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(57) ABSTRACT 
ANetWork Processor includes a Fat Pipe Port and a memory 
sub-system that provides sufficient data to satisfy the Band 
Width requirements of the Fat Pipe Port. The memory 
subsystem includes a plurality of DDR DRAMs controlled 
so that data is extracted from one DDR DRAM or simulta 
neously from a plurality of the DDR DRAMs. By control 
ling the DDR DRAMs so that the outputs provide data 
serially or in parallel, the data Bandwidth is adjustable over 
a Wide range. Similarly, data is Written serially into one DDR 
DRAM or simultaneously into multiple DDR DRAMs. As a 
consequence buffers With data from the same frame are 

(21) Appl. No.: 09/990,840 Written into or read from different DDR DRAMs. 
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SYSTEM AND METHOD OF MAINTAINING HIGH 
BANDWIDTH REQUIREMENT OF A DATA PIPE 

FROM LOW BANDWIDTH MEMORIES 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] The present application claims priority of the Pro 
visional Application (RAL920000112US1) ?led on Nov. 29, 
2000, serial no. 60/253,869. 

[0002] The present application relates to the following 
Patent Applications, assigned to the Assignee of the present 
invention, incorporated herein by reference: 

[0003] Patent Application Ser. No. 09/384,691, ?led Aug. 
27, 1999, by Brian M. Bass et al., entitled “Network 
Processor Processing Complex Methods”; 

[0004] Patent Application Ser. No. 09/384,744, ?led Aug. 
27, 1999, by Brian M. Bass et al., entitled “Network 
Processor, Memory OrganiZation and Methods”. 

BACKGROUND OF THE INVENTION 

[0005] 1. Field of the Invention 

[0006] The present invention relates to communications 
network in general and in particular to devices used to 
transport large amounts of data in said networks. 

[0007] 2. Prior Art 

[0008] The use of network devices such as switches, 
bridges, computers, networks processors etc., for transfer 
ring information within communications network is well 
known in the prior art. One of the requirements placed on 
these devices is the need for them to transport large volumes 
of data often referred to as bandwidth. 

[0009] To meet the high bandwidth requirement the 
devices are provided with Fat Pipes. A Fat Pipe is a channel 
with high bandwidth which transmits large amounts of data. 

[0010] In order to provide Fat Pipes with ample supply of 
data, high speed storage sub-systems are required. High 
speed storage systems such as Static Random Access Memo 
ries (SRAM) etc., can be used. But these memories are 
expensive and as a result increase the price of the devices in 
which they are used. 

[0011] In addition to being expensive, the prior art high 
speed memories are low density. That is they can only store 
a limited amount of data. However, most applications espe 
cially those related to internet and other technologies require 
high density memories. A high density memory is one that 
is able to store and provide a large amount of data. As a 
consequence even the prior art high speed memories are not 
suitable for many applications. 

[0012] In view of the above there is a need for high speed 
memories that are low cost and have high densities. As used 
in this document high speed memories have large Band 
width (BW) providing large amounts of data in a relatively 
short time interval. 

SUMMARY OF THE INVENTION 

[0013] The invention stores (writes) data across multiple 
memory banks or slices and retrieves (reads) the stored data 
across the multiple memory banks. Preferably, the write/read 
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activities are done simultaneously on different memory 
banks or slices. In addition, consecutive sectors of the same 
frame are spread over different memory slices which 
improves the effectiveness of the device (network processor) 
to handle long frames. 

[0014] The apparatus and method according to the teach 
ings of the present invention includes an arbiter accepting 
memory access requests for a plurality of separate memories 
from different entities. The arbiter prioritiZes the requests 
and grants the highest priority to the transmitter controller 
entity, servicing a fat pipe port. As used herein a fat pipe is 
a high bandwidth port delivering data at a bandwidth greater 
than 10 Gbps. Even though the data bandwidth of each one 
of the plurality of separate memories is less than the band 
width of the fat pipe port, the arbiter for each memory cycle 
causes data to be simultaneously read from different memo 
ries. As a consequence the total bandwidth of the read 
memories meets the bandwidth requirement of the Fat Pipe 
port. 

[0015] In one feature of the invention a frame to be stored 
in memory is partitioned into predetermined parts. The 
arbiter stores adjacent parts of the same frame in different 
memory elements. 

[0016] In another feature of the invention, memories that 
are not requested to be used by the transmitter controller is 
made available to other entities requesting memory use 
during a particular memory cycle. better understanding of 
the features and advantage of the present invention will be 
obtained by reference to the following detailed description 
and accompanying drawings which set forth an illustrative 
embodiment in which the principles of the inventions are 
used. 

[0017] Among the bene?ts and advantages of the present 
invention is that it allows relatively slow but high density 
memories, such as DRAMs, to be used in high speed 
applications without increasing the overall device cost as 
would have resulted if high speed low density memories 
were used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 shows a block diagram of a Network 
Processor (NP) including the teachings of the present inven 
tion. 

[0019] FIG. 2 shows a block diagram of the Data chip and 
memory sub-system according to the teachings of the 
present invention. 

[0020] FIG. 3 shows functional block diagram of the 
Arbiter. 

[0021] FIG. 4 shows functional details of the memory 
sub-system and interconnection to the Data Flow Chip. 

[0022] FIG. 5 shows graphical representation of segments 
of data frame being loaded and extracted from the memories. 

[0023] FIG. 6 shows a graphical representation of data 
writing interleaved with a frame being read from memory. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0024] FIG. 1 shows a block diagram of a network pro 
cessor in which the invention according to the teaching of 
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the present invention is embedded. Even though the present 
invention can be used in any technology in Which data has 
to be stored and transmitted With suf?cient BandWidth (BW) 
to support a FAT PIPE. As used herein a FAT Pipe is a high 
speed or high bandwidth data channel. It Works Well in the 
Network Processor environment and as such Will be 
described in this environment. HoWever, this should not be 
construed as a limitation on the scope of the present inven 
tion since it is Well Within the skill of one skilled in the art 
to make minor changes or no changes to adapt the teachings 
to other technologies. 

[0025] Still referring to FIG. 1, the NetWork Processor 
includes data How chips 10A, 10B, embedded processor 
complexes (EPC) 12A, 12B, scheduler chips 14A, 14B, data 
buffers 16A and 16B. The data How chip 10A, scheduler 
chip 14A, EPC chip 12A and data buffers 16A are coupled 
as shoWn in the ?gure and positioned on the left hand side 
of an imaginary aXis labelled AA. LikeWise, data How chip 
10B, EPC chip 12B, data buffers 16B, and scheduler chip 
14B are coupled as shoWn in the ?gure and positioned on the 
right hand side of imaginary line AA. As seen in FIG. 1, the 
right hand side of the netWork processor and the left hand 
side are symmetrical. Wrap channel 11 provides a transmis 
sion path from Data FloW Chip 10B to Data FloW Chip 10A. 

[0026] Still referring to FIG. 1 the left hand side of the 
netWork processor is referred to as the Ingress side Whereas 
the right hand side is referred to as the Egress side. Ingress 
bus 18 transports data at high speeds from a communication 
netWork not shoWn into data How chip 10A. The commu 
nications netWork could be a Local Area NetWork (LAN), 
public sWitch netWork (PSN), internet etc. These types of 
communication netWorks are Well knoWn and further dis 
cussion Will not be given. The output from data How chip 
10A is fed in cell siZe chunks over sWitch bus 20. A cross 
point sWitch such as the IBM PoWerPRS28.4G sWitching 
fabric (PRIZMA) (not shoWn) accepts data from sWitch bus 
20, processes the data and outputs the data on sWitch bus 21. 
A FAT pipe 22 is connected to a FAT port (not shoWn). The 
Data FloW chip 10B coacts With the data buffers 16B 
(discussed in more detail hereinafter) to provide high speed 
data to the FAT port of the netWork processor. From the FAT 
port high speed data is transmitted by the FAT pipe 22. 

[0027] Still referring to FIG. 1, When the netWork pro 
cessor is operatively coupled to a communications netWork 
the NetWork Processor functions as folloWs. An HDLC 
frame eXtracted from Sonet/SDH stream by framer device 
(not shoWn) is received on Ingress bus 18 of the Data FloW 
chip 10A. The data is Written into data buffers 16A, hereafter 
termed ingress data store memory. Once a complete frame 
has been Written into the data store memory the frame 
control block (FCB) is enqueued into one of the Embedded 
Processor Complex EPC queues (GFIFO) FIG. 2. The EPC 
chip reads out the frame pointers and processes the respec 
tive frame in one of its picoprocessors. As is described in 
patent application Ser. No. 09/384,691, incorporated herein 
by reference, the EPC has a plurality of picoprocessors, each 
one optimiZed to perform speci?c tasks. During frame 
processing EPC can issue requests for reading/Writing the 
appropriate parts of the frame (e.g. L2 and L3 headers) 
from/to the data store. After frame processing is completed, 
the EPC passes the frame conteXt to the data How chip Which 
enqueues frame into the queuing structure of the scheduler 
chip 14A. The scheduler in the scheduler chip selects the 
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frame from appropriate queue for transmission, Which 
means that the corresponding frame pointer is passed to the 
data How chip. The transmitted frame is read out from the 
ingress data buffer and it is transmitted on the sWitch 
interface in the form of PRIZMA, a crosspoint sWitch 
marketed by IBM® Corporation, cells. 

[0028] Still referring to FIG. 1, in the Egress direction 
PRIZMA cells are received from the SWitch bus 21 and the 
frame is reassembled in the Egress data buffers 16B. After 
receiving a complete frame, the frame pointer is enqueued 
for processing in EPC queues. Egress EPC 12B retrieves the 
frame conteXt from the data How chip and processes a frame 
header in the picoprocessor. The results of the processing of 
the frame conteXt is passed to the data How chip. Data ?oW 
chip enqueues the frame in appropriate queue of the sched 
uler 14B. The scheduler selects the frame to be transmitted 
and this is then read out from the data buffers 16B and 
transmitted online from the interface of the data How chip. 

[0029] FIG. 2 shoWs a block diagram of the data How 
chip. It should be noted that the components in FIG. 1 Which 
are labelled With the same numeral are identical. The 
description of one is intended to cover the description of the 
other having like numeral. To this end data How chip 10A 
and 10B are identical. As a consequence, the Data FloW Chip 
can be used on either the Ingress side or the Egress side of 
the netWork processor. Therefore, in FIG. 2 the In Bus and 
Out Bus are termed data-in and data-out. If the data How 
chip is on the Ingress side of the netWork processor, data-in 
Would be line data on ingress bus 18 Whereas data-out Would 
be cell siZe pieces of information outputted on the sWitch bus 
20. If the data How chip is used as 10B on the Egress side 
of the netWork processor, then data-in Would be the cell siZe 
pieces of information received on sWitch bus 21 Whereas the 
data-out Would be the high speed data received from the FAT 
port onto FAT pipe 22. Depending on the bandWidth of the 
FAT pipe an additional port could be connected to the Data 
FloW Chip. 

[0030] In order to meet this multiplicity of use the data 
How chip can be con?gured into line mode or sWitch mode. 
The mode con?guration depends on Whether it is in the 
Ingress part of the netWork processor or the Egress part. The 
chip is uni-directional. The main function of the chip is data 
How including buffer management. The functional charac 
teristic may be summariZed as folloWs: 

[0031] Receiving frame from line/sWitch interface 
(10 Gbps/14.3 Gbps) and Writing frame data into 
data store memory 

[0032] Transmitting frame on sWitch/line interface 
(14.3 Gbps/ 10 Gbps); please note that the frames are 
transmitted on sWitch interface in form of PRIZMA 
cells. 

[0033] Providing R/W accesses to data store for EPC 
in order to alloW IP header processing including 
frame modi?cation 

[0034] Providing the loop for data and control traf?c 
from DataFloW_egress to DataFloW_ingress by 
means of WRAP interface 

[0035] Performing all buffer management functions 
including buffer acceptance based on RED, WRED 
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((W)RED drop probabilities may be calculated on 
chip, Without EPC intervention) and SRED. 

[0036] Performing accounting of buffer ?lling level 
on per target blade (port) and per priority basis and 
transferring this information on sWitch interface 

[0037] Performing frame alteration commands 
encoded in frame context and issued by EPC frame 
processing 

[0038] Relaying messages betWeen EPC chip and 
Scheduler chip 

[0039] Supporting buffer siZe up to 2M cells and up 
to 512k frames 

[0040] Still referring to FIG. 2, the data How chip includes 
memory arbiter 24, receive controller 26, EPC interface 
controller 28, transmitter controller 30, scheduler interface 
controller 32, buffer acceptance and accounting 34, buffers, 
arbiters, a plurality of DDR DRAMs (Slice O-Slice N) and 
associated DRAM controllers. The name components are 
operatively coupled as shoWn in FIG. 2. The memory arbiter 
24 receives Write commands on the conductor labelled 
W-request, read (R) commands on the conductor labelled 
R-request from the transmitter controller and read/Write 
(R/W) request from the EPC interface controller on the 
conductor labelled R/W_request. The memory arbiter pri 
oritiZes the requests and provides access through DRAM 
controller O-N to DDR DRAM memories labelled slice O-N. 
In one embodiment of the present invention N Was made 
equal to 5. As a consequence, the memory in this particular 
embodiment had siX DDR DRAMs over Which successive 
buffers of a frame are spread. While never using the same 
DDR DRAM for tWo consecutive buffers. In particular the 
portion of the memory occupied by each buffer is termed a 
Slice. Thus, buffer 0 is stored in Slice 0 of one DDR DRAM, 
buffer 1 is stored in Slice 1 of another DDR DRAM, buffer 
2 is stored into Slice 2 another DDR DRAM and so forth. It 
should be noted that any number of DDR DRAMs can be 
used Without departing from the teachings of the present 
invention. 

[0041] Referring to FIG. 1 for the moment, data buffers 
16A and 16B are high speed buffers. In the implementation 
in FIG. 2 these high speed data buffers are provided from 
DDR DRAMs con?gured and managed in accordance With 
the teachings of the present invention. In particular, data in 
consecutive buffers are Written into or read from blocks, 
termed Slices O-N, in different memories. One of the func 
tions of the memory arbiter is to move data from these 
memories so that the BandWidth data-out at the FAT pipe 
port is approximately 10 gigabits per second. Other func 
tions of the arbiter include placing data from consecutive 
buffers over different data store memories. 

[0042] Turning again to FIG. 2, the data How chip further 
includes scheduler interface controller 32 Which is opera 
tively coupled to the transmitter control 30 and buffer 
acceptance and accounting 34. Three QDR SRAMs labelled 
G-FIFO, TP/T B and BCB lists provide control information 
Which is used by the memory arbiter and the transmitter 
controller. More than one device requires access to the 
TP/TB QDR SRAM and the BCB lists QDR SRAM. The 
FCB arbiter is coupled to provide access to TP/T B QDR 
SRAM and BCD arbiter provides access to the BCB lists 
QDR SRAM. 
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[0043] The G-FIFO QDR SRAM stores a linked list data 
structure that maintains a queue of frames aWaiting dispatch 
to the EPC 12A/12B. When the Receiver Controller 26 
completes reception of a frame from the Ingress Bus 18 or 
SWitch Bus 21, it performs a Write to the G-FIFO QDR 
SRAM to enqueue a frame on the tail of the queue. The EPC 
Interface Controller 28 performs a read of the G-FIFO QDR 
SRAM to dequeue a frame from the head of the queue for 
transmission to the EPC 12A/12B. 

[0044] The TP/TB QDR SRAM stores linked list data 
structures that maintain queues of frames aWaiting transmis 
sion by the Transmitter Controller 30. When the EPC 
12A/12B or Scheduler 14B/16A enqueues a frame for trans 
mission, the EPC Interface Controller 28 Writes the TP/T B 
QDR SRAM to enqueue the frame to the tail of the appro 
priate Target Port (TP) or Target Blade (TB) queue. The 
Transmitter Controller 30 performs a read of the TP/TB 
QDR SRAM to dequeue a frame from the head of a TP or 
TB queue for transmission via Fat Pipe 22 or SWitch Bus 20. 

[0045] The BCB Lists QDR SRAM stores linked list data 
structures that form chains of buffer addresses. Buffers are 
chained for tWo purposes: First, buffers that contain frame 
data are linked together into buffer lists that form frames. 
Secondly, buffers Which are not currently used to store data 
for a frame are queued in a linked list of free buffers. The 
Memory Arbiter 24 reads the BCB Lists QDR SRAM to 
obtain the address of free buffers from the head of the free 
queue list. When a frame arrives (via Ingress Bus 18 or 
SWitch Bus 21), the Receiver Controller 26 requests one or 
more free buffer addresses as required per the siZe of the 
frame from the Memory Arbiter 24. The Receiver Controller 
26 then uses the buffer addresses as the location in the DDR 
DRAM Where the frame data is Written. The Receiver 
Controller 26 also Writes the BCB Lists QDR SRAM to 
record the linked list of buffers that form the frame. Upon 
frame transmission, the Transmitter Controller 30 reads the 
BCB Lists QDR SRAM to obtain the linked list of buffer 
addresses Where the frame data is stored. It then reads the 
frame data from the buffer addresses DDR DRAM and 
transmits the frame via the Fat Pipe 22 or SWitch Bus 20. As 
frame data is read from the buffers in DDR DRAM, the 
Transmitter Controller 30 Writes the corresponding buffer 
addresses to the tail of the free queue linked list stored in the 
BCB lists QDR. When a free buffer address reaches the head 
of the free queue linked list, the cycle repeats as the buffer 
address becomes available to be used again by the Memory 
Arbiter 24. 

[0046] Still referring to FIG. 2, the EPC interface con 
troller interfaces With the EPC interface. The EPC interface 
is the interface into the EPC (detail of Which is described in 
the aboveidenti?ed application). Also, the scheduler inter 
face (in) controller 32 interfaces With the scheduler inter 
face. The scheduler interface is input into the scheduler chip 
(FIG. 1). It should be noted that the function identi?ed on 
the lines interconnecting the functional block in the data 
How chip are the functions generated by the block from 
Which the line originates. By Way of eXample, buffer control 
block (BCB) and frame control block (FCB) are released 
When appropriate signals are generated and outputted from 
the transmitter controller on the lines labelled release/chain 
BCB and FCB. LikeWise, for chaining buffers in the TP/T B 
QDR SRAM a signal is generated by the EPC interface 
controller and outputted on the line labelled lease/chain 
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FCB. This signal Would cause identi?ed buffers to be 
chained in the TP/T B SRAM. 

[0047] FIG. 3 shows a functional block diagram of the 
memory arbiter. One of the functions of the memory arbiter 
is to provide access to memory store slice 0 through slice N. 
In FIG. 3 N=5, but in general N can be any value selected 
by the designer and in no Way limit the scope of the 
invention. For continuity and simplicity, elements in FIG. 3 
that are common With elements in other ?gures are identi?ed 
by the same numeral. The memory arbiter includes a bus 
structure 32 interconnecting the memory slices, receiver 
controller 26, EPC controller 28 and transmitter controller 
30. An arbiter controller 38 generates access vector 36 that 
are used to access slices of the memory. The access vector 

format includes a command (read/Write) per slice: an 
address of the bank that the command is to be eXecuted in. 
The arbiter controller 38 may be designed as hardWare logic, 
picoprocessor running picocode or state machine. The logic 
necessary to design the arbiter controller in hardWare pico 
code or state machine is set forth beloW. 

[0048] Still referring to FIG. 3, the arbiter controller 34 
collects read/Write requests from transmitter controller 30, 
receiver controller 26, and EPC controller 28 and schedules 
access toWards individual memory store slices. The type of 
requests and structure of the requests from each of the 
named requesters are shoWn by arroWs in FIG. 3. As Will be 
discussed in detail beloW, the data store memory is orga 
niZed in units of 64 bytes (equal buffers). Frame data are 
then Written into different buffers sprayed over different 
slices in order to maximize use of memory BandWidth 

(BW). 
[0049] In particular, receiver controller (FIG. 3) receives 
data from incoming data interfaces and issues Write requests 
in order to Write receive data into individual buffers of the 
memory store. Similarly, transmitter controller 30 issues 
read requests in order to transmit selected frame on outgoing 
interface. Receiver and transmitter controllers are tWo func 
tional blocks Whose functionally are determined by mode of 
operation of the data How chip. These modes of operation 
can be line mode or sWitch mode. In line mode con?guration 
receiver and transmitter controllers receive/transmit frames 
from/to line interface. In sWitch mode con?guration, 
receiver and transmitter controllers receive/transmit 
PRIZMA cells from/to the sWitch interface. Typically, in 
Ingress direction receiver controller shall be con?gured in 
line mode and transmitter controller in sWitch mode. Simi 
larly, in Egress direction receiver controller shall be con?g 
ured in sWitch mode and transmit controller in line mode. In 
addition, line/line and sWitch/sWitch con?gurations can be 
supported. 
[0050] Referring again to FIG. 2, the EPC controller 
terminates different messages from/to EPC and issues R/W 
requests to data store comprising of Slice 0 through Slice N. 
It also maintains track of frame Waiting before processing in 
the QDR SRAM labelled G-FIFO (FIG. 2). Buffer accep 
tance and accounting 34 is responsible for queue/discard 
decision on per frame basis. It also maintains queue ?lling 
level on Target Blade/Target Port (TB/T P) basis and pro 
vides this information (metering information) to the sWitch 
fabric and sWitch interface. The BCB and PCB memory 
arbiter provides scheduling of different access for link list 
operation such as chain/dechain FCB or BCB, lease/release 
FCB or BCB. 
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[0051] Referring again to FIGS. 2 and 3, the buffers for 
storing information are provided by DDR DRAM memories 
identi?ed as slice 0 through 5. As Will be described herein 
after, each memory slice has its oWn memory interface bus 
of 32 bits at 166 mHZ. Frame data is Written into the data 
buffer in chunks of 64 bits equal of buffer. Each buffer 
contains four Quad Words (QWs) corresponding to four 
banks of DRAM. Hence, one buffer equals 4 QW equals 
4><16 bytes of data. Each buffer of the data store memory is 
addressed by buffer control block address (BCBA). To each 
BCBA and hence each buffer in the data store corresponds 
one BCB entry in the BCB memory (QDR SRAM) contain 
ing all information related to data in that particular buffer 
and chaining pointer for folloWing buffer in the frame (or 
free BCB queue). The access WindoW (read or Write of 64 
bytes) on DDR-DRAM interface consumes 11 cycles, Which 
means that aggregate throughput of one slice is about 7.75 
Gbps. In order to provide support of 10 Gbps on the FAT 
pipe port or 14.3 Gbps on sWitch interface, the arbiter 
controller, in the arbiter, accesses multiple slices of memory 
simultaneously. As a consequence, the Writing algorithm has 
to spray (i.e. Write) buffers belonging to one frame over all 
slices in order to prevent collision and starving of the FAT 
pipe port. LikeWise, data is read simultaneously from mul 
tiple slices of data. 

[0052] As stated above the memory arbiter controls the 
access to individual slices of data memory. Baseline of such 
arbitration algorithm is as folloWs: 

[0053] R/W access to one slice does not have to be 
interleaved, in other Words there can be multiple sub 
sequent R or W access to one slice. 

[0054] R requests from transmitter controller have the 
highest priority; 1, 2 or 3 slices can be read at the same 
time simultaneously. 

[0055] W accesses from receive controller have the 
second priority. One or tWo W requests can be granted 
at the same access WindoW, obviously to different 
memory slices. The individual buffers belonging to one 
frame are sprayed over different memory slices. In 
essence adjoining parts of the same frame cannot be 
sprayed or Written in the same memory slice. Instead, 
adjoining parts are Written in different memory slices. 

[0056] R/W requests from the EPC controller ?lls remain 
ing opportunities Within the access WindoW to memory slice 
as Well as complementing R and W access of transmitter and 
receiver at QW level. It should be noted that a QW is 16 
bytes of data. 

[0057] Still referring to FIG. 3, the main goal of the 
arbitration is to maintain an effective load of all memory 
slice interfaces as there is no room for idle cycles. The 
memory arbitration Works in an 11-cycle WindoW (one 
cycle=6 nanoseconds). At the start of the access WindoW 
memory arbiter receives the folloWing input requests to be 
scheduled in neXt WindoW: 

[0058] Transmitter requests are represented by the 
arroWs shoWn in FIG. 3. Each request includes the 
BCB address (BCBA) of the buffer to be read; RF ?ag 
indicating if the buffer can be released and Quad Word 
(QW) mask complementing each BCB address. The 
QW mask indicates Which QWs Within this buffer must 
be effectively read. The unread QWs are used by the 
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memory arbiter to complement access requests from 
EPC. There can be 0, 1, 2 or 3 requests from the 
transmitter controller in one WindoW. 

[0059] Receiver requests are characterized by slice 
exclusion masks and tWo QW masks. TWo QW masks 
indirectly indicate hoW many buffers need to be located 
per request. For example, if one of the QW masks is 
‘0000’ it means only one buffer shall be allocated and 
Which memory buffer QWs should be used in different 
buffers. Unused QWs shall be used by memory arbiter 
during complementation of the Write request from EPC 
controller. The receiver controller is permitted to issue 
0, 1 or 2 requests in one WindoW. 

[0060] EPC requests are represented by queues per 
slice, per action and per QW. The memory arbiter 
assigns all remaining slices based on Weight of indi 
vidual QW requests. This Weight is proportional to age 
of the QW request expressed by 6-bit value. Moreover, 
memory arbiter can complement accesses of transmit 
ter and receiver by reading corresponding QW access 
requests from EPC request queueing system. 

[0061] In summary, any memory space that is not used by 
the transmitter controller or the receive controller during 
their respective access WindoW is given to the EPC. This 
technique ensures that all memory spaces are used during an 
access WindoW. 

[0062] Still referring to FIG. 3, the arbiter controller 38 
performs the folloWing algorithm in order to construct buffer 
memory access vector for the next WindoW: 

[0063] Exclude slices scheduled for re-fresh cycle 
(indicated by each DRAM controller) 

[0064] Assign slices for all R requests of Transmitter 
controller 

[0065] Complement R-accesses from corresponding 
EPC queue [Slice;QW] 

[0066] Assign slice to EPC for globally W excluded 
slices (e.g. slice is excluded by all slice exclusion 
rules from Receiver) 

[0067] Assign slices to W requests in RR fashion 
betWeen non-excluded slices starting from last 
assigned slice (slice assigned to Receiver Controller 
in previous WindoW) 

[0068] Complement W-accesses by EPC accesses 
from corresponding EPC queue [Slice;QW] 

[0069] Assign slice to EPC requests according to 
priority expressed by Weight 

[0070] Besides creating the access vector, Memory 
Arbiter has to perform also other functions such as: 

[0071] 
[0072] assign re-fresh cycles for each of the memory 

slices on regular basis (simulations have proved that 
it shall be necessary to spread refresh cycles of the 
individual slices over 118 WindoWs) 

[0073] The output of the Memory Arbiter Within each 
WindoW is then as folloWs: 

assign BCBA for every Receiver request 

[0074] Access vector containing action per slice and 
address per QW 
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[0075] BCBA assigned for Receiver requests on per 
request basis 

[0076] Data retrieved from data store memory for 
previously granted Transmitter requests 

[0077] Con?rmation on performed EPC requests to 
EPC controller 

[0078] Still referring to FIG. 3, the Receiver Controller 26 
receives frames from an external bus interface and Writes 
them into buffers in DDR DRAM. The external bus interface 
can be Ingress Bus 18 for ingress Data?oW 10A or SWitch 
Bus 21 for egress Data?oW 10B, The Receiver Controller 26 
issues requests to the Memory Arbiter 24 for addresses of 
free buffers in the DDR DRAM Where the frame data can be 
Written. The Memory Arbiter 24 responds With the requested 
free buffer addresses, and the Receiver Controller 26 Writes 
the frame data to the speci?ed buffer addresses in DDR 
DRAM. The Receiver Controller 26 also Writes the BCB 
lists QDR SRAM to record the linked list of buffers that 
form the frame. When the entire frame has been stored in 
buffers in DDR DRAM, the Receiver Controller 26 Writes 
the G-FIFO QDR SRAM to enqueue the frame onto the tail 
of the queue of frames aWaiting dispatch to the EPC 12A/ 
12B via the EPC Interface Controller 28. 

[0079] Still referring to FIG. 3, the Transmitter Controller 
30 reads frames from buffers in DDR DRAM and transmits 
them to an external bus interface Which can be the Fat Pipe 
22 for Data?oW 10B, or SWitch Bus 21 for ingress Data?oW 
10A. The TP/T B QDR SRAM stores linked list data struc 
tures that maintain queues of frames aWaiting transmission 
by the Transmitter Controller 30. When the EPC 12A/12B or 
Scheduler 14B/16A enqueues a frame for transmission, the 
EPC Interface Controller 28 Writes the TP/TB QDR SRAM 
to enqueue the 5 frame to the tail of the appropriate Target 
Port (TP) or Target Blade (TB) queue. The Transmitter 
Controller 30 performs a read of the TP/TB QDR SRAM to 
dequeue a frame from the head of a TP or TB queue. It then 
reads the BCB Lists QDR SRAM to obtain the linked list of 
buffer addresses that form the frame. The Transmitter Con 
troller 30 then reads the speci?ed buffer addresses in DDR 
DRAM and transmits the frame data via Fat Pipe 22 or 
SWitch Bus 20. As the data from each buffer is transmitted, 
the Transmitter Controller Writes the BCB Lists QDR 
SRAM to place the buffer on the tail of the free queue buffer 
list. 

[0080] FIG. 4 shoWs a functional representation of the 
data How chip and the data store that provides data to the 
FAT pipe port coupled to the bus labelled data-out. For 
brevity, elements in FIG. 4 that are identical to previously 
named elements are identi?ed by the same numeral. In light 
of this relationship receiver controller 26 (FIG. 2) is iden 
ti?ed by acronym SDM. LikeWise, EPC interface controller 
28 (FIG. 2) is identi?ed by acronym EPC and transmitter 
controller 30 (FIG. 2) is identi?ed by acronym PMM. 

[0081] As discussed previously, the SDM, EPC and PMM 
make requests to arbiter 24 Which provides access to the data 
store. The data store includes individual DDR DRAMs 
labelled slice 0 through slice N. Each slice is connected by 
dedicated bus to the data How chip. In particular, slice 0 is 
connected by bus 0‘. Slice 1 is connected by bus 1‘. Slice 2 
is connected by bus 2‘ and slice N is connected by bus N‘. 
It should be noted that N can be any value chosen by the 
designer. In FIG. 4 N is 4. 
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[0082] In one embodiment each of the buses 0‘ through N‘ 
are 32 bits Wide and operate at the speed of 166 mHZ. As a 
consequence, the throughput on each of the buses is approxi 
mately 7.75 5 Gbps. Each of the DDR DRAM such as slice 
0, slice 1, slice 2 or slice N are partitioned into a plurality of 
buffers. In FIG. 4 one of the buffers in each slice is shoWn 
and are labelled buffer 0“ 1“ and 2“. Each of the buffers span 
the four banks A through D that make up each slice of the 
data store. Each of the buffers 0“ through N“ are further 
divided into four smaller buffers labelled A‘ B‘ C‘ D‘ slice 0. 
Similar sub-partitions (not shoWn) are also used in the other 
slices of the data store. In one embodiment of the present 
invention the buffer 0“, 1“, etc. are 64 bytes Whereas the 
smaller buffers A‘ B‘ C‘ D‘ are sometimes referred to as QWs 
are 16 bytes. As is evident in the ?gure, buffer 0‘ is made up 
of four QWs, each being 16 bytes in siZe. 

[0083] Still referring to FIG. 4, the SDM Writes data to 
memory buffers that has been received by the netWork 
processor. The PMM reads the data from memory that is to 
be transmitted by the FAT pipe port and the EPC accesses 
data in memory. The PMM is given highest priority When 
accessing memory folloWed by the SDM and ?nally the 
EPC. The arbiter 24 facilitates access to the data store based 
upon requests from the SDM, EPC and PMM. In particular 
the Arbiter 24 receives requests from the SDM, PMM and 
EPC, prioritiZes the requests and grants memory access 
based upon the stated priority bases. 

[0084] FIG. 5 is a graphical representation of the priority 
assigned to the SDM, EPC or PMM When accessing 
memory. The PMM is shoWn to have the highest priority 1, 
folloWed by SDM priority 2 and EPC priority 3. The priority 
are only exemplary and should not limit the scrope of the 
invention. The PMM reads buffers in any slice required. In 
FIG. 5 the PMM is reading a buffer in slice 1. If required, 
to satisfy the FAT port bandWidth, the PMM could also 
access, in parallel, all or any of the other slices such as slice 
1, slice 2 or slice 3. Simultaneously, With the PPM reading 
slice 1, SDM is Writing into slice 2 While EPC is reading 
from slice 0. Since each of the functional elements are 
accessing different slices in the memory, all of the named 
activities could occur in a single memory cycle. 

[0085] Still referring to FIG. 5, as data is received via the 
Bus In it is stored in a FIFO buffer (not shoWn). When 64 
bytes of data store memory are available one buffer (64 
bytes) is Written to a slice. In the preferred embodiment a 
round robin approach is used to Write consecutive buffers of 
the same frame by the SDM into different slices. This 
technique of spreading data across slices on a per-frame 
basis guarantees that tWo consecutive buffers from the same 
frame are stored in different slices Which in turn alloWs the 
PMM to ef?ciently read long frame from different memory 
slices. 

[0086] Still referring to FIG. 5, When the PMM requires 
access to memory, it requires a bandWidth of approximately 
10 Gbps. Any bandWidth less than the 10 Gbps (requirement 
of FAT pipe port) Would cause corruption of data during 
transmission. To ensure the FAT Pipe port does not underrun 
a FIFO buffer (not shoWn) With bandWidth greater than that 
of the FAT Pipe port, in one embodiment approximately 15.5 
Gbps, feeds the FAT port. To maintain the 10 Gbps band 
Width buffers are accessed in the data store and stored in the 
FIFO (not shoWn) at an average bandWidth of 10 Gbps. Each 
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slice has a bandWidth of 32 bits. Each slice interfaces into a 
64-bit bus (32-bit DDR physical interface to each memory, 
64-bit internal bus inside the netWork processor after demul 
tiplexing of the DDR bus). 

[0087] Multiple slices at a time can be accessed in parallel. 
The Transmit Controller (FIG. 2) decides the statistical 
distribution of data to be read from the FIFO supporting the 
FAT port. This statistical distribution also ensures the port 
bandWidth requirement of 10 Gbps is satis?ed. As stated 
previously, this implementation is possible based on the 
round robin (RR) technique used to guarantee that no tWo 
consecutive buffers of the same frame are stored in the same 
slice. For the case of short frames (i.e. frames that ?t Within 
one buffer) pre-buffering of the PMM FIFO is done to 
minimiZe the problem of potentially having to access tWo or 
more consecutive short frames stored in the same slice. 
Since this is statistical problem in nature, the FIFO buffer 
siZe can be chosen so as to minimiZe this potential problem 
(i.e. large FIFO, smaller chance of occurrence). The Trans 
mit Controller (FIG. 2) uses the current ?lling level of the 
PMM FIFO to adapt the data rate thus preventing underrun 
condition at the FAT pipe port. If the FIFO is full, then no 
slice access is performed. If the FIFO has available space 
equal to or greater than one buffer (64 bytes in one embodi 
ment) then one slice access is performed. If the FIFO has 
available space equal to or greater than tWo buffers, then tWo 
slice accesses are performed simultaneously. 

[0088] FIG. 6 shoWs a graphical representation of data 
Writing being interleaved With a frame being read from 
memory. In the ?gure data store comprising of ?ve DDR 
DRAMs labelled slice 0 through slice 4 are shoWn. Each of 
the squares represents a buffer in memory. Each access 
WindoW is 66 nanoseconds and alloWs reading of all or any 
of the data store slices. Time is represented on the horiZontal 
access as marked. The numerals such as 7.75, 15.5, etc., 
represent the bandWidth of data read out during each 
memory access WindoW. The joined numerals 1 2 3 4 5 6 7 
8 and 9 represent the frame Which is being read out of 
memory at different memory WindoWs. The alphabetical 
character indicates actions that are taken by other functions 
While the reading is being done in some of the memories. In 
particular, during the ?rst access WindoW 40, buffer 1 is read 
from slice 1 into the PMM FIFO. Next, the Transmit 
Controller (FIG. 2) calculates a need for tWo buffers and 
buffers 2 and 3 are read simultaneously from slice 3 and slice 
4 during access WindoW 42. During access WindoW 44 buffer 
4 is read from slice 2. During access WindoW 46 buffers 5 
and 6 are read simultaneously from slice 0 and slice 3. 
During access WindoW 48 buffers 7 and 8 are read simul 
taneously from slice 1 and slice 4. Finally, during access 
WindoW 50 the last buffer 9 is read from slice 2. The entire 
frame is read in six memory cycles from the ?ve slices in the 
data store. The total bandWidth of the output data Would be 
10 Gbps. This is derived by summing the bandWidth of data 
outputted during each memory cycle. With reference to FIG. 
6 the bandWidth outputted in each cycle are 7.75+15.5+ 
7.75+15.5+15.5+7.75 divided by 6 equals 10 Gbps. 

[0089] Still referring to FIG. 6, during the ?rst access 
WindoW 40, only one buffer is read in slice 1. Another 
function such as the SDM FIGS. 5 or 6 can Write block Ain 
slice 2. Similarly, in access WindoW 42 buffer B is read from 
slice 0 While buffers 2 and 3 are read in parallel from slices 
3 and 4. Similarly, slices C and D are Written into slice 1 and 
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slice 3 simultaneously While buffer 4 is read from slice 2 and 
so on. In essence, While the high priority PMM is reading 
from selected memory slices unselected memory slices can 
be used by the EPC or the SDM. As a all memory cycles are 
interleaved to provide a more ef?cient usage of the memory. 
It should be noted that even though these memories are 
relatively sloW, they have high store density. Therefore, by 
utiliZing the teachings of this invention a large amount of 
data can be stored and extracted at high rate to supply a FAT 
pipe. The bene?t of high density loW cost memory to provide 
data How to FAT pipe signi?cantly reduces the cost of the 
storage. In addition, the present invention provides a unique 
memory system that provides a Wide range of BandWidth 
from relatively loW to relatively high. 

[0090] Although the present invention and its advantages 
and bene?ts have been described in detail, it should be 
understood that various changes, substitutions and alter 
ations can be made herein Without departing from the spirit 
and scope of the invention as de?ned by the appended 
claims. 

What is claimed is: 
1. A system comprising: 

N different memories Wherein N>1; 

M different busses With each one of the busses having a 
bandWidth to transport data at a predetermined rate, 
operatively coupled to one of the N memories Wherein 
M is greater than 1; 

a plurality of memory controllers With each one of the 
plurality of memory controllers operatively coupled to 
one of the N memories, Wherein said each one of the 
plurality of memory controllers setting an associated 
memory in a ?rst mode or a second mode; and 

an arbiter responsive to at least one memory request 
signal to generate an Access vector that causes infor 
mation to be read simultaneously from multiple ones of 
the N memory set in the ?rst mode Wherein total 
bandWidth on the busses of the multiple ones of the N 
memories is greater than the bandWidth on a single bus 
of one of the N memories. 

2. The system of claim 1 Wherein the ?rst mode includes 
a Read mode. 

3. The system of claims 1 or 2 Wherein each of the N 
memories includes DDR DRAM. 

4. The system of claim 3 Wherein each of the DDR 
DRAM are partitioned into at least four banks and at least 
one buffer spread across the at least four banks. 

5. The system of claim 4 Wherein each buffer is parti 
tioned into multiple maskable units. 

6. The system of claim 4 Wherein each buffer is parti 
tioned into four units. 

7. The system of claim 6 Wherein each unit is equivalent 
to 1A the siZe of the buffer. 

8. The system of claim 6 Wherein each unit is maskable. 
9. The system of claim 1 Wherein the arbiter includes a 

controller executing a slice selection algorithm comprising 
the steps of: 

Exclude slices scheduled for re-fresh cycle (indicated by 
each DRAM controller) 

Assign slices for all R requests of Transmitter controller 

Complement R-accesses from corresponding EPC queue 
[Slice; QW] 
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Assign slice to EPC for globally W excluded slices (e.g. 
slice is excluded by all slice exclusion rules from 

Receiver) 
Assign slices to W requests in RR (Round Robin) fashion 

betWeen non-excluded slices staring from last assigned 
slice (slice assigned to Receiver Controller in previous 
WindoW) 

Complement W-accesses by EPC accesses from corre 
sponding EPC queue [Slice; QW] and 

Assign slice to EPC requests according to priority 
expressed by Weight. 

10. A system including: 

a NetWork Processor including at least one Data FloW 
Chip, at least one Embedded Processor Complex EPC 
chip, at least one Scheduler chip Wherein the at least 
one EPC chip and the at least one Scheduler chip are 
operatively coupled to the at least one Data FloW Chip; 

a plurality of memory elements With each one coupled by 
a separate bus to the at least one Data FloW Chip; 

a ?rst high speed data port that transmits data out of the 
Data FloW Chip; and 

an arbiter operatively coupled to the Data FloW Chip, said 
arbiter being responsive to Read (R) Requests to cause 
multiple ones of the bus to transmit data from associ 
ated memory elements simultaneously Wherein the 
combined data bandWidth on the multiple ones of the 
bus is suf?cient to meet BandWidth requirements of the 
high speed port. 

11. The system of claim 10 Wherein the bandWidth on 
each bus includes approximately 7.75 Gbps. 

12. The system of claim 10 or claim 11 Wherein the 
bandWidth of the high speed port includes approximately 10 
Gbps. 

13. The system of claim 10 further including a second 
high speed data port that transmits data into the Data FloW 
Chip. 

14. The system of claim 10 or claim 13 further including 
a Receiver Controller operatively coupled to the second high 
speed data port, said Receiver Controller generating and 
providing Write request signals to the arbiter; 

EPC Interface Controller, operatively coupled to the EPC 
chip, generating and providing Read(R)/Write(W) 
Request signals to the arbiter; and 

a transmitter controller, operatively coupled to the sched 
uler chip and the ?rst high speed port, generating and 
providing the Read(R) Requests to said arbiter. 

15. The system of claim 14 Wherein the arbiter prioritiZes 
the requests. 

16. The system of claim 14 Wherein priority 1, the highest, 
is assigned to the transmitter controller, priority 2, the 
second highest, is assigned to the Receive Controller and 
priority 3, the loWest, is assigned to the EPC controller. 

17. The system of claim 14 Wherein the arbiter includes 
circuit arrangement that alloWs access of the Receive Con 
troller or the EPC Controller to memories not selected by the 
transmitter controller. 

18. The system of claim 10 Wherein the memory elements 
include N DDR DRAMs, N>1. 

19. The system of claim 18 Wherein each one of the N 
DDR DRAMs includes multiple banks. 



US 2002/0071321 A1 

20. The system of claim 19 wherein the each one of the 
N DDR DRAMs is partitioned into at least one buffer 
spreading across the multiple banks. 

21. The system of claim 20 Wherein the at least one buffer 
is further partitioned into smaller buffers. 

22. The system of claim 21 Wherein the at least one buffer 
is approximately 64 bytes and each one of the smaller 
buffers is approximately 16 bytes. 

23. A method comprising the acts of: 

providing a plurality of separate memory elements in 
Which frames from communication device is to be 
stored or retrieved; 

partitioning the frame With a controller into at least tWo 
parts; 

storing each one of the at least tWo parts into different 
memory elements if the at least tWo parts are adjoining 
parts of the same frame. 

24. The method of claim 23 further including the acts of 
an arbiter in response to a request causing the memories to 
be read simultaneously Wherein each one of the tWo parts is 
available simultaneously on respective busses associated 
With each one of the memory elements. 

25. A method including the acts of: 

providing a plurality of separate memories in Which data 
is stored; 
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receiving in an arbiter a request to read data from selected 
ones of said plurality of separate memories; and 

simultaneously reading said memories to provide data 
simultaneously on individual busses coupled to the 
selected ones of said plurality of separate memories. 

26. The method of claim 25 Wherein the bandWidth of data 
on each individual bus is less than the total bandWidth on 
activated busses. 

27. A method comprising the acts of: 

providing a plurality of separate memory modules in 
Which frames from communication devices can be 

stored; 
partitioning a frame into multiple parts; 

Writing adjacent parts of the frame in different ones of the 
memory modules; and 

simultaneously accessing multiple memory modules in a 
single memory access WindoW to read data therefrom 
Wherein the total bandWidth of data output from the 
multiple memory modules matches the bandWidth of a 
FAT pipe port on a communication device. 

28. The system of claim 9 Wherein the controller includes 
a state machine or other hardWare circuits. 


