inventive arrangement. |
Figures 9a and 9b illustrate the time shift between pulses
delivered by the derivating means. -

Figu‘fe 10 is a diagram which illustrates variations in a first

reference address.
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BEST MODE OF CARRYING OUT THE INVENTION

A preferred embodiment of a method and an arrangement according to
the invention uses and includes respectively a memory, a buffer,
between a synchrcnous digital hierarchy system, a so-called SDH-
system, and a plesiochronous digital hierarchy system, a so-called
PDH-system. The object of the invention is to transmit datainfor-
mation from the SDH-system to the PDH-system via the memory, in a
manner such that the rate at which datainformation is read from
the memory will, on average, be equally as high as the rate at
which datainformation is written into the memory.

In the synchronous system, datainformation is divided on frames
Datain, as illustrated in Fiqure 1. The Figure solely shows one
part of a frame Datain, a so-called row, although in reality the
frame is comprised of a further eight parts, so-called rows, al-
though it is only that part of the frame Datain shown in Figure 1
that has essential significance to the invention. In the following
description, the frame part Datain stiown in Figure 1 will be
treated as though it comprised the whole ¢of the frame, since the
remaining information in the frame has no significance with regard
to the present invention. The frame Datain in the SDH-system
includes units of datainformation DATAINFOin to be transmitted to
the PDH-system, and also units of other information OTHER, which
is not to be transmitted to the PDH-system. The information in the
frames in the SDH-system occur at the frequency of 155 MHz. The
datainformation may, for instance, be comprised of speech signals
to te transmitted from one telephone subscriber to another. The
other information which is not to be transmitted to the PDH-system
may comprise control information, transmission messages and frame
reading words, among other things for controlling the transmission
of datainformation between the SDH-system and the PDH-system. The
ratio of the number of datainformation units DI*JI‘AINFO]..n and the
number of other information units OTHER in each frame may vary,
dependending on whether or not the frame contains a nominal number
of datainforitation units or more or less datainformation units
than the nominal number. The number of datainformation units
DA’I‘AINFOin in each frame varies in the case of the illustrated
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embodiment solely in accordance with the earlier described new
standard for signals in SDH-systems. One unit in the frame is
corresponded by a byte, one word, and a datainformation byte is
transmitted over eight time slots. The information is divided into
a total of two hundred and seventy bytes per frame, each byte
including eight binary coded bits. In Figure la there is shown ore

“frame Dat:ain which contains a nominal number of datainformation

units DATAINF_Oin and a nominal number of units containing other
information OTHER. In the illustrated example, the frame includes
two hundred and sixty-one bytes of datainformation and nine bytes

' of other information. In the case of frames which contain a

nominal number of datainformation units in this way, the data-
information appears in the SDH-system at the nominal frequency of

140 MHz. In practice, other information OTHER may also be incor-

porated among the datainformation DATAINFOin, although this has

been ignored here in order to simplify the description. In Figure

1b there is shown a frame in which the number of datainformation

units DATAINFOin is greater than the nominal number. In the case

of the illustrated embodiment, the frame includes three bytes more
datainformation than is nominal. In accordance with the new
standard, the frame includes three spaces H3 which correspond to

twenty-four time slots and which are used to transmit three bytes

more datainformation than is nominal. Thus, the frame includes in
total two hundred and Sixty-four bytes of datainformation. In the
frame illustrated in Figure 1lb, the amount of other information
OTHER will therewith be smaller than nominal and is cofresponded
by six bytes instead of nine bytes. In the case of frames which
contain more datainformation units than is nominal in this way,
the datainformation appears at a frequency which is higher than
the nominal frequency. In Figure 1c there is shown a frame which
contains fewer datainformation units DI*.'I‘MNFOin than is nominal.
According to this example, the frame has three bytes less datain-
formation than is nominal. In accordance with the new standard,
the frame includes three spaces 0 corresponding to twenty-four
time slots which are not used to transmit datainformation. Thus,
the frame includes in total two hundred and fifty-eight bytes of
‘datainformation. The amount of other information OTHER in the

- frame of Figure 1c will therewith be greater than is nominal and
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will correspond to twelve bytes instead of nine bytes. In the case
of frames which contain fewer datainformation units than is
nominal in this way, the datainformation appears at a frequency
which is lower than the nominal frequency. Thus, the amount of
datainformation contained in the frames illustrated in Figures la-
lc may vary from frame to frame, meaning that the rate at which
datainformation is written into the addressable memory will also
vary correspondingly. In Figure 1d there is shown a frame Dat:aout
which includes datainformation DA‘I‘AINFoout which is read wordwise
from the memory to the PDH-system. The frames Dataout’ which
solely contain datainformation, have different sizes in different
applications and in different systems. Outgoing datainformation
is read from the memory at a rate which, on average, corresponds

to the data write-in rate.

Figure 2 illustrates a known arrangement for writing datainfor-
mation into a memory and for reading datainformation thereirom.
The memory 10, which is an addressable memory, is comprised of a
FIFO-register (First In First out) which comprises forty-four
memory positions, each of which is intended to store one word. The
memory 10 has write address inputs 11 for receiving write addres-
ses WADR generated in a write address counter 12, and also
includes read address inputs 13 for receiving read addresses RADR
generated in a read address counter 14. The memory is further
provided with data inputs 15 for receiving datainformation

DA"I‘AINFOin and data outputs 16 for delivering datainformation
DATAINFOout .
For the purpose of describing the operation of a known arran-
gement, it is assumed that the datainformation to be written into
of the kind described with
containing datainformation

the memory appears in frames Datain
reference to Figure 1. Frames Datain
and other information arrive at an input 17 on a series/parallel
converter 18, which delivers the information in words to the data
inputs 19 on a Demapper 20. An output 21 on the Demapper circuit
20 in connected to an input 22 on the write address counter 12. The
content of the frames Datain is decoded by the Demapper circuit
20, and a write signal pulse WCLP is delivered to the write address
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counter 12 for each byte of datainformation to be written into the
memory FIFO, therewith to generate a new write address. One word
of datainformatior DATAINFOin is written into the memory at the
momentary address contained in the write address counter. The
write addresses WADR, and also the read addresses, are generated
cyclicly, as illustrated in Figure 3. The addresses are generated
in binary coded form at cyclicly repeated intervals. The memory
has forty-four addresses which range from zero to forty-three and
the addresses are binary coded in a manner such that at the
transition between address twenty-one and address twenty-two, the
most significant bits in the binary code will pass from zero to
one, while at the transition between address forty-three and zero,
the most significant bit in the binary code will pass from one to

zZero.

The known arrangement uses a phase locking circuit to control the
read-out rate from the memory 10. This phase locking circuit
includes a phase detector 23, a lowpass filter LP and a voltage
controlled oscillator VCO. The phase detector 23 has a first input
24 on which there is received a first signal which may have either
one of two levels, a high level or a low level. A second signal
which can assume a high or a low level in a corresponding manner
is received on a second input 25. The phase detector 23 functions
to detect the time difference between corresponding level changes,
from low to high level, in the first and the second signal and
produces on an output a time difference signal td relating to the
detected time difference. The output of the phase detector 23 is
connected to an input on the lowpass filter LP on which the time
difference signal td is received. In the lowpass filter LP there
is derived a mean time value from consecutively received time
difference signals td. An output on the lowpass filter LP is
connected to the voltage controlled oscillator VCO. The lowpass
filter delivers a control signal CO to the voltage controlled
oscillator VCO, which produces pulses cl on an output clock at a
frequency which depends on the control signal CO. Thus, the
voltage controlled oscillator VCO produces clock pulses cl which
may vary in frequency. The clock pulses may vary about a nominal
frequency which corresponds to the nominal frequency at which

P>=]
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datainformation DA‘I‘AINFOin appears in the SDH-system. The output
on the voltage controlled oscillator VCO is connected to an input
of a counter 26 which has an output connected to the read address
counter 14. The clock pulses cl are delivered to the counter 26,
5 which with each eight clock pulses received delivers a read clock
puls RCLP to the read address counter 14 for reading-out one word
from the address disclosed by the counter content of the read

counter 14.

The first input 24 on the phase detector 23 is connected to the
10 output of an inverting circuit 27, which has an input connected to
the most significant bit msbwa on write addresses WADR delivered
to the memory 10. The second input 25 is connected directly to the
most significant bit msbra on read addresses RADR delivered to the

memory 10.

15 The aforedescribed known arrangement with which datainformation

ana

is written into and read from a memory in a manner such that the

PO
- -
-

read-out rate is, on average, equally as high as the write-in rate
o operates in the following manner. In a normal state, the write

addresses WADR are generated with a shift from the read addresses
20 RADR of one half address cycle, or are shifted from the read

addresses as far as possible. This shift is desirable in order for

the margins to be as wide as possible, so as to obviate the risk of
p ‘ data being written into and read from one and the same memory
1 position simultaneously when the write-in rate changes. When the
| . 25 write address zero is generated, the read address 22 is generated

i{ simultaneously in a normal operating state, and so on. The most

e significant bit in the binary coded addresses changes its level
% o o only twice during an address cycle. These changes occur at a first
'ﬂ * address transition, which occurs at the transition between

30 addresses twenty-one and twenty-two, when the most significant bit
passes from a low to a high level, and at a second address
transition, one half address-cycle later, at the transition
between the addresses forty-three and zero, when the most
significant bit in the binary coded addresses passes from a high

35 to a low level (see Figure 3). The first signal (msb )

wa’'inv
received on the first input 24 of the phase detector dexrives from
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the level of the most significant bit on generated write addres-
alinv also corresponds to the
inverted level, since it has passed through the inverting circuit
27. The second signal msbra.corre'spohdihg to the actual level of
the most significant bit of generated read addresses is received

on the second input 26 of the phase detector. In the normal state,

in which write and read addresses are generated with a phase shift

of one half of an address cycle, the first and the second signal

switch from a low to a high level simultaneously, since the first

signal is inverte_d. In a normal state, the phase detector thus
receives corresponding level changes from low to high levels in
the incoming signals simultaneously, once with each address cycle.
The corresponding level chan_ges in the most significant bits in
generated read and write addresses are thus received simu.ltaneous-
ly in the normal state, i.e. when incoming frames solely contain
a nominal number of datainformation units and the write-in rate
does not therefore deviate from the nominal write_-in rate. On the
other hand, corréspbnding level changes in incoming signals to the
phase detector are received with a time shift when the write-in
rate has been changed, so that write addresses and read addresses
are generated with a shift which deviates from one half of an
address c'ycie. The phase detector 23 delivers to the lowpass
filter LP time difference signals td which relate to the time
difference between corresponding level chahges in the signals
arriving at the phase detector 23. A mean time value is derived
from consecutive time differences td in the 10Wpass filter. The
mean time value thus forms a mean value of deviations from the
normal state between generated write addresses and generated read
addresses. The lowpass filter LP deliver to the voltage controlled
oscillator VCO a control signal CO obtained from the derived mean
time values, so as to adjust the frequency at which clock pulses
cl are delivered from the oscillator VCO and therewith either
increase or reduce the rate at which read addresses are generated.

Datainformation DATAINFQout is read wordwise from the memory 10 at

the rate at which the read addresses are generated. The memory

data outputs 16 are connected_tc’: inputs 28 on a parallel/series-

converter P/S which series converts the datainformation read
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wordwise from the memory and delivers the information on an output

29 in outgoing frames Dataout'

Thus, the phase detector 23 of the known arrangement compares a

predetermined first address transition in the sequence of write -

addresses directly with a predetermined number of second address
transitions in the sequence of read addresses. These address
transitions differ by one half address cycle, so as to occur
simultaneously when the write-in rate is nominal. When a change
occurs in the write-in rate and said rate therewith deviates from
the nominal rate as earlier described, the address transitions
will occur at a given time difference which results in an increase
or a decrease in the frequency at which clock pulses cl are
generated, therewith to adjust the read-out rate in keeping with
the changed write-in rate. As beforementioned, this momentary
change in the read-out rate will result in jitter, for instance.
Consequently, an advantage is afforded when using instead an
inventive arrangement to transmit datainformation from an SDH-
system to a PDH-system when datainformation is divided on frames
in accordance with the new standard for 155 MHz-signals, or in

some similar manner.

Figure 4 illustrates an embodiment of an inventive arrangement for
transmitting datainformation from a SDH-system to a PDH-system.
Datainformation DATAINFOin and other information OTHER occurring
in the SDH-system is divided on frames Datain in accordance with
the above description made with reference to Figure 1. The ar-
rangement illustrated in Figure 4 includes essentially an address-
able memory FIFO into which datainformation is written and from
which datainformation is read, a write address generator WADRGEN,
a read address generator RADRGEN, a detecting means DM for
establishing a change in the rate at which datainformation shall
be written into the memory, a first derivating means KOMP1, a
second derivating means KOMP2, an activating means LC and a phase
locking circuit PLL for regulating the rate at which information
is read from the memory, so that the read-out rate will, on
average, be equally as high as the rate at which information is

written into the memory FIFO.
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The addressable memory FIFO delimits the SDH-system from the PDH-
system and is used for intermediate stcrage of datainformation
DATAINFOin when transmitting data between the two systems._ The
memory FIFO includes forty-four eight-bit register or memory
positions, each of which has a separate address. The memory has
eight data inputs 40 for receiving simultaneously the parallél
information of eight bits, eight data outputs 41 for delivering
the parallel information of eight bits, six write address inputs

42 and six read address inputs 43.

The write address generator WADRGEN includes a write address
counter which counts forwards forty-four six-bit binary'write
addresses WADR between zero and forty-three at cy_cli_cly repeated
intervals. Each write address corresponds to the address of one
mémory position in the memory FIFO. The memory includes forty-four
memory poéitions, since this number is sufficient for the
application concerned. The write address generator WADRGEN is
provided with six outputs 44 on which the generated write addres-
ses WADR are delivered to the write address inputs_ 42 on the memory
FIFO, wherein datainformation is written into the FIFO-register
at the address disclosed on the write address inputs 42. Incoming
write clock pulses WCLP are appli'ed to a write pulse input 45, and
the write address counter generates a new write address WADR for
each write clock pulse, this write address beina produced on the

~outputs 44.

The read address generator RADRGEN includes a six-bit counter

 which counts forward forty-fbur binary read addresses RADR between

zero and forty-three at cyclicly repeated intervals, which are the
same as those for the write addresses. The read address generator
RADRGEN is provided with six outputs 46 on which generated read
addresses RADR are de.iivered to the read address inputs 43 on the
memory FIFO, wherein datainformation is read-out from the FIFO-
register address disclosed on the read address in'put's 43. Read
clock pulses RCLP are delivered to a read pulse input 47, and the
read address counter generates a new read address RADR for each
read clock pulse received, this new read address being produced on

the output 46.
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The deteccting means DM is comprised of a Demapper circuit and has
eight data inputs 48 for receiving simultaneously the bits in a
word of datainformation DI'!\TAINFOin or other information OTHER, and
also has eight data outputs 49 for delivering simultaneously the
bits of a word datainformation DA’I‘I\INI“Oin that is to be written
into the memory FIFO for further transmission to the PDH-system.
The data outputs 49 are connected to the data inputs 40 of the
memory. The detecting means DM is also provided with _é first and
a second control output 50, 51 for delivering control information
concerning the write-in and the read-out of datainformation into
and from the memory. The second control output 51 is connected to
the write pulse input 45 on the write address generator WADRGEN,

~ for delivering write clock pulses WCLP to the write address

generator. A write clock pulse is delivered for each word that is

to be written into the memory.

The 'fir.st deriving means KOMPl includes a first comparison means,
or comparator. The deriving means KOMP1 includes nine first inputs
52 to which a first reference address a comprising.. nine bits is
applied. On nine second inputs 53 there is applied a comparison
address b which is comprised of the same write address WADR as
those supplied to the memory FIFO and three modulo-8-bits. The
'fiz.'st. reference addrass a is cbmpared in the first comparator with
the comparison address b and a comparison magnitude x is delivered
on an output 54, this comparisoh magnitude having the form of a
write signail pulse xpls when agreement is found between the first
reference address g'and the comparison address b. The comparison
magnitude x is comprised of a signal having a constant level,

except when interrupted by a write signal pulse.

The second deriving means KOMP2 includes a second comparison means
or a second comparator. Stored in the second comparator KOMP2 is
a second reference address c which comprises six bits. A second

comparison address d, which is comprised of the same read addres-
ses RADR as those delivered to the memory FIFO, is delivered to six
first inputs 55. The second reference address ¢ is compared in the
second cbmpérator with the second comparison address 4 and there

is delivered on an output 57 a second comparison magnitude y which
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when similarity is found between the second reference address ¢
and the second comparison address d is comprised of a read signal
pulse ypls. The second comparison magnitude y is comprised of a
signal whose level is constant, except when the signal is broken

by a read signal pulse ypls.

The activating means LC includes a logic circuit having nine
outputs 58 which are connected to ‘the input 52 of the first
comparator KOMP1l, for delivering the first reference address a to
the first comparator KOMPl. The activating means is also provided
with an input 59 which is connected to the first control output 50
for receiving a detection signal DET from the detection signal DM.
The activating means LC receives from the detection circuit, via
the detectioin signal DET, information which discloses a change in
the rate at which datainformation DATAINFOin is written into the

memory FIFO.

The phase locking circuit PLL includes a phase detector PD, a
lowpass filter LP, and a voltage controlled oscillator VCO. The
phase detector has a first input 70 connected to the output 54 on
the first comparator KOMPl for receiving the first comparison
magnitude x. The phase detector also has a second input 71, which
is connected to the output 57 on the second comparator KOMP2 for
receiving the second comparison magnitude y. The phase detector PD
functions to detect when, in time, the first comparison magnitude
X is comprised of a write signal pulse xpls and when, in time, the
second comparison magnitude is comprised of a corresponding read
signal pulse ypls, and to detect the time difference between
corresponding write signal pulses xpls and read signal pulses
ypls. A time difference signal td which contains inforwmation
concerning the detected time difference between corresponding
write signal pulse xpls and read signal pulse ypls is delivered on
output 72 of the phase detector. The lowpass filter LP has an input
73 connected to the output 72 of the phase detector, for receiving
the time difference signal td. There is derived in the lowpass
filter LP a mean value of the time differences between consecutive
corresponding write signal pulses and read signal pulses received
in the time difference signal td. A control signal co which
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contains control information is delivered on an 'output 74 of the
lowpass filter LP to the voltage controlled oscillator VCO. This
control information ‘depends on° the mean values of the time
differences between corresponding write signal pulses and read
signal pulses derived in the lowpass filter. The voltage control-
led oscillator VCO has an input 75 on which the control signal co
is received. The voltage controlled oscillator VCO produces on an
output 76 a clock signal cl which includes clock pulses having a

-frequ_éncy which is dependent on the control information in the

control signal co. The voltage controlled oscillator VCO delivers

_. clock pulses which may thus vary in 'fre'quency. The rate of the

clock pulses varies around a nominal frequency which corresponds

_ to the nominal rate at which datainformation DATAINFOin occurs in

the SDH-system.

In addition to the means already described, the inventive
arrangement also includes means for writing datainformation into
the memory FIFO and for reading datainformation therefrom.

For datainformation read-in purposes, the inventive arrangement
also includes a series/parallel converter 80 and 3 mocdulo-&-

counter 8i. The seri_es/parallel converter 80 has a data input 82 .

on which earlier described frames Datain containing serial

datainformation DFTAINFOin and other information OTHER are

received. The information contained in the frames Datain arrives

at a rate of 155 Mb/s. The information contained in the frames

Data'in is converted in parallel wordwise and is delivered wordwise
from the series/parallel converter 80 on eight data outputs 83
connected to corresponding data inputs 48 on the detection circuit
DM. The modulo-8-counter 81 controls the series/parallel converter
in a manner such that the information contained in the frames
Datain which enter the series/parallel converter 80 serially, will
be delivered on the outputs 83 in words of eight bits. The modulo-
8-counter 81 has an input 84 on which clock pulses clp having the
frequency of 155 MHz are applied. The incoming clock pulses clp
are also applied to a second input 85 on the series/parallel

‘converter. The clock pulses clp have the same frequency as, and

are fully synchronous with the information contained in the frames
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Dat:ai . The counter 81 includes three binary bits which are
counted forwards from the value zero to the value seven at
cyclicly repeating intervals in eight steps. The counter steps
forward one step for each incoming clock pulse clp. The counter 81
has a first output 86 on which the level of the most significant
bit msb is delivered to a third input 87 or the series/parallel
converter. The level of the most significant msb passes from a
high to a low level once with each eighth clock pulse clp and this
is utilized in the parallel conversion, since each word contains
eight bits. Eight bits, corresponding t© one word, of information
are written from the frames Datain into a register in the
series/parallel converter. One bit at a time is written into the
register over the duration of one clock pulse clp. The most
significarit bit msb passes from a high to a low level at each
eighth clock pulse clp and the parallel information in the eight-
bit register is then transmitted to the detection circuit DM via
the outputs 83. The three bits in the modulo-8-counter are
delivered on three data outputs 88 connected to three of the
second inputs 53 on the first comparitor KOMPl. The three bits
delivered by the modulo-8-counter constitute the three least
significant bits in the first comparison address b.

For the purpose of reading-out datainformation from the memory
FIFO, the inventive arrangement includes a parallel/series
converter 90 and a further modulo-8-counter 91. The modulo=8§-
counter has a clock pulse input 92 connected o the output 76 on
the voltage controlled oscillator VCO, for regeiving the clock
pulses cl from the oscillator. The counter 91 has three binary
bics and counts from zero to seven with cyclic repetition. The
counter is stepped forwards one step with each clock pulse cl and
the counter 91 delivers the aforesaid read clock pulse RCLP on an
output 93 with each eighth clock pulse. Tha parallel/series
converter 90 has eight daté inputs 94 connected to the data
outputs 41 on the memory FIFO for receiving wordwise datainfor-
mation DATAINFOout read-out £4rom the memory FIFO. The paral-
lel/series converter 90 has a second input 95 connected to the
output on the counter 21, for receiving vead clock pulses RCLP. A
momentary read address is generated for each read clock pulse RCLP




and the word datainformation DATAINFO, . which is stored at the
momentary address is read-out from the memory to the paral-
lel/series converter 90. The information DATAINFO out * read-out from
the momentary address is stored intermediately in an eight-bit
5 reglste-r in the parallel/series converter 90. The parallel/series
converter 90 has a third input 96 connected to the input 92 of the
counter, for receiving the clock pulées cl which control the rate
at which information is read-out from the memory FIFO. With each
clock pulse cl received, the eight-bit register delivers inter-
10 mediately stored datainformation DATAOUT uﬁ bitwise from the
paral lel/series converter on a data output 97. The datainformation
DATAOUTout read-out fromthe register is divided in frames Dataou_t
and is transmitted further in the PDH-system on an outgoing line
98. The rate at which the datainformation occurs in the PDH-system

15 varies around the nominal rate 140 Mb/s.

The inventive arrangement 6per-ates in the following manner. Frames

_ : Data containing serial datalnformatlon DATAINFO, in and other

A 1nformatlon OTHER arrives at the series/parallel converter 80 in

DR the SDH-system. The¢ information in the frames Dat:ain is parallel

20 converted in the aforedescribed manner and is delivered wordwise
to the detecticn circuit DM.

The detection circuit DM decodes the information OTHER in each
» occurrlng frame Data, in’ so as to establish whethexr or not the
e frame contains a nominal number of datainformation units according

fen® 25 to Figure la or more datainformation units than this nominal
k . number, according to Figure 1b, or fewer datainformation units
+han nominal, according to Figure 1c. The other information units

, OTHER in a frame therefore contain information which discloses
“ﬁm whether or not the frame contains a nominal number of datainfor-
30 mation units DATAINFOin, or fewer datainformation units than the
nominal number or more datainformation units than the nominal
number. For instance, two bits in the other information OTHER may
disclose the number of datain:i‘*mation units in the frame. 00

_ discloses that the frame contains a nominal number of datz., ~for-
35 mation units. 01 indicates that the frame contains more datzi' for-
mation units than is nominal and 10 denotes that the frame
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contains fewer datainformation units than is nominal. Each
datainformation unit DATAINFO, incoming to the detection circuit
DM shall be written into the memory FIFO for further transmission
to the PDH-system. To this end, the detection circuit therefore
delivers a write clock pulse WCLP to the write address generator
WADRGEN for each word of datainformation received. In practice,
the detection circuit DM delivers the write clock pulse signal
WCLP when it has received a group of eight-bit datainformation. It
is not necessary for these bits to derive from one and the same
datainformation word, but may derive from two words. This is
because other informatior OTHER may be incorporated bitwise in the
datainformation DATAINFOin. The write addregs counter counts
forward the next momentary write address WADR in the cyclic
sequence with each write clock pulse WCLP ieceived, and when the
write address counter delivers the momentary address on the
outputs 44, a word comprising eight bits of data-information is
written into the memory position having the corresponding address.
Thus, this write-in procedure generates successively a cyclic
sequence of write addresses WADR in a manner such that a new write
address is generated for each datainformation word to be written
into the memory while the generation of write addresses is
interrupted with each other information word OTHER. In this way,
there is generated a nominal number of write addresses with each
frame when a frame having a nominal number of words passes tarough
the detection circuit, and more write addresses are generated per
frame than the nominal number when a frame containing more
datainformation words than is nominal passes through the detection
circuit, and correspondingly fewer write addresses are dgenerated
per frame than is nominal when a frame having fewer datainfor-
mation words than nominal passes throuch the detection circuit.
Figures 5a-5c illustrate the generation of write addresses in
these three separate cases. The vertical axis shows the number of
write addresses WADR that are generated in one address cycle. The
horizontal axis shows time t, A frame, or more correctly the part
of a frame relevant to the present invention, includes 258, 261 or
264 datainformation words which are to be written into the memory.
Since an address cycle contains only 44 addresses, several cycles
of write addresses WADR are generated for each frame. Figures 5a-
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5c illustrate respectively three different cases of the generation
of write addresses WADR and interruption in the generation of

write addresses.

Figure 5a illustrates the generation of write addresses WADR when
the occurrent frame Datain contains a nominal number of datainfor-
mation words DATAINFOin. Several cycles of write addresses WADR
are generated prior to time to. The first address in the address
cycle is generated at time to. The generation of write addresses
is interrupted between the time points t1 and tz. This interrup-
tion extends over that period of time in which a nominal number of
other information words OTHER are received in the detection
circuit. The last write address in the address cycle is generated

at time point t3.

Figure 5b illustrates the generation of write addresses WADR when
the occurrent frame Data.ln contains more datainformation words
DA‘I‘I&II\IF‘Oin than is nominal. Several cycles of write addresses WADR
are generated prior to time to. The first address in the address
cycle is generated at time to. Between the time points t:1 and t4,
the generation of write addresses is interrupted for a period of
time which is shorter than the interruption made in Figure 5a. The
interruption extends over that period of time in which a fewer
number of other information words OTHER than is nominal are
received in the detection circuit DM. The last write address in
the address cycle is generated at time point ts, prior to time
point t3 in Figure 5a. Since the interruption, or pause, in Figure
5b is shorter than the interruption in Figure 5a, the addresses in
the address cycle which includes this interruption are generated
in a shorter space of time in Figure 5b than in Figure 5a. In other
words, write addresses WADR are generated at a higher rate between
the time points to and t5 in Figure 5b than between the time points

to and t3 in Figure 5a.

Figure Sc illustrates the genersation of write addresses WADR when
the occurrent frame Dat:a:.m contains fewer datainformation words
DA‘I‘I\INI"Oin than is nominal. Several cycles of write addresses WADR
are generated prior to time t 0 The first address in the address

T ———t ... e - g .




10

15

20

25

30

23

cycle is generated at time ty- Between the time points tl and t6,
there is made a longer pause in the generation of write addresses
than the pause made in Figure 5a. This pause extends over the time
in which several other information words OTHER than nominal are
received in the detection circuit DM. The last write address in
the address cycle is generated at time point t7, after time point
t:3 in Figure 5a. Since the pause in Figure 5c is longer than the
pause in Fiqgure 5a, the addresses in the address cycle which
contains the pause are generated over a longer period of time in
Figure 5c than in Fiqure 5a. In other words, the rate at which
write addresses WADR are generated is slower between the time

points t:o and t7 in Fiqure 5c than between the time points to and

t3 in Figure 5a.

Thus, write addresses WADR are generated in the inventive
arrangement in the manner described with reference to Figures 5a-
5c. The Figures also illustrate how the rate at which the write
addresses are generated can vary around the nominal rate il-
lustrated in Figure 5a. Datainformation DATAI’NFOin is delivered
wordwise from the detection circuit DM to the data inputs 40 on the
memory FIFO and are written wordwise into the memory FIFO in
memory positions disclosed by the write addresses WADR on the
write address inputs 42 of the memory FIFO. This write-in. of
datainformation takes place in conjunction with the generation of

a momentary write address WALR.

Read addresses RADR are generated continuously, without interrup-
tion, when reading datainformation DATAINFOout from the memory
FIFO. The rate at which the addresses are generated, however, may
vary so as to follow the rate at which write addresses WADR are
generated. The same memory addresses as the memory addresses in
the cyclic sequence of write addresses are included in the
sequence of read addresses and in the same order. Datainformation
DATAINFOOUTout is read wordwise from memory positions in the
memory FIFO disclosed by the read addresses RADR on the read

address inputs 43 of the memory FIFO.
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Figure 6 illustrates the continuous generation of read addresses

RADR and also shows how the generation rate varies. The illustra-

ted rate variations are greatly exaggerated. The verticul axis
shows the read addresses RADR of one address cycle. The horizontal
axis shows time t. All forty-four addresses in an address cycle
are generated during the time period A, between the time points t 0
and tl, at a nominal rate, which takes place when write addresses
are generated at the nominal rate in accordance with the Figure Sa
illustration. During the next time period B, between the time
points tl and tz’ the read addresses RADR in the address cycle are
generated at a higher rate than the nominal rate, which takes
place when the write addresses WADR are generated at a higher rate
than the nominal rate, in the manner shown in the Figure 5b
illustration. On the other hand, the read addresses RADR in the

‘address cycle are generated at a slower rate than the nominal rate

during the time period C, between the time points t_ and t3, which

2

- takes place when the write addresses WADR are generated at a lower

rate than the nominal rate, as shown in the Figure 5c illu-

stration.

Thus, the memory FIFO is used for writing-in and reading-out
datainformation simvultaneously. Certain memory positiohs are used
for writing-in information at the same time as other memory
positions are used for reading-out informaﬁion. Consegquently,
parallel write addresses WADR and read addresses RADR are

generated for writing-in and reading-out datainformation.

However, it is highly essential that the momentary addresses in

the sequence of write addresses are considerably shifted from the

momentary addresses in the sequence of read addresses when
generating said addresses. This is to eliminate the possibility of
datainformation beihg written into and read from the memory at the
same memory positions simultaneously. In an ideal state, a
starting state, the read addresses are generated with a phase
shift of one-half address cycle from the simultaneously generated
write addresses. In practice, however, a momentary mean value
AVWADR of consecutive write addresses is generated in the starting
state phase shifted through one-half cycle from corresponding
momentary read addresses RADR. The mean value of generated write

P ———

et b . - e e 1

5




o
i

10

15

35

25

addresses is used because the generation of write addresses is not
continuous, but includes the aforedescribed interruption. In the
starting state, generated write addresses will therefore vary
around a write address mean value AVWADR which is shifted through
one-half address cycle from corresponding read addresses RADR.

Figure 7 illustrates an addressable memory FIFO. The "cake slices"
in the memory shown in Figure 7 illustrate the memory positions
with associated addresses. An upper arrow illustrates a momentary
mean write address value AVWADR, while a bottom arrow illustrates
a simultaneous, momentary read address RADR. The momentary mean
write address value AVWADR and corresponding, simultaneous read
addresses RADR are phase shifted through one-half of an address
cycle in relation to one another in the Figure 7 illustration. The
two arrows are continuously displaced clockwise subsequent to the
generation of new write addresses and read addresses. Provided
that the write addresses and the read addresses are generated at
mutually the same rate, the momentary mean write address value
AVWADR and a momentary, simultaneous mean read address value RADR
will be displaced mutually through one-half of an address cycle.
When the write-~in rate increases as a result of the frames in the
SDH-system containing more datainformation units DATAINFOin, the
rate at which write addresses WADR are dgenerated will also
increase. This can be illustrated in Figure 7 by shifting the
momentary mean write address value AVWADR clockwise in the
drawing, as shown by a third arrow D, thereby reducing the phase
difference between the momentary mean value address AVWADR and
corresponding read address RADR. When the write-in rate decreases,
because the frames occurring in the SDH-system contain fewer
datainformation units DATAINFOin, the rate at which write
addresses WADR are generated will also decrease. This can be shown
in Figure 7 by displacing the momentary mean write address value
AVWADR clockwise, in the direction shown by a fourth arrow E,
wherewith the phase difference between the momentary mean value
address AVWADR and corresponding read address RADR will decrease.

It is the intention of the invention to adjust the read-out rate
to the write-in rate, such that the phase shifts between momentary
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