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(57) Abstract: The present invention relates to a high speed interleave and de-interleave method and apparatus in EOS. Said high
speed interleave method comprises: reading in sequence from the external memory the VCG data that are from the Ethernet and
are waiting to be interleaved; performing a member aggregation operation for each VCG data that has been read, and storing the
member-aggregated VCG data into the member aggregation memory; performing an interleave on the VCG data from the member
aggregation memory, and storing the interleaved VCG data into the interleave memory; and forming a SDHframe to be sent to the
SDHafter all the VCG data have been interleaved. The high speed de-interleave method comprises: performing a first-stage de-in-
terleave for the SDHframe to separate the members of each VCG from each other and to store the separated members into the ex-
ternal memory; reading each of the members of the VCG in sequence from the external memory, performing a second-stage de-in-
terleave to recover the VCG, and storing the recovered VCG data into a de-interleave memory so as to be sent to the Ethernet port.
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High Speed Interleave and De-interleave Method and Apparatus in EOS
Technical field

The present invention generally relates to the Ethernet over a Synchronous Digital
Hierarchy (EOS), more particularly to interleave and de-interleave in EOS.

Background art

EOS is an abbreviation for Ethernet over SDH, which means transferring Ethernet’s
data over SDH. One side of the transmission is the Ethernet port, and the other side is
the optical network.

10G SDH(VC-4-64c) has 64 VC4s. The VC4 can consist of just 1 VC4, or of smaller

units, such as 3 VC3s , or 63 VC12s and so on. In the following description, only VC4
is used to illustrate the invention, however the invention applies to all situations.

A VC4 is numbered according to its position in the SDH, that is VC4#0, VC4#1, ...,
VC4#62 and VC4#63. All of the numbering starts with zero in this description.

An SDH frame consists of 9 rows, for each row, each VC4 has a payload of 260 bytes.
All members form the SDH frame in the way of one-byte interleaving, that is, the Oth
byte belongs to VC4#0, the 1st byte belongs to VC4#1, the 63rd byte belongs to
VC4#63, the 64th byte belongs to VC4#0, ..., and so on.

VCG is the abbreviation for Virtual Concatenation Group, physically it can be
considered to correspond to an Ethernet port. There are usually many VCGs in a
design. In the following descriptions, only 64 VCGs are used as an example to
illustrate the present invention, but the present invention can be implemented in all
cases. A VCG of type VC4 has 64 members (i.e. 64 VC4s) at most. For each VCQG, its
members are identified by their SDH numbering. Inside the VCG, these members are
also arranged in the way of one-byte interleaving. For example, VCG2 is type VC4, it
has two members VC4#2 and VC4#4 in sequence, then in the VCG2 data block, the
Oth byte belongs to VC4#2, the 1st byte belongs to VC4#4, the 2nd byte belongs to
VC4#2, ..., and so on.

The total bandwidth of all members of all VCGs is no more than 10G.

Table 1 is a summary of the above descriptions.

VCG type Number of | Payload bytes for a | Example for
members (N) VCG row member numbering
VC4 0-64 260*N VC4#1, VC4#3, ...

Table 1: VCG type, member and member’s numbering

The clock in the 10G EOS design of the present invention runs at 155.52MHz and the
width of the internal data bus is 8 bytes. Each clock should process 8-byte data so as
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to achieve 10G bps throughput. The direction from Ethernet to SDH is named Egress,
where data from all members of the 64 VCGs will be byte-interleaved into a SDH
frame and then be sent out through an optical network. The direction from SDH to
Ethernet is named Ingress, where data from the optical network are de-interleaved to
recover cach VCG, and then the recovered VCG data are sent out through the
corresponding Ethernet port.

For the Ingress, a VCG is recovered though a two-stage de-interleave.

Refer to Figure 1. the dashed arrow stands for the ingress.
(@ Run the first-stage de-interleave on SDH data ta separate the member of each VCG
from each other and store them into an external memory.

@ Read each member of a VCG in sequence from the external memory, run the

second-stage de-interleave to recover the VCG. The intermediate data are stored into
an internal memory.

® Read the de-interleaved data from the internal memory, perform necessary process
and then send the data to the corresponding Ethernet port.

The first-stage de-interleave serves for the purpose of member alignment. Assuming
that a VCG has 5 members: VC4#3, VC4#7, VC4#11, VC4#33 and VC4#50 in
sequence. In brief, they may arrive at the EOS chip at different time. Subsequent
process can not proceed before they all come, so early ones must be temporarily saved
to wait for late ones. This is called alignment. For the requirement of tolerating an
arrival time difference of at least 64ms, a memory of 256M bits is needed. An external
memory is used here because on-chip internal memory has a small capacity. So far,
the first-stage de-interleave has been solved well.

In the second-stage de-interleave, a VCG is recovered from all its’ members.
Assuming that the VCG has 5 members: VC4#3, VC4#7, VC4#11, VC4#33 and
VC4#50 in sequence. Table 2 below shows their arrangement in the external memory
and table 3 shows the recovered VCG data block. The task of the second-stage

de-interleave is to rearrange these data from table 2 into table 3 to get the recovered
VCG data block.

For each table cell, B stands for byte and the following number stands for byte
numbering. The number following VC4 stands for the VC4 numbering. For example,

B0
VC4#3 represents the byte 0 of the 3rd VC4.

Table 2: VCG members arrangement in the external memory and cach clock reads 8
bytes data from the external memory

B8 B9 B10 B11 B12 BI3 B14 BI15
VC4d3  VC4#3  VC4#3  VCA#3 VO3 VC4#3  VC4#3 VC443
B0 B1 B2 B3 B4 B5 Bé6 B7
VC4850 VC4#50 VC4#50 VC4#50 VCAHS0 VC4#50 VC4#50 VC4#50

clock 5 , 8 bytes of VC#3

clock 4 , 8 bytes of
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VC#50
clock 3 , 8 bytes of B0 Bl B2 B3 B4 B5 B6 B7
VO3 VCA#33 VCAH33 VC4#33 VOAE33 VCAH33 VCA#33 VCA#E33  VCAH33
clock 2 , 8 bytes of BO Bl B2 B3 B4 B5 B6 B7
VCH] VCA#11 VCA#IT VC4#11 VOA#11 VCA#11 VCA#l1l VCA#LL VCa#1l
B0 BI B2 B3 B4 B3 B6 B7
clock 1,8bytesof VCH#T  Giouur  yeasr  vOA#7  VCA4T VORI VCA#T  VOART  VCA4T
BO Bl B2 B3 B4 B5 B6 B7
clock 0, 8bytes of VO3 Gouss  yeass  VO4#3  VC443  VCAE  VO4#3  VOAE3 V043
Table 3: recovered VCG data ﬂ
B4 B3 BS BS B5 B3 B6 B6
VC4450 | VO3 | VCad7 | VOaLL | veanss | veaso | veass | veanr
B2 B3 B3 B2 B4 B4 B4 B4
VCasT | veasll | veass | veasso | veass | veasr | veagll | veasss
BI Bl B2 B2 B2 B2 B2 B3
VCa#33 | veauso | veas | vearr | veasnn | veass | veasso | voass
B0 BO BO BO BO Bl B1 Bl
VCa#s | VCarT | VCarIl | voass | veasso | veass | vearr | veast

Table 3 is implemented using an internal memory. Whether an external memory or an
internal memory is used depends on the size of data to be stored. De-interleave and
interleave need to store small size data, so an internal memory is enough.

Each clock reads 8 bytes data from the external memory, and their rearrangement
needs to be completed in one clock to achieve 10Gbps throughout.

There are fixed rules for the write-read operation of a memory. Take the dual-port
RAM with 4 bytes data width as an example, it has two ports, one is for the write
operation, and the other is for the read operation, so the read operation and write
operation can proceed simultaneously. However, for each port there is at most one
write or read operation each clock, and data size of write and read can not exceed the
memory data width, which is 4 bytes herein. Moreover, the data that are read or
written must be located between address 4K to 4K+3 for each read and write
operation, wherein K is a natural number.

Take the 8 bytes of VC#3 at clock 0 as an example. In the external memory, they are
located at continuous addresses from 8K to 8K+7, assuming that k = 0, then the
addresses are 0,1, 2, 3,4, 5, 6 and 7, so they can be read out in one clock. However, in
the recovered VCG data, their addresses are not adjacent, it can be seen from table 3
that they are 0, 5, 10, 15, 20, 25, 30 and 35. In general, these addresses are M, M+N,
M+2N, M+3N, M+4N, M+5N, M+6N and M+7N, which depend on two factors, 1.¢.
the VCG member number and member sequence number, denoted as N and M
respectively. Here N is 5 and M is 0. If a single memory is used, the data line thereof
must have a width of 36 bytes so that the 8 bytes can be written in one clock. In fact,
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there is no memory that has such a great data width. Furthermore, N is a variable, its
maximum is 64. Thus there comes the problem as to how to distribute 8 bytes to their
inconsecutive locations in just one clock and at the same time make both the memory
resource least occupied and the design least complicated.

For the Egress, data from VCGs are byte-interleaved into an SDH frame and sent to
the SDH network.

Refer to Figure 1, the hold solid arrow stands for the Egress.

@ Due to the large amount of data, Ethernet data of VCGs are firstly stored into the
external memory.

@ Take each VCG’s data from the external memory in sequence, run the interleaving
and store the intermediate data into the internal memory.

® After interleaving of all VCGs, read the interleaved data from the internal memory,
perform necessary process and then send the data to SDH.

Assuming that a VCG has six members, which are VC4#3, VC4#7, VC4#11,VC4#33,
VC4#50 and VC4#57 in sequence, then their arrangement in this VCG data block is
as shown in the following Table 4.

An SDH frame consists of 9 rows, for each row, cach VC4 has a payload of 260 bytes.
Table 5 aims to illustrate a SDH frame and just shows payload byte 0 as an example.

Egress interleave should place a VCG’s data into the SDH frame according to their
positions. After interleaving all VCGs, a whole SDH frame is generated.

Table 4: data arrangement for a VCG with 6 members, each clock reads 8 bytes data
from the external memory

clock? | B2 B2 B3 B3 B3 B3 B3 B3
VC4#50 | VCA#57 | VC4#3 VC4#7 VC4#11 | VC4#33 | VC4#50 | VCA#57

clockl | Bl B1 Bl B1 B2 B2 B2 B2
VC4#11 | VC4#33 | VC4#50 | VC4#57 | VCAH3 VC4#7 VC4#11 | VC4#33

clock0 | BO BO B0 BO B0 BO B1 B1
VC443 VC4#7 VCA4#11 | VC4#33 | VCA#50 | VC4#5T | VC443 VC4#7

Table 5 illustrates a SDH frame
[ BO | BO | BO | BO | BO | BO | BO | BO |
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VC4#0 | VC4#1 | VCA#2 | VCA#3 | VCA#4 | VC4#S | VCA#6 | VCA#T
BO B0 B0 B0 BO BO BO BO
VC4#8 | VC4#9 | VCA#10 | VC4#11 | VCA#12 | VC4#13 | VCA#14 | VC4A#1S
B0 B0 B0 B0 B0 BO BO BO
VC4#16 | VC4#17 | VCA#18 | VCA#19 | VCA4#20 | VC4#21 | VCAH22 | VC4#23
BO B0 BO B0 B0 B0 BO BO
VC4#24 | VCA#25 | VCA#26 | VC4#2T | VC4#28 | VC4#29 | VCA#30 | VC4#31
B0 B0 B0 B0 BO B0 B0 B0
VC4#32 | VC4#33 | VC4#34 | VC4#35 | VC4#36 | VC4#37 | VCA#38 | VC4#39
B0 B0 B0 B0 BO B0 B0 B0
VC4#40 | VC4#41 | VC4#42 | VC4#43 | VC4#44 | VC4#4S5 | VCA#H46 | VCA#47
B0 B0 B0 B0 BO BO BO BO
VC4#48 | VC4#49 | VCA#50 | VCA#ST | VCA#S2 | VC4#53 | VCA#54 | VCA#SS
BO BO B0 B0 BO BO BO BO
VC4#56 | VC4#57 | VCA#58 | VCA#59 | VC4#60 | VC4#61 | VCA#62 | VCA#63

Table 5 is implemented using an internal memory.

Each clock reads § bytes data from the external memory, and the interleaving of the 8
bytes needs to be completed in one clock to achieve 10Gbps throughout. Take the 8
bytes at clock 0 as an example, these 8 bytes are byte 0 of VC4#3, VC4+#7, VC4#11,
VC4#33, VC4#50, VC4#57 and byte 1 of VC4#3, VC4#7. As similar in the ingress, in
the external memory, these bytes are located at continuous addresses from 8K to
8K+7, assuming that k = 0, then the addresses are 0,1, 2, 3,4, 5, 6 and 7, so they can
be read out in one clock. However, in the SDH frame, their addresses are not adjacent.
It can be seen from table 5 that they are 3, 7, 11, 33, 50, 57, 67 and 71. In general, it is
M+64*B, where M denotes the member sequence and B denotes the byte sequence,
for example, for byte 1 of VC4#7, M is 7 and B is 1, so its address is 71.

Thus the same problem as in the Ingress exists in the Egress, that is, how to distribute
8 bytes to their inconsecutive locations in just one clock and at the same time make
both the memory resource least occupied and the design least complicated.

To solve this problem, a memory with the data width of 64*8 bytes can be used, but
this solution is inefficient, because there is no single memory that has such a great
data width and thus a lot of memories are required to construct such a memory. In
addition, the speed of the internal logic of a FPGA can be increased to 1.25G so as to
reduce the internal data bus width to 1 byte, but this solution cannot be implemented
with the existing techniques.

Summary of the invention

The soul of the invention is how to distribute 8 bytes to 8 memory blocks. The
invention designs the interleave and de-interleave from the viewpoint of a matrix
(column address and row address) and provides a solution to address collision.

In one embodiment of the invention, a high speed interleave method for use in EOS is
provided. The high speed interleave method comprises: reading in sequence from the
external memory the VCG data that are from the Ethernet and are waiting to be
interleaved; performing a member aggregation operation for each VCG data that has
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been read, and storing the member-aggregated VCG data into the member aggregation
memory; performing an interleave on the VCG data from the member aggregation
memory, and storing the interleaved VCG data into the interleave memory; and
forming a SDH frame to be sent to the SDH after all the VCG data have been
interleaved.

In another embodiment of the invention, a high speed de-interleave method for use in
EOS is provided. The high speed de-interleave method comprises: performing a
first-stage de-interleave for the SDH frame to separate the members of each VCG
from each other and to store the separated members into the external memory; reading
each of the members of the VCG in sequence from the external memory, performing a
second-stage de-interleave to recover the VCG, and storing the recovered VCG data
into a de-interleave memory so as to be sent to the Ethernet port.

In the present invention, the address of each byte is divided into a column address and
a row address. The low 3 bits are column addresses, and the high bits are row
addresses. The column address determines into which memory column this byte is
written and the row address determines into which location of the selected memory
column this byte is written. When the number of the members of the VCG is odd, the
column addresses of the bytes are not overlapped with each other, when the number of
the members of the VCG is even, the column addresses of the bytes are overlapped.

The VCG data are aggregated according to the members thercof, and when the
column addresses of the bytes are overlapped, the column addresses or the indexes of
the bytes are revised so as to make the 8 bytes belonging to the same member to be
arranged in the same row. The revision of the column addresses or the indexes of the
bytes is performed by shifting the column address right or by shifting the byte index
left according to the times of overlapping of addresses.

The first-stage de-interleave is performed for member alignment. In the case where
the column addresses overlap, the second-stage de-interleave revises the column
addresses or the indexes of the bytes to make only one byte correspond to one
memory column.

In yet another embodiment of the invention, a high speed interleave apparatus for use
in EOS is provided. The high speed interleave apparatus comprises: a member
aggregation memory for storing the VCG data that are aggregated according to the
members; and an interleave memory that is coupled to the downstream of the member
aggregation memory and is used for storing the VCG data obtained by interleaving the
VCG data read from the member aggregation memory. Both the member aggregation
memory and the interleave memory consist of 8 memory columns, each having a
write port and a read port.

In still another embodiment of the invention, a high speed de-interleave apparatus for
use in EOS is provided. The high speed de-interleave apparatus comprises: a
de-interleave memory for storing the recovered VCG data. The de-interleave memory
consists of 8 memory columns, cach memory column having a write port and a read
port.

The solution of the present invention adopts 8 separated memory columns, and it
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reduces the memory consumption to the minimum together with the solution to
address collision. In this solution, the generation of the write address and the read
address is very regular so that the design is easier to be implemented.

Description of the drawings

The invention will be understood by referring to the following descriptions taken in
conjunction with the accompanying drawing, wherein the same reference numerals
indicate the same elements, and wherein

Figure 1 shows the data flow to illustrate the problem in the prior art;

Figure 2 shows the de-interleave memory matrix;

Figure 3 shows the member aggregation and interleave memory matrix;

Figure 4 shows the generation of Col2 Byte Index at the write side of de-interleave
memory column;

Figure 5 shows the generation of Col2_ Byte at the write side of de-interleave memory
column;

Figure 6 shows the generation of Byte2 Row_ Addr at the write side of de-interleave
memory column;

Figure 7 shows the generation of Col2 Row_ Addr at the write side of de-interleave
memory column;

Figure 8 shows the generation of Byte2 Col Addr at the read side of de-interleave
memory column;

Figure 9 shows the generation of Byte2 at the read side of de-interleave memory
column; and

Figure 10 shows the hardware block diagram and data flow of the embodiments
according to the invention.

Preferred embodiments

If a single memory is used, its data width should be very large, which is not practical.
Let Mem Num to represent the memory block number, then the issue is to distribute 8
bytes to Mem_Num memory blocks. If Mem Num < 8, it means there are at least two
bytes are to be distributed to one memory block. Take ingress de-interleave as an
example, the 8 bytes’ addresses are M, M+N, M+2N, M+3N, M+4N, M+5N, M+6N
and M+7N, where N denotes VCG member number and M denotes member sequence
number. The minimal distance among these 8 bytes is N. When N is 64, it means that
the data port width should be 64 bytes wide, which is not practical either. If
Mem_ Num >= 8, one byte is to be distributed to one memory block, the address
problem is solved. And it is best if Mem_Num = 8, because this means less memories
are needed.

Ingress

Figure 2 shows the de-interleave text block located between @ and ® in ingress path
in Figure 1.

The de-interleave memory consists of 8 columns of separated memory, each column
has a write port and a read port, the port width is one byte. The rows consist of §
locations in 8 memory columns respectively.
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For each of the 8 bytes pending for de-interleave, its address in the recovered VCG
data block is divided into column address and row address. The low 3 bits are column
addresses, and the high bits are row addresses. The column address determines into
which memory column this byte is written and the row address determines into which
location of the selected memory column this byte is written. In mathematical
statement, this is modulo 8 operation. The integral part is the row address, and the

remainder is the column address. These column addresses are M%S8 , (M+N)%3,

(M+2N)%8, (M+3N)%8, (M+4N)%8, (M+5N)%8, (M+6N)%8 and (M+7N)%S8. In
this way, 8 bytes are distributed among 8 memory columns. Due to the property of
modulo 8 operation, there are two cases: N is odd and N is even (M is the common
part, so only N determines the results of the operations, the above column addresses

can be simplified as 0%8 , N%8, 2N%8, 3N%SE, 4N%8, SN%S8, 6N%8 and 7N%S to
see this better).

When N is odd, the generated column addresses are not overlapped with each other,
that is only one byte corresponds to one memory column, so & bytes can be directly
written into 8 memory columns in one clock. Take N = 5 as an example, refer to table
2 and table 3, assuming that columns are numbered from 0 to 7 from left to right, then

for clock 0 , the 8 bytes of VC#3 are distributed to column 0, 5, 2, 7, 4, 1, 6 and 3,
respectively.

When N is even, some generated column addresses are overlapped, that is, more than
one byte correspond to one memory column, so they can not be written in one clock.
For this case, the column address will be revised so that only one byte corresponds to
onc memory column. Since its position has changed, a byte rcorder must be
performed when data are read out, so that 8 bytes data export in a correct order.
Column address revision and byte reorder will be depicted below in detail.

Thus for any case, 8 bytes read or write can be completed in one clock so as to
guarantee the required throughput.

During read, the column address determines from which memory column the byte will
be read and the row address determines from which location of this memory column
the byte will be read.

Column address revision and byte reorder

When N is odd, the 8 column addresses do not overlap; when N is even, they overlap.
However, the overlap is regular. There are four cases in total as in table 6 below. For
the purpose of simplicity, the low 3 bits of binary N are denoted as N[2:0], which is
N%8 in fact.

Table 6: when N is even,8 column addresses overlap

N[2:0] Byte | Byte |Byte |Byte |Byte |Byte |Byte | Byte
0 1 2 3 4 5 6 7

“000” original | a a a a a a a a

Overlap | revision | a atl |at2 |a+t3 |at4 |at5 |at6 |a+t7
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7 times

“010” original | a b c d a b c d
Overlap | revision | a b c d atl | b+l |ctl |d+]
1 time

“100” original | a b a b a b a b
Overlap | revision | a b atl |b+l |at2 |bt2 |at3 |bt3
3 times

“110” original | a b c d a b c d
Overlap | revision | a b c d atl | b+l |ctl |d+l1
1 time

In table 6, a, b, ¢, and d represent the column addresses.

When NJ[2:0] is “000”, the column addresses overlap 7 times, that is, the column
addresses of byte 0 to byte 7 are the same.

When N[2:0] is “010”and “110”, column addresses overlap 1 time, that is, the column
addresses of byte 4 to byte 7 are the same as the column addresses of byte 0 to byte 3
respectively.

When NJ[2:0] is “100”, the column addresses overlap 3 times, that is, the column
address of byte 6 and byte 7, byte 4 and byte 5, byte 2 and byte 3, byte 0 and byte 1
are the same respectively.

Revision is in italics in table 6. For the first overlap, the revised column address
equals to the original column address plus 1, for the second overlap, the revised
column address equals to the original column address plus 2, and this pattern is
repeated. For example, when N[2:0] is “100”, the column address overlaps three times,
byte 2 and byte 3 are the first overlap, the column addresses are revised to be the
original column address plus 1, i.e. at+1 and b+1. Byte 4 and byte 5 are the second
overlap, column addresses are revised to be the original column address plus 2, i.e.
at2 and b+2. Byte 6 and byte 7 are the third overlap, column addresses are revised to
be the original column address plus 3, i.c. at3 and b+3. There are only 8 memory
columns, so the result of the addition operation above needs a modulo 8 operation,
which is hidden in table 6.

This revision is performed for all bytes. A row consists of 8 bytes. Since the row
address keeps unchanged, this means column address reallocation only occurs among
8 bytes in a row and there will be no multiple bytes written to one location. The
original column address plus 1 means that it shifts one column right from the true
location, plus 2 means it shifts two columns right from the true location, and so on.

With respect to the recovered VCG data block after the revision:

When NJ[2:0] is “000”, from row 0 to row N/8-1 all bytes keep at the true locations,
from row N/8 to row 2*N/8-1, all bytes shift one column right, ..., from row 7*N/8 to
row N-1, all bytes shift seven columns right. There are 7 times of shift in total
corresponding to 7 times of revision in column address.

When NJ[2:0] is “010”and “110”, from row 0 to row N/2-1 all bytes keep at the true
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locations, from row N/2 to row N-1 all bytes shift one column right. There is 1 time of
shift in total corresponding to 1 time of revision in column address.

When N[2:0] is “100”, from row 0 to row N/4-1 all bytes keep at the true locations,
from row N/4 to row 2*N/4-1 all bytes shift one column right, from row 2*N/4 to row
3*N/4-1 all bytes shift two columns right, from row 3*N/4 to row N-1 all bytes shift
three columns right, There are 3 times of shift in total corresponding to 3 times of
revision in column address.

From the descriptions above, it is evident that to get the correct order is just to shift
left. That is the byte reorder.

Example for column address revision and byte reorder:

Take N = 6 as an example. VCG has 6 members, for simplicity, it is assumed that they
are A, B, C, D, E and F in sequence as in table 7. The number following member
denotes byte numbering, ¢.g. AO stands for byte 0 of member A.

Table 8 is the recovered VCG data block with true position. However, without column
address revision, for each member, its byte 0, byte 1, byte 2 and byte 3 locate at the
same column as byte 4, byte 5, byte 6 and byte 7 respectively. For example, A0
locates at row 0 column 0, A4 locates at row 3 column 0, their column addresses
overlap, so it is impossible to write the whole 8 bytes in one clock.

Table 9 represents the recovered VCG data block with revised position. Now after the
address collision is solved, the whole 8 bytes can be written in one clock. It can be
seen from the table, that from row 0 to row 2, all bytes are at their true positions, from
row 3 to row 5, all bytes are shift one column right from their true positions, which is
in accordance with the illustrations in the above texts. When these bytes are read out,
they are just shifted one column left to get the correct order.

Table 7: VCG has 6 members, member data bound for de-interleave

clock 5 FO F1 F2 F3 F4 F5 F6 F7
clock4 | EO El E2 E3 E4 E5 E6 E7
clock 3 DO D1 D2 D3 D4 D5 D6 D7
clock2 |CO Cl1 C2 C3 C4 C5 C6 C7
clock 1 B0 Bl B2 B3 B4 B5 B6 B7
clock0 | A0 Al A2 A3 A4 A5 A6 A7

Table 8: VCG has 6 members, without column address revision, two bytes will
correspond to one column, so it is impossible to write 8 bytes in one clock.

Column Column Column Column Column Column Column Column

10
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0 1 2 3 4 5 6 7
Row 5 | E6 F6 A7 B7 C7 D7 E7 F7
Row 4 | C5 D5 E5 F5 A6 B6 Co D6
Row 3 | A4 B4 C4 D4 E4 F4 A5 BS
Row?2 | E2 F2 A3 B3 C3 D3 E3 F3
Row 1 | Cl Dl El F1 A2 B2 C2 D2
Row 0 | A0 B0 C0 DO EQ FO Al Bl

gt

Table 9: VCG has 6 members, through column address revision, the problem of
overlap is solved, and 8 bytes can be written in one clock.

Column Column Column Column Column Column Column Column

0 1 2 3 4 5 6 7
Row 5 | F7 E6 F6 A7 B7 C7 D7 E7
Row 4 | D6 Cs D5 E5 F5 Ab B6 Co
Row 3 | B5 A4 B4 C4 D4 E4 F4 A5
Row 2 | E2 F2 A3 B3 C3 D3 E3 F3
Row 1l [ Cl Dl El F1 A2 B2 C2 D2
Row 0 | A0 B0 C0 D0 EQ F0 Al Bl
Egress

In the Ingress, the byte address in the recovered VCG data block is divided into row
address and column address, and in this way de-interleave is implemented. Now it
comes to the problem that whether this method can be used for Egress, that is, the
byte address in the SDH frame is also divided into row address and column address to
implement interleave.

This can not work directly. 10G SDH consists of 64VC4s, while depending on
different bandwidth requirements, a VCG can consist of any number VC4s upper
bounded by 64, and further these VC4s can be in any sequence. For example,
assuming a VCG has five members, VC4#3, VC4#7, VC4#11, VC4#33 and VC4#50,
they may be in the sequence of VC4#3, VC4A#7, VC4#11, VC4#33 and VC4#50, or in
the sequence of VC4#7, VC4#3, VC4#11, VC4#33 and VC4#50, or in the sequence of
VC4#11, VCA#7, VC4#33, VC4#3 and VC4#50 ... . There are too many cases for it
to be as regular as in ingress. This is why it cannot work directly.

Egress interleave consists of two steps: member aggregation and interleave. Data from
a VCG are first member-aggregated and are written into the member aggregation
memory, then post-aggregation data in the member aggregation memory is read out
for an interleaving operation and then iswritten into the interleave memory. The result
of member aggregation is that 8 bytes belonging to the same member are arranged in

11
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the same row, this is the reverse of the second-stage de-interleave. After member
aggregation, it is amazing that the interleave becomes a de-interleave with the
member number N equals to 64, so the method used in Ingress de-interleave can be
used.

Figure 3 below represents the interleave text block located between @ and @ in

egress path in Figure 1. As in the ingress, the member aggregation memory and
interleave memory arc both consist of 8§ memory columns, cach column having a
write port and a read port, and the port width being one byte. During write, the
column address determines into which memory column this byte is written and the
row address determines into which location of this memory column this byte is
written. During read, the column address determines from which memory column the
byte will be read and the row address determines from which location of this memory
column the byte will be read.

VCG member aggregation
Assuming VCG member number is N.

For byte 0 to byte 7 of the first 8 bytes (refer to table 4, it is at clock 0), their row and
column address pairs are denoted as (R0,C0), (R1,Cl), (R2,C2), (R3,C3), (R4,C4),

(R5.,C5), (R6,C6), (R7,C7) , where R stands for row and C stands for column. Row
address and column address are created as the following:

R0=0; C0=0;

R1=R0O+1; C1=C0+1=1,
R2=R0+2=R1+1; C2=C0+2=C1+1=2;
R3=R0+3=R2+1; C3=C0+3=C2+1=3;
R4=R0+4=R3+1; C4=C0+4=C3+1-4;
R5=R0+5=R4+1; C5=C0+5=C4+1=5;
R6=R0+6=R5+1; C6=C0+6=C5+1=6;
R7=R0+7=R6+1; C7=C0+7=C6+1=7,

For the subsequent 8 bytes (refer to table 4, it is at clock 2, clock 3...), their address
pairs are obtained by the address pairs of the current 8 bytes added by 8, respectively.
The row address will be modulo N and the column address will be modulo 8. Modulo
operation is hidden in the addition above. This results in that the 8 bytes data are
written into 8 aggregation memory columns in a way similar to the “Z” shape as
shown in table 12.

Take the second 8 bytes as an example, their address pairs are the first 8 bytes’
address pairs plus 8 respectively: ((RO+8)%N, (CO0+8)%8), (R1+8)%N, (C1+8)%8),
((R2+8)%N, (C2+8)%8), ((R3+8)%N, (C3+8)%8), ((R4+8)%N, (C4+8)%S),
((R5+8)%N, (C5+8)%8), ((R6+8)%N, (C6+8)%8) and ((R7+8)%N, (C7+8)%8).
Because column address is modulo 8, it will keep unchanged, and the address pairs
can be reduced to ((RO+8)%N, C0), (R1+8)%N, C1), (R2+8)%N, C2), (R3+8)%N,
C3), (R4+8)%N, C4), (R5+8)%N, C5), (R6+8)%N, C6) and (R7+8)%N, C7).

From another viewpoint, the address pair can be considered to be just the addition of
(RO, CO) with byte numbering. For example, the address pair is (R0+6, C0+6) for 6th

12
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byte in VCG data block and the address pair is (R0+17, C0+17) for 17th byte, where
modulo operation is hidden for simplicity.

As to column addresses, they are 0, 1, 2, 3, 4, 5, 6, 7, and keep unchanged, so 8 bytes
of VCG data can be written in one clock.

As to the row address, refer to table 4, where N is 6. The bytes of every N belong to
the same member. The row address is modulo N, so 8 bytes belonging to the same
member will be arranged in a row after member aggregation. Further, when a byte
returns its row, N times of adding 1 are performed, so the 8 column addresses of Mth
member are M%S8, (M+N)%8, (M+2*N)%8, (M+3*N)%8, (M+4*N)%8, (M+5*N)%8,
(M+6*N)%8 and (M+7*N)%S8, respectively. This means that the 8 bytes of a member
do not arrange in the sequence of byte 0 to byte 7 in the row, so a byte reorder should
be performed to get the correct order during read. Because of modulo 8, as in the
ingress, when N is odd, these 8 column addresses do not overlap, when N is even,
they overlap. This means that the subsequent data will override the previous ones. It
needs to be noted here that it is the overlap of the column addresses of the 8 bytes of
the member, but not the overlap of the column addresses of the § bytes from the VCG
data block, that results in the data override, as described previously, the column
addresses of the 8 bytes from the VCG data block are 0, 1, 2, 3, 4, 5, 6, and 7 and
keep unchanged. Column address revision is adopted to avoid data override. Column
address revision and byte reorder are depicted below in detail.

Column address revision and byte reorder

The overlap of the column addresses of the 8 bytes of the member and the revision are
as shown in table 12, which are the same as in the ingress.

Table 10: when N is even, the column addresses of the 8 bytes of the member overlap,
resulting in data override.

N[2:0] Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte

0 1 2 3 4 5 6 7

“000” original | a a a a a a a a

Overlap | revision | a a+l at2 | at3 atd |at+5 |at6 |at7

Ttimes

“010” original | a b c d a b c d

Overlap | revision | a b c d atl b+1 ct1 d+1

1 time

“100” original | a b a b a b a b

Overlap | revision | a b atl | b+1 at2 | b+2 |at3 | b43

3 times

“110” original | a b ¢ d a b ¢ d

13
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Overlap | revision | a b c d a+l b+1 | ¢+l d+1

1 time

The column addresses of the 8 bytes of the VCG data block start with 0, 1, 2, 3,4, 5,6
and 7, when N is odd, they will keep unchanged.

When n is even, the column addresses of the 8 bytes of the member need to be revised
according to the above table 10, and this is achieved by revising the column addresses
of the 8 bytes of the VCG data block in the following ways:

When N[2:0] is “000”, the column addresses of all 8 bytes from the VCG data block
and between clock 0 and clock N/8-1 are kept at 0, 1, 2, 3, 4, 5, 6 and 7; the ones
between clock N/8 and clock 2*N/8-1 are revised to be original column address plus 1,
i.e. being changed to 1, 2, 3, 4, 5, 6, 7 and 0, ...; and the ones between clock 7*N/8
and clock N-1 are revised to be original column address plus 7, i.e. being change to 7,
0,1, 2, 3,4, 5 and 6. There should be 7 times of column address revision in total,
corresponding to the 7 times of column address revision of the members in table 10.

When N[2:0] is “010” and “110”, the column addresses of all 8 bytes from the VCG
data block and between clock 0 and clock N/2-1 are kept at 0, 1, 2, 3,4, 5, 6 and 7; the
ones between clock N/4 and clock N-1 are revised to original plus 1, i.e. being change
to1,2,3,4,5, 6,7 and 0. There should be 1 time column address revision in total,
corresponding to the 1 time column address revision of the members in table 10.

When N[2:0] is “100”, the column addresses of all 8 bytes from the VCG data block
and between clock 0 and clock N/4-lare kept at 0, 1, 2, 3, 4, 5, 6 and 7; the ones
between clock N/4 and clock 2*N/4-1 are revised to original plus 1, i.c. being change
to 1, 2, 3,4, 5, 6, 7 and 0; the ones between clock 2*N/4 and clock 3*N/4-1 are
revised to original plus 2, i.e. being change to 2, 3, 4, 5, 6, 7, 0 and 1; and the ones
between clock 3*N/4 and clock N-1 are revised to original plus 3, i.e. being change to
3,4,5,6,7,0, 1 and 2. There should be 3 times of column address revision in total,
corresponding to the 3 times of column address revision of the members in table 10.

During member aggregation, when N is odd, byte 0 to byte 7 of Mth member are
distributed to columns M%8, (M+N)%8, (M+2*N)%8, (M+3*N)%8, (M+4*N)%?8,
(M+5%N)%8, (M+6*N)%8 and (M+7*N)%8, respectively. When N is even, the
distribution is revised as in table 10. So during read, the column addresses are
generated in this way to get 8 bytes exported in the correct order. This is the byte
reorder method.

Examples for column address revision and byte reorder:

Take N = 6 as an example. VCG has 6 members, for simplicity, they are assumed to
be A, B, C, D, E and F in sequence as in table 11.

As shown in table 12, VCG data are written into the member aggregation memory in a
way of “Z” shape, the column addresses are not revised, and there are such column
collisions as that byte 0 to byte 3 are overridden by byte 4 to byte 7 respectively. For
example, A0 to A3 are overridden by A4 to A7 respectively.

14
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As shown in table 13, the column addresses are revised, this time no data override
occurs. After aggregation, 8 bytes belonging to the same member appear in the same
row, however they are not arranged in the order of byte 0 to byte 7. Byte 0 to byte 7 of
Mth member are distributed to columns M%8, (M+N)%8, (M+2*N)%8, (M+3*N)%?8,
(M+1)%38, (M+N+1)%8, (M+2*N+1)%8 and (M+3*N+1)%S8, respectively.

Table 11: VCG has 6 members, VCG data bound for member aggregation

clock5 | E6 F6 A7 B7 C7 D7 E7 F7
clock4 [ C5 D5 E5 F5 A6 B6 C6 D6
clock3 [ A4 B4 C4 D4 E4 F4 A5 B5
clock2 [ E2 F2 A3 B3 C3 D3 E3 F3
clockl [ (1 D1 El Fl A2 B2 C2 D2
clock0 ['AQ B0 Co DO EO FO Al Bl

Table 12: column addresses are not revised, in cach clock 8 bytes are written into 8
memory columns, there are data overrides.

Column Column Column Column Column Column Column Column

0 1 2 3 4 5 6 7

Row 0 A0 A3 A2 Al

A4 A7 AN LN

~N
Row 1 N B0 - e _
A > D v ;

Row2 | C1 | ___.- o] / C3 C2
Cs \\ C7 C6

\
Row 3 1 DO D3 ™ )
D5 D D7 D6
Row 4 E2 1 E0 E3
E6 E E4 E7
N /
Row 5 F2 \f/ FO F3
F6 F5 F4 F7
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gt

Table 13: column addresses are revised, no collision this time

Column Column Column Column Column Column Column Column

0 1 2 3 4 S 6 7
Row 0 A0 A4 A3 A7 A2 A6 Al AS
Row 1 BS B0 B4 B3 B7 B2 B6 B1
Row 2 C1 C5 Co C4 C3 C7 C2 Ceé
Row 3 D6 D1 DS DO D4 D3 D7 D2
Row 4 E2 E6 E1l ES E0 E4 E3 E7
Row 5 F7 F2 F6 F1 FS F0 F4 F3

gt

Table 14: when read, 8 bytes are re-ordered so that 8 bytes are arranged in the order of
byte 0 to byte 7

Clock0 A0 Al A2 A3 A4 AS A6 A7
Clock1 B0 B1 B2 B3 B4 BS B6 B7
Clock2 Cco C1 C2 C3 C4 Cs Ceé C7
Clock3 DO D1 D2 D3 D4 D5 D6 D7
Clock4 E0 E1 E2 E3 E4 ES E6 E7
Clock$ F0 F1 F2 F3 F4 FS Fe F7

As shown in table 14, during read, the column addresses are generated as M%S8,
(M+N)%8, (M+2*N)%8, (M+3*N)%8, (M+1)%8, (M+N+1)%8, (M+2*N+1)%8 and
(M+3*N+1)%¢ to get data out in the order of byte 0 to byte 7.

Interleave
After member aggregation, interleave can be regarded as a particular case of the

second-stage de-interleave with 64 members. The difference is that, in de-interleave,
data from 64 members are centralized processed one time(since the 64 members
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belong to the same one VCG and data from one VCG are processed ecach time in
de-interleave);while in interleave, 64 members are distributed (VC4s) among a
plurality of VCGs and each time data from one VCG are processed (so, several VC4s
are processed each time, instead of processing 64 VC4s).

In summary, interleave and de-interleave are designed from the viewpoint of matrix,
and row address and column address are generated. The row column address pair
together with the solution to address collision solve the problem of how to distribute 8
bytes to their inconsecutive locations in just one clock so that a 10Gbps throughout is
guaranteed.

The interleave and de-interleave method including modulo operation, address revision
and byte reorder according to the present invention is very regular, so it is easy to
implement.

The de-interleave memory should be big enough for VCG with 64 members to work
in a ping-pong mode. The maximum of the member number is 64, so for each
memory column there should be 2*64=128 bytes, i.c. 128 rows at least. Assuming that
VCG member number is N, then the de-interleave processes N*8 bytes data each time
for a recovery. Refer to tables 7, 8 and 9, where N is 6, 6*8 bytes are recovered after
processing. Assuming that the row address starts with 0, then these data will occupy
row 0 to row N-1. Subsequently de-interleave, if any, will process another N*§ bytes,
and use row N to row 2N-1 as the storage space. At the same time, the recovered N*8
bytes will be read out for further processing. This process is repeated until the whole
VCG data are recovered and then proceeds to the next VCG. When the row reaches
128, the process will move to the 0™ row. If N is 64, there are just two space blocks
for switch, that is, the operation mode is a ping-pong mode.

Although de-interleave processes N*8 bytes data each time for a recovery, it does not
mean that it can not work without N*8 bytes. For example, if there are only 6 bytes
for every member and thus N*6 bytes in total, the member data are input using the
low 6 bytes in the de-interleaved 8 bytes, without considering the two most significant
bytes. Then after de-interleave, these N*6 bytes are arranged in row 0 to row N-3, row
N-2 and N-1 are filled with data that are not considered. From another viewpoint, the
de-interleave can distribute 8 bytes in one clock, so there is certainly no problem to
distribute 6 bytes in one clock, just not using its capacity to the maximum.

Write data into the de-interleave memory

The addresses of Mth member 8 bytes in the first N*8 bytes data block are M, M+N,
M+2N, M+3N, M+4N, M+5N, M+6N and M+7N. Refer to tables 2 and 3, at clock 0,
the addresses are 0, N, 2N, 3N, 4N, 5N, 6N and 7N, at clock 1, they are 1, N+1, 2N+1,
3N+1, 4N+1, 5SN+1, 6N+1 and 7N+1. In general, they each plus 1 each subsequent
clock. This means that the addresses start with an initial value and can be generated
through recursion later. The low 3 bits of the addresses are column addresses and the
high bits are row addresses.

From the viewpoint of the 8 bytes pending for de-interleave, each byte will select one

of 8 memory columns to write. The initial values of the column address, when N is
odd, are 0, N%8, 2N%8, 3N%E, 4N%8, 5N%8&, 6N%8, 7N%S8; and when N is even,
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the initial values of the column address will be revised on the basis of 0, N%8, 2N%S8,
3N%8, 4N%S8, SN%S8, 6N%8, 7N%8 according to table 6. There are four cases as
follows: when N[2:0] is “000”, the initial values of the column address are 0, 1, 2, 3, 4,
5, 6 and 7; when N[2:0] is “0107, the initial values of the column address are 0, 2, 4, 6,
1, 3, 5 and 7; when N[2:0] is “100”, the initial values of the column address are 0, 4, 1,
5,2, 6,3 and 7; and when N[2:0] is “110”, the initial values of the column address are
0,6,4,2,1,7,5 and 3. The column addresses each will plus 1 each subsequent clock.

From the viewpoint of 8 memory columns, each memory column will select one of §
bytes as its input data. It is easier to implement if the viewpoint is changed to memory
columns. Byte index is defined here to select the byte, it is the counterpart of column
address. For each memory column, there is a byte index. The byte index can be
inferred from the column address. When N is odd, it is amazing that the initial values
of the byte index are 0, N%S8, 2N%S8, 3N%8, 4N%8, SN%E, 6N%8 and 7N%S,
which are the same as the initial values of the column address. When N is even, there
are four cases: when N[2:0] is “000”, the initial values of the byte index are 0, 1, 2, 3,
4,5, 6 and 7; when N[2:0] is “010”, the initial values of the byte index are 0, 4, 1, 5, 2,
6, 3 and 7; when N[2:0] is “100”, the initial values of the byte index are 0, 2, 4, 6, 1, 3,
5 and 7; and when N[2:0] is “1107, the initial values of the byte index are 0, 4, 3, 7, 2,
6, 1 and 5. They each subtract 1 each subsequent clock. Byte index subtracted by 1
corresponds to column address added by 1 (column address shifts right, so byte index
should shift left).

Since the implementation process of all memory columns are similar, only memory
column 2 is used below to illustrate the implementation process. Byte index is
generated first, and then it is used to select one of 8 bytes as its input byte and one of
8 row addresses as its row address.

Col2 Byte Index, Col2 Byte and Col2 Row Addr are the byte index, input data
(output data when read) and row address of column 2, respectively. Byte2 Row Addr
and Byte2 Col Addr are the row address and column address of byte 2, respectively.

Figure 4 depicts the byte index generation of column 2. N[2:0] chooses the initial
value. Initialization Control determines that Col2 Byte Index starts with the initial

value and will subtract 1 each subsequent clock.

Figure 5 depicts the generation of Col2 Byte, which is selected by Col2 Byte Index
from 8 bytes pending for de-interleave.

Figure 6 depicts the generation of Byte2 Row Addr. The initial value of the address
is 2*N, and plus 1 each subsequent clock. Byte2 Row_Addr is formed of the high
significant bit of the address starting from bit 4.

Figure 7 depicts the generation of Col2 Row Addr, which is selected by
Col2_Byte Index from 8 row addresses of bytes pending for de-interleave.

Read data from the de-interleave memory:

The row address starts with 0, plus 1 each row.
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The initial values of the column addresses of byte 0 to byte 7 are 0 to 7. When N is
odd, the column addresses of byte 0 to byte 7 keep to be the initial values; when N is
even, there are four cases for the column addresses of byte 0 to byte 7 as described
below:

When N[2:0] is “000”, from row 0 to row N/8-1, the column addresses of byte 0 to
byte 7 keep to be the initial values; from row N/8 to row 2*N/8-1, they each plus 1;
from row 2*N/8 to 3*N/8-1, they each plus 1 again ...; and from row 7*N/8 to row
N-1, they each plus 1 again.

When N[2:0] is “010”and “110”, from row 0 to row N/2-1, the column addresses of
byte 0 to byte 7 keep to be the initial values; from row N/2 to row N-1, they each plus
1.

When N[2:0] is “100”, from row 0 to row N/4-1, the column addresses of byte 0 to
byte 7 keep to be the initial values; from row N/4 to row 2*N/4-1, they each plus 1;
from row 2*N/4 to row 3*N/4-1, they each plus 1 again; and from row 3*N/4 to row
N-1, they each plus 1 again.

When a recovered data block is read out, the column address procedure above will be
restarted.

Figure 8 depicts the generation of Byte2 Col Addr of byte 2. The initial value is 2.
The initialization controls that it start with initial value, and N[2:0] together with the
row number determine whether said Byte2 Col Addr plus 1 or not.

Figure 9 depicts the generation of byte 2 at the read side. Said byte 2 is selected by
Byte2 Col Addr from 8 de-interleave memory column bytes.

Egress

The same implementation concept as in the ingress applies, and the differences are
depicted below.

Write data into the member aggregation memory
Addresses start with the initial value and are generated through recursion later.

The initial values of the byte indexes of memory column 0 to memory column 7 are 0,
1,2,3,4,5,6 and 7. When N is odd, the byte indexes of the memory columns keep
the initial values, when N is even, there are four cases:

When N[2:0] is “000”, from row 0 to row N/8-1, the byte indexes of the memory
columns keep the initial values; from row N/8 to row 2*N/8-1, they each subtract 1;
from row 2*N/8 to 3*N/8-1, they each subtract 1 again ...; from row 7*N/§ to row
N-1, they each subtract 1 again.

When N[2:0] is “010”and “110”, from row 0 to row N/2-1, the byte indexes of the

memory columns keep the initial values; from row N/2 to row N-1, they each subtract
1.
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When N[2:0] is “100”, from row 0 to row N/4-1 the byte indexes of the memory
columns keep the initial values; from row N/4 to row 2*N/4-1, they each subtract 1;
from row 2*N/4 to row 3*N/4-1, they each subtract 1 again; from row 3*N/4 to row
N-1, they each subtract 1 again.

The row address is modulo N. Since the subsequent row addresses are the previous
ones plus &, it can be simplified as follows:

All cases of row address initial values of byte 0 to byte 7 are listed as the following:

When N is 1, the row address initial values of byte 0 to byte 7are 0 ,0,0,0,0,0,
0,0

When N is 2, the row address initial values of byte 0 to byte 7are 0 ,1,0,1,0,1,
0,1,

When N is 3, the row address initial values of byte 0 to byte 7are 0,1 ,2,0,1,2,
0,1,

When N is 4, the row address initial values of byte 0 to byte 7are 0, 1,2 ,3,0,1,
2,3

When N is 5, the row address initial values of byte 0 to byte 7are 0, 1,2 ,3,4,0,
1,2;

When N is 6, the row address initial values of byte 0 to byte 7are 0, 1,2 ,3 ,4,5,
0,1,

When N is 7, the row address initial values of byte 0 to byte 7are 0, 1,2 ,3 ,4,5,
6,0

When N is greater than 7, the row address initial values of byte 0 to byte 7 are 0 ,1 2,
3,4,5,6,7,

The subsequent row addresses are:

When N is 1, they keeptobe 0,0,0,0,0,0,0, 0;
When N is 2, they keeptobe 0 ,1,0,1,0,1,0,1
When N is greater than 2, they are respectively

the first non-negative of (RO +8 - 2*N ), (R0 + 8 - N) and (RO + 8),

the first non-negative of (R1 +8 - 2*N), (R1+ 8 - N)and (R1 + 8),

2

the first non-negative of (R6 +8 - 2*N ), (R6 + 8 - N) and (R6 + 8),

the first non-negative of (R7 +8 - 2*N), (R7+ 8 - N) and (R7 +8).
Where R# is the current row address, # is from 0 to 7.

Read data from the member aggregation memory
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The row address starts with 0, plus 1 each row.

When N is odd, the initial column addresses are 0, N%8, 2N%8, 3IN%8, 4N%S,
S5N%8, 6N%8, 7N%8;when N is even, there are four cases: if N[2:0] is “000”, the
initial column addresses are 0, 1, 2, 3, 4, 5, 6, 7; if N[2:0] is “010”, they are 0, 2, 4, 6,
1, 3,5, 7;if N[2:0] is “100”, they are 0, 4, 1, 5, 2, 6, 3, 7; if N[2:0] is “110”, they are 0,
6,4,2,1,7,5, 3. Each of the column addresses plus 1 each row. When an aggregated
data block is read out, the procedure above will be restarted.

Write data into the interleave memory

The initial value and recursion can not be used here, but the addresses are calculated
from the member sequence number directly. The byte indexes of column 0 to column
7 are (8-MJ[2:0]+0)%8, (8-M[2:0]+1)%8, (8-M[2:0]+2)%8, (8-M[2:0]+3)%S,
(8-M[2:0]+4)%8,  (8-M[2:0]+5)%8, (8-M[2:0]+6)%8 and (8-M[2:0]+7)%¢,
respectively, where M is the member sequence number in 64 VC4s.

Read data from the interleave memory
The row address starts with 0, plus 1 each row until all data are read out.

The initial column addresses for byte 0 to byte 7 are 0, 1, 2, 3, 4, 5, 6 and 7, each of
the column addresses plus 1 every 8 rows until all data are read out.

Figure 10 shows the hardware block diagram and the data flow of the embodiment
according to the present invention.

The dashed lines represent the Ingress data flow:

run the first-stage de-interleave on SDH data to separate the members of each VCG
from each other and store them into an external memory.

read each member of a VCG in sequence from the external memory, run the
second-stage de-interleave to recover the VCG. Data are stored into the de-interleave
memory.

Read the de-interleaved data from the de-interleave memory, and send them to
corresponding Ethernet port after necessary processing.

The bold solid lines represent the egress data flow:

The Ethernet data of 64 VCGs are stored into the external memory waiting to be
interleaved.

Take each VCG’s data from the external memory in sequence, run the member
aggregation operation and store data into the member aggregation memory.

Run interleave and store data into interleave memory.

Read the interleaved data from the interleave memory, then send them to SDH after
further necessary processing.

The present invention is an algorithm which is implemented internally in a chip, it can
not be judged whether it can be used or not from product features or external interface
behavior directly. However it can be judged indirectly to some degree. Bandwidth is
the product of frequency and data width, if the clock frequency approximates 155

21



WO 2010/089231 PCT/EP2010/050876

MHz, it is possible to use the same method. If the clock frequency is more than
double of 155 MHz, the method cannot be used.

EOS chip designers will benefit from the use of the invention. The chip die can be
reduced much in size and can be designed to have many powerful and flexible
features, for example, the SDH tributary units can be freely mapped to VCG members
in any sequence. And it is easy to expand to a capacity of 20G or more by using the
present invention.

Although the invention has been described in conjunction with specific embodiments,
these specific embodiments illustrate rather than limit the invention. It is evident that
many alternatives, modifications and variations will be apparent to those skilled in the
art in light of the foregoing description. Accordingly, it is intended to embrace all such
alternatives, modifications and variations as fall within the spirit and scope of the
appended claims.
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What is claimed is:

1. A high speed interleave method for use in EOS, the method comprises the steps of:
reading in sequence from the external memory the VCG data that are from the
Ethernet and are waiting to be interleaved;

performing a member aggregation operation for each VCG data that has been read,
and storing the member-aggregated VCG data into the member aggregation memory;
performing an interleave on the VCG data from the member aggregation memory, and
storing the interleaved VCG data into the interleave memory; and

forming a SDH frame to be sent to the SDH after all the VCG data have been
interleaved.

2. The high speed interleave method according to claim 1, wherein the address of each
byte in the SDH frame is divided into a column address and a row address, the low 3
bits are column addresses, and the high bits are row addresses, the column address
determines into which memory column this byte is written and the row address
determines into which location of the selected memory column this byte is written;
when the number of the members of the VCG is odd, the column addresses of the
bytes are not overlapped with each other, when the number of the members of the
VCQG is even, the column addresses of the bytes are overlapped.

3. The high speed interleave method according to claim 2, wherein the VCG data are
aggregated according to the members thereof, and when the column addresses of the
bytes are overlapped, the column addresses or the indexes of the bytes are revised so
as to make the 8 bytes belonging to the same member to be arranged in the same row.

4. The high speed interleave method according to claim 3, wherein the revision of the
column addresses or the indexes of the bytes is performed by shifting the column
address right or by shifting the byte index left according to the times of overlapping of
addresses.

5. A high speed interleave apparatus for use in EOS, the apparatus comprises:

a member aggregation memory for storing the VCG data that are aggregated
according to the members, and

an interleave memory that is coupled to the downstream of the member aggregation
memory and is used for storing the VCG data obtained by interleaving the VCG data
read from the member aggregation memory,

wherein both the member aggregation memory and the interleave memory consist of 8
memory columns, each having a write port and a read port.

6. A high speed de-interleave method for use in EOS, the method comprises:
performing a first-stage de-interleave for the SDH frame to separate the members of
cach VCG from each other and to store the separated members into the external
memory;

reading each of the members of the VCG in sequence from the external memory,
performing a second-stage de-interleave to recover the VCG, and storing the
recovered VCG data into a de-interleave memory so as to be sent to the Ethernet port.

7. The high speed de-interleave method according to claim 6, wherein the address of
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cach of the 8 bytes pending for interleave is divided into a column address and a row
address, the low 3 bits are column addresses, and the high bits are row addresses, the
column address determines into which memory column this byte is written and the
row address determines into which location of the selected memory column this byte
is written; when the number of the members of the VCG is odd, the column addresses
of the bytes are not overlapped with each other, when the number of the members of
the VCG is even, the column addresses of the bytes are overlapped.

8. The high speed de-interleave method according to claim 6 or 7, wherein the
first-stage de-interleave is used for member alignment.

9. The high speed de-interleave method according to claim 6 or 7, wherein in the case
where the column addresses overlap, the second-stage de-interleave revises the
column addresses or the indexes of the bytes to make only one byte correspond to one
memory column.

10. A high speed de-interleave apparatus for use in EOS, the apparatus comprises: a
de-interleave memory for storing the recovered VCG data, the de-interleave memory
consists of 8 memory columns, each memory column having a write port and a read
port.
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