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DESCRIPTION

METHODS FOR MEMORY ASSIGNMENT SCHEMES AND ARCHITECTURE FOR
SHAREABLE PARALLEL MEMORY MODULE BASED INTERNET SWITCHES

This application claims priority to, and incorporates by reference, U.S. Provisional Patent
Application Serial No. 60/604,925 entitled “Methods For Parameter-Assignment Schemes And
Architecture For Sliding-Window Based Internet Switches,” which was filed on August 27,
2004.

Statement as to Rights to Inventions Made under
Federally-Sponsored Research and Development

Aspects of this invention were made with government support of the CITeC.

Accordingly, the government may have certain rights in this invention.

Background of the Invention

1. Field of the Invention

The present invention relates generally to switches and/or routers. More particularly, the
present invention relates to methods and systems for high-speed parameter assignment schemes

for routing packets in sharable memory module based switch system.

2. Description of Related Art

The design of high-performance packet switches is essential due to the exponential
growth of data traffic in systems such as the Internet. Further, the increase in bursty data traffic
in high-speed networks and Internets has been the cause for a higher demand in throughput
performance of packet switches and routers. One main objective in switch design and memory
allocation in the switch is to provide the best possible delay-throughput performance that can
scale almost linearly as the switch grows in size and capacity. It is known in the art that sharing
of memory resources among the input and output ports of the switch improves throughput
performance of a packet switch under heavy traffic, particularly bursty traffic.

Due to the reduced packet rate loss rate and throughput performance, the shared-memory
based switches are suited for handling the dynamically changing nature of bursty data traffic in
high-speed packet networks and Internets. However, scalability of the shared-memory based

switching systems has been restricted by high memory bandwidth requirements, segregation of
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memory space, and centralized control of switching functions that cause the performance of the
switch to degrade as shared-memory based system increases in size.

The referenced shortcomings are not intended to be exhaustive, but rather are among
many that tend to impair the effectiveness of previously known techniques for high speed
switches; however, those mentioned here are sufficient to demonstrate that the methodologies
appearing in the art have not been altogether satisfactory and that a significant need exists for the

techniques described and claimed in this disclosure.

Summary of the Invention

In one respect, the invention involves a method for assigning a memory module to an
incoming packet. The method includes steps for receiving the incoming packet. The method
also includes a step to modify (e.g., incrementing or decrementing) a parameter in a MOD m
fashion to a memory location in a memory module for the incoming packet. The method
determines if the memory location in the memory module is available using an array. An array,
as used in this disclqsure, includes, without limitation, any multi-dimensional array, a scan table,
pointers, a link list, and the like. If the memory location is available, the memory module is
assigned to the incoming packet. Alternatively, if the memory location is not available, the

parameter is further modified in MOD m fashion to find another memory location.

In other aspects of the invention, a method is provided for assigning a memory module to
an incoming packet. The method includes a step for setting the values of a first and second
counter to zero. The first counter includes a value that determines a first available memory slot
when all memory slots are not available. The method also includes modifying parameter in a
MOD m fashion to obtain a memory location in a memory module. Next, the step of
determining whether the memory location is available by using an array. If the memory location
is available, the method provides a step assigning the memory module to the received incoming
packet.

In accordance to other aspects of the invention, a method for assigning memory modules
to an incoming packet is provided. The method includes steps for initializing a plurality of
queues. The method also includes steps for determining the available memory slots in all the
memory modules. For each available slot, the corresponding parameter is provided to the
plurality of queues. As such, for every incoming packet, a memory slot may be assigned a

parameter from one of the plurality of queues.
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Other features and associated advantages will become apparent with reference to the
following detailed description of specific embodiments in connection with the accompanying

drawings.

Brief Description of the Drawings

The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present invention. The invention may be better understood by -
reference to one or more of these drawings in combination with the detailed description of

specific embodiments presented herein.

FIG. 1 shows a flow chart of a method for assigning memory module, according to embodiments

of the invention.

FIGS. 2A-2D show flow charts of methods for assigning a parameter, according to embodiments

of the invention.

FIG. 3 shows a flow chart showing steps of a method for assigning a parameter, according to

embodiments of the invention.
FIG. 4 shows a state chart, according to embodiments of the invention.

FIG. 5 shows a plot of an average memory-bandwidth required versus offered load, according to

embodiments of the invention.

FIG. 6 shows a plot of an average memory-bandwidth required versus offered load, according to

embodiments of the invention.

FIG. 7 shows a plot of an average memory-bandwidth required versus offered load, according to

embodiments of the invention.

FIG. 8 shows a plot of an average memory-bandwidth required versus offered load, according to

embodiments of the present invention.
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FIG. 9 shows a plot of an average memory-bandwidth required versus offered load, according to

embodiments of the present invention.

FIG. 10 shows a plot of an average memory-bandwidth required versus offered load, according

to embodiments of the present invention.

FIG. 11 shows a plot of an average memory-bandwidth required versus offered load, according

to embodiments of the present invention.

FIG. 12 shows a plot of an average memory-bandwidth required versus offered load, according

to embodiments of the present invention.

FIG. 13 shows a plot of an average memory-bandwidth required versus a number of packet

locations per memory module, according to embodiments of the present invention.

FIG. 14 shows a plot of packet loss ratio versus a number of packet locations per memory

module, according to embodiments of the present invention.

FIG. 15 shows a‘plot of an average memory-bandwidth required versus a number of packet

locations per memory module, according to embodiments of the present invention.

FIG. 16 shows a plot of packet loss ratio versus a number of packet locations per memory

module, according to embodiments of the present invention.

FIG. 17 shows a plot of an average memory-bandwidth required versus a number of packet

locations per memory module, according to embodiments of the present invention.

FIG. 18 shows a plot of packet loss ratio versus a number of packet locations per memory

module, according to embodiments of the present invention.

FIG. 19 shows a plot of an average memory-bandwidth required versus offered load, according

to embodiments of the present invention.
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FIG. 20 shows a plot of an average memory-bandwidth required versus offered load, according

to embodiments of the present invention.

FIG. 21 shows a plot of an average memory-bandwidth required versus offered load, according

to embodiments of the present invention.

FIG. 22 shows a plot of an average memory-bandwidth required versus offered load, according

to embodiments of the present invention.

Description of Illustrative Embodiments

The disclosure and the various features and advantageous details are explained more fully
with reference to the nonlimiting embodiments that are illustrated in the accompanying drawings
and detailed in the following description. Descriptions of well known starting materials,
processing techniques, components, and equipment are omitted so as not to unnecessarily
obscure the invention in detail. It should be understood, however, that the detailed description
and the specific examples, while indicating embodiments of the invention, are given by way of
illustration only and not by way of limitation. Various substitutions, modifications, additions,
and/or rearrangements within the spirit and/or scope of the underlying inventive concept will
become apparent to those skilled in the art from this disclosure.

A sliding window architecture, as disclosed in U.S. Patent 6,122,274, and incorporated
herein by reference, is a type of shareable parallel memory module based switch architecture that
is not controlled by any centralized memory controller. In shareable parallel memory modules
switch architecture, the memory modules are physically separate but can be shared by packets on
incoming and outgoing lines. The memory modules are independent, and thus, use local
mefnory controllers to perform WRITE and READ operations for data packets based on
information available locally. The sliding window (SW) switch provides a way to reduce the
bottleneck performance created by centralized controllers in prior art switches, such as shared-

memory switch architecture.

1. Components and Function of a Sliding-Window Switch
A sliding-window switching system is characterized by the use of independent, parallel
memory modules and decentralized control. The switching operation of the sliding-window is

partitioned into multiple pipelined stages such as, but not limited to, an input interconnection
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stage, a self-routing parameter assignment stage, parallel WRITE and READ stages, and an
output interconnection stage. '

During the input interconnection stage, input lines carry incoming data packets. The
incoming packets may be processed by a processing circuit to extract an out port destination
address, denoted by d. The destination address of incoming packets is forwarded to a self-
routing parameter assignment circuit. During the self-routing parameter stage, a self-routing
parameter assignmenf circuit uses the out port destination address and produces self-routing
parameters (i, j, k) for incoming data packets. The parameter i designates the memory module
that the packet will be stored in, the parameter j in a packet self-routing tag designates the packet
location in i memory module, and the parameter k designates the packets turn to be read out of
memory. The self-routing parameters (i, j, k) are then attached as a self-routing tag to the
incoming data packets. As such, the incoming packets may use the self-routing tags to propagate
independently through the various stages of the SW system.

During the WRITE stage of an incoming packet, controllers of the SW system may use
the parameter j to write the received packet in the j™ memory location of a memory module of the
SW system. In some embodiments, there is a controller corresponding to an output scan array
(OSA) each with o locations. The j" location of the OSA holds a scan value of a received packet
stored in the corresponding " location of its memory module. OSA of each memory controller
may update during the WRITE and READ cycle of data packets to and from the respective
locations in the memory modules. Also during the WRITE stage, the associated scan-plane k
parameter of the received packet is stored in a corresponding jt" location in the OSA of the
corresponding memory controller.

During the READ stage of a packet from the j™ location of a memory module, the
corresponding j™ location in the OSA is set to zero to indicate empty memory location in the
corresponding memory module. The data packets are outputted from the parallel and
independent memory modules and are routed to their respective output destinations by an output
interconnection network. Particularly, the output interconnection network may make use of the
output port destination information d stored in a packet’s header to route each packet to a final
destination. In some embodiments, the information ¢ may also be seen as part of the routing tag,
with the difference in that instead of residing in the routing tag, the destination information d

resides in the header of each incoming packet.
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2. Architecture of Parameter Assignment Circuit

As noted above, self-routing parameters help data packets to self propagate through
different stages of the switching system. The assignment of self-routing parameters (i, j, k) to the
incoming packets may be performed by a parameter assignment circuit (PAC). In some
embodiments, the PAC may use, for example, a set of counters and tables, such as a scan table
(ST), to facilitate determination of self-routing parameters. To enable faster assignments, a PAC
may also include two or more separate processors. It is noted that a single processor may be
used to determine the self-routing parameters as well. It is also noted that a software program
may be used to determine the self-routing parameters.

In one embodiment, for a two processor scheme, a first processor may receive the
destination address of incoming packets from a header processing unit of the sliding-window
switch system and may determine and assign j and k parameters for each packet. In some
embodiments, the second processor may work to find the i parameter for a packet while the first
processor works in parallel to determine j and & parameters for a next packet. Alternatively, the
first and second processor.may work in pipeline fashion to determine j and k parameters, and the
corresponding i parameter for incoming packet in a given cycle.

The incoming packets may next enter an assigned Output Slot Vector (OSV), where
corresponding j and & parameters of each packet are forwarded to the second processor for
determining the parameter i in a two-dimensional array called scan table (ST). The slots of the
ST may be designated by ST(i,j), where i denotes the memory module and j denotes an OSV.
The row number / of an empty slot (ij) in the pre-assigned column j of the ST may be assigned
as the parameter i of the self-routing tag. The parameter i can have a value from 1 to m, where m
is the number of memory modules. The parameter j can have a value from 1 to s, where s is the
number of packet locations in the memory modules. The value of ST(i,/) holds the scan variable
k of the packet such that ST(i,/) = k, where if k is greater than zero, the j™ location of the i"
memory module holds a valid packet whose scan-plane value is k. Alternatively, if ST(i)j) is
equal to 0 (k is equal to 0), the j™ location of the i"™ memory module in the global memory space

may be empty and may not hold a valid packet.

3. Assigning Parameters j and k

In one embodiment, a first processor may receive a destination address of the incoming
packet from header processing circuit and uses steps from 100 to 125 in FIG. 1 to assign the j
and k parameters. Step 100 shows an initial state in which a plurality of packets are inputted in a

given cycle through the incoming ports of a sliding-window switch system and a single packet is
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extracted for processing. Step 102 determines the destination information (e.g., output port d)
for each packet as shown in step 104 which may be performed on the first processor.
Additionally, the first processor may include a queue length counter (QLC) which may help
determine the queue length Qd for a packet assigned to output port d in step 104. Step 106
increments the value of Qd to take into account the new incoming packet arrivals. According to
step 108, if (Qd> p.0o), then the packet assigned to port d is dropped and the Qd value is decreased
by one in step 110 and the assignment process loops back to step 102 to process another packet.
Here, p.o. is a predetermined upper limit imposed on the length of an output queue inside the
memory space. If the Qdis greater than Qmax (p.c.), the packet should be dropped in step 108. In
one embodiment, a comparison may be performed to determine if the upper limit has been
surpassed (step 512). If Qd= 1, the packet for a given destination port “d” is the may be the first
packet entering the memory module and does not need to wait for other packets to output on a
destination port. Step 114 follows where OSV and the scan plane value of the current location of
the SW counter assigns j and k parameters for the i)ncoming packets.

In step 116, the equation jd = (LC.})aMOD s + 1 may define consecutive OSV, i.e., OSV
following a previous packet’s OSV, is assigned as the j parameter for the incoming packet. To
assign the k parameter, the assigned OSV equaling jq may be first examined in step 118. If jq
equals 1 in step 118, then the assigned OSV is on a new scan plane and the scan plane value
assigned to the incoming packet may be increased by one, as shown in step 522, where kg =
(LC.k)d MOD p+1. In cases where jd does not equal to 1, then the assigned OSV may be on the
same scan plane as the last packet admitted for that destination’s output queue and the same
value of the LC.k from a counter is assigned as the k parameter in step 120.

Once the j and k parameters are determined, the first processor may determine if the
packet qualifies to enter OSV j. In one embodiment, a packet may qualify to enter an OSV only
if its entry does not affect the utilization of other output ports of the SW switch. If the packet
qualifies, the packet is admitted in step 126, else it is dropped in step 125. The first processor
may include control unit for providing the j and k parameters to the second processor for

determination of the parameter i.

4. Assigning Parameter i

In some embodiment, a packet is received by a second processor from a first processor.
The second processor may assign an [ parameter to the packet. A next value of i may be
obtained by increasing the previously assigned i value (to a previous packet) by 1 in MOD

fashion as shown in step 100 of FIG. 2A. If ST(i) equals O for near value i, the memory location
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(i) is available and that location is assigned, as shown in steps 102 and 104 of FIG. 2A. The
last i value, which is assigned for previous packet in the scan-table is increased by 1 in MOD m
fashion. Then, the value of ST(i,j) is compared with zero for new value.

If the ST(i,j) is equal to zero, the j" location of the i"™ memory module in the memory
modules is empty and does not hold a valid packet. The next step will be assigning the new
value of i along with j, and k parameters to build a self-routing parameters (i, j, k), for the |
incoming packet.

If the ST(;,j) is not zero, the j"™ location of the i® memory module holds a valid packet
whose scan-plane value is k. The i value may be increased by 1 in MOD m fashion and compare
if the value of ST(i,j) equals zero. This process is repeated until the j"‘ location of the i™ memory
module in the global memory space is empty. ‘

The packets belonging to the same input cycle are assigned different values of i (i.e., the

" memory) module in an increasing order. As an example, if i = 3 has been assigned to the first

i
incoming packet of the cycle then for the next incoming packet an attempt is made to assign i > 3
for that assigned OSV j. If there are no values greater than i are available for that OSV j, then
values less than i may be chosen in a MOD fashion for a given OSV ;.

In some embodiments, MOD m operation may be performed by a counter that counts up
to m on a general-purpose register, such as a bit counter. Determination of ST(i)j) slot is either
empty or not process may be determined with a comparison. If ST(i,) is equal to zero, then the
current  may be assigned as the parameter i of the self- routing tag. If ST(i) is not equal to zero
then the assignment process may loop back to MOD operation until an empty slot is found. The
number of loop backs may be a maximum of the number of memory module because step 125 in
FIG. 1 ensures there is available empty slot for a current OSV j. Therefore, the total number of
clock cycles to assign i parameter may depend on the number of memory modules (m).

In some embodiments, a parameter assignment scheme may include a temporary array
indicted by “TEMP” in FIG. 2B. For each cycle, the temporary array may first be initialized to
having all memory locations being available. The temporary array may then be used to maintain
the availability or maintain the i parameter assignments (e.g., available memory modules).
Referring to FIG. 2B, the temporary array may include a bit value “0” indicating memory
modules are available for assignment and a bit value “1” indicating the memory modules that
have been assigned or vice versa. The OSV j array may hold the occupancy stats for the OSV
designating the jth column in a scan table. In order to determine an i parameter, an operation may

be performed using the values from the OSV array and the temp array. In one embodiment, a

bit-wise logic function may be performed. Logic gates such as, but not limited to, an AND gate,
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an OR gate, an XOR gate, or hardware components such as a comparator, multiplexor, or any
other hardware components may be used to determine if a memory location is available.
Alternatively, the operation may be determined using a computer software program. The
computer program, executable on a processor, may include instructions for determining if a
memory location is available. The results of the operation is stored in a resultant array, as shown
in FIG. 2B. '

To assign an i value, an assigning circuit may use the values in the resultant array. In
some embodiments, the assigning circuit may be a multiplexer, a comparator, an encoder, an
application specific integrated circuit (ASIC), or similar devices. Alternatively, the assigning
circuit may include software components including instructions for assigning the i parameters to
incoming packets.

Referring to FIG. 2C, another embodiment for an i parameter assignment scheme of the
present invention may first determine the i value of the previous incoming packet (step 230). A
temporary i value is determine by incrementing the value of i in step 230 by 1 in a MOD m
fashion (step 232). Next, the scan table is used to determine if the location of the memory
represented by temporary i is available (step 234). If the memory location is available, the
temporary i is compared to determine if the value of i is equal to zero. If the value is zero, then
the temporary i is assigned as the i value for the incoming packet.

However, if the memory location is not equal to zero (step 234), then the temporary i
may be incremented by one in a MOD m fashion (stép 232) and the process continues until a
memory location is available and an i parameter is assigned to the incoming packet.

Alternatively, in other embodiments, a new variable may be used to keep track of
available first memory module to store an incoming packet, denoted by first available slot, FAS.
Once FAS is set to the i memory module, via, for example, a counter or a régister, the value of
the FAS may not change during the search for the parameter i for an incoming packet. The FAS
may be used in instances where available memory slots on different memory modules are pre-
assigned to previous packets. Therefore, using the tracking of a first available slot, assignment
may be made when a first available slot in a given OSV is available without having to perform a
new search.

In some embodiments, a counter may be used with the FAS value to determine an
available memory slot. The counter may be increased by 1 when a current memory module is
pre-assigned and/or when a current memory slot holds valid packet. The value of the counter

may be compared to m to determine if all the memory modules have been searched to find
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available memory slot in a given OSV j. If counter has reached the value of m, then the value of
the counter will be assigned to parameter i.

In other embodiments, a PO[i] array may be used to store indicators of pre-occupied
memory modules in a given cycle. If the value of PO[i] is equal to 1, the i memory module
may be pre-assig‘ned by previous packets in a given cycle. Similarly, if the value of PO[i] is
equal to zero, the i memory module may not have been assigned by previous packets in a given
cycle. As such, when an incoming packet is received from a first processor, the FAS and counter
variables may be set to zero, as shown in step 210 of FIG. 2D. The last i value assigned to a
previous packet in the scan table may be increased by 1 in MOD m fashion.

Next, the value of ST(i)j) is compared with zero (step 212). If the ST(i,j) is not equal to
zero, then the j™ location of the i memory module holds a valid packet whose scan-plane value
is k (step 214). The counter will be increased by 1 and i value will be increased by 1 in MOD m
fashion and compare to the value of ST(i,j) until the j'™ location of the i memory module in the
memory space is empty (steps 216). If an empty space is found, a comparison step may be
performed. Alternatively, if ST(i,)) equals to zero, the j™ location of the i™ memory module in
the global memory space is empty and does not hold a valid packet. As such, the corresponding
i value for the empty space may be assigned to FAS if FAS is equal to 0 (steps 217 and 218).
Once FAS is assigned to i value, the value may not change. Next, a comparison to the PO[]
value will be performed in order to determine if the current slot was pre-assigned by previous
packets in a given cycle (step 220). If the PO[i] value is equal to zero, then the jlh location of the

" memory module in the global memory space is empty and does not hold a valid packet and

il
was not pre-assigned. As such, the i parameter along with j, and & parameters, making up the
self-routing tag (i, j, k) is assigned to the incoming packet (step 222). Similarly, if the POJ[i]
value is equal to 1 (e.g., the slot was pre-assigned), then the counter may be examined to
determine if all memory modules have been searched (step 224). If the counter value is equal to
m, then the i parameter may be assigned to FAS (step 226). If the counter value is less than m, a
search for i parameter may continue until empty space is found (return to step 216).

The determination of the i parameter may be done when an incoming packet is provided
by a first processor to a second processor in a two processor scheme. In some embodiments of
the present disclosure, the second processor may include a counter for performing the MOD m
operation. Further, a cache of the second processor may store the ST(i,j) and PO[{] values such

that the individual values may be moved from the cache and provided for comparison to

determine if the values equal to zero. The comparison may be done by a comparator of the
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second processor. Additionally, the second processor may include general purpose registers for
the FAS and counter of the embodiment.

Alternatively, the determination of the i/ parameter may be implemented using a software
program. The software based components may determine the FAS and also determine the value
of the counter. As such the above the parameter assignment scheme of FIGS. 2B-2D may be
implemented in hardware and/or software.

In other embodiments, the parameter i may be determined using a queue as shown in
FIG. 3. The queue based assignment scheme may begin with the initialization of queues where
any available memory location may be added to queue engine 302. After initialization, an i
parameter from the queues may be assigned to the incoming packets by PAC 304. Additionally,
when a packet stored in i memory module is sent out to output interconnection network (e. g,
output interconnection network of a sliding-window switching system), the i parameter assigned
to the outgoing packet may be added at the end of the corresponding queue(j) such that (i, ;)
memory module slot is available for next incoming packets.

The queue-based assignment scheme may not perform any search to assign i parameter
for incoming packet. All available i values for each OSV.j may have been queued in queue
engine 302. As such, in one embodiment, the number of queues may equal to number of
memory locations.

It is noted that the above disclosure of the assignment methods may be used with other
sharable parallel memory module based switch architecture. For example, architecture that
implements a centralized controller, such as U.S. Patent 5,649,217, incorporated herein by
reference, can implement the techniques for assigning memory modules to incoming packets as
described in the present disclosure. Alternatively, architectures that do not elect to implement a
centralize controller function, e.g., a sliding window switch architecture, can implement the
techniques for assigning memory modules to incoming packets as described in the present

disclosure.

Examples

The following examples are included to demonstrate specific embodiments of this
disclosure. It should be appreciated by those of skill in the art that the techniques disclosed in
the examples that follow represent techniques discovered by the inventor to function well in the
practice of the invention, and thus can be considered to constitute specific modes for its practice.

However, those of skill in the art should, in light of the present disclosure, appreciate that many



10

15

20

25

30

WO 2006/026461 PCT/US2005/030466
13
changes can be made in the specific embodiments which are disclosed and still obtain a like or

similar result without departing from the spirit and scope of the invention

Example 1: Memory Bandwidth of a Sliding Window Switch

As noted above, the parameter i denotes the memory module where an incoming packet
is stored. The parameter assignment circuit first determines the j and k parameters and uses the j
and k values to determine the value of i™ parameter, for example, the memory module (i) where
an incoming packet is stored. If packets, arriving in a given input cycle, are assigned to different
memory modules then it is possible for all the incoming packets belonging to that cycle to be
stored in parallel to different memory modules requiring just one memory cycles. However, due
to different traffic patterns and distribution of output destinations among the incoming packets, it
is possible that some of the incoming packets in a given cycle may not be assigned to different
memory modules. This will require the packets of an input cycle to be stored in memory
modules in more than one memory cycle and hence increasing the memory bandwidth. The
memory bandwidth for the sliding-window switch is defined as the number of memory WRITE
cycles needed to store incoming packets in an input cycle. In this example, the average memory
bandwidth of a given sliding-window packet switch and its performance under traffic with
varying burstiness is measured.

The number of memory-write cycles needed in an input cycle can be determined by the
maximum number of packets assigned to one memory module. If there is no memory conflict
and if all incoming packets 'assigned to different parallel memory modules, the memory
bandwidth would be 1. If there are some memory conflicts, such as having some incoming
packets assigned to same memory module, the memory bandwidth would be greater than 1
because there will be more than one memory-write cycles needed.

To study performance of memory-bandwidth for the switching system, a bursty traffic is
generated using a two state ON-OFF model, i.e., by alternating a geometrically distributed period
during which no arrivals occur (idle period), by a geometrically distributed period during which
arrivals occur (active period) in a Bernoulli fashion and vice versa as shown in FIG. 4. If pandr
characterize the duration of the active and idle period respectively, then the probability that the
active period lasts for i time slots is given by

P(i) =p(1-p)' fori > 1 Eq. (1)

and the corresponding average burst length is given by
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Eg[i]=1/p | Eq. (2)
Similarly, the probability that the idle period lasts for j time slots is given by

R()=r (1-1) forj>0 Eq. 3)

and corresponding the mean idle period is given by
Eifl=(1-1)/r Eq. 4)
Hence, for a given p and r, the offered load L is given by

L=EB[i]/(EB[i] + EI[j]) =t/ (t + p—r.p) Eq. (5)

The measurements of interest considered in this example are the offered load for a bursty
traffic of a given average burst length (ABL) and memory bandwidth of the memory modules
required to store incoming packets for switching purposes. The simulation experiments started
with empty memory modules and the incoming bursts of packet werel uniformly distributed to all
the outputs. The switch size considered for the sliding-Window switch for this example was 4x4
and 8x8 in order to have more a diverse result. Depending on the offered load, first a maximum
of 4x106 packets were generated for evaluation of the memory-bandwidth of the switch. Then a
number of generated packets was increased depending on the different switch sizes. Three
different types of bursty traffic were generated. The first bursty traffic had an average burst
length (ABL) of 8 packets, the second bursty traffic had an ABL of 16 packets, and the third
bursty traffic had an ABL of 32 packets, where for each scenario, the number of scan-length, s,
was 16 and the number of scan-planes, p, equals 2. Different numbers of memory modules (m)
are deployed for the example, e.g., first m = 6 modules (m = 2N - 2), second m = 8 modules (m =
2N), and the rest depends on the switch size.

The plot shown in FIG. 5 is the simulated average memory-bandwidth required versus
offered load using a parameter assignment scheme of the present invention and the three
different types of bursty traffic. In the simulation, it is seen that multiple packets stored in one
memory module required faster memory-write compared to line speed. It is possible that 3
packets (worst case) can be stored in one memory module shown in Table 1. As such, memory-
write speed has to be at least 3 times faster than the line speed so that 3 packets can be written in

one write cycle. The effect of different burstiness (8, 16, 32 packets) on average memory
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bandwidth required versus offered load is depicted when 8 memory modules deployed to the
sliding window switch in FIG. 6. It is also possible that 3 packets (worst case) can be stored in
one memory module shown in Table 2. That means memory-write speed has to be at least 3
times faster than the line speed so that 3 packets can be written in one write cycle. It is observed
that average memory bandwidth requirements in FIGS. 5 and 6 are almost the same up to 85 %
load. When the load is higher than 85 %, the average memory bandwidth differentiated in FIG.
6. This can be explained by the way packets are stored in parallel memory modules of the

switch.

Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Average Burst | packets stored | packets stored | packets stored | packets stored
Length in 1 memory in 1 memory | in 1 memory in 1 memory
module module module module
8 packets 78x10° 0 0 0
16 packets 7.7x 107 5x 107 0 0
32 packets 6.7x 107 2.5x 107 0 0
Table 1 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module at 100% load in
FIG. 5
Ratio of 2 Ratio of 3 Ratio of 4 Ratio of S
Average Burst | packets stored | packets stored | packets stored | packets stored
Length in 1 memory in 1 memory in 1 memory in 1 memory
module module module module
8 packets 12x 107 1x10° 0 0
16 packets 8.5x10” 2.5x 107 0 0
32 packets 6x 107 0 0 0

Table 2 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module at 100% load in
FIG. 6

Traffic with higher burstiness brings longer burst of packets all destined to same output
port. The self-routing parameter assignment scheme of the present invention (e.g., FIG. 2A)
assigns successive OSVs for successive packets of an output queue. Furthermore, the
assignment for parameter i for packets of an input cycle is such that they are allocated to
different memory modules. This causes the packets in longer bursts to be stored diagonally on a
two-dimensional scan-plane in the memory space of switching system. This is true with the

packets belonging the smaller bursts. However diagonal storage footprint will be much smaller
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than the traffic with higher burst length. The diagonal storage of packets can be done more
readily in parallel, requiring only one memory cycle. Hence, the traffic with higher burstiness
produces larger diagonal storage-footprints that mostly require only one memory cycle for
packets arriving in one cycle, and .hence requiring smaller average memory bandwidth.

Traffic with smaller burstiness has more occurrences of patterns that do not have
diagonal storage-footprints. This is because the smaller bursts of packets brought in successive
cycles are more likely to belong to different output-ports and many of which will be required to
be stored in the current OSV or near current OSV. This will cause assignment of multiple
packets arriving in the same cycle to acquire slots in the same memory module and thus
increasing the average memory-bandwidth for traffic with lower burstiness.

Simulation of average memory-bandwidth required versus offered load using a parameter
assignment scheme of the present disclosure (e.g., FIGS. 2B-2D) is shown in FIG. 7. The
average memory bandwidth of the sliding-window switch has decreased for different burstiness
using the parameter assignment scheme of the present invention (e.g., FIGS. 2B-2D). This is
due to the impact of pre-assigned (pre-occupied) memory modules and using them to minimize
the average memory bandwidth. Further, FIG. 7 shows both average memory-bandwidth
requirement and memory-write speed. It is experienced that 2 packets can be assigned in one
memory module in one input cycle shown in Table 3. The assignment of 2 packets in one

memory means memory-write speed has to be 2 times faster than the line speed.

Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Average Burst | packets stored | packets stored | packets stored | packets stored
Length in 1 memory in 1 memory in 1 memory in 1 memory
module module module module
8 packets 12x10° 0 0 0
16 packets 1.3x10° 0 0 0
32 packets 13x 107 0 0 0
Table 3 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module at 100% load in
FIG. 7

Higher average memory-bandwidth for traffic with lower burstiness is shown in FIG. 8,
where the number of memory modules is 8. Table 4 shows frequencies of multiple packets
stored in one memory module at 100 % load traffic using parameter assignment schemes of the

present invention (e.g., FIGS. 2B-2D).



10

15

20

WO 2006/026461 PCT/US2005/030466
17
Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Average Burst | packets stored | packets stored | packets stored | packets stored
Length in 1 memory in 1 memory in 1 memory in 1 memory
module module module module
8 packets 1.1x10” 0 0 0
16 packets 7.3x 10" 0 0 0
32 packets 5x 107 0 0 0

Table 4 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module at 100% load in
FIG. 8

The simulation of average memory-bandwidth required versus offered load using
parameter assignment scheme of the present invention (e.g., FIG. 3) is shown in FIG. 9. Table 5
shows that ffequencies of having multiple packets assigned in one memory module parameter
assignment scheme of the present invention (e.g., FIG. 3). It is experienced that 4 packets can be

assigned in one memory module in one input cycle shown in Table 5. The assignment of 4

packets in one memory requires 4 times faster memory-write speed than the line speed.

Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Average Burst | packets stored | packets stored | packets stored | packets stored
Length in 1 memory in 1 memory in 1 memory in 1 memory
module module module module
8 packets 1.13x 10" 1.6x 107 9.4x10* 0
16 packets 1.1x10" 1.2x 107 6.1x 10" 0
32 packets 8.4x 10" 7.9x 107 29x 10" 0

Table 5 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module at 100% load in
FIG.9

Example 2: Different Switch Size on Memory Bandwidth Requirement

In this example, parameter assignment scheme of the present invention (e.g., FIG. 2A) is
used to measure the effects of switch size on memory bandwidth performance of Parameter
Assignment Circuit. Switch sizes including 4x4, 8x8, 16x16, and 32x32 were used, where 8, 16,
32, and 64 memory modules (m = 2N) are deployed respectively to maximize full utilization.
Average burst length is set to 8 packets to observe the maximum number of memory conflicts (8
packets of average burst length has more memory conflicts than 16 and 32 packets of average
burst length). FIG. 10 shows that increase in switch size resulted in an increase of the memory
bandwidth requirement at higher load traffic. Table 6 shows that increase in switch size resulted

in an increase of frequency of assigning multiple packets in one memory module. However,
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write speed must be 3 times faster than the line speed in order to write 3 packets in one memory

module.
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Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Switch Size packets stored | packets stored | packets stored | packets stored
in 1 memory in 1 memory in 1 memory in 1 memory
module module module module

4x4 1.2x 107 1.3x10° 0 0
8x8 1.5x 107 8x10° 0 0
16x16 1.4x107 6.8x10° 0 0
32x32 1.2x 107 1.9x 10° 0 0

5 Table 6 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module at 100% load in
FIG. 10

Parameter assignment scheme of the present invention (e.g., FIGS. 2B-2D) was simulated

for 4x4, 8x8, 16x16, and 32x32 switch size, where 8, 16, 32, and 64 memory modules (m = 2N)

10 are deployed respectively to maximize full utilization. Average burst length is set to 8 packets to
observe the maximum number of memory conflicts (8 packets of average burst length has more
memory conflicts than 16 and 32 packets of average burst length). FIG. 11 shows that an
increase in switch size resulted in the reduction of the memory bandwidth requirement at higher

load traffic. Table 7 shows that an increase in switch size reduces the ﬁequency of assigning

15 multiple packets in one memory module. Increasing the switch size to 32x32 with 64 memory
modules has completely eliminated all memory conflicts. The average memory bandwidth

requirement becomes 1 which means all incoming packets in each input cycle are stored in one

memory-write cycle.

20

Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Switch Size packets stored | packets stored | packets stored | packets stored
in 1 memory in 1 memory in 1 memory in 1 memory
module module module module

4x4 1.1x 107 0 0 0
8x8 8.7x 107 0 0 0
16x16 2.7x10° 0 0 0
32x32 0 0 0 0

Table 7 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module at 100% load in

FIG. 11
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Parameter assignment scheme of the present invention (e.g., FIG. 3) was also simulated
for 4x4, 8x8, 16x16, and 32x32 switch size, where 8, 16, 32, and 64 memory modules (m = 2N)
are deployed respectively to maximize full utilization. Average burst length is set to 8 packets to
observe the maximum number of memory conflicts (8 packets of average burst length has more
memory conflicts than 16 and 32 packets of average burst length). FIG. 12 shows that an
increase in switch size results in an increase of the memory bandwidth requirement at higher
load traffic. Table 8 shows that increase in switch size result not only increased the frequency of
assigning multiple packets in one memory module but also increase in memory-write speed.
According to the Table 8, memory write speed must be 4 times faster than the line speed in order
to write 4 packets in one memory module when switch size is 4x4, 6 times faster than the line
speed in order to write 6 packets in one memory module when switch size is 8x8, 7 times faster
than the line speed in order to write 7 packets in one memory module when switch size is 16x16,
and 8 times faster than the line speed in order to write 8 packets in one memory module when

switch size is 32x32.

Ratio of
aglilztlstlstl:re d Switch Size Switch Size Switch Size Switch Size
pin | memory 4x4 8x8 © 16x16 32x32

module

2 packets 1.3x 10" 1.2x 10™ 1.1x 10 9.9x 10™

3 packets 1.6x 107 1.6x 107 1.3x 107 9.5x 107

4 packets 9.3x 10™ 1.5x 107 1.2x 107 7.5x 107

5 packets 0 9.8x 107 8.4x 107 4.5x 10

6 packets 0 43x10° 53x10° 2.9x 10

7 packets 0 1.3x 107 5x 107 1.9x 107

8 packets 0 0 0 1.9x 107

9 packets 0 0 0 2.1x 107

Table 8 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module at 100% load in
FIG. 11

As seen in Table 8, the larger switch size generates more packets, which increases the

probability of assigning multiple packets in one memory module.
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Example 3: Effect of the Number of Packet Locations, s, on Switch Performance

Parameter assignment schemes of the present invention (e.g., FIGS. 2B-2D) are used to
measure the effects of the number of memory locations and different offered load on average
memory bandwidth performances of a PAC.

The scheme is simulated where the switch size is set to 4x4 and where 8§ memory
modules (m = 2N) are deployed to maximize full utilization. The average burst length is set to 8
packets to observe the maximum number of memory conflicts (8 packets of average burst length
has more memory conflicts than 16 and 32 packets of average burst length), load offered were 90
%, 95 %, and 100 % because these load values give us the worst 3 cases. Simulation started with
s = 16 and doubled at each iteration to reach 4096 locations in each memory modules. FIG. 13
shows that the average memory bandwidth requirement is a maximum when the traffic load =
100 % and s = 256. The average memory bandwidth requirement is 1 when traffic load = 90 %
and s = 256, when traffic load = 95 % and s = 512, and when traffic load = 100 % and s = 4096.

Table 9 shows that memory-write speed can be a maximum of 2 times faster than the line
speed in order to write 2 packets in one memory module when the traffic load = 100 % and s =
256. However, if there is load is more balanced, traffic load can be adjusted. For example, a 90
% memory-write speed could be the same as line speed when the traffic = 90 % and s = 256
because there is no memory conflict at 90 % traffic load aﬁd s =256, as shown in the first row in

Table 9.

_ Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Offered Load at | packets stored | packets stored | packets stored | packets stored
5§=256 in 1 memory in 1 memory in 1 memory in 1 memory
module module module module
90% 0 0 0 0
95% 1.3x10° 0 0 0
100% 2.8x 107 0 0 0

Table 9 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module s = 256 in FIG. 13

The larger the value for s, the larger the queue size for each output-port. Memory
conflicts occur mostly when all the output queues are greater than s because when the number of
packets in each queue exceeds the s, two packets will be stored in the current OSV whose queues
are greater than s. Therefore, the number of available slot will decrease one or two depending on
the switch size. Memory conflicts will occur when there is small number of available slot in the
current OSV. In instances where the number of available slot is one, the incoming packet will be

stored in that available slot in that OSV leaving no deciding mechanism. The number packets at
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each queue can reach up to 256 rapidly when sigma is 256, which has the maximum average
memory bandwidth requirement, as shown in FIG. 14. The high value for s will increase the
queue for each output-port. The probability of having more than the number of s (s is greater
than 256) packets on the each queue is going to be declined until s = 4096. When s = 2048, there
is still small amount of packet loss indicating some of the output queues can reach the 4096
packets at 100 % load having average 8 packets burst length shown in FIG. 15. The packet loss
ratio is zero and the average memory bandwidth requirement is 1 when s = 4096.

The parameter switching scheme of the present invention (e.g., FIGS. 2B-2D) is
simulated where the switch size is set to 8x8 and where 16 memory modules are deployed to
maximize full utilization. The average burst length is set to 8 packets to observe the maximum
number of memory, load offered were 90%, 95%, and 100% because these load values provides
the worst 3 cases. Simulation started with s = 16 and doubled each increment up to 4096
locations in each memory modules. FIG. 16 shows that average memory bandwidth requirement
is a maximum when the traffic load = 100% and s = 256. The average memory bandwidth
requirement is 1 when traffic load = 90% and s = 256, when traffic load = 95% and s = 512, and
when traffic load = 100% and s = 4096. Table 10 shows that memory-write speed must be a
maximum of 2 times faster than the line speed in order to write 2 packets in one memory module
when the traffic load = 100% and s = 256. The memory-write speed could be the same as the
line speed when the traffic at 90% and s = 256 because there is no memory conflict at 90%

traffic load and s = 256.

Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Offered Load at | packets stored | packets stored | packets stored | packets stored
5§=256 in 1 memory in 1 memory in 1 memory in 1 memory
module module module module
90% 0 0 0 0
95% 1.3x 10”7 0 0 0
100% 3.7x 10" 0 0 0

Table 10 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module s =256 in FIG. 15

FIG. 16 shows packet loss ratio versus s per memory module at 8x8 switch with 16
memory modules using i parameter assignment scheme of the present invention. There are
packet losses when s = 256 at all traffic load values. There is no packet losses when s = 512 for
90% and 95% traffic load, s = 4096 for 100% traffic load value. Packet loss ratio pattern of 8x8
switch is almost the same as the packet loss ratio pattern of 4x4 switch, where the packet loss

ratio is getting higher when switch size is increasing because of increase in number of packets
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correlated with each switch size. Therefore, the s value usually increases in order to keep certain
packet loss ratio.

Additionally, the parameter assigning scheme of the present invention is simulated where
the switch size is set to 16x16 and where 32 memory modules are deployed to maximize full
utilization. The average burst length is set to 8 packets to observe the maximum number of
memory. The load offered were 90%, 95%, and 100% because these load values provide the
worst three cases. Simulation started with s = 16 and doubled each increment up to 4096
locations in each memory modules. FIG. 17 shows that average memory bandwidth requirement
is at a maximum when the traffic load = 100% and s = 256. The average memory bandwidth
requirement is 1 when traffic load = 90% and all s values, when traffic load = 95% and s = 256,
and when traffic load = 100% and s = 4096. Table 11 shows that memory-write speed must be a_
maximum of 2 times faster than the line speed in order to write two packets in one memory
module when the traffic load = 100 % and s = 256. Memory-write speed could be the same as

line speed when the traffic load = 90%, 95% and s = 256 because there is no memory conflict at

90%, 95% traffic load and s = 256.

Ratio of 2 Ratio of 3 Ratio of 4 Ratio of 5
Offered Load at | packets stored | packets stored | packets stored | packets stored
=256 in 1 memory in 1 memory in 1 memory in 1 memory
module module module module
90% 0 0 0 0
95% 0 0 0 0
100% 1.2x 10” 0 0 0

Table 11 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module s = 256 in FIG. 17

It is observed that very similar phenomena occurs regarding the average memory
bandwidth requirement stabilizes to 1 at 100% load when s is 4096, shown FIG. 17. The only
difference between 8x8 and 16x16 switch sizes is that the average memory bandwidth is lower at
each s value when 16x16 switch size is dep]byed. The reason behind the phenomena is due to
more memory space and more possibilities to store all incoming packets in parallel, requiring
only one memory write cycle. However, the packet loss ratio is increasing while the switch size
is increasing (shown in FIG. 18) because the bigger switch size processes more packets than the
smaller switch size, causing queues at each output-port to build up rapidly. There is no packet
losses when s = 512 for 90% traffic load or s = 1024 for 95% traffic load value. It is observed

that there is small number of packet losses when the s is 4096 (FIG. 19). However, the memory
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bandwidth requirement stabilizes to 1 (all incoming packets are stored in different memory
modules at the given memory cycle) because a very small number of output queue can exceed
the s (4096). There will be enough memory slots to store all the incoming packets in different

memory modules will decreases the memory bandwidth requirement to 1.

Example 4: Effects of the Number of Scan Planes on Switch Performance

In order to measure effects of a number of scan-planes on memory bandwidth
requirement of parameter assignment circuit, the total capacity of global shared memory has to
be same amount using the parameter assignment schemes of the present invention. In one
example, the parameter assignment scheme (e.g., FIG. 2A) is simulated on 16x16 switch where
scan-plane = 2, number of memory modules m = 32, number of memory locations per memory

module s = 128, and an average burst length = 8 packets. In simulation, the number of memory

‘locations per memory module can be half of previous s size, e.g., from 128 to 64, from 64 to 32,

from 32 to 16, while the number of scan planes is doubling from 2 to 4, from 4 to 8, from 8 to 16
respectfully.

FIG. 20 shows that average memory bandwidth requirement declined from 1.45 to 1.
The number of scan-planes are also increased because of the increase in the number of memory
modules caused by the increase in the number of scan-planes. This increase will give enough
number of consecutive parallel memory modules that reduce frequency of multiple packets
stored in a one memory module. Table 12 shows that memory-write speed must be a maximum
of 3 times faster than the line speed in order to write 3 packets in one memory module when
scan-planes = 2, number of memory module m = 32, s = 128 at traffic load = 100%. Memory-
write speed must be a maximum of 2 times faster than the line speed in order to write 2 packets
in one memory module when scan-planes = 4, number of memory module m = 64, s = 64 at

traffic load = 100%. Memory-write speed can be the same line speed for scan-planes number of

Table 12 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module s = 256 in FIG. 20

. 8and 16.
Ratio of 2 Ratio of 3 Ratio of 4
Number of SP | packets stored | packets stored | packets stored
at 100% Load in 1 memory in 1 memory in 1 memory
module module module

2 4.9x 107 7.1x 107 0

4 2.1x10* 0 0

8 0 0 0

16 0 0 0
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Parameter assignment scheme (e.g., FIGS. 2B-2D) is simulated on 16x16 switch where
scan-plane = 2, the number of memory modules m = 32, the number of memory locations per
memory module s = 128, and an average burst length= 8 packets. In simulation, the number of
memory locations per memory module has to be half of previous s size, while number of scan-
planes is doubling. FIG. 21 shows that average memory bandwidth requirement is declined from
1.00014 to 1. The number of scan-planes are also increased because of the increase in the
number of memory modules caused by the increase in the number of scan-planes. This increase
will give enough number of consecutive parallel memory modules that reduce frequency of
multiple packets stored in a one memory module. Table 13 shows that memory-write speed
must be a maximum of 2 times faster than the line speed in order to write 2 packets in one
memory module when scan-planes = 2, number of memory module m = 32, s = 128 at traffic
load = 100%. The memory-write speed can be the same line speed for scan-planes number of 4,

8, and 16.

Ratio of 2 Ratio of 3 Ratio of 4
Number of SP packets stored | packets stored | packets stored
at 100% Load in 1 memory in 1 memory in 1 memory
module module module

2 8.5x10° 0 0

4 0 0 0

8 0 0 0

16 0 0 0

Table 13 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module s = 256 in FIG. 21

Parameter assignment scheme (e.g., FIG. 3) is simulated on 16x16 switch where scan-
plane = 2, the number of memory modules m = 32, the number of memory locations per memory
module s = 128, and average burst length= 8 packets. FIG. 22 show that the average memory
bandwidth requirement is decreasing significantly, while number of scan-planes are increasing
because of the increase in number of scan-planes results lower probability (due to increase in
number of memory modules) that multiple packets stored in one memory module using queue-
based scheme. Table 14 shows that a memory-write speed must be maximum 9 times faster than

the line speed in order to write 9 packets in one memory module when scan-planes = 2.
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Ratio of multiple packets in one memory module
Number of _ _ _ _
. p =2 scan p =4 scan p = 8 scan p =16 scan
Packets in one
Memor planes at planes at planes at planes at
y 100% load 100% load 100% load 100% load
Module
2 1.6x 107 1.1x 107 5.6 x 107 2.6x107
3 42x107 1.2x 107 2.6x 107 48x 10™
4 93x 107 1.2x 103 1x10* 1.3x 107
5 1.8x 107 9.6x 10° 8.1x107 1.9x 10
6 3.1x 10" 7.7 x 107 1.9x 107 0
7 4.6x107 3.8x 107 0 0
8 6x10° 6.3x 10° 0 0
9 1.2x10° 0 0 0
10 0 0 0 0

Table 14 - Worst Case Scenario of Multiple Packets Assigned to the Same Memory Module s = 256 in FIG. 22

The above simulations show that for the parameter searching schemes of the present
invention, doubling the number of scan-planes from 2 (number of memory module m = 32, s =
128) to 4 (number of memory module m = 64, s = 64) resulted in reduce memory-write speed
requirement from 9 times to 8 times faster than line speed to write 8 packets in one memory
module. Increasing the number of scan-planes from 4 (number of memory module m = 64, s =
64) to 8 (number of memory module m = 128, s = 32) reduces the memory-write speed
requirement to 6 times faster than line speed in order to write 6 packets in one memory module
Additionally, increasing the scan-planes from 8 (number of memory module m = 101 128, s =
32) to 16 (number of memory module m = 256, s = 16) decreases the memory write speed to 5
times faster than line speed. The total memory spaces used for all different scan-planes are equal
(4096-packet) for these simulations. As a result, an increase in scan planes for an equal memory
spaces significantly reduces both average memory bandwidth requirement and memory-write

speed requirement for all parameter assigning schemes.
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All of the methods disclosed and claimed herein can be made and executed without
undue experimentation in light of the present disclosure. While the compositions and methods of
this invention have been described in terms of preferred embodiments, it will be apparent to
those of skill in the art that variations may be applied to the methods and in the steps or in the

sequence of steps of the method described herein without departing from the concept, spirit and
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scope of the invention. More specifically, it will be apparent that certain compositions which are
chemically related may be substituted for the compositions described herein while the same or
similar results would be achieved. All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit, scope and concept of the invention as

defined by the appended claims.
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CLAIMS

1. A method for assigning a memory module to an incoming packet, comprising:
(a) receiving the incoming packet;
(b) modifying a parameter in a MOD m fashion to obtain a memory location for the
~ incoming packet, where m is the number of memory modules;
(c) using an array to determine if the memory location for the incoming packet is
available; and
(d) assigning the memory location to the incoming packet if the memory location is

available.

2. The method of claim 1, where the parameter comprises a value representing a memory

module assigned to a previous incoming packet.
3. The method of claim 1, where if the memory location is not available, repeating step (b).

4. The method of claim 1, further comprising updating the array when the memory location is

assigned to the incoming packet.

5. The method of claim 4, further comprising updating the array when the incoming packet is

removed during an output from the memory location.

6. A computer program, comprising computer or machine readable program elements

translatable for implementing the method of claim 1.

7. A method for assigning a memory module to an incoming packet, comprising:
(a) setting a first and second counter value to zero;
(b) modifying a parameter in a MOD m fashion to obtain a memory location of a memory
module for the incoming packet, where m is the number of memory module;

(¢) using a scan table to determine if the memory location is available, and

where if the memory location is not available,
(d) incrementing the second counter;

(e) modifying the parameter in a MOD m fashion until a memory module is available;



10

15

20

25

30

WO 2006/026461 PCT/US2005/030466
32
() setting a value associated with the available memory module to the first counter; and

(g) assigning the memory module to the incoming packet.

8. The method of claim 7, where the first counter determines a first available memory module if

all memory modules are not available.

9. The method of claim 7, further comprising determining if the available memory module is

pre-assigned by previous incoming packets prior to step (e).

10. The method of claim 9, where if the memory module is pre-assigned, determining if the

value of the second counter is m.

11. The method of claim 10, where if the value of the second counter is less than m, repeating

step (e).

12. The method of claim 7, where the MOD m operation comprises a counter counting up to m.

13. A computer program, comprising computer or machine readable program elements

translatable for implementing the method of claim 7.

14. A method for assigning a memory module to an incoming packet, comprising:
initializing a plurality of queues;
determining available memory locations in all memory modules;
providing a corresponding parameter for each available memory locations to the plurality
of queues;
receiving an incoming packet; and
assigning a parameter to the incoming packet using one of the corresponding parameter

from the plurality of queues.

15. The method of claim 14, further comprising assigning a memory module designating a

location for the incoming packet.

16. A computer program, comprising computer or machine readable program elements

translatable for implementing the method of claim 14,
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17. A method comprising:
providing a scan table comprising a plurality of values;
providing an array for tracking assignment of memory modules for incoming packets;
for each memory modules, determining if the memory module is available and storing the
results in the array;
performing an operation on the values of the scan table and the array and providing the
results in a resultant array; and

using the resultant array to assign parameters to incoming packets.

18. The method of claim 17, where the step of performing the operation comprises a logical bit-

wise function.

19. A computer program, comprising computer or machine readable program elements

translatable for implementing the method of claim 17.

20. A system comprising:
a scan table comprising a plurality of values;
an array couple to the scan table, the array storing values identifying availability of
memory locations of memory modules;
a logic element for performing an operation on the values of the scan table and the array;
a resultant array for storing results from the logic element; and
an assigning unit for assigning parameters to incoming packet based on the resultant

array.
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