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FRAME GENERATING APPARATUS AND
FRAME GENERATING METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is notice that there is move than one application for
reissue of U.S. Pat. No. 8,675,684 issued on Mar. 18, 2014;
this application, application Ser. No. 15/873,448 filed on
Jan. 17, 2018, is a continuation reissue of application Ser.
No. 15/072,838 filed on Mar. 17, 2016, which issued as U.S.
Pat. No. RE47,127 on Nov. 13, 2018; U.S. Pat. No. RE47,
127 (application Ser. No. 15/072,838) is a reissue of appli-
cation Ser. No. 12/719,277 filed on Mar. 8, 2010, which
issued as U.S. Pat. No. 8,675,684 on Mar. 8, 2014, U.S. Pat.

No. 8,675,684 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2009-

55448, filed on Mar. 9, 2009, the entire contents of which are
incorporated herein by reference.

FIELD

The present invention relates to a frame generating appa-
ratus and a frame generating method.

BACKGROUND

In optical networks applyving wavelength division multi-
plexing (WDM), an optical transport network (OTN) has
been standardized as a framework. In the OTN, a plurality
of types of client signals may be accommodated, and large-
volume transmission may be performed. Japanese Laid-open
Patent Publication No. 2008-113394 discloses an optical
transmission system in which client signals are transmitted
while being accommodated or multiplexed in optical trans-
fer unit (OTU) frames 1n the OTN.

A difference 1n bit rate between an accommodated signal
and a frame signal that accommodates the signal 1s com-
pensated by asynchronously mapping the accommodated
signal to the frame signal (asynchronous mapping procedure
(AMP)). However, with an increase in bit rate and diversi-
fication of accommodated signals, generic mapping proce-
dure (GMP) 1s being adopted. In the GMP, the number of
pieces of data and the number of pieces of stufl to be
accommodated 1n a frame accommodating portion are deter-
mined based on a difference in bit rate between an accom-
modated signal and a frame signal that accommodates the
signal. The GMP 1s disclosed in U.S. Pat. No. 7,020,094,

For adopting the GMP and accommodating a {frame si1gnal
that accommodates a signal 1n a frame signal having a bit
rate higher than that of the frame signal, generation of
optical data transfer umt (ODTU) frames 1s required.

SUMMARY

According to an aspect of an embodiment, a frame
generating apparatus for accommodating a client signal 1n an
optical data transfer unit frame with a higher bit rate than the
client signal includes a desenalizer, a plurality of GMP
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2

circuits, and a serializer. The desenializer deserializes the
client signal into parallel signals, the number of parallel
signals corresponding to the number of tributary slots used
in the optical data transter unit frame. The plurality of GMP
circuits inserts data and stull into a frame accommodating
portion of the optical data transfer unit frame based on a
difference 1n bit rate between the client signal and the optical
data transfer unit frame. The senalizer senializes the parallel
signals output from the plurality of GMP circuits.

The object and advantages of the mnvention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims. It 1s to be
understood that both the foregoing general description and
the following detailed description are exemplary and
explanatory and are not restrictive of the invention, as
claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1llustrating a configuration of a
signal transmitting/receiving apparatus to which a frame
generating section according to an embodiment 1s applied;

FIG. 2 1s a diagram 1llustrating a format of an OTU frame;

FIG. 3 1s a diagram illustrating main types of client
signals to be accommodated in OTU4/0DU4/0OPU4;

FIGS. 4A and 4B are diagrams 1llustrating an example of
a frame structure of OTU4/0DU4/0PU4 when multiplexing
and accommodating a plurality of ODUj’s;

FIG. 5 1s a diagram 1illustrating a process performed by
regarding two frames as one unit;

FIG. 6 1s a diagram 1llustrating mapping when an ODU0
signal 1s accommodated 1n ODU4;

FIG. 7 1s a diagram 1llustrating mapping when an ODU1
signal 1s accommodated 1n ODU4;

FIG. 8 1s a diagram 1llustrating mapping when an ODU?2
or ODU2e signal 1s accommodated in ODU4;

FIG. 9 1s a diagram 1illustrating mapping when an ODU3
signal 1s accommodated 1n ODU4;

FIG. 10 1s a block diagram 1llustrating details of the frame
generating section;

FIGS. 11 A and 11B are block diagrams illustrating a GMP
processing section;

FIGS. 12A and 12B are diagrams illustrating addresses
assigned to a frame accommodating portion of an ODTU
frame;

FIG. 13 1s a diagram illustrating stufl bytes inserted nto
a signal accommodating portion 1 accordance with an
eXpression;

FIGS. 14A and 14B are diagrams 1llustrating storage of
information for GMP 1n an ODTUOH unat;

FIG. 15 1s a diagram 1illustrating an example of an
OPUKOH unit; and

FIG. 16 1s a diagram 1llustrating another example of an
OPUKOH unit.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an embodiment will be described with refer-
ence to the accompanying drawings.

FIG. 1 1s a block diagram 1llustrating a configuration of a
signal transmitting/receiving apparatus 1000 which includes
a frame generating section 100 according to an embodiment.
The signal transmitting/receiving apparatus 1000 includes
the frame generating section 100, a plurality of optical
transmission/reception interface sections 200, and a net-
work-side optical transmission/reception interface section

300.
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The frame generating section 100 receives client signals
via the optical transmission/reception interface sections 200
and generates OTU frames. Here, an mnput/output section of
cach of the optical transmission/reception interface sections
200 1s called a tributary port. The signal transmitting/
receiving apparatus 1000 includes “n” number of tributary
ports t. The OTU frames generated by the frame generating,
section 100 are transmitted to a network via the optical
transmission/reception interface section 300. On the other
hand, the frame generating section 100 receives OTU frames
via the optical transmission/reception interface section 300.
The frame generating section 100 extracts client signals
from the received OTU frames. The extracted client signals
are transmitted to the outside via the optical transmission/
reception interface sections 200.

FIG. 2 1s a diagram 1llustrating a format of an OTU frame.
The OTU frame includes an overhead unit, an optical
channel payload umt (OPUk), and an optical channel trans-
port unit forward error correction-overhead (OTUk FEC-
OH).

The overhead unit has a frame size of 16 bytesx4 rows in
the 1st to 16th columns, and 1s used for connection and
quality management. The OPUK has a frame size of 3808
bytesx4 rows 1n the 17th to 3824th columns, and accom-
modates client signals for providing one or more services.
The OTUk FEC-OH has a frame size of 256 bytesx4 rows
in the 3825th to 4080th columns, and 1s used to correct errors
that may occur during transmission.

By adding overhead bytes used for connection and quality
management to the OPUk, an optical channel data umit
(ODUKk) 1s generated. Also, by adding overhead bytes used
for frame synchronization, connection, quality management,
etc. and the OTUk FEC-OH to an ODUj unit, an optical
channel transport unit (OTUK) 1s generated.

In this embodiment, a description will be given about
generation of OTN frames for accommodating and trans-
mitting an ETHERNET signal having a bit rate of 100 Gbps
and various signals that may be accommodated in the
conventional OTN. Heremnafter, OTN frames corresponding
to 100 Gbps are called OTU4/0DU4/0OPU4.

FIG. 3 1s a diagram 1illustrating main types of client
signals accommodated 1n the OTU4/0DU4/0OPU4. A 100
Gb ETHERNET (hereinatter referred to as 100 GbE) having
a bit rate of 103.125 Gbps 1s accommodated in a payload
unit of the OTU4/0DU4/0OPU4 without being multiplexed.
ODU3, ODU2, and ODU1, which are ODUj described 1n
ITU-T G. 709 as an existing OTN {frame, or ODU2e¢
described in ITU-T G. supplement 43 1s accommodated 1n
the payload unit of the OTU4/0DU4/0OPU4 by being mul-
tiplexed.

FIGS. 4A and 4B are diagrams illustrating an example of
a frame structure of the OTU4/0DU4/0PU4 when accom-

modating a plurality of ODUj (=0, 1, 2, 2e, 3, 3¢l, and 3¢2)
by multiplexing. The frame generating section 100 inserts
first fixed stufl bytes of 8+40n (“n” 1s an integer of 0 or
more) bytesx4 rows into the payload unit of OPU4.

In FIGS. 4A and 4B, it 1s assumed that n=0 for simplifying
the description. 80 types of tributary slots realize a bit rate
of 100 Gbps. The bit rate of each ftributary slot 1is
1.301709251 Gbps.

Referring to FIG. 4A, the frame generating section 100
inserts the first fixed stull bytes into 8 columnsx4 bytes 1n
the 3817th to 3824th columns 1n an ODU4 frame. The frame
generating section 100 accommodates, in an area other than
the first fixed stufl bytes in each OPU4 frame, 47.5 sets of
tributary slots, each set including 80 types of tributary slots
in which 1 bytex4 rows 1s one unit. The frame generating

10

15

20

25

30

35

40

45

50

55

60

65

4

section 100 accommodates 48 sets of tributary slots 1 to 40
and 47 sets of tributary slots 41 to 80 1n an odd-numbered
OTU frame. Also, the frame generating section 100 accom-
modates 47 sets of tributary slots 1 to 40 and 48 sets of
tributary slots 41 to 80 in an even-numbered OTU frame.
The frame generating section 100 performs a process by
regarding 80 types of OTU frames as one multi-frame cycle
when accommodating a plurality of types of signals in OTU
frames.

In an odd-numbered OTU frame, a tributary slot 1 (Trib-
slot#1) 1s assigned to the 17th, 97th, . . . , and 3777th
columns 1 an ODUj frame. In an even-numbered OTU
frame, a tributary slot 1 (Tribslot#1) 1s assigned to the 57th,
13°7th, . .., and 3737th columns m an ODUj frame. Also, 1n
an odd-numbered OTU frame, a tributary slot 80 (Trib-
slot#80) 1s assigned to the 96th, 176th, . . . , and 3776th
columns m an ODUj frame. In an even-numbered OTU
frame, a tributary slot 80 (Tribslot#80) 1s assigned to the
56th, 136th, . . ., and 3816th columns 1 an ODUj frame.

As 1llustrated 1n FIG. 4B, the column size of tributary
slots varies 1n each frame. Specifically, 48 columns of
tributary slots #1 to #40 are accommodated 1n an odd-
numbered OTU frame, and 47 columns of tributary slots #1
to #40 are accommodated in an even-numbered OTU frame.
On the other hand, 47 columns of tributary slots #41 to #80
are accommodated 1n an odd-numbered OTU frame, and 48
columns of tributary slots #41 to #80 are accommodated 1n
an even-numbered OTU frame. Thus, 1n this embodiment, a
process 1s performed by regarding two frames as one unit, as
illustrated 1n FIG. 5. Accordingly, the column size of each
unit may be the same.

Next, a description will be given about mapping when
accommodating an ODUj signal in ODU4. FIG. 6 1s a
diagram 1illustrating mapping when accommodating an
ODUO signal in ODU4. Referning to FIG. 6, the frame
generating section 100 uses one set of tributary slots when
accommodating one ODUO signal in ODU4.

FIG. 7 1s a diagram illustrating mapping when accommo-
dating an ODU1 signal in ODU4. Referring to FIG. 7, the
frame generating section 100 uses two sets of tributary slots
when accommodating one ODU1 signal in ODU4.

FIG. 8 1s a diagram 1llustrating mapping when accommo-
dating an ODU2 signal or an ODU2e signal in ODU4.
Referring to FIG. 8, the frame generating section 100 uses
cight sets of tributary slots when accommodating one ODU2
or ODU2e signal 1n ODU4,

FIG. 9 1s a diagram illustrating mapping when accommo-
dating an ODU3 signal in ODU4. Referring to FIG. 9, the
frame generating section 100 uses thirty-one sets of tributary
slots when accommodating one ODU3 signal in ODU4.
Additionally, when accommodating an ODUj signal in
ODU4 by using an arbitrary number of sets of tributary slots,
the mapping described above may be applied.

Next, details of the frame generating section 100 will be
described. FIG. 10 1s a block diagram 1llustrating the details
of the frame generating section 100. Referring to FIG. 10,
the frame generating section 100 includes a plurality of
ODUj processing sections 10, a GMP processing section 20,
a plurality of ODTU processing sections 30, an ODTUG4
processing section 40, an OPU4 processing section 50, an
ODU4 processing section 60, and an OTU4 processing
section 70.

Each of the ODUj processing sections 10 receives a client
signal, which 1s an accommodated signal, from the corre-
sponding optical transmission/reception interface section
200. The GMP processing section 20 determines the number
of pieces of data and the number of pieces of stull to be
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accommodated 1n a frame accommodating portion based on
a difference between a bit rate of an accommodated signal
and a bit rate of a frame signal that accommodates the signal,
and 1nserts the pieces of data and the pieces of stull into the
frame accommodating section. The details will be described
below.

Each of the ODTU processing sections 30 generates an
ODTU frame from the frame signal in which data and stuil
have been inserted 1n the GMP processing section 20. The
ODTUG4 processing section 40 multiplexes the ODTU
frames generated in the respective ODTU processing sec-
tions 30, thereby generating an ODTUG4 {frame. The OPU4
processing section 50 generates an OPU4 frame from the
ODTUG4 frame. The ODU4 processing section 60 gener-
ates an ODU4 frame from the OPU4 frame. The OTU4
processing section 70 generates an OTU4 frame from the
ODU4 frame and transmits the OTU4 frame to the optical
transmission/reception interface section 300.

FIGS. 11A and 11B are block diagrams illustrating the
details of the GMP processing section 20. The GMP pro-
cessing section 20 includes a deserializer 21, a plurality of
GMP processing circuits 22, and a serializer 23. The dese-
rializer 21 interleaves an ODUj signal in units of bytes. In
this embodiment, the deserializer 21 deserializes the ODUj
signal into parallel signals, the number of which corresponds
to the number of tributary slots used in an ODTU frame.
That 1s, the deserializer 21 parallelizes the ODUj signal 1n
units of tributary slots. The number of GMP processing
circuits 22 included in the GMP processing section 20
corresponds to the number of tributary slots. In this embodi-
ment, 80 types of tributary slots are used and thus the GMP
processing section 20 mncludes 80 GMP processing circuits
22.

In this case, the operation speed required for each of the
GMP processing circuits 22 1s equivalent to or lower than
the bit rate of the ODTU frame 1n which the ODUj signal 1s
accommodated. In this embodiment, the operation speed
required for each of the GMP processing circuits 22 may be
about 1.25 Gbps. A bit rate deviation 1s the same 1n all the
channels after the deserializer 21, and thus a Cn value for
GMP i1s the same. Therefore, for mapping ODUj signal nto
ODTU frame that 1s occupied by m tributary slots of OTU,
m GMP processing circuits use the same Cn value.

The GMP processing circuit 22 inserts data into a frame
accommodating portion of an ODTU frame when the fol-
lowing expression (1) 1s satisfied, and 1nserts stufl into the
frame accommodating portion when the following expres-
sion (2) 1s satisiied.

NxCn mod(the total number of bytes in a signal
accommodating portion)<Cn

(1)

NxCn mod(the total number of bytes in a signal
accommodating portion)=Cn

(2)

N: an address assigned to the frame accommodating
portion of the ODTU frame

Cn: (the bit rate of the ODUj signal)/(the bit rate of the
ODTU frame)x(the total number of bytes in the frame
accommodating portion of the ODTU frame)

mod: an operator for calculating a remainder (modulo)

In this case, the number of pieces of stufl to be mserted
into the signal accommodating portion of the ODTU frame
may be calculated by subtracting Cn from the total number
of bytes in the signal accommodating portion. Next, the
number of pieces of stull when the above expression (2) 1s
satisfied will be described. For example, a description waill
be given about accommodating ODU0 1n OPU4 by using
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one set of tributary slots (TS). In this case, the total number
of bytes (B) 1n the signal accommodating portion in 1TS 1s

15200. The number of TS’s (Nts) used for accommodation
1s 1. The bit rate (Ic) of ODUO0 1s 1.244160000 Gbps (typical
value). The bit rate (Is) of 1TS 1 OPU4 1s 1.301709251
(typical value). Thus, the number of bytes to be accommo-
dated Cn 1s 14528 according to the following expression (3).
In expression (3), “Int” indicates rounding up the number
after the decimal point.

Cn=Int((fc/Nts)/fsxB)=Int(1.244160000/1)/

1.301709251x15200)=1452%8 (3)

The above example shows mapping ODU; (3=0) into
ODTU with a tributary slot occupation of OTU. For the case
of mapping ODUj mto ODTU that 1s occupied m tributary
slots of OTU, m GMP processing circuits are uses with same
Cn value. Therefore, data of ODUj or stull are inserted into
ODTU frame with m granularity manner.

Next, addresses assigned to the frame accommodating
portion of the ODTU frame will be described with reference
to FIGS. 12A and 12B. The addresses are sequentially
assigned 1n accordance with the number of TS’s 1n each row
of each signal accommodating portion. Referring to FIG.
12A, when the number of TS’s 1s 1, addresses are sequen-
tially assigned in each row of the signal accommodating
portion.

Retferring to FIG. 12B, when the number of TS’s 1s 4,
addresses are sequentially assigned 1n units of four columns
in each row of the signal accommodating portion. Specifi-
cally, addresses 1A to 1D for tributary slots A to D, where
A<B<(C<D, are sequentially assigned to the 1st to 4th
columns of the signal accommodating portion. Likewise,
addresses 2A to 2D {for trbutary slots A to D, where
A<B<(C<D, are sequentially assigned to the 5th to 8th
columns of the signal accommodating section. That 1s, when
“n” number of TS’s 1s used, addresses are assigned to
concatenate ODTU of 1TS by n.

FIG. 13 1s a diagram illustrating stufl bytes iserted nto
the signal accommodating portion 1n accordance with the
above expression (2). In FIG. 13, “S” corresponds to a stuil
byte. As 1illustrated i FIG. 13, stufl bytes are inserted into
the signal accommodating portion in a dispersed manner.
Accordingly, jitter may be eflectively suppressed when stull
bytes are removed 1n a receiver side compared to when stull
bytes are continuously inserted.

FIGS. 14A and 14B are diagrams 1llustrating storage of
information for GMP in an ODTU OH umt. Referring to
FIG. 14A, when 1TS 1s used, overhead information for the
TS 1s given to an OD'TU frame. Referring to FIG. 148, when
4TS (TS#A to #D, where A<B<C<D) 1s used, overhead
information for each TS 1s given to an ODTU frame. The
overhead information includes information about the num-
ber of pieces of stufl calculated 1n the above expression (2).
The information about the number of pieces of stufl 1s the
same 1n the overhead corresponding to each TS.

FIG. 15 1s a diagram 1llustrating an example of an OPUk
OH unit. Referring to FIG. 15, an OTU4/0DU4/0PU4
frame stores, 1n the 15th column and the 4th row, informa-
tion indicating the correspondence between tributary slot
numbers and tributary ports. Specifically, the OTU4/0DU4/
OPU4 frame stores a signal for identifying port numbers of
80 tributary slots using seven bits. Accordingly, the number
of tributary slots used for accommodating an ODUj signal 1n
the OTU4/0DU4/0OPU4 frame may be determined.

FIG. 16 1s a diagram 1illustrating another example of the
OPUk OH unit. The difference from the example 1llustrated
in FIG. 15 1s that the OTU4/0DU4/0OPU4 frame stores, 1n
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the 15th column and the 3rd row, types of client signals
accommodated 1n respective tributary slots (ODU0, ODUI,
ODU2, ODU3, and ODU2e¢). By having this type of OH, the
types of accommodated client signals may be identified.

In this embodiment, a description has been given about
frame generation for transmitting a client signal having a bit
rate under 100 Gbps at a bit rate of 100 Gbps. However, this
embodiment 1s not limited thereto. This embodiment may
also be applied to frame generation for transmitting a
low-bit-rate client signal at a higher bit rate. In this case, too,
an operation speed required for a GMP circuit may be
decreased by deserializing a client signal into parallel sig-
nals the number of which corresponds to the number of
multiple frames of an ODTU frame.

In this embodiment, the number of tributary slots 1n each
set 1s 80, but the number 1s not limited thereto. In this case,
when the number of GMP processing circuits 22 1s the same
as the number of tributary slots 1n each set, an advantage of
this embodiment may be obtained.

An embodiment of the present nvention has been
described 1n detail. The present invention i1s not limited to
this specific embodiment, and various modifications and
changes are acceptable within the scope of the present
invention described 1n the following claims.

According to the frame generating apparatus and frame
generating method disclosed in the specification, ODTU
frames applicable to the GMP method may be generated.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as
being without lmmitation to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present mnvention have been described
in detail, it should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A frame generating apparatus that Jaccommodates]
maps a client signal [in] into an optical data transfer unit
frame [with a higher bit rate than the client signal], the frame
generating apparatus comprising:

[a deserializer that deserializes the client signal into M
parallel signals where M 1s corresponding to the num-
ber of tributary slots used in the optical data transier
unit frame;:}

M generic mapping procedure circuits that inserts] cir-
cuitry configured to map a group of M successive bytes
of the client signal into a group of M successive bytes
of the optical data transfer unit frame, wherein M is the
number of tributary slots of the optical data transfer
unit frame [data and stuff into a frame accommodating
portion of the optical data transier unit frame based on
a difference 1n the bit rate between the client signal and
the optical data transfer unit frame]; and

[a serializer that serializes the M parallel signals output
from M generic mapping procedure circuits,}

wherein [M generic mapping procedure circuits that in
accordance with an address] the circuitry inserts data
into [the] a frame accommodating portion of the optical
data transier unit frame when a first expression (NxCn)
mod Th<Chn 1s satisfied, and inserts stufl into the frame
accommodating portion of the optical data transfer unit
frame when a second expression (NxCn) mod Tbh=Cn
1s satisfied, “N”” representing the address assigned to
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the frame accommodating portion of the optical data
transier unit frame, “Cn” representing (a bit rate of the
client signal)+(a bit rate of the optical data transfer unit
frame)x[(the total number of bytes in the frame accom-
modating portion of the optical data transfer umt
frame)](a total number of bytes in the frame accom-
modating portion of the optical data transfer unit
frame), ““Ib” representing the total number of bytes 1n
a signal accommodating portion of the optical data
transfer unit frame, and “mod” representing a remain-
der operator.

2. The frame generating apparatus according to claim 1,
further comprising:

an optical data transfer unit generator accommodating a

signal from the [serializer] circuitry in the optical data
transfer unit frame,

wherein the frame accommodating portion includes a

plurality of rows, and

wherein the optical data transfer unit generator sequen-

tially assigns addresses in accordance with the number
of tributary slots in each row of the frame accommo-
dating portion.

3. The frame generating apparatus according to claim 2,

wherein the optical data transfer unit generator accom-

modates the signal from the [serializer] circuitry in the
optical data transfer unit frame by regarding two types
of optical data transfer unit frames of eighty types of
optical data transfer unit frames as one set and forty sets
of the optical data transfer unit frames as one multi-
frame cycle.

[4. A frame generating method for accommodating a
client signal 1 an optical data transfer unit frame with a
higher bit rate than the client signal, the method comprising;:

deserializing, by an apparatus, the client signal 1nto par-

allel signals, the number of parallel signals correspond-
ing to the number of tributary slots used in the optical
data transfer unit frame;

inserting, by an apparatus, data and stufl into a frame

accommodating portion of the optical data transfer unit
frame based on a difference 1n bit rate between the
client signal and the optical data transfer unit frame;
and

serializing, by an apparatus, the parallel signals after

inserting data and stufl into the frame accommodating,
portion of the optical data transfer unit frame, wherein
data 1s 1nserted into the frame accommodating portion
of the optical data transfer unit frame 1n accordance
with an address when a first expression (NxCn) mod
Th<Cn 1s satisfied, and stufl is inserted into the frame
accommodating portion 1n accordance with an address
when a second expression (NxCn) mod Tb>Cn 1s
satisfied, “N”” representing the address assigned to the
frame accommodating portion of the optical data trans-
fer unit frame, “Cn” representing (a bit rate of the client
signal)+(a bit rate of the optical data transfer umit
frame)x(the total number of bytes 1n the frame accom-
modating portion of the optical data transfer unit
frame), “Tb” representing the total number of bytes 1n
a signal accommodating portion, and “mod” represent-
ing a remainder operator.]

[5. The method according to claim 4,

wherein stufl 1s mserted into the frame accommodating

portion of the optical data transfer unit frame 1 a
dispersed manner.}

[6. The method according to claim 4, further comprising:

accommodating a signal from the serializer 1n the optical

data transfer unit frame,
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wherein the frame accommodating portion includes a
plurality of rows, and

wherein addresses are sequentially assigned in accor-
dance with the number of tributary slots in each row of

10

1s safisfied, “N” representing the address assigned to
the frame accommodating portion of the optical data
transier unit frame, “Cn’ representing (a bit rate of the
client signal)+(a bit rate of the optical data transter unit

the frame accommodating portion in accommodating 5 frame)x[(the total number of bytes in the frame accom-
the signal from the s.erializer.]. modating portion of the optical data transfer unit
[7. Thfa method accm:dmg to (?lalm 6, S frame))(a total number of bytes in the frame accom-
wherein af:commodatmg the S{gnal from the senghzer n modating portion of the optical data transfer unit
the optical Flata transter unit f.rame by reg::;lrdmg two frame), “Tb” representing the total number of bytes in
types of optical data transfer unit frames of eighty types 10

of optical data transfer unit frames as one set and forty
sets of the optical data transfer unit frames as one
multi-frame cycle.}

a signal accommodating portion, and “mod” represent-
ing a remainder operator.
12. The frame generating apparatus according to claim 11,

wherein the client signal 1s optical data unit (ODU) and the
optical data transfer umt frame 1s optical data transier unit
(ODTU).

13. The frame generating apparatus according to claim 11,
wherein the optical data transfer unit frame i1s optical data
payload unit (OPU) and the client signal i1s a signal with a
lower bit rate than the OPU.

14. The frame generating apparatus according to claim 11,
wherein the optical data transfer unit frame i1s optical data
payload unit (OPU) and the client signal 1s Ethernet signal.

15. The frame generating apparatus according to claim 11,
wherein the [generic mapping procedure circuits] circuitry
insert stull into the frame accommodating portion of the
optical data transier frame 1n a dispersed manner.

16. The frame generating apparatus according to claim 11,
further comprising:

[8. The method according to claim 4, further comprising:

generating an optical transfer unit frame by multiplexing 15
the plurality of optical data transier unit frames,

wherein tributary slots have corresponding tributary port
numbers, and

wherein the tributary port numbers corresponding to
tributary slots are stored 1n an optical channel payload 20
umt overhead in generating an optical transfer umit
frame.]

[9. The method according to claim 8,

wherein a type of the client signal 1s further stored in the
optical channel payload unit overhead 1n generating an 25
optical transfer unit frame.}

[10. A frame generating apparatus comprising:

a deserializer that desenalizes a client signal into parallel
signals, the number of parallel signals corresponding to

the number of tributary slots used 1n a optical data 30  an optical data transfer unit generator accommodating a
transier unit frame; and client signal 1n the optical data transfer unit frame,

a plurality of generic mapping procedure circuits that in wherein the frame accommodating portion includes a
accordance with an address inserts data into a frame plurality of rows, and
accommodating portion of the optical data transfer unit wherein the optical data transfer unit generator sequen-
frame when a {first expression (NxCn) mod Tb<Cn 1s 35 tially assigns addresses 1n accordance with M in each
satisfied, and inserts stufl into the frame accommodat- row of the frame accommodating portion, where M 1s
ing portion of the optical data transier unit frame when the number of tributary slots of the optical data transfer
a second expression (NxCn) mod Thz=Cn 1s satisfied, unit frame.
“N” representing the address assigned to the frame 17. The frame generating apparatus according to claim 11,
accommodating portion of the optical data transfer unit 40 further comprising;:
frame, “Cn” representing (a bit rate of a client signal) an optical frame unit frame generator generating an
+(a bit rate of the optical data transier unit frame)+(the optical transier unit frame,
total number of bytes in the frame accommodating wherein tributary slots have corresponding tributary port
portion of the optical data transfer unit frame), “Tb” numbers, and
representing the total number of bytes in a signal 45  wherein the optical transfer unit frame generator stores

accommodating portion, and “mod” representing a
remainder operator.]
11. A frame generating apparatus that accommodates a

the tributary port numbers corresponding to the tribu-
tary slots in an optical channel payload unit overhead.
18. The frame generating apparatus according to claim 17,

wherein the optical transfer umit frame generator further
stores a type of the client signal in the optical channel
payload unit overhead.

19. The frame generating apparatus according to claim 1,
wherein the circuitry includes.

client signal 1n an optical data transfer unit frame with a
higher bit rate than the client signal, the frame generating 50
apparatus comprising;
[a generic mapping procedure circuit] circuitry that
iserts data or stull into a frame accommodating por-

tion of the optical data transfer unit frame based on a

a deserializer configured to receive the client signal and

difference 1n the bit rate between the client signal and 55 output the client signal in parallel, and
the optical data transfer unit frame and maps a group of M generic mapping procedure circuits coupled to the
M successive bytes of the client signal 1nto a group of deserializer and configured to receive the client signal
M successive bytes of the optical data transfer unit from the desevializer vespectively.
frame, where M 1s the number of tributary slots of the 20. The frame generating apparatus according to claim
optical data transfer unit frame; and 60 19, wherein the circuitry includes:

wherein the [generic mapping procedure circuit that] a serializer coupled to the M generic mapping procedure
circuitry 1n accordance with an address mserts data into circuits and configured to output the optical data
the frame accommodating portion of the optical data transfer unit frame accommodating the client signal.
transier unit frame when a first expression (NxCn) mod 21. The frame generating apparatus according to claim
Tb<<Cn 1s satisfied, and inserts stull into the frame 65 11, wherein the circuitry includes:

accommodating portion of the optical data transfer unit
frame when a second expression (NxCn) mod Tbh=Cn

a deserializer configured to receive the client signal and
output the client signal in parallel, and
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M generic mapping procedure circuits coupled to the
deserializer and configured to receive the client signal
from the deserializer respectively.

22. The frame generating apparatus according to claim
21, wherein the circuitry includes: 5
a serializer coupled to the M generic mapping procedure
circuits and configured to output the optical data
transfer unit frame accommodating the client signal.
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