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Virtual channel A: (2, 7, 5) Datapath width = 4 bytes
Virtual channel B: (1) Number of STS-1 timeslots = 8
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(57) Abrége/Abstract:
A transmit virtual concatenation processor for multiplexing channelized data onto a SONET/SDH frame Is disclosed. The

processor Is sealable and Is able to handle mapping a number of data channels to a number of different frame sizes including
STS-12, ST5-48, STS-192 and STS-768. The processor supports virtual concatenation with arbitrary channel mapping at bath
STS-1and STS-3c granularities. The processor also supports contiguous concatenation with STS-12¢, STS-24c¢, STS-48¢, STS-
192, etc- capacities (l.e., STS-Nc where N i1s a multiple of 3). In addition, the processor supports mixed concatenation where
some channels are using contiguous concatenation and some other channels are using STS-3c¢c-Xv virtual concatenation.
Alternatively, the processor Is able to support any virtual concatenation, any contiguous concatenation and any mixed
concatenation. The processor terminates the H1, H2 and H3 bytes in the line overhead of a SONET/SDH frame and inserts the

multi-frame Iindicator and sequence number in the H4 byte of the path overhead.
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TRANSMIT VIRTUAL CONCATENATION PROCESSOR

ABSTRACT OF THE DISCLOSURE
[62] A tansmut virtual concatenation processor for multiplexing ¢hannelized data
onto a SONET/SDH frame is disclosed. The processor 15 s¢alable and is able to handle
mapping 2 number of data channels to a number of different frame sizes including STS-12,

5T5-48, 3T3-192 and 5T3-768. The processor supperts vintual concatenation with arbitrary
channel mapping at both 3TS-1 and STS -3¢ granulanities. The processor also supports
contiguous concatenarion with 8TS-12¢, STS-24¢, 8TS-48c, STS-192¢, etc. capacities (i.e.,
STS-N¢ where N is a multipie of 3). In addition, the processor supports mixed concatenation
where some channels aye Using contiguous concatenation and some other channels are using
ST5-3c~-Xv virual concategation. Altematively, the processor is able to support any virtual
concatenation, any contiguous concatenation and any mixed concatenation. The processor
terminates the H1, H2 and H3 bytes in the line overhead of a SONET/SDH frame and inserts
the multi-frame indicator and sequence number in the H4 byts of the puth overhead.
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TRANSMIT VIRTUAL CON CATENATION PROCESSOR

BACKGROUND OF THE INVENTION
(01] The present invention generally relates to processing of Synchronous Optical
Network (SONETYSynchronous Digital Hjerarchy (SDH) frames, and more specifically, to 2

processor designead to multiplex chamnelized data onto a SONET/SDH frame.
(02}  Virtual concatenation defines an efficient way to utilize the SONET/SDH

bandwidth. It is extended based on contiguous concatanation. fn conuguous concatenation,
certain number of STS-1 timesiots are grouped together to fonn a larger pipe. Because of
various practical and technical constraunts, the size of a contiguously concatenated channel 18
Iynited to 3N, where Nis 1, 4, 16, 64, etc. Asa result, if a user only needs JX the bandwidth
of 2 STS-1 ¢hannel, s/he will have to subscribe for a STS-14¢ channel. thereby wasting both
handwidth and/or money. In virtual concatenation, any number of ST3-1 or 8TS-3¢ umeslots

can be grouped together to pravide a larger nipe. Hence, the total available bandwidth can be
more efficiently meanaged and used. Althougn dlfferent timeslots may go through difterent
naths with different propagation delays, synchronization is maintained by cooperation
between both the transmit and the receive ends such that the virtually concatenated channel

100ks like a contiguously concatenated channel.
(03] The ANSITI-X1.51sapew and evolving standard on virtual concatsnation.

Hence, thars are currently no devices that fully support this standard. Therefore, it would be
desirable to provide a system which i$ capable of utilizing and taking advantage of the

venefits offered by virtual concatenation,

SUMMARY OF THE INVENTION

[04] A rransmit virtual concatenation processor for multiplexing channelized data
oute 2 SONET/SDH frame is disclosed. The processor is scalable and is abie to handic
mapping a number of dara channels to a number of different frame sizes including STS-12,
$TS-48, $TS-192 and STS-768. In one embodiment, the processor sUpports virtual
-oncatenation with arbitrary channe) mapping at both STS-1 and ST3-3¢ granulanties. The
processor al3o supports contiguous concatenation with STS-12¢, STS-24c, ST8-48c, ST5-
192¢, ... capacities, i.e., STS-Nc where N i 2 multiple of 3. In addition, the processor

4

.85

e TR Py nm*-;-‘#-wm-lvﬂ'lu—--ﬂ- CECEE

. ~ ARl T 1 i N A e 1. .y cee o4t e N oo 5au0|?m.-;mmﬁmww ? :W. “WW MNWW = MR 11 AN el (R MMWWW 1}



ST il AT IR | AR SRR RS N RN A S O ML ORISR MU T 4 5451 b M BN G 4 NSRS LAY R SO LSO NENARDIANT . RV 4 AT A SO T NGO b 3o oo, 1o e o £ n e e iiiiie b

AUG 38 2881 5:29 PM FR 604 BBZ B274 5P4 682 @274 TO 18198532476
R TAVAE I R T pin VT aNAT (VAL LA VS R

1

supports mixed concatenation where some channels are using conriguous ¢oncatenaton agd
sorne other channels are using STS-3c-Xv virtual concatenaticn, In another embodiment, the
processor i3 2ble to support any virtual concaténation, any contiguous concatenation and any
mixed concatenation. Fusthermotre, the processor terminates the H1, H2 and H3 bytes in the
\ 5  line overhead of 2 SONET/SDH frame and inserts the multi-frame indicator and sequence
number in the H4 byte of the path overhead,
[05]) Accordingly, in an exemplary cmbodiment, a system for multiplexing data

onto 8 SONET/SDH frame (3 disclosed, the systern comprising: a calendar configured to
selectively direct input data received fmom a plurslity of channels; a processor configured to

10 receive the input data and process the input data using virtual concatenation or contiguous
¢concalenabion or a combination of both; and a terminator configured to terminate overhead

bytes within the SONET/SDH frame.

[06]  The system 1§ sble to support STS-N line speed, where N can be 12, 48, 152

and possibly 768. Furthenmore, in one emoodiment, the system is able to support (1) virtual

13  concatenation with STS-1 or 8TS-3c granularity, (2) any contiguous concatenation including
>T35-12¢, STS-24¢, STS-36¢, STS-48¢, etc. and (3) mixed concatenation of STS-3¢-Xv and
any contiguous concatenation. in another embodiment, the system is able to support any
virtual concatenation, any contiguous concatenation and any mixsd concatenation.

(07] Moreover, the system also supports hjtless re-provisioning and a fixed latency

20 from data request to data available. Finally, the system terminates the H). H? and H3 bytes
n the line overhead and the H4 byre in the path overhead.

[08) Reference to the remaining portions of the specification, including the
drawings and claims, will realize ather features and advantages of the present invention.
Further features and advantages of the prasent inventian, as well 2s the structure and

25 operation of vanous embodiments of the present invention, are described in detail below with
respect to accompanying drawings, Like reference numbers indicate identical or functionally

simijar elements,

BRIEF DESCRIPTION OF THE DRAWINGS
30 {03) Fig. | ig a simplified diagram Ulustrating exemplary operation of an
emibodirnent of the present invention:
[10]  Fig. 2is a simplified block diagram showing a first exemplary embodiment of

the present invention:
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[11}] Fig. 3 is a smplified block diagram showing a second cxempléry embdodiment

of the present invention;
(12] Figs. 4a-4¢ are simplified diagrams illustrating an example of a copy process

in accordance with an exemplary embodiment of the preseat invention;
5 [13] Fig. 5 is a simplified diagram showing the c¢ycle-by-cycle breakdown of the

copy process illustrated m Figs. 4a-4¢;
[14] Fig. 6 is a simplified diagram showing a sliding window of payload data

across a SONET/SDH frame;
[15] Fig 71s a simplified diagram illustrating mapping of different traffic types;
10 [16] Fig. 8 is a simplified diagram illustrating pipeline stages of the datapath in

accordance with an exemplary emboditment of the processor architacture shown in Fig. 2,
{17}  Fig. 915 a simplified diagram sllustrating pipeline stages of the datepath in

sccordance with an exemplary embodiment of the processor architecture shown in Fig. 3; and
[18] Fig. 10is2 aimplified diagram showing one exemplary embodiment of an

15 mput RAM 1n accordance with the present invention.

DETAILED DESCRIPTION QF THE INYENTION
{19]  According to an exemplasy embodiment of the present invention, a transmit
virtual concatenation processor (the “TVCP’) 10 adopts a scalable architecture to handle
20 STS-N SONET traffic, where N can be 12, 48, 192 and 768. The TVCP 10 i3 able to handle
up to N channels using different types of concatenation, including, for example, virtual
copcatenation (where 2 channel {s mapped to & number of STS-1 or STS-3¢ timeslots, thereby
forming 3TS-1-Xv and STS-3¢-Xv traffic), contiguous concatenstion (where a channe] is
mapped to an STS-3c, STS-12¢, 8TS-48¢, ... ete. flow, i.e.. $TS-Nc flow where Nis a
25  multiple of 3), or 2 combination of both (where STS-3¢-Xv virual concatenation can be
tmxed with any contiguous concatenaticn). In another exemplary embodiment, the TVCP 10
)$ 2ble to bandle any mixed concatenation of both virtial and cont 2uous roncatenation.
[20]  The TVCP 10 is generally used to process and transmit data from 2 gy'stem
compouent (system side) to a trariémission component (line side). Thatis, the TVCP 10
30 receives data from a system component and then processes the datz into the proper desired
SONET/SDH format/frame thereby allowing the processed data to be transmitted by the
transmission camponent 10 2 receiving componeit. As will be further described below,
incoming data from all the channels is sourced from a single serial stream through a
programmable calendar, The TVCP 10 then multiplexes the incoming data and assigns each
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byte of the inéoming data to a timeslot on the outgoing data stream. Because of the high -
bandwidth, data is often processed in a parallel fashion at rates above STS-12.
[21]  ¥ig. 1is a simplified schematic diagram illustrating an exemplary operation of
the TVCP 10. Fig. | shows the data format on both the system side and the line side. For
3 llustrative and simplicity purposes, only the payload data is shown. In this exemple, three
virtual channels, namely, Channel A, Channel B and Channel C, are mapped into an output
frame which is an STS-8 frame, and the datapath is 4-byte wide. Since the output frame is an
3TS-8 frame, there are eight (8) timeslots available per frame. Channel A carries STS-1-3v
traffic, which occupies timeslots 2, 7 and § of the STS-3 fame. Channe] B carries basic
10 STS-1 traffic, which occupics imealot 1, Channel C carries $TS-1-4v traffic, which spans
over imeslots 3, 4, 6 and 8. It should be noted that the order of the timeslots is important, for
¢xample, timeslot order (2, 7, 5) is different from timeslot ordey (2, 5, 7).
[22]  As depicted in Fig. 1, based on the channel mapping deseribed above, data
bytes fom Channel A are distributed across timeslots 2, 7, and 5 within each STS-8 frame.
15 More specifically, Channel A is entitled to occupy three (3) imeslots (2, 7, 5) within each

STS-8 frame. As a result, within the first STS-8 frame. bytc Al is mapped to timeslot 2, byte
A2 15 mapped (6 umeslot 7, and byts A3 is mepped o timeaslot 5. After that, within the

second STS-8 frame, byta A4 is mapped to timeslot 2, byte AS is mapped to timeslot 7, and
byte A6 is mapped to timeslot 5§ and 5o on.

20 (23]  The data mapping of the other two channels are similar. Channel B is entitled
lo occupy only one (1) timeslot (1) within each STS-3 frame. Hence, within the first STS-3
{rame, byt Bl is mapped to timeslot 1. Likewise, Channel C is entitled 10 occupy four (4)
umeslots (3, 4, 6, 8) within each STS-§ frame, hence, within the first STS-8 frame, byte Clis
mapped to tirneslot 3, byte C2 is mapped to timeslot 4, byte C3 is mapped to timeslot 6 and

45  byte C4 is mapped to timeslot 8, and so on.

[24]  In addition to mapping payload dara, the TVCE 10 is lso able to insert
section, line, and path overhzad bytes to form A properly formatted SONET/SDH frame.

Moreover, the TVCP 10 is also able to insert fixed sruff for STS-1, STS-12¢, STS~24c, ...
etc. traffic. For most overhead or fixed stuff bytes, the TVCP 10 SUTply Inserts zeros as

30  dummy place holders and downstream SONET processors will subsequently replace such
place halders with meaningful data. However, the TVCP 10 does terminate tha pointers (H1,
FZ and H3) in the line overhead, and insert the multi-frame indicator (MFT) and the sequence
number (SQ) in the H4 byte of the path overhead.
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(25] Fig. 2 is simplified block diagram shaowing a first exemplary embodiment of
the TVCP 10 which carries $TS-48 waffic. Four byts lanes are employed to reduce the line
clock rate to 77.7 MHz. The left hand side of the TVCP 10 is coupled to the system sida to
receive incoming data. The system side can include components such as a generic frame
processcr (GFP) or an HDLC cell frame processor (CFP). The right hand side of the TVCP
10 is coupled to the line side 10 allow data processed by the TVCP 10 to be ransmitted. The

line side typically includes an interface to other SONET/SDH equipment.

(26] According 10 this first exemnplary embodiment, the TYCP 10 1s able to support
virtual concatenation with either STS-1 or STS-3¢ granulanty (i.e., STS-1-Xv or STS-3¢-
Xv), any contiguous concatenation (L.e., STS-Nc, where N is a mulriple of 3), and mixed
conicatenations of both STS-3¢c-Xv and any contiguous concatenation. The TVCP 10 is made
up of 2 number of components, including, a frame conwroller 12, a calendar 14, an input RAM
16, 2 crossbar 18, an output RAM 20, a copy machine 22, 2 reader 24, a terminater 26 and &
provision datzbase 28. In 2 second exemplary embodiment, which will be further described
below, thea TVCP 10 is enhanced to handle any mixed concatenations (including those wath
STS-1-Xv).

[27] The frame controller 12 provides p master control function by orchestrating
and managing all the components within the TVCP 10. In an exemplary embodiment, the
frama controller 12 15 implemented using a set of counters which Keep track of the row,
colurnn, and timeslot of the byte(s) currently being processed.

[28] The calendar 14 is responsible for directing incoming data into the TVCP {0.
The calendar 14 is programmable and it specifiss the order in which the multiple channels
providing the incoming data are to be serviced, Information and data associated with and
used by the calendar 14 to direct incoming data are stered in the provision database 28, In
the situation where the total aggregated bandwidth of all the channels is less than the
maximum allowable bandwidth, the ¢ilendar 14 will automatically generate the needed
dummy data for any unused timeslots. in order to support hitless re-provisioning, a double
buffer 1s used. In one xmplementation, the double buffer is a RAM where two copies of the
calendar 14 are maintained. The two copies of the calendar 14 are not necessanly, and
typically are not, identical, By using the double buffer, one copy of the calendar 14 can be
used by the TVCP 10 to direct incoming data while the other copy of the ¢alendar 14 ¢an be

updated to reflect future changes 1o be made in servicing the multipla channels. When the
furure changes are ready to be implemented, the other copy of the calendar 14 ¢an then be

used immediatcly by the TVCP 10 to direct incoming data. Therefore, for STS-N traffic, a
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RAM used to implement the calendar 14 contains 2N entries. Details on hitless re-
provisioning will be discuszed funther below.

(28] In an exemplary embodiment, the input RAM 16 jncludes a number of byte-
wide two-port SRAM banks. Data from multiple channels comes in on tha write side aof the

5 Input RAM 16 and 13 read out by the cepy meachine 22 on the read side. Al 2 frequenty of
#7.7 MHz, tour (4) SRAM banks are used within the input RAM 16 to support STS-48
bandwidth. Likewise, if the same frequency is to be used, sixtesn (16) SRAM banks are used
to support STS-192 bandwidth. Ifthe frequency is 10 be doubled, then eight (8) SRAM banks
arc used 1o support STS-192 bandwidth,. To support STS-N traffie, each SRAM bank will

10  bave 3NN entries. As a result, by having the ability to émploy a varying number of banks
within the input RAM 16, the TVCP 10 can be made sealable to accommodate $TS-48, STS-
192 and STS-766 waffic. Furthermeore, a triple buffer (where the 31V enwries ars defined
previously) is used to accommeodate the latency between the time the data is reguested and
the ume the data becomes available, Use of the triple buffer to accommodaie data latency

15 will be further discussed below.

[30]  The ouput RAM 20 is simnilar to the input RAM 16. The output RAM 20
contains the same number of SRAM banks dus only has 2N bytc-antries in each bank. This
difference in byte-entries is attributed to the fact that the output RAM 20 does not have the
same latency problem which affecrs the input RAM (6. The output RAM 20 is used to hold

20  numeslot-interleaved data just before such data is multiplexed with overhead and fixed stuff
bytes. The write sida and read side of the autput RAM 20 15 controlied by the COpYy machine
22 and the reader 24 respectively,

[31}  Therespective banks in the input RAM 16 and the output RAM 20 are

150lated. In order to move data from one bank of the input RAM 16 to anather hank of the
25  output RAM 20, the crossbar 18 is ;:mplo_ved. The size of the crossbar 18 corresponds to the

number of banks in the input RAM 16 and the output RAM 20. For example, if the input

RAM 16 and the output RAM 20 each contains four (4) banks, then the crossbar 18 that

would be used to move data between the input RAM 16 and the output RAM 20 is a 4x4
crossbar. The control of the data cross-over between the input RAM 16 and the output RAM

Il wlhlb—— —— . Pl iy w— e i———— % W gy e PR,

30 2015 determined by the copy machine 18 on a cycle-by-cycle basis. During every cycle. the
crossbar 18 moves a certain number of bytes (which is equal to the number of banks) from
the input RAM 16 to the output RAM 20. Mare specifically, each bank in the input RAM 16

Is moved to a different bank in the output RAM 20, i.c., the order of the data coming out from

e o e L ST S ————— o
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the input RAM 16 is different from the order of the data poing inta the output RAM 20 due 10

operation of the crossbar 18.
132] The reader 24 performas a number of functions based on the value of timeslot

counter. The timeslot counter is located in the frame controller. For example, the reader 24

5  generates several indication signals including TCOM_J0, TCOM_J1, TCOM_POH.
TCOM_ PL and TCOM_FS, which indicate respectively that TCOM_DAT carrics JO, J1, path
overhead, payload data, and fixed stuff. The reader 24 also caontrols the read operation of the

ourput RAM 20.
[33] The termmator 26 maiptaing a register which holds the maulti- frame jndicator
10  (MFT) for ail the timeslots. The terminator 26 also keeps track of the sequenceé number (SQ)
for each virtual channel. The tenminator 26 further functions in cooperation with the reader
24 to generate the MFI and SQ fields of the H4 byte in the path cverhead. In addition, the
terminator 26 also controls the multiplexors 30a-d to select between payload data and

overhead and fixed swiff for output to the line side.

15 [34] The copy machine 22 causes dafa to be maved from the input RAM 16 to the
output RAM 20, perferming both time and space conversion required by the provisioning
The TVCP 10 outputs a data word on TCOM_DAT([31]:0] every cycle. The data word can be
for payload, transport overhead, path overhead or fixed stuff. As shown in Fig. 4, dunng
every cycle when the data word is for paylaad, the copy machine 22 causes four (4) bytes of

70 data to be read out from the input RAM 16 and into the crossbar 18, More specifically, one
and only one byte is read out from each bank of the input RAM 16. The crossbar 18 then

| shuffles or re-arranges the four (4) bytes of data and writes them into the output RAM 20. In
particular, each of the four (4) bytes of data is written to a different bank in the output RAM

20. Using the TVCP 10 shown in Fig. 2 as an example, one (1) byte of data is read from each
25 of the baaks, Bank 0, Bank 1, Bank 2 and Bank 3, of the input RAM 16. The four (4) bytes

of data are then transferred via the crossbar 18 to the four bankg, Bank 0, Bank 1, Bank 2 and

Bank 3, of the gutput RAM 20, with each bank raceiving one and only one of the four (4)

bytes. The way the copy machine 18 reads, maps and writes data is determined by a schedule
RAM (not shown) located within the provision database 28. In STS-N traffic, there are N

30 timeslots, so the copy machine 18 has 3 period of N cycles.
[35] The schedule RAM is organized 25 2N entries by W{(logN+logW+logN) bits.
The schedule RAM is programmed according 1o a schedule before it can be used by the copy

machine 22. The schedule contains channel mapping information which 15 used ta control
how the copy machine 22 is 1o us¢ the crossbar 18 to read, map and wnte data between the
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input RAM 16 and the output RAM 20. W represents the number of banks in the input RAM
16 or the output RAM 20. Within the schedule RAM, a double buffer s used for hitless re-
provisioning, and a wide data bus contains information which is used to control the W banks
of the input RAM 16 and the ocutput RAM 20. The (irst logN specifies the read address in the

5 input RAM 16, and the second logN specifies the write address in the output RAM 20. logW
13 used to configura the crossbar 18 to switch data from one bank in the input RAM 16 to

anothey bank :n the output RAM 20.
[36] In asecond excmplary embodiment, as shown in Fig. 3, 2 shifter 32 is

included as part of the TVCP 10. By igcluding the shifter 32, the TVCP 10 is able to support
10 mixed concatenations that have STS-1-Xv. Since the bandwidth of STS-1 is slightly lower

than 1/3 of $TS-3¢, overhead ingertion and termination are done by the terminator 26 at the

front-end and the shifter 32 is used (o redistribute data bytes along with overhead and fxed

stuff bytes before these bytes axe fed to the input RAM 16 while keeping bandwidth matched.

As a result, the TVCP 10 i3 able to support any virtual concatenation, any contiguous

— -k ot Sl e RN IN T s w R CW TV TR Ty’ B e

12  concalenation, and any mixed concatenetion,
{37) An example is provided below to illustrate the ¢opy process which transfers
data berween the input RAM 16 and the output RAM 20. Suppose that three virtual chaanels,
namely, Channe] 0, Channel 1 and Channel 2, are mapped {o six timzslots as shown in Fig,

4a. On the side of the output RAM 20, data from Channel 0 is designated 10 go into timeslot

20  4; data from Channel 1 is designated to go into timeslots 1 and 5: and data from Channel 2 is
designated 10 go into tumeslots 3, 0 and 2.

. [38]  Furthermore, Fig. 4a also shows gequence numbers assigned to the umeslots.
Each timeslot mapped to a channel is 2ssigned a sequance number. The sequence numbers
are used to differentiate and provide an identifiable order for the timeslots mapped to the

13  same channel. Within each group of timeslots mapped to a ¢hannel, the tizﬁeslots are
assigned their respective sequence numbers in sequential order. For example, timeslots 3, 0
and 2 which are mapped to Channel 2 are assigned sequence numbers 0, 1 apd 2 respectively;
similarly, tumeslots 1 and 5 which are mapped to Channel | are assigned sequence numnbers 0
and 1 respectively,

30 [39] According to Fig. 4b, the calendar 14 is set up such that, on the system side,
the TVCP 10 15 going to s&rvice Channel 1 first, and then Channel 2, and thes Channel 0, and
then Channel 1 again, and so on. It should be noted that the calendar setup needs to match
the bandwadth distribution. For example, Channel 2 is STS-1-3v, $0 it necds 10 have 3 entries
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in the calendar 14. Furthermore, Fig. 4b also show's the sequence numbers associated with

the timeslots which are arranged in 4 sequentia] order.
[40) Based on the channel mappiag provided in Figs. 4a and 4b, the correlation of

data bytes in the inpur RAM 16 and the ocutput RAM 20 is shown in Fig. 4¢. For example, on
the side of the input RAM 16§, data bytes A0, BO, CO and DO comne from Channel 1 and
occupy timeslot 0. These bytes are eventually copied aver 10 the output RAM 20 and occupy
timeslets 1 and 3.

[41) The cycls-by-cycle breakdown of the copy process shown in Figs. 4a-4c¢ 1s
illustrated in further detall in Fig. 5. As Fig. § illustrates, in every cycle, four (4) bytss are
copied from the input RAM 16 1o the output RAM 20. The four (4) bytes which are to be
copied during each cycle are determined by the copy machine 22 and the schedule RAM.

The four (4) bytes are selected in such a way so s to ¢huminate conflicts in reading out the
bytes from the banks of the input RAM 16 and writing the bytes to the banks of the output
RAM 20. For example, each of the four (4) bytes is selected from a different bank of the
input RAM 16; similarly, each of the four (4) bytes ro be outputted to the output RAM 20 is
written to a different bank of the output RAM 20. In this example, it takes six (§) ¢ycles to
copy the six (6) timeslows from the ipput RAM 18§ to the output RAM 20. A person of
ordinary siill in the art would understand that the same logic can be ezsily extended to handle
STS-N waffic with W banks, wheze it takes N ¢ycles to copy the input RAM 16 and W bytes
are transferred in eacl) cycle.

(42] By using the copy machine 22 in cooperation with the input RAM 16, the
crossbar |8 and the output RaM 20, arbiary virtwal ¢concatenation with STS-1 or STS-3¢
granulanty can be supported. QOther proprietary concatensuon forma:s and non-standard
virtual concatenation can be supported as well.

[(43] In addition to multiplexing payload data, the TVCE 10 i$ also able to terminate
some overhead bytes in¢luding the H1, H2 and H3 bytes in the line overhead and the H4 byte
in the path overhead. For other overhead bytes, the TVCP 10 simply fills in a predefined
value (¢.8. 0x00 or Oxff) as a place holder and lets the downstream SONET equipment
replace such other overhead bytes with other values. Optionally, the TVCP 10 ¢an include
other components to terminate addjtiopal section, line and/or path overhead

[#4] The TVCP 10 is a traffic generator., In order to simplify matters, all the
timeslots are preferably perfectly eligned, i.e. their J1 byte starts at exactly the same position.
In this way, opc set of counters can be maintained for al} the rimeslats. Since all the timeslots

ar¢ aligned, the TVCP 10 only needs one set of counters to track the processing position

F.13-33
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within 2 SONET/SDH framme. Moreover, for virtual concatenation, the TVCP 10 can use one
mulb-frame indicator for all the imeslots. As a result, the [ogic is greatly sumplified.
[45] It should be noted that, 1n the TVCP 10 as shown in Fig. 2, overhead
termination is done at the end of the datapath. Hence, the copy machine 22, as shown in Fig,
5 2, only deals with payload data. This is because every byte in the input RAM 16 is from the
systern side and eventually every byte will be output to the line side via the owput RAM 20.
For STS-N fraffic over W banks, the copy machine 22 has a period of N cycles, whare WxN
bytes are processed in each period. Compared to an entire SONET/SDH frame, the payload
data is contaned in a very small window, Fig. 6 shows a few possible locations of the sliding
10 window forthe TVCP 10 depicted in Fig. 2. Since four (3) banks are used in the TVCP 10,
the sliding window only spans four (4) columns, As ¢an be seen, the sliding window does

not have a global view of an entire SONET/SDH fame.
(46] One possible selution to the overhead and fixed stuff insertion problem is to

include the non-payload data in the datapath, However, since the sliding window sces
15 different combinations of payload and non-payload data as it strides through a SONET/SDH
framae, the schedule needs 1o be changed aceordingly.

[47] One way to resolve the overhead and fixed stuff insertion problem is to inser
non-payload data on the fly, so that only one static schedule is required. When overhead or
fixed stuif is inserted, the copy machine 22 js paused. Since the copy machine 22 deals with

20 data from all timeslots, the overhead and fixed stuff columns need o be ali gmed, otherwise

this scheme will fail if ono timeslot has overhcad and another timeslot has payload data.
When all the timaslots are aligned, they wi)] either all encounter payload data, or al
encournter non-payload data. Therefore, the scheme works well for homogeneous
¢encatenanon, where all chanpels are STS-1-Xv, STS-3¢-Xv, $T8-12¢, STS-24c¢, ... etc. and
25 there 1s no mixnure of these traffic types (notc that STS-1-3v and STS-1-8v are considered
homogeneous, becauss they both break down to STS-1 timeslots). Hence, by pausing the
copy machine 22 3t the appropriate time and providing overhead termination at the write side
of the output RAM 20, SONET/SDH frame encapsulation is simplified.
(48]  In an exemplary STS-48 device, four wansmit header processors are connected

30 1o the four (4) banks of the TVCP 10. Each header processor is capable of handling STS-1,
5TS-3¢ and STS-12¢ traffic. A number of header processors can be cascaded together to

handle higher bandwidth. For example, the four header processors can collectively handle
STS-1, STS-3¢, STS-12¢, STS-24¢, STS..36¢ and STS-48¢ traffic

10
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[49] Pig. 7 shows how the different traffic types are mapped 10 each timeslot by
each header processor. In STS-1, each header processor processes twelve (12) independent
fimaslots. As mentioned before, the twelve (12) timeslots are aligned, 25 shown in the second
row of Pig. 7 ag well, In STS-3¢, each header processor processes four (4) independent

5  flows. Again, the timeslots are aligned as shown in the third row of Fig. 7. In STS-12¢, each
header processor processes one (1) flow. In 5TS-24¢, twa (2) header processors ate needed
to process one (1) flow. In STS-36¢, three (3) header processors are needed {0 process one

! (1) flow. Finally in STS-48¢, all the four header processors are needed to process one (1)

flow.
10 (50] From the shaded columns in Fig. 7, it can be seen that any contiguous

concatenation traffic and virtual coneatenation with STS-3¢ grannlarity (i.e., STS-3c-Xv) can
be nicely mixed without causing any misalignment of data patterns. For example, the TVCP
10 ean deal with a scenario where there are one STS-3¢ channel, one STS-3¢-3v channel, one
STS-12¢ channel, and one STS-24¢ channel, as long as the 5T5-3c and STS-3¢-3v channéels
15  are mapped 10 one header processor, the STS-12c channel is mapped to ancther header
processor, and the STS-24¢ channel is mapped to the remaining two header processors. It
should be noted, however, that STS-1 traffic cannot be mixed with other types of trathc.
This is because the path overhead bytes (POHS-POH12) of STS-1 traffic are lined up with
the payload data bytes of other traffic types, thereby rending it impossible to pause the copy

20  machine 22 properly. The second exemplary embodiment of the TVCP 10 (as shown in Fig.
3) is enhanced to handle this problem, as will be more fully addressed below.

(811 It is evident that the TVCP 10 as shown in Fig. 2 is able to handle any
contiguous concatenations mixed with $TS-3¢-Xv but not with STS-1-Xv. This 15 because
every traffic type above STS-3c¢ is aligned while STS-! cannot be aligned with other tratfic

25  type as shown in Fig. 7. In order to handle any mixed concatenations, non-payload data need
to be introduced inte the datapath from the very beginning so as to allow the copy machine
22 to wark with a single schedule regardless of the location of the processing window.
Alternatively, as described above, the TVCP 10 shown in Fig. 3 is able to handle any mixed
concatenations. This is accomplished by having the shifter 32 and the terminator 26 perform
30  overhead termination at the beginning of the datapath, thereby allowing the copy maching 22
to transfer not only payload data but also overhead and fixed stuff bytes as well.
'152)  Hitless re-provisioning will now be described in further detail. Hitless re-

provisioning means that the channel mapping can be changed without losing any data. Thas

i3 p commplicated issue gince it involves cooperation between both the transmit side and the

9
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receive side. According to an exemplary embodiment, the TVCP 10 is able to switch
provisioning without losing any data.

[§3) The datapath of the TVCP 10 is heawvily pipelined. [n the exemplary
embadiment of the TVCP 10 as shown in Fig. 2, overhead insertion happens at the end of the
datapatn, As illustrated in Fig. 8, the TYCP 10 datapath begins with the calendar 14
generanng a data request. After a bixed latency, data arrives and is written into the input
RAM 16. After N cycles (where N is the total pumber of timeslots) when one of the triple
buffers is filled up, the copy machine 22 will read data out of the input RAM 16, use the
crossbar 13 10 shuffle the data, and then wnite the data into the output RAM 20, Again, after
N cycies when one of the double buffers is filled up, data is read out of the output RAM 20
and multiplexed with overhead and fixed stuff. When changes are made to the channel
mapping, 1.¢., channels are mapped to different timeslots, three entities, namely, the calendar
14, the schedule and the sequence umbers, need to be switched to reflect the changed
channal mapping. Switching of the three eputies wil] be degeribed in more detai] below.

[54] Inthe exemplary embodiment of the TVCP 10 shown in Fig. 3, since $TS-1
can be mixed with 3TS-3¢, STS-12¢, STS-24c, ... etc., overhead insertion happens at the
beginning of the datapath. Ag illustrated in Fig. 9, it begins with the calendar 14 generating 2
data request, which will only happen for timeslots that are not i3 the overhead or fixed stuff
columns. For those timeslots that are in the overhead or fixed stuff columns, the calendar 14
will skip sending out any requests and the overhead or fixed stuff bytes will be inserted later
in the “Mux data & overhead™ stage. Both data and non-data (overhead and fixed stuff) bytes
will be written into the input RAM 16, After that, the pipeline stages are almost the same as
in Fig. 8, except that the final “Mux data output” stage is not nesded. Because of the

differance, the switch 4ime of the calendar 14, the schedwle and the sequence numbers need to
be adjusted accordingly.

[55)  Provisioning involves setting up thrae entitics: the calendar 14, the schedule
and the sequence numbers. As described above, the czlendar 14 contrals how the channels
arc to be serviced and mapped to the timeslots; the schedule determines how data are to be
moved from the input RAM {6 (o the output RAM 20; and the sequence numbers are used to

differentiate and provide an identifiable order for the timeslots mapped to the same channel.
In order to switch provisiening hitlessly, i.e., change channel mapping without losing any
dola, the three entities ace each implemented with a doubla buffer. For example, in one
implementation, the double buffer is 2 RAM, where two copics of the calendar 14 are

mamtained. The two copias of the calerndar 14 are not necessarily, and rypicully are not,

12
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identical, By using the double buffer, one copy of the calendar 14 can be used by the TYCP
; 10 to direct incoming data from the multiple channels while the other copy of the calendar 14
can be updated to reflect futyye channel mapping changss to be made 1 servicing the
multiple channels. When the future changes are ready to be put into ¢ffect, the other copy of
5  the calendar 14 can then be uged immediately by the TVCP 10 to direct incoming data

Likewise, the double buffers for the schedulc and the sequence numbers are used for a similar

purpose so as to allow changes to the schedule and the sequence numbers to be made and put
into effect more efficiently.
[56] When channel mapping is to be changed, the three entities (1.e., the calendar
10 14, the schedule and the sequence numbers) need to be switched in a specific sequence that is
in accardance with the pipeline delays. For example, as shown in Fig. 8, the schedule cannot

be switched until the data corresponding 1o the new provisioning ¢aused by the calendar
swilch have amved at the ivput RAM 16, Similarly, the sequence numbers cannot be
switched unul the data corresponding to the new provisioning caused by the schiedules switeh
15 havearrived at the outpul RAM 20, This 13 done to ensure that data directed by the old
calendar 14 are processed by the corresponding old schedule and the appropriate sequence

numbers based on the ¢ld channel mapping are assigned. Similarly, Fie. 9 shows the
swiiching sequence of the three entities based on the exemplary embodiment of the TVCP 10
y shown n Fig. 3.

20 {37] Moreover, even if the switch is aligned with the pipeline, the switch cannot

happen at any time. Since the receive end needs to be notified of the change, the calendar
switch will only occur at a multi-frame boundary when the TVCP 10 is about to send out a
aew MF1L, i.q., output from the output RAM 20 needs to be aligned with the multi-frame
boundary, By switching at the multi-frame boundary, the receive end is then able to

25  synchronize with the new provisioning. .

(58] When the copy machine 22 is paused, the calendar 14 is also paused so that
the input RAM 16 will not overflow. Since there is a jatency between the time the data fs
requested and the time the data bacomes available on the system sids, the input RAM 16
needs 10 be expanded 10 absorb data dribbling. In in exerplary embodiment, the mput RAM

30 1613 miple buffered in order to absorb data dribbling. This is to support a fixed latency from
data request to dara available on the system side. Because of the latency, even if the TVCP
10 stops requesting data, there may still be data coming in dus to previous requests. The
larger the latengy, the more dribble the TVCP 10 will see. Henee, a third buffer is added to
the input RAM 16 to absorb data dribble as shown in Fig. 10. The three buffers work

13
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alternatcly; while buffer 0 is being read, buffer 1 is being written, and if overflow occurs due
to outstanding data requests, buffer 2 wiil be used. N cycles later, after all the data in buffer O
has been moved to the output RAM 20, the read pomter moves to buffer 1, and the write
pointer just Keeps incrementing ung) it hits the end of buffer 2. When that happens, the write

S painter rolls over to the first entry in buffer 0. This scheme sumplifies the logic and ensures
that the inpur RAM 16 will never overflow or underflow, provided that the maximum latency
15 less than N cycles.

(59] In an alternative exemplary embodiment, the input RAM 16 can be
implemented as 2 double buffer with a small amoun' of memory o buffer the latency from

10  data request to data ava;lable.

[60] In an exemplary embodirnent, the TYCP 10 can be implemented in
programrnable logic devices such as a field progrommable gare array (FPGA). Altematively,
the TVCP 10 can also be yuplcnented within a fixed-function semiconductor gdevices such as
an application specific integrated circuit (ASIC). A person of ordinary skitl in the art will

15 know of gther ways and methods to implement or incorporate the present invention into other

devices.
[61] Itis understood that the examples and embodiments described herein are for

illustrative purposas only and that various modifications or changes in light thereof will be

suggested to persons skilled in the art and are 1o be included within the spirit and purview of
20  this application and scope of the appended claims. All publications, patents, and patent

applications cited heretn are hereby incarporated by reference for all purposes in their

entirety.

14
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WHATIS CCATMED IS:

L. A system for multrplexing data onto a SONET/SDH frame,
camprising:

a calendar configured to selectively direct input data received from a plurality
of channels:

a processor configured to receive the input data and process the input data
using virtual concatenation or contiguous concatenation or a combination of both: and

a terminator conﬁm o texmiinats overhead data within the SONET/SDH

frame.

2. The system according to claim 1 wherein the processor is further
configured to handle arbitrary virtual concatenation with STS-1 or STS-3¢ granularity,

3. The system according to claim 1 wherein the processor is further
configured to handle contiguous concatenation with STS-Ne capacity, where N is a multiple
of 3.

4, The systoam gecording to claim | wherein the processor is further
configured 10 handle non-standard virtual concatenation and any propriétary concatenation

format.

J. The system according to claim 1 wherein the processor is configured to
handle mixed concatenation of any contiguous concatenation traffic and viriual concatenation
Taffic with STS-3¢ granularity.

6. Thea system according to claim | wherein the system iy implemented in
3 programmable logic device.

7. The system according to claim 1, wherein the processor is further
configured to receive and pracess the overhead data: and the system fluther compnsing:

a shifter configured to redistribute the overhead data and the input diata
received from the plurality of channels betore the overhead data and the input dafz gre
selochively directed by the calendar to the processor.

8. Ihe system according to elaim 7 wherein the processar is configured to
bandle any mixed concatenation including STS«1-Xv.

15
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9. The system according to claim 1 wherein the overhead data terminated
by the terminator include H1, H2 and H3 bytes in line overhead and H4 byte in path

overhead.

10.  The system according to ¢laim 9 wherein a multi-frame indicator and a

$CquUEncs nuumber are inserted into the Hé byte in the path overhead.

11. A system for multiplexing input data from a plurality of channels onto
a sclected one of a plurality of SONET/SDH frames having different sizes, comprising:

a calendar configured to selecrively multiplex the input data received Jtom the
plurality of channels,

2 processor configured to receive the multiplexed input dota and re-arrange the
multiplexed input datz onto the selected SONET/SDH frame using virtual concatenation or
configuous concatenation or a combination of both; and

a términator configured to terminate overhead bytes within the selected |

SONET/SDH frame.

12, The system according to ojeim 1] wherein the processor further
COMprises.

an input RAM configured to receive 2nd outpur the multiplexed input data;

a crossbar canfigured to receive and re-arrange the multiplexed inpat data
outputted from the input RAM,;

an output RAM configured to reccive the re-arranged multiplexed data from

the crossbar; and
3 copy machine configured to contro] and coordinate operation of the input

RAM, the crossbar and the output RAM.

13.  The system accerding to claint 12 wherein the copy machine 1s further
configured to control and coordinate the operation of the input RAM, the ¢rossbar and the
output RAM in accordance with a schedule;

wherein the overhead bytes in¢lude sequence numbers; and
wherein the calendar, the schedule and the sequence numbers are each double

buffered and switched in a predetermined sequence so as to allow hitless re-provisioning

16
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14.  Thesystem according to claim 12 wherein the ¢opy machine is paused
when the overhead bytes are inserted into the selected SONET/SDH frame.

5. The system according to claim 12 wherein the input RAM comprises a
plurality of memory banks.

16.  'The system according to claim 12 wherein the input RAM is wiple
buffered thereby allowing the system 16 support a fixed latency from data request to data
available.

17.  The sysiem according to claim 16 whersin the fixed latency is up to N
cycles for STS-N traffic.

18.  The system according o claim 11 wherein the processor is furthet
configured to handle arbitrary virtual concatenation with STS-1 or STS-3 granularity.

19, The system according to ¢laim 11 wherain the processor is further

configured to handie contiguous concatenation with STS-Ne capacity, where N is a multple
of 3.

20.  The system according to claim (1 wherein the processor is further
configured 10 handle non-standard virtual concatenation and any proprietary concatenation

format.

2}.  The system according to claim 11 wherein the processor is configured

te handle mixed concatenation of any ¢ontiguous concatenation traffic and virtual
concatenation traffic with 8TS-3¢ granularity. |

22, The system according to claim 11 wherein the system 13 implemented
in a programmable logic device.

23. The system according to claim 11 wherein the processor is furcther
configured to receive and process the overhead bytes; and the system further Comprising:
a shifter configured to redistribute the overhead bytes and the input data

recerved from the plurality of channels before the overhead bytes and the input data are
scleetively directed by the calendar to the Processor.

17
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) 24.  The system according 1o claim 23 wherein the processor is configured

2 1o handle any mixed concatenation inchading STS-1-Xv.

1 25.  The system according to claim 11 wherein the overhead bytes
2 terminated by the terminator include H1, H2 and H3 bytes in line overhead and F4 byte in

3  pathoverhéad.

] 26.  The system acccrding o 2laira 23 wherein 2 mult-frame indicator and

2 asequence numbar are inserted into the H4 byte in the path overhead.

1 27.  The system aceording to claim 11 wherein the different sizes of the
2 plurality of SONET/SDH frames include 8TS-12, STS-48, STS-192 and STS-763.

18
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VC mapping

Virtual channel A: (2, 7, 5)
Virtual channel B: (1)

Virtual channel C: (3, 4, 6, 8)

System Side
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Datapath width = 4 bytes
Number of STS-1 timeslots = 8
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