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MULTICAST AND BROADCAST 
OPERATIONS IN ETHERNET SWITCHES 

TECHNICAL FIELD 

[0001] This invention relates to forwarding data frames 
through a switch, and more particularly to routing data frames 
for e?icient multicast and broadcast operations in Ethernet 
switches. 

BACKGROUND 

[0002] Some switches, such as Ethernet switches, receive 
data frames at one or more ports. A data frame is an organized 
format of control or header data and payload data. The header 
data typically include ?elds such as the source address of the 
device transmitting the data frame, the destination address or 
addresses to which the data frame is being transmitted, 
length/type data indicating the length of the data frame as well 
as the data type of the payload data, and a frame check 
sequence ?eld used as a form of error checking in verifying 
receipt of the data frame by the destination device. The con 
trol data are overhead that are used to assure that the payload 
data arrive at the destination device. 

[0003] The payload data are the data of interest that are sent 
to the destination device. Examples of payload data include 
pixel data for image rendering, audio data, text data and 
control data (e.g., commands requesting that the destination 
device transmit information back to the original source 

device). 
[0004] In some network implementations, data frames may 
have different siZes. For example, in a typical Ethernet net 
work, frame siZe may vary from a minimum of 64 bytes to a 
maximum of 1,518 bytes. In general, forwarding received 
data frames from a switch includes one of three methods: 
unicast, multicast and broadcast. A unicast transmission 
employs a one-to-one correspondence between the source 
device and the destination device such that the data frame 
output by a source device will only be received and used by a 
single destination device. A multicast transmission employs a 
one-to-many correspondence such that a single source device 
transmits a data frame for receipt and use by multiple desti 
nation devices. A broadcast transmission employs a one-to 
all correspondence such that a single source device transmits 
a data frame to all destination devices on a particular network 
to which the source device is connected. 

[0005] A switch receives data frames and forwards them to 
output ports for retransmission to other switches or destina 
tion devices. In some switches, a memory is employed to 
temporarily store a received data frame until the needed port 
becomes free to output that data frame. These types of 
switches may be referred to as store-and-forward (SAP) 
switches. 

[0006] Memory bandwidth usage can be inef?cient as some 
of the memory bandwidth is not used when storing smaller 
data frames. To compensate for this, a memory is divided into 
independently addressable channels. This allows for smaller 
data frames to be stored in particular channels, which results 
in more e?icient use of memory and increased throughput. 
That is, different channels may be accessed independently for 
reading or writing data frames. By dividing a large memory 
into channels, the overall speed, or useful bandwidth (data 
frame width multiplied by the memory access frequency), of 
a switch increases. By increasing the useful bandwidth of the 
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internal hardware, additional ports may be supported without 
unnecessarily increasing the siZe of the memory. 
[0007] Whenusing an SAP switch to multicast or broadcast 
data frames over the network, a particular data frame may be 
read from memory multiple times, such as once for each port 
that is to retransmit the data frame. Since only one of the 
multiple channels is accessed at a time, the useful bandwidth 
of an SAP switch decreases when multicasting or broadcast 
ing data frames. 

DESCRIPTION OF DRAWINGS 

[0008] FIG. 1 is a block diagram ofa switch. 
[0009] FIG. 2 is a block diagram ofa port of the switch of 
FIG. 1. 
[0010] FIG. 3 is a block diagram of a copier, channel select 
logic circuit of the switch of FIG. 1. 
[0011] FIG. 4a is a block diagram ofa memory circuit in the 
copier, channel select logic circuit of FIG. 3. 
[0012] FIG. 4b is a block diagram ofa cell of the memory 
circuit of FIG. 4a. 
[0013] FIG. 5 is a block diagram of a main memory circuit 
of the switch of FIG. 1. 
[0014] FIG. 6 is a block diagram of a controller circuit of 
the copier, channel select logic circuit of FIG. 3. 
[0015] FIG. 7 is a block diagram of another switch. 
[0016] FIG. 8 is a ?ow chart ofa process for storing copies 
of a received data frame for the switches shown in FIGS. 1 and 
7. 
[0017] FIG. 9 is a flow chart of a process for reading stored 
copies of a received data frame for the switches shown in 
FIGS. 1 and 7. 
[0018] FIGS. 10a, 10b and 100 are representations of data 
stored in the switches of FIGS. 1 and 7. 
[0019] Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

[0020] As shown in FIG. 1, a switch 100 has four ports 
105a-105d. Ports 105a-105d are circuits may include hard 
ware, software, ?rmware or any combination thereof. The 
ports 105a-105d are coupled to four buses 110a-110drespec 
tively, and are used to transmit data from and receive data into 
switch 100. Ports 105a-105d and buses 110a-110d are full 
duplex in that they can transmit and receive data simulta 
neously. In one implementation, switch 100 is an Ethernet 
switch. 
[0021] A receiving bus 115a and a transmitting bus 1150 
are coupled to ports 105a-105d. Receiving bus 115a forwards 
received data frames from ports 105a-105d to a copier, chan 
nel select logic circuit (CCSLC) 120. An intermediate bus 
115!) forwards received data frames from CCSLC 120 to 
main memory 125, and a bus 150 forwards address data to 
main memory 125 for use in storing the received data frames. 
The transmitting bus 115c forwards data frames stored in 
main memory 125 to ports 105a-105d. Interspersed in switch 
100 are four output control logic circuits (OCLCs) 130a-130d 
that are associated with ports 105a-105d, respectively. 
CCSLC 120 is coupled to the four OCLCs 130a-130d and 
main memory 125 through control signal paths. It should be 
noted that a logic circuit may include gates, hardware, soft 
ware, ?rmware or any combination thereof. 

[0022] Memory 125 includes channels and segments. A 
channel is a portion of the total width of a memory unit. A 
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segment is an individually addressable collection of channels 
(e.g., a segment may include four channels). A location is a 
part of memory that is addressable by both a channel address 
and a segment address. 
[0023] In general, the sWitch 100 receives data frames on 
buses 110a-110d at ports 105a-105d. The received data 
frames then are forwarded to CCSLC 120 using receiving bus 
115a. CCSLC 120 determines hoW many copies of the 
received data frame are needed for broadcast or multicast 
operations, copies the received data frame, and determines 
particular locations in main memory 125 for storing the cop 
ies of the received data frame. OCLCs 130a-130d determine 
When to output the stored copies of the data frame over buses 
110a-110d through ports 105a-105d based upon control data 
received from CCSLC 120. 
[0024] As shoWn in FIG. 2, exemplary port 10511 contains 
control circuit 210 and multiplexers 220. Exemplary port 
10511 receives a data frame on transmitting bus 1150 for 
forWarding. The data frame received on transmitting bus 1150 
is extracted from transmitting bus 1150 by multiplexers 220. 
Control circuit 215 exchanges control signals With CCSLC 
120 and OCLCs 130a-130d. 
[0025] As shoWn in FIG. 3, CCSLC 120 includes memory 
305 coupled to a controller 310. The controller 310 is coupled 
to a copier circuit 315 that receives incoming data frames on 
receiving bus 115a and outputs a number of copies of the 
incoming data frames onto intermediate bus 11519. The 
incoming data frames on receiving bus 115a contain header 
data and payload data. The output data frames on intermedi 
ate bus 115b are exact copies of the data frames received on 
receiving bus 115a and, accordingly, also include header data 
and payload data. 
[0026] As described earlier, exemplary header data may 
include at least the destination address of the data frame and 
the length of the data frame. Controller 310 uses the destina 
tion address and length data ?elds to determine hoW many 
copies of the received data frame are required and Where in 
main memory 125 to store those copied data frames. The 
controller 310 forWards addresses on address bus 150 to 
identify locations in main memory 125 to be used. In addition, 
the controller 310 generates control signals that are sent to 
OCLCs 130a-130d and used to determine Which data frames 
to read out from main memory 125 and at What time to 
transmit those data frames. 
[0027] Memory 305 is used to track locations in main 
memory 125 that are available to accept copies of received 
data frames. Memory 305 can be any suitable digital storage 
device. In one implementation, memory 305 is a volatile 
memory that can be accessed quickly for both reading and 
Writing. The siZe of memory 305 correlates With the siZe of 
main memory 125. 
[0028] As shoWn in FIG. 4a, an exemplary memory 305 
may include an array of memory cells 405, a channel decoder 
41 0 and a segment decoder 415. In one implementation, array 
405 is four bits Wide and sixteen bits long. This correlates to 
main memory 125, Which has four channels and sixteen seg 
ments. 

[0029] Each cell in array 405 holds a single bit and corre 
lates to a particular channel in a particular segment of main 
memory 125. If a particular cell in memory 305 currently 
stores a l-bit, that is an indication that the corresponding 
channel of the corresponding segment of main memory 125 
contains valid frame data and cannot presently accept a neW 
data frame. Alternatively, if a particular location in memory 
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305 currently stores a 0-bit, that is an indication that the 
corresponding channel of the corresponding segment of main 
memory 125 contains invalid frame data, (i.e., it is empty) and 
can presently accept neW data. 
[0030] Each cell in array 405 is individually addressable 
through channel decoder 410 and segment decoder 415, 
Which receive control signals from the controller 310. The 
cells also may be addressable by roW or column in another 
implementation. 
[0031] As shoWn in FIG. 4b, each cell 420 ofarray 405 may 
be implemented as an S-R ?ip ?op that is enabled by a 
combination of the appropriate channel decoder and segment 
decoder signals. The set input of the ?ip-?op is connected to 
a Write signal, and the reset input is connected to a read signal. 
Thus, the value of the cell is set to one When the Write signal 
is asserted and the channel decoder and segment decoder 
signals indicate that data is being loaded into the correspond 
ing portion of memory 125, and is set to Zero When the read 
signal is asserted and the decoder signals indicate that data is 
being read from the corresponding portion of main memory 
125. The cell 420 may be further con?gured to produce an 
output only When the enable signal is asserted so as to permit 
the controller to poll the memory 305 to detect cells having 
values indicative of available portions of main memory 125. 
[0032] An exemplary main memory 125 may have four 
channels, each of Which is 64 bytes Wide, and sixteen seg 
ments. This means that main memory 125 can store 64, 
64-byte data frames (one in each channel in each segment), 
sixteen, 256-byte data frames (one spanning all four channels 
in each segment), or other combinations. 
[0033] FIG. 5 shoWs a pair of exemplary cells 550, 555 in 
main memory 125 that each store 64 bytes. Each cell repre 
sents one location in main memory 125 (i.e., one channel of 
one segment). A decoder 560 uses the address bus 150 to 
generate signals that are combined With read and Write signals 
to enable Writing to and reading of a particular one of cells 
550, 555. It should also be noted that any type of data ran 
domly accessible, Writeable storage device. Examples 
include RAM, SRAM, DRAM, RDRAM and SDRAM. 
[0034] When a data frame is received, a determination is 
made as to Which portion of main memory 125 is to store the 
received data frame. The received data frame then is copied 
onto bus 115!) and the address bus 150 is used to identify one 
or more appropriate cells. The appropriate cells are activated 
by a combination of a signal from the decoder 560 and a Write 
enable signal from the controller 310. Similarly, a stored data 
frame is forWarded onto bus 1150 by signals on the address 
bus 150 identifying the appropriate cells. The cells are acti 
vated by a combination of a signal from the decoder 560 and 
a read enable signal from the controller 310. 
[0035] As shoWn in FIG. 6, an exemplary controller 310 
includes a siZe converter circuit 605, a channel availability 
circuit 610, a segment availability circuit 615, an arbiter cir 
cuit 620, and a frame address generator 625. SiZe converter 
circuit 605 receives a portion of the header data from a data 
frame on receiving bus 11511. Size converter 605 includes a 
siZe determiner circuit 605a, an address/port resolver circuit 
605b, and an adjuster circuit 6050. Channel availability cir 
cuit 610 receives all of the bits stored in memory 305 as 
inputs. In the exemplary circuit shoWn in FIG. 6, memory 305 
outputs 64 bits. Segment availability circuit 615 receives 
output data from siZe converter circuit 605 and channel avail 
ability circuit 610. Arbiter circuit 620 receives output data 
from siZe converter circuit 605, channel availability circuit 
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610 and segment availability circuit 615. Frame address gen 
erator 625 receives signals from OCLCs 130a-130d and out 
puts signals to main memory 125 and memory 305. 
[0036] SiZe converter circuit 605 receives the siZe data of 
the data frame being transmitted on receiving bus 11511. Size 
data are extracted from the header data for a frame. 
[0037] Since main memory 125 is divided into discrete 
channels, a determination is needed as to hoW many channels 
are required to store one copy of the received data frame. 
Using a maximum data frame Width of 256 bytes, a standard 
binary encoding technique requires an 8-bit Word to indicate 
the siZe of the data frame. SiZe converter circuit 605 takes the 
8-bit Word for a particular frame and generates an output 
indicative of hoW many channels of a single segment in main 
memory 125 are required to store the frame. As an example, 
if the data frame on receiving bus 11511 is 176 bytes Wide, siZe 
converter circuit 605 generates an output signal indicating 
that this data frame requires three channels (each of Which is 
64 bytes Wide) of the segment. 
[0038] Address-port resolver circuit 605!) receives at least 
the destination address(es) from the header, and uses this data 
to produce an output indicative of Which ports 105a-105d are 
to transmit the received data frame. The output of the address 
port resolver circuit 605!) is used to control operation of other 
parts of sWitch 100 so as to produce the correct number of 
copies of the received data frame and routing of the copies of 
the received data frame to the proper port or ports. 
[0039] Adjuster circuit 605c receives the output from siZe 
determiner circuit 605a and the output from address-port 
resolver circuit 605!) and generates an output indicative of the 
number of segments needed to store the number of copies of 
the data frame. For example, if a l28-byte received data frame 
is to be broadcast through all four ports, such that four copies 
of the received data frame are to be stored in main memory 
125, the adjusted 6050 Will indicate that the data frame is to be 
stored in at least tWo segments, With each copy being stored in 
tWo channels of a segment. 
[0040] Channel availability circuit 610 receives the outputs 
from memory 305 and determines Where there are vacant 
channels. This is accomplished using logic gates or the like to 
determine sets of Zeroes in a segment of memory 305. That is, 
channel availability circuit 610 determines if there are any 
single Zeroes, pairs of Zeroes, triples of Zeroes or quads of 
Zeroes. The results are output to segment availability circuit 
615 and arbitrator circuit 620. Depending on the design of 
channel availability circuit 610, it may only register availabil 
ity if contiguous channels in a segment are vacant or it may 
register availability if the proper number of channels is avail 
able regardless of contiguousness. 
[0041] Arbitrator 620 selects the channel(s) and segment(s) 
to receive the copies of the input data frame. Typically, main 
memory 125 Will have multiple locations that are available to 
receive the copies of the input data frame. As an example, if 
sWitch 100 receives a 64-byte data frame for Which only one 
copy is needed, and main memory 125 is empty, there are 64 
locations that can accept this data frame. Arbitrator 620 
selects one location from the available pool of 64 locations. 
[0042] Each OCLC stores data that are in turn used to 
determine When each port is to receive and output a stored 
data frame. In one implementation, each OCLC receives a 
code Word that translates to one or more locations in main 
memory 125. This code Word is stored in a queue. As the data 
are output from main memory 125 to the port associated With 
the OCLC, the code Words stored in the queue are advanced. 
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When a particular code Word in the OCLC reaches the head of 
the queue, it is forWarded to frame address generator circuit 
625. 
[0043] In the implementation shoWn having four ports, it is 
possible that tWo or more OCLCs Will request data from the 
same channel or segment at one time. To avoid this collision 
of data from main memory 125, the frame address generator 
circuit 625 arbitrates betWeen the received code Words. 
[0044] FIG. 7 shoWs an alternative sWitch 700 that includes 
a general processor 720. Like exemplary sWitch 100, sWitch 
700 includes four ports 105a-105d that are coupled With four 
external buses 110a-110d and internal buses 115a-115c. Pro 
cessor 720 is coupled With internal bus 115a and intermediate 
bus 1151). Memory 125 is coupled With internal buses 115b 
1150. 
[0045] The function and operation of most of the elements 
of exemplary sWitch 700 have been previously described and 
Will not be repeated. One difference betWeen exemplary 
sWitches 100 and 700 is the use of a general purpose processor 
to perform the copying, the determining of acceptable 
memory locations to store the copies, and the outputting of 
data frames from memory 125 to ports 105a-105d for trans 
mission over buses 110a-110d. Processor 720 contains 
memory such as ROM or RAM (not shoWn) that holds the 
instructions used to control the operation of processor 720 
and therefore the operation of sWitch 700. 
[0046] FIG. 8 shoWs an exemplary process 800 for copying 
data frames into a memory. This process is initiated When the 
sWitch receives a data frame (step 805). The header informa 
tion, Which contains at least destination information and 
frame siZe, is extracted from the data frame (step 810). From 
the destination information, the number of ports that are to 
output the data frame is determined (step 815) along With the 
siZe of the received data frame (step 820). From the number of 
ports to output the data frame and the siZe of the received data 
frame, the minimum amount of memory necessary to store 
the copies of the data frame, With one copy for each port that 
is to output the data frame, is determined (step 825). 
[0047] Next, the empty locations in memory are deter 
mined (step 830). In one implementation, the determination is 
made by storing l-bits and O-bits in a separate memory, With 
the l-bits and O-bits corresponding to full and empty loca 
tions, respectively, in the data frame memory, and polling this 
separate memory to locate an adequate concentration of 
O-bits empty locations to store the copies of the received data 
frame. Once all of the suitable locations in frame memory 
have been identi?ed, one or more locations are selected to 
store the copies of the data frame (step 835). The copies of the 
data frame are then stored in the selected memory locations of 
the frame memory (step 840). Each copy of the data frame is 
associated With a port that Will transmit that copy of the data 
frame and this association is stored along With the locations in 
frame memory of the copies of the data frame(step 845). The 
process then ends (step 845). 
[0048] FIG. 9 shoWs an exemplary process 900 for output 
ting data frames from a sWitch. The process begins When 
multiple associations are selected (step 905). In other Words, 
every port of the sWitch is polled to determine if they have a 
data frame in frame memory that is ready to be transmitted. 
One exemplary method of performing this step is to store the 
associations in a queue and read them in a ?rst-in-?rst-out 
(FIFO) order. 
[0049] With multiple ports requesting data from the frame 
memory at the same time, it is possible that a con?ict may 
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arise such that tWo ports Will require data from locations that 
share a data output bus in the frame memory. Accordingly, a 
determination is made to see if there is a con?ict (step 910). If 
there is no con?ict such that every port that has data frames to 
output may do so simultaneously, then the data frames are 
read from the frame memory in parallel (step 915). The ports 
select the data frames that are to be output, based on the 
association described above, and output the selected data 
frames (step 920). The process then ends (step 925). 
[0050] If a con?ict is determined (see step 910), then one of 
the ports that has a con?ict is instructed to Wait (step 930) and 
the remaining associations are checked again for a con?ict 
(step 910). At Worst case, ports Will be instructed to Wait until 
only one port remains and then the remaining port Will be able 
to retrieve and output its data frames freely (see steps 915 
925). 
[0051] As shoWn in FIG. 10a, four data frames, each only a 
single channel Wide, are stored in a segment 1005 of main 
memory in a conventional sWitch. The data frames are for 
Warded to copier 1010 Where the necessary copies are made. 
In this example, tWo copies of each data frame are generated 
before the data frames are output to the ports. Since copier 
1010 can only copy one data frame at a time, it folloWs that 
four read cycles are needed to output the four data frames L-O 
from Segment 9. It should be noted that if copier circuit 1010 
Were not present, the number of read cycles to output the four 
data frames shoWn increases to eight. 
[0052] In contrast, FIG. 10b, shoWs tWo segments, 1015 
and 1020, Which have multiple copies of data frames already 
in them, in accordance With the implementations described 
above. Due to the packing of all of the needed copies of the 
data frames into a single segment, the implementations 
described above Will output the required L and M data frames 
in one read cycle and the N and O frames in another cycle. 
Assuming that there are no port collisions such as the L data 
frame and the M data frame being transmitted over the same 
port, the implementations described can transmit the needed 
data frames in half the time of conventional sWitches (i.e., in 
tWo read cycles). 
[0053] In one implementation, multiple segments of main 
memory 125 may be accessed simultaneously. This also pro 
vides increased e?iciency. In FIG. 100, the K and L data 
frames are read and transmitted ?rst and the M data frames are 
read and transmitted second. Suppose that the arbitration 
circuit 620 or process places the N data frames and the O data 
frames in segments 4 and 5, respectively. If multiple segment 
access Was not alloWed, tWo read cycles Would be needed to 
output the N data frames and the O data frame. HoWever, in 
the implementation described above, multiple segment 
access is permitted and the N and O data frames can be read 
simultaneously if they do not have a port con?ict. 
[0054] Another advantage of the described implementa 
tions over conventional sWitches is the ability to determine 
Where there is adequate memory space in a segment to accept 
the data frame. In some implementations, the described cir 
cuit and process are systematic like a queue. In other Words, 
the data frames are stored in main memory 125 as they are 
received and little packing of different frames into a single 
segment is done (i.e., each received data frame and its corre 
sponding copies are stored in a single segment). 
[0055] HoWever, in other implementations, the circuitry 
looks for available space and only arbitrarily selects channel 
(s) or segment(s) When a con?ict arises. Thus, the data frames 
are not stored in a strict queue-like structure in main memory 
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125. Instead, the described implementations can pack differ 
ent data frames or multiple copies of a data frame (one per 
channel) into a single segment to alloW for increased band 
Width When forWarding data frames over different ports in one 
read cycle. 
[0056] It should be noted that other details are implicit in 
the above descriptions. For instance, multiple ports are 
receiving data frames and attempting to have them stored in 
memory. In the exemplary circuit described above, tWo or 
more ports 105a-105d may attempt to simultaneously place a 
data frame on receiving bus 11511. This internal data collision 
can be avoided by implementing Well-knoWn techniques. 
[0057] In addition, most sWitches have error detection/cor 
rection. One example of an error is receiving only part of a 
data frame. Most sWitches, including those that implement 
circuits and techniques similar to those described above, Will 
have error detection/correction techniques that Will discard a 
received erroneous data frame and prevent it from being 
stored and/or transmitted in the netWork. 
[0058] Similarly, common error correction methods in 
broadcast and multicast situations may also be employed. For 
example, broadcast storms, Where data frames are replicated 
and sent back and forth betWeen tWo sWitches until there is no 
room for neW data frames, can be avoided by using protocol 
techniques that Will cause the excess data frames to be con 
sidered as error data frames and not copied nor forWarded. 

[0059] It should also be noted that the above discussion did 
not describe the use of a clock. Some implementations Will 
include a clock to help manage data ?oW and avoid collisions. 
Some implementations Will use clocks and registers to make 
the above calculations in pipeline format. 
[0060] It Will be understood that various modi?cations may 
be made. For example, main memory 125 need not be cen 
traliZed in sWitch 100, but instead the main memory can be 
distributed across sWitch 100. In this alternative implemen 
tation, the copies of the received data frame are ?rst routed to 
the distributed memory associated With the ports from Which 
the copies are to be output. In yet other memory structures 
used in other implementations, input buffers and/or output 
buffers are added to ports 105a-105d to assist in the manage 
ment of the data frames. 
[0061] Other implementations include half-duplex buses 
110a-110c instead of the full duplex buses described above. 
These implementations require collision avoidance, Which 
can be obtained using the set of rules called carrier sense 
multiple access With collision detection (CSMA/CD). 
[0062] Other implementations may include different num 
bers of ports, channels and segments in the memories. Nor do 
the number of channels in the memories need to equal the 
number of ports in the sWitch. Similarly, alternative imple 
mentations could require that each port be assigned to one 
channel in the memories. 
[0063] In yet another implementation, copies of data 
frames that are more than half as Wide as memory 125 are 
Written into the segments in multiple Write cycles instead of 
the single Write cycle described above. 
[0064] Other implementations may use ?xed-length data 
frames. In such implementations, siZe determiner 60511 is 
replaced With a constant value output that is the frame siZe of 
the implementation. 
[0065] The above systems and methods may be imple 
mented in any of a number of netWorking protocols. Some of 
these protocols may modify the header data, the payload data 
or both. 
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[0066] It should also be noted that the implementations 
described above may be used with any network protocol. 
Depending on the network protocol, modi?cations to the 
programming or hardware inside the switch may be neces 
sary. For example, some protocols modify the header and/or 
payload data in the data frame before the data frame is for 
warded to another element in the network. 
[0067] Accordingly, other implementations are within the 
scope of the following claims. 
What is claimed is: 
1. A switching apparatus comprising: 
a ?rst port coupled to receive an input data frame; 
a ?rst logic circuit coupled to receive the input data frame 

from the ?rst port and con?gured to determine a number 
of copies of the input data frame to make and to make the 
number of copies of the input data frame; 

a ?rst memory coupled to the ?rst logic circuit and con?g 
ured to store and read the copies of the input data frame; 

a second logic circuit coupled to the ?rst memory and 
con?gured to determine when to read at least one copy of 
the input data frame from the ?rst memory; and 

a second port coupled to the ?rst memory and con?gured to 
transmit the at least one copy of the input data frame. 

2. The switching apparatus of claim 1 wherein the ?rst 
logic circuit further comprises a third logic circuit con?gured 
to determine one or more empty locations in the ?rst memory 
to store the copies of the input data frame. 

3. The switching apparatus of claim 2 wherein the ?rst 
logic circuit further comprises a second memory con?gured 
to keep track of all of the empty locations in the ?rst memory. 

4. The switching apparatus of claim 3 wherein: 
the ?rst memory is comprised of channels and segments, 

and the third logic circuit is con?gured to determine 
where there are empty channels in the ?rst memory to 
store the copies of the input data frame. 

5. The switching apparatus of claim 3 wherein: 
the ?rst memory is comprised of channels and segments, 

and the third logic circuit is con?gured to determine 
where there is at least one empty segment in the ?rst 
memory to store one of the copies of the input data 
frame. 

6. The switching apparatus of claim 2 wherein the ?rst 
memory is comprised of channels that each includes seg 
ments such that each segment in each channel is indepen 
dently addressable. 

7. The switching apparatus of claim 1 wherein the ?rst 
logic circuit further comprises a third logic circuit con?gured 
to determine how many additional ports will output some of 
the copies of the input data frame and to calculate the mini 
mum amount of storage space that is necessary to store all of 
the necessary copies of the input data frame in the ?rst 
memory. 

8. The switching apparatus of claim 6 wherein the ?rst 
logic circuit further comprises a fourth logic circuit con?g 
ured to determine the siZe of the input data frame such that the 
siZe of the input data frame is used to calculate the minimum 
amount of storage space necessary to store the copies of the 
input data frame. 

9. The switching apparatus of claim 8 wherein the ?rst 
memory is addressable by channels and segments and the ?rst 
logic circuit is con?gured to determine how many channel 
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and segment addressable locations are needed to store the 
number of copies of the input data frame. 

10. The switching apparatus of claim 1 wherein the ?rst 
memory is distributed across the switch. 

11. The switching apparatus of claim 1 further comprising 
a bus coupled with the ?rst memory and the second port and 
con?gured to transmit data including at least one copy of the 
input data frame from the ?rst memory to the second port. 

12. The switching apparatus of claim 11 wherein the sec 
ond port comprises a third logic circuit con?gured to select 
the at least one copy of the input data frame from the bus. 

13. The switching apparatus of claim 1 wherein the second 
logic circuit is further con?gured to indicate a location in the 
?rst memory where the second port is to obtain the at least one 
data frame for transmitting. 

14. A switching apparatus comprising: 
a ?rst logic circuit coupled to receive an input data frame 

and con?gured to determine a number of copies of the 
input data frame to make and to make the determined 
number of copies of the input data frame; 

a memory coupled to the ?rst logic circuit and con?gured 
to store and read the copies of the input data frame, the 
memory being comprised of channels and segments 
with one or more segments being accessible at a given 
time; and 

a second logic circuit coupled to the memory and con?g 
ured to determine when to read at least one copy of the 
input data frame from the memory. 

15. The switching apparatus of claim 14 further comprising 
a third logic circuit con?gured to determine one or more 
empty locations in the memory to store the copies of the input 
data frame. 

16. The switching apparatus of claim 15 wherein the 
memory is comprised of channels and segments and the third 
logic circuit is con?gured to determine where there are empty 
channels in the memory for storing copies of the input data 
frame. 

17. The switching apparatus of claim 15 wherein the third 
logic circuit is con?gured to determine where there is at least 
one empty segment in the memory for storing at least one 
copy of the input data frame. 

18. The switching apparatus of claim 14 further comprising 
a plurality of ports and wherein the ?rst logic circuit com 
prises a third logic circuit con?gured to determine how many 
of the plurality of ports will output some of the number of 
copies of the input data frame and to calculate the minimum 
amount of storage space necessary to store all of the necessary 
copies of the input data frame in the memory. 

19. The switching apparatus of claim 14 wherein the ?rst 
logic circuit further comprises a fourth logic circuit con?g 
ured to determine the siZe of the input data frame in calculat 
ing the minimum amount of storage space to store the neces 
sary copies of the input data frame in the memory. 

20. The switching apparatus of claim 19 wherein the ?rst 
logic circuit is con?gured to determine how many channel 
addressable locations and segment addressable locations are 
needed to store the copies of the input data frame. 

* * * * * 


