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CONCATENATION OF CONTAINERS IN 
SYNCHRONOUS DIGITAL HIERARCHY 

NETWORK 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to containers in a synchro 
nous digital network, and particularly, although not 
exclusively, to a synchronous digital hierarchy (SDH) net 
work or a synchronous optical network (SONET). 

BACKGROUND TO THE INVENTION 

Historically, the telecommunications industry has devel 
oped separately and largely independently from the comput 
ing industry. Conventional telecommunications systems are 
characterized by having high reliability circuit switched net 
works for communicating over long distances, whereas data 
communications between communicating computers is 
largely based upon shared access packet communications. 

Datacoms may operate over a local area, to form a local 
area network (LAN) or over a wide area to form a wide area 

network (WAN). Historically the difference between a LAN 
and a WAN is one of geographical coverage. A LAN may 
cover communicating computing devices distributed over an 
area of kilometers or tens of kilometers, whereas a WAN 
may encompass communicating computing devices distrib 
uted over a wider geographical area, of the order of hundreds 
of kilometers or greater. 

However, the historical distinction between local area net 
works and wide area networks is becoming increasingly 
blurred. 

Conventional local area networks are generally taken to 
be digital data networks operating at rates in excess of 1 
MBits/s over distances of from a few meters up to several 
kilometers. Conventional local area networks are almost uni 
versally serial systems, in which both data and control func 
tions are carried through the same channel or medium. Local 
area networks are primarily data transmission systems 
intended to link computer devices and associated devices 
within a restricted geographical area. However, many local 
area networks include speech transmission as a service. A 
plurality of computer and associated devices linked together 
in a LAN may range from anything from a full-scale main 
frame computing system to a collection of small personal 
computers. Since a local area network is con?ned to a 
restricted geographical area, it is possible to employ vastly 
different transmission methods from those commonly used 
in telecommunications systems. Local area networks are 
usually speci?c to a particular organization which owns 
them and can be completely independent of the constraints 
imposed by public telephone authorities, the ITU, and other 
public services. Local area networks are characterized by 
comprising inexpensive line driving equipment rather than 
the relatively complex modems needed for public analog 
networks. High data transmission rates are achieved by uti 
lizing the advantages of short distance. 
On the other hand, conventional wide area networks oper 

ate in general on a greater scale than local area networks. A 
wide area network is generally employed whenever informa 
tion in electronic form on cables leaves a site, even for short 
distances. Wide area networks are generally carried over 
public telecommunications networks. 
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2 
Because conventional telecoms systems have developed 

in parallel with conventional datacoms systems, there is a 
signi?cant mis-match in data rates between conventional 
datacoms protocols as used in LANs and WANs, and con 
ventional telecoms protocols. In general, telecoms operators 
provide equipment having standard telecoms interfaces, for 
example E1, T1, E3, T3, STM-l, which are used by the 
datacoms industry to provide wide area network point to 
point links. However, this is inconvenient for datacoms pro 
viders since datacoms protocols have developed using a 
completely different set of interfaces and protocols, for 
example carrier sense multiple access collision detection 
CSMA/(CD systems, subject of IEEE standard 802.3, and 
Ethernet which is available in 10 MBits/ s, 100 MBits/ s and 1 
GigaBits/s versions. Conventional datacoms protocols do 
not match up very well to conventional telecoms interfaces, 
for example E1, E3, T1, STM-l data rates, because of a 
mis-match in data rates and technologies between conven 
tional datacoms and conventional telecoms. 

In order to provide transport of OSI layer 2 datacoms 
traf?c cover a wide area in an ef?cient manner, the inventors 
have previously disclosed transport of OSI layer 2 data 
frames over synchronous digital hierarchy networks 
(including SONET). 

In the applicant’s co-pending US patent application 
entitled “Frame Based Data Transmission over Synchronous 
Digital Hierarchy Network”, a copy of which is ?led 
herewith, there is disclosed a method of carrying OSI layer 2 
frame based data, for example IEEE standard 802.3 carrier 
sense multiple access/collision detection (CSMA/CD) local 
area network packets, Ethernet packets, conventional token 
ring packets, conventional token bus packets, and ?ber dis 
tributed data interface (FDDI) packets directly over a syn 
chronous digital network. Such disclosed system may pro 
vide OSI layer 2 switching functionality such as was 
previously available in prior art local area networks, but 
extended over a wider geographical coverage area which has 
been historically considered to have been provided only by 
prior art wide area networks. 

In the applicant’s co-pending US patent application 
entitled “payload Mapping in Synchronous Networks”, a 
copy of which is ?led herewith, there is disclosed a method 
and apparatus for containment of OSI layer 2 frame based 
data into a set of synchronous digital hierarchy (SDH) vir 
tual containers, by rate adapting a plurality of OSI layer 2 
data frames by invoking buffering and ?ow control in a rate 
adaption means, and mapping the rate adapted OSI 2 data 
frames directly into a plurality of SDH virtual containers. 
This process enables a virtual OSI 2 local area network to be 
constructed across a wide area network supported by a syn 
chronous digital transport layer. 

Since data rates used by conventional OSI layer 2 data 
coms systems are either higher than data rates of individual 
virtual containers in SDH systems or ?t inei?ciently into 
available faster virtual containers, there is the problem of 
how to carry higher bit rate OSI layer 2 datacoms tra?ic in 
SDH virtual containers, to achieve the result of an OSI layer 
2 channel carried over an SDH network. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a synchro 
nous digital container system within the con?nes of ITU-T 
recommendation G.70X which provides high ef?ciency and 
minimum delay for transport of frame based data packets 
directly over a synchronous digital network without further 
encapsulation in intermediate protocol layers. 
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A further object of the present invention is to provide an 
SDH frame structure suitable for transmitting and receiving 
frame based data in a manner Which overcomes variations in 
delay betWeen different paths across a synchronous netWork. 

Speci?c implementations of the present invention aim to 
provide a method and apparatus for virtual concatenation of 
VC-3s, and VC-l2s in a form Which is suitable for carrying 
frame based data. In this speci?cation, the term “virtual con 
catenation” is used Where the underlying netWork is unaWare 
of any special relationship betWeen the virtual containers 
Which make up a group of virtually concatenated virtual 
containers. Particularly, although not exclusively, such 
frame based data may comprise OSI layer 2 data frames. 

According to one aspect of the present invention there is 
provided a method of transporting data over a synchronous 
digital network, said method comprising the steps of: gener 
ating in parallel a plurality of synchronous virtual 
containers, each at a loWer bit rate than a bit rate of said data, 
each said virtual container having a payload section; associ 
ating said plurality of virtual containers With each other by 
means of assigning association data describing said associa 
tion into said plurality of virtual containers; inputting said 
transported data into said payloads of said plurality of virtual 
containers; and outputting said plurality of associated virtual 
containers onto a synchronous digital netWork. 

Preferably said plurality of associated virtual containers 
are output onto said synchronous digital netWork substan 
tially in parallel. Said step of associating said plurality of 
virtual containers With each other preferably comprises 
inserting said association data into a plurality of payloads of 
said plurality of virtual containers, said association data per 
mitting recovery of the original association at a destination 
end. Preferably said step of inputting said transported data 
into said plurality of virtual containers comprises byte inter 
leaving bytes of a frame of said transported data betWeen 
said plurality of payloads. Preferably said plurality of virtual 
containers are generated as a plurality of streams of virtual 
containers and said step of associating said plurality of vir 
tual containers With each other comprises associating a plu 
rality of said streams of virtual containers With each other. 

Preferably said step of associating said plurality of virtual 
containers together by means of assigning association data 
comprises adding a stream of identi?cation data to each said 
virtual container, said stream identi?cation data identifying 
Which of said plurality of streams said virtual container 
belongs to. The method preferably comprises including a 
sequence identi?cation data to individual ones of said plural 
ity of virtual containers, said sequence identi?cation data 
designating a sequence in Which said individual virtual con 
tainers are generated With respect to each other. Suitably the 
sequence identi?cation data comprising a cyclically repeat 
ing code data. In the best mode, there is assigned to indi 
vidual ones of said plurality of virtual containers a cyclically 
repeating code sequence having a repetition period of at least 
2 N+l, Where N is the number of sequentially received vir 
tual container payloads in a single stream. 

Alternatively, said step of associating said plurality of vir 
tual containers together by means of assigning association 
data comprises utiliZing a path trace byte in a virtual con 
tainer overhead as a stream identi?er data for identifying a 
virtual container as belonging to a particular said virtual 
container stream. Instead of including sequence identi?ca 
tion data in the virtual container payload, said sequence 
identi?cation data may be carried Within a K3 byte of an 
overhead section of said virtual container. A sequence iden 
ti?cation code data may extend over a plurality of said vir 
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4 
tual containers of a said steam, for identifying a position of 
each said virtual container comprising said virtual container 
stream. 

The invention includes an apparatus for incorporating data 
input at a ?rst data rate into a plurality of streams of synchro 
nous digital hierarchy virtual containers each output at a 
second data rate, said apparatus comprising: means for con 
tinuously generating a plurality of virtual containers in par 
allel; means for generating data describing an association of 
said plurality of virtual containers, and for assigning said 
association data to said plurality of associated virtual con 
tainers; and means for inserting said ?rst data rate data into 
said plurality of payloads of said plurality of virtual contain 
ers. 

According to a second aspect of the present invention 
there is provided a method of recovering data from a plural 
ity of synchronous virtual containers, said method compris 
ing the steps of: receiving said plurality of virtual containers; 
identifying an association data from said plurality of virtual 
containers, said association data indicating an association 
betWeen individual ones of said plurality of virtual contain 
ers; reading data bytes from each payload of said plurality of 
associated virtual containers; and reassembling said data 
from said plurality of read payload data bytes. 

Preferably said process of reading said data payloads 
comprises reading a plurality of said payloads in a byte inter 
leaved manner. Preferably said step of identifying an asso 
ciation data from each of said plurality of virtual containers 
comprises reading a plurality of stream identi?cation data 
from said plurality of virtual containers, said stream identi? 
cation data designating Which of a plurality of streams of 
virtual containers said virtual containers belong to. Prefer 
ably said step of identifying an association data betWeen said 
plurality of virtual containers comprises reading a plurality 
of sequence identi?cation data designating Where in a 
sequence of virtual containers each individual virtual con 
tainer belongs. A plurality of separate streams of associated 
virtual containers may be received simultaneously. Said step 
of reading data bytes from each payload of said plurality of 
associated virtual containers may comprise reading said data 
bytes substantially in parallel from a plurality of virtual con 
tainers of a same sequence identi?cation from a plurality of 
associated virtual container streams. Where the association 
data are not carried in a virtual container payload section, 
said step of identifying an association data from said plural 
ity of virtual containers may comprise inspecting a path 
trace byte of each of a plurality of said virtual containers, 
and distinguishing from Which of a set of said stream of 
virtual containers said individual virtual containers belong, 
from said read path trace data bytes. A sequence identi?ca 
tion data designating Where in a stream of said virtual 
containers, a said virtual container belongs, may be read 
from a K3 byte of a said virtual container. 
The invention includes a method of recovering data car 

ried in payloads of a plurality of associated synchronous 
digital hierarchy virtual containers, said method comprising 
the steps of: for each said virtual container: reading data 
indicating an association betWeen said virtual container and 
other ones of said plurality of virtual containers; allocating a 
memory storage area for storing a payload of said virtual 
container, inputting said virtual container payload into said 
memory area; and reading said data from said memory area 
in parallel With data read from other said memory areas cor 
responding to payloads of other said virtual containers of 
said plurality of virtual containers. 

Said step of, for each virtual container, reading data in 
parallel With data of other virtual containers may comprise: 
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for each said memory area, setting a read pointer to a 
memory location of said memory area; Wherein said plural 
ity of read pointers are set to said memory locations such 
that successive bytes of said data frame are read from said 
plurality of memory locations in sequence. A said data frame 
may be assembled from said parallel read data. A said data 
frame comprises an OSI layer 2 data frame. The invention 
includes a method of recovering a data block carried in a 
plurality of payloads of a plurality of associated synchro 
nous digital hierarchy virtual containers, said method com 
prising steps of: receiving a plurality of streams of said plu 
rality of associated virtual containers; for each said received 
virtual container stream allocating a corresponding respec 
tive memory area for storage of data payloads of virtual 
containers of said stream; storing said plurality of virtual 
container payloads in said corresponding allocated memory 
areas; and reading individual bytes of said plurality of stored 
virtual container data payloads in sequence to reconstruct 
said data block. 

Preferably said step of reading individual bytes of said 
plurality of payloads comprises: for each said memory area, 
setting a read pointer to a memory location corresponding to 
a next data byte of said data block to be read, contained 
Within that data payload; and reading said data byte once a 
preceding data byte of said data block has been read from a 
memory location of another said memory area. Said bytes 
are preferably read from each of a plurality of said memory 
areas in Which said virtual container payloads are stored. 

The invention includes apparatus for recovering data from 
a plurality of synchronous digital hierarchy virtual contain 
ers containing said data, said means comprising: a random 
access memory con?gured into a plurality of individual 
memory areas allocated for storage of payloads of said plu 
rality of virtual containers; a data processor means operating 
to identify an association data of said virtual containers, said 
association data indicating an association of said plurality of 
virtual containers; and means for generating a plurality of 
read pointers operating to successively read a plurality of 
memory locations of said memory areas for recovering said 
data from said plurality of virtual containers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention and to shoW 
hoW the same may be carried into effect, there Will noW be 
described by Way of example only, speci?c embodiments, 
methods and processes according to the present invention 
With reference to the accompanying draWings in Which: 

FIG. 1 illustrates schematically a prior art synchronous 
digital hierarchy STM-N frame; 

FIG. 2 illustrates schematically the prior art SDH multi 
plexing hierarchy; 

FIG. 3 illustrates schematically details of a regenerator 
section overhead, a multiplex section overhead, and a plural 
ity of administrative unit (AU) pointers comprising a header 
of the STM-N frame of FIG. 1 herein; 

FIG. 4 illustrates schematically a section of a synchronous 
netWork over Which is carried an OSI layer 2 datacoms chan 
nel betWeen ?rst and second computing devices; 

FIG. 5 illustrates schematically a protocol stack for carry 
ing an OSI layer 2 data channel over a synchronous digital 
netWork; 

FIG. 6 illustrates schematically an OSI layer 2 port card 
for interfacing betWeen OSI layer 2 apparatus and synchro 
nous digital netWork elements; 

FIG. 7 illustrates schematically a differential delay prob 
lem Which may occur With a plurality of virtual containers 
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6 
transmitted over a synchronous digital netWork betWeen 
source and destination nodes by a plurality of different 
routes; 

FIG. 8 illustrates schematically a plurality of virtual con 
tainers Which are virtually concatenated With each other to 
form an effective container for an OSI layer 2 data frame 
payload; 

FIG. 9 illustrates schematically components of an OSI 
layer 2 port as illustrated in FIG. 6 herein, operating to ?ll a 
plurality of virtually concatenated virtual containers, each 
virtual container being of a loWer bit rate, With a higher bit 
rate OSI layer 2 data frame; 

FIG. 10 illustrates schematically hoW an OSI layer 2 data 
frame of a higher bit rate is carried in a plurality of virtually 
concatenated virtual containers by byte interleaving the OSI 
layer 2 data frame betWeen payloads of the virtual contain 
ers; 

FIG. 11 illustrates schematically process steps of a trans 
mit process carried out by the port apparatus of FIG. 6; 

FIG. 12 illustrates schematically hoW a pair of virtual con 
tainers may arrive With a differential delay at a destination 
port apparatus, the pair of virtual containers arriving in a ?rst 
order; 

FIG. 13 illustrates schematically hoW a pair of virtual con 
tainers may arrive With a differential delay at a destination 
port apparatus, the pair of virtual containers arriving in a 
second order; 

FIGS. 14 to 17 illustrate schematically hoW a pair of vir 
tual containers arriving at a destination port apparatus With a 
differential delay are processed for recovery of an OSI layer 
2 data frame from the payloads of the pair of virtual contain 
ers; 

FIG. 18 illustrates schematically a process for receiving a 
plurality of associated virtual containers comprising a virtual 
concatenation of virtual containers at a destination port; 

FIG. 19 illustrates schematically a process for extraction 
and re-assembly of an OSI layer 2 data frame from the pay 
loads of a plurality of received associated virtual containers 
comprising a virtual concatenation of virtual containers; and 

FIG. 20 illustrates schematically components of an OSI 
layer 2 port for receiving virtual containers and recovering 
OSI layer 2 data frames from a plurality of virtually concat 
enated virtual containers. 

DETAILED DESCRIPTION OF THE BEST MODE 
FOR CARRYING OUT THE INVENTION 

There Will noW be described by Way of example the best 
mode contemplated by the inventors for carrying out the 
invention. In the folloWing description numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. It Will be apparent 
hoWever, to one skilled in the art, that the present invention 
may be practiced Without limitation to these speci?c details. 
In other instances, Well knoWn methods and structures have 
not been described in detail so as not to unnecessarily 
obscure the present invention. 

In the folloWing description there is used an example of a 
stream of OSI layer 2 data frames being transported over a 
plurality of streams of virtual containers as an example of 
the payload carried by a plurality of virtual concatenated 
virtual containers. HoWever, it Will be understood by a per 
son skilled in the art that any data payload can be carried by 
a plurality of virtually concatenated virtual containers, and 
the advantages of the invention are most apparent for a data 
payload Which has a data rate Which is too fast to be carried 
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in a nearest data rate virtual container (eg data 5% or more 
faster than a nearest equivalent virtual container data rate 
under ITU-T recommendation G.707), but Which inef? 
ciently ?lls a next higher up data rate virtual container (eg 
the data rate of the transported data is 30% or more sloWer 
than the higher data rate of the next available virtual con 
tainer in Which it could be carried). 

Referring to FIG. 1 herein, there is illustrated schemati 
cally a prior art synchronous digital hierarchy (SDH) syn 
chronous transfer mode frame. The STM frame has a dura 
tion of 125 us, and comprises a string of serially transmitted 
data bytes, Which can be draWn schematically in tWo dimen 
sions as a (270><N) column><9 roW byte array as shoWn in 
FIG. 1 herein. Within the basic STM-N frame structure, a 
?rst 9 columns of the frame comprise a “section overhead” 
area 100, and the remaining 261 columns comprise payload 
area 101, in Which data is carried. The STM-N frame forms 
the basis of the SDH multiplexing scheme as speci?ed in 
ITU-T recommendation G.70X, Which incorporates a set of 
different multiplexed data rates in the range 1 .544 MBits/ s to 
622 Mbits/ s and above, the loWer bit rates being multiplexed 
to higher bit rates according to the SDH hierarchy as shoWn 
schematically in FIG. 2 herein, as is Well-knoWn to those 
skilled in the art. In this speci?cation, references to synchro 
nous digital hierarchy multiplexing includes the synchro 
nous optical netWork (SONET) options, as Will be under 
stood by those skilled in the art, and SONET options may be 
referred to in parentheses after description of SDH features. 

At each level of the SDH multiplex hierarchy, data is car 
ried in the STM-N payload section 101 of the STM-N frame. 
For example, the basic transmission rate de?ned in the SDH 
standards for an STM-1 frame is 155.520 MBits/s. The 
STM-1 frame consists of 2,430 8 bit bytes Which corre 
sponds to a frame duration of 125 us. Three higher bit rates 
are also de?ned: 622.08 Mbits/s (STM-4), 2488.32 Mbits/s 
(STM-16) and 9,953.28 MBits/s (STM-64). The higher bit 
rates are achieved by interleaving on a byte by byte basis a 
number N of the basic STM-1 frames. 

The 2,430 byte payload section of an STM-1 frame, car 
ries a plurality of virtual containers (VCs). Each virtual con 
tainer comprises a plurality of data bytes divided into a path 
overhead component and a payload component. Various 
types of virtual container are de?ned in ITU-T recommenda 
tion G.70X, including VC-1,VC-2, VC-3, VC-4, VC-12. For 
VC-l and VC-2, the path overhead bits comprise bits Which 
are used for error performance monitoring and netWork 
integrity checking. 
A VC-3 comprises an 85 byte column><9 roW byte struc 

ture. For the VC-3 container, the path overhead component is 
located in a ?rst column of the 9 roW><85 column structure 
and includes bytes Which verify a VC-3 path connection; a 
byte Which provides bit error monitoring, a signal label byte 
indicating a composition of the VC-3 payload; a path status 
byte alloWing the status of a received signal to be returned to 
a transmitting end; a plurality of path user channel bytes to 
provide a user speci?ed communication channel; a position 
indicator byte for providing a generaliZed position indicator 
for payloads; an automatic protection sWitching byte; a 
national operator byte Which is allocated for speci?c man 
agement purposes such as tandem connection maintenance; 
and a plurality of spare bytes. 
A VC-4 container comprises a 261 byte column><9 byte 

roW structure, having similar path overhead byte functions as 
for a VC-3 container as described above. 

A plurality of virtual containers are incorporated into an 
STM-1 frame as folloWs. Firstly, the virtual container is 
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8 
positioned in a tributary unit (TU), or an administrative unit 
(AU) With a pointer indicating the start of the virtual con 
tainer relative to the tributary unit or administrative unit as 
appropriate. VC-ls and VC-2s are alWays positioned in 
tributary units, Whereas VC-4s are alWays positioned in an 
AU4 administrative unit. Tributary units and administrative 
units are each bundled into their respective groups: tributary 
unit groups (TUGS) for tributary units, and administrative 
unit groups (AUGs) for administrative units. Tributary unit 
groups are multiplexed into higher order virtual containers 
Which in turn are positioned in administrative units With a 
pointer indicating the start of the virtual container relative to 
the administrative unit. Administrative unit pointers indicate 
the position of the administrative units in relation to the 
STM-1 frame, and form part of the section overhead area of 
the frame. 

Referring to FIG. 3 herein, there is illustrated schemati 
cally in more detail the 9 byte column><9 roW STM-1 section 
overhead of an STM-1 frame, shoWing the position at Which 
AU pointers for the VCs Which comprises the payload of the 
STM-1 frame are positioned Within the STM-1 frame. 

A system for sending and recovering frame data over an 
SDH netWork according to the best mode implementation of 
the present invention Will noW be described. 

Referring to FIG. 4 herein, there is illustrated schemati 
cally a section of a synchronous digital hierarchy (SDH) 
netWork comprising: an STM-?ber ring 400 connecting a 
plurality of add-drop multiplexers 4014403, each multi 
plexer having a plurality of telecoms tributaries 404, for 
example E1 tributaries operating at 2 MBits/s; ?rst and sec 
ond multiplexers 401, 402 respectively at ?rst and second 
locations A, B, each comprise a corresponding respective 
?rst or second OSI layer 2 datacoms port card 405, 406; ?rst 
and second datacoms routers 407, 408 connected to said 
respective ?rst and second datacoms port cards 405, 406 of 
the ?rst and second multiplexers; and communicating With 
the datacoms routers, a plurality of computing devices, for 
example personal computers, mini computers etc, 409, 410. 
The embodiment of FIG. 4 herein illustrates schemati 

cally an OSI layer 2 datacoms channel carried over a syn 
chronous digital hierarchy ITU-T recommendation G.701 
type netWork betWeen ?rst and second locations A, B. First 
and second datacoms routers and ?rst and second synchro 
nous multiplexers may be located at, for example, a pair of 
geographically separated customer premises, thereby pro 
viding an OSI layer 2 data channel over a relatively Wide 
area. The implementation of FIG. 4 may provide a function 
ality equivalent to What has historically in the prior art been 
regarded as local area netWork, ie OSI layer 2 datacoms 
system data rates and reliability, but over a geographical area 
Which has historically been considered to be provided by a 
Wide area netWork, ie over a range of from the order of a feW 
kilometers to thousands of kilometers. 

Datacoms frame based data is incorporated into synchro 
nous virtual containers by the datacoms port cards of the 
synchronous multiplexers. The datacoms port cards are not 
restricted to inclusion in add-drop multiplexers, but may be 
incorporated in any synchronous digital multiplexer, for 
example an SDH terminal multiplexer. 

Referring to FIG. 5 herein, there is illustrated schemati 
cally protocol stacks operating Within the computing devices 
409, 410, ?rst and second datacoms routers 407, 408, ?rst 
and second datacoms port cards 405, 406 and ?rst and sec 
ond multiplexers 401, 402 at ?rst and second locations A, B. 
Internet protocol packets in Internet protocol layer 500 are 
entered into OSI layer 2 datacoms data frames in OSI layer 2 






















