
31 MAR 2005 -1 QUEUE MANAGER FOR A BUFFER Field of the Invention  This
invention relates generally to management of queues of data being received
from an outside source and inputted into a device for further processing.
In more particular  aspects, this invention relates to an improved DRAM
used in conjunction with a FIFO  buffer for controlling the queue of
received data. Background of the Invention There are many applications in
which data is received at a higher rate than it can be  utilized by a
particular device for short periods of time, thus necessitating queuing
data for  orderly input into the device on which it is to be used. A common
type of queue is first-in,  first-out (FIFO) buffers which temporarily
store the data being received from some outside  source for input into the
receiving device at a rate the receiving device can accommodate.  One of
the problems encountered is that the FIFO buffers may exceed their capacity
to  store data inputted faster than it can be outputted. Thus, there is a
need for a technique for  managing data in an orderly way with minimum
overhead for periods of time when such  data being inputted is greater than
the storage capacity of the FIFO buffer or buffers. Summary of the
Invention According to a first aspect of the invention there is provided a
queue manager for  managing data input to a system from an outside source,
comprising: an input FIFO buffer for receiving and storing data items from
said outside source;  an output FIFO buffer for receiving, storing and
outputting data items to said system; a memory storage device interfacing
with said input FIFO buffer and said output  FIFO buffer; and 31 MAR 2005 



- 1a a control mechanism to selectively write data from said input FIFO
buffer to said  memory storage device and read data from said memory
storage device to said output  FIFO buffer; wherein said control mechanism
includes logic to connect said input FIFO buffer to  said output FIFO
buffer until said output FIFO buffer is filled to a first predetermined
amount and said input FIFO buffer is filled to a second predetermined
amount, and  thereafter connect said input FIFO buffer to said memory
storage device until said memory  storage device is empty and said output
FIFO buffer is empty, and then connect said input  FIFO buffer to said
output FIFO buffer. According to a second aspect of the invention there is
provided a method for  managing data input to a system from an outside
source, comprising the steps of: providing an input FIFO buffer for
receiving and storing data items from said  outside source; providing an
output FIFO buffer for receiving, storing and outputting data items to
said system; providing a memory storage device interfacing with said input
FIFO buffer, and  said output FIFO buffer; providing input data to said
input FIFO buffer and output data from said output  FIFO buffer, and
controlling the data flow so as to connect said input FIFO buffer to said
output  FIFO buffer until said output FIFO buffer is filled to a first
predetermined amount and said  input FIFO buffer is filled to a second
predetermined amount, and thereafter connecting  said input FIFO buffer to
said memory storage device and said output FIFO buffer to said  memory
storage device until said memory storage device is empty and said output
FIFO  buffer is empty, and then connecting said input FIFO buffer to said
output FIFO buffer. A bandwidth conserving queue manager for a FIFO buffer
is provided, preferably  on an ASIC chip and preferably including a
separate DRAM that maintains a FIFO queue  



which can extend beyond the data storage space of the FIFO buffer to
provide additional  data storage space as needed. FIFO buffers are used 31
MAR 2005 2  On the ASIC clip to store and retrieve multiple queue entries.
As long as the total size of eeue doe not exceed the storage available In
the butters, no additional data storage  ne - however, when the buffer
storage space in the FIFO buffers is exceeded, data  'e itten to and read
from the additional data storage, preferably a DRAM and prefeably in
packets which are of optimum size for maintaining peak performance of the
data storage device and which are written to the data storage device in
such a way that  they are queued in a first-in, first-out (FIFO) sequence
of addresses. The DRAM can be a  separate chip; or it can be formed on the
ASIC. In either case, its memory is separate  from the FIFO buffer or
buffers. Description of the Drawings Figure 1 is a high level diagrammatic
view of the structure of the managed DRAM  queue manager of the present
invention; Figure 2 is a detailed view, somewhat diagrammatic, of the input
FIFO buffer; and  Figure 3 is a detailed view, somewhat diagrammatic, of
the output FIFO buffer Description of the Preferred Embodiment Referring
now to the drawings and, for the present; to Figure 1, an overview of the
s:rucre and operation of the bandwidth conserving DRAM queue manager
according to  t.e  p-went in,, invention is shown. The queue manager is
formed on an ASIC chip 10. The  c.reue  manage; receives data input 12 from
an outside source which is inputted to an input  FFO first-in.  'trst-out)
buffer 14 in which the data is arranged in a queue. Data 16 is  oatped from
the input FIFO buffer 14 to a mentors interface 18 and to a multiplexor 20
The  nlemoh.v interface 18 connects to a  DRAIv1 chip 22 which is a
separate  ip.  Ho,\e \.r, the  DRAIvt could be formed on the ASIC 10.) The
multiplexor 20 is  contr.,.lled  by multiplexor control logic 24 to
ou!Iput data 16 from FIFO buffer 14  



e'ec: : el \ to to c  DRA`1 chip 22 or to an output FIFO  butfOr 32. File
FIFO buffer 32  da:a _ to the device (nut  sHo\ n to \\hl cta?;,  is L Inge
supplied. In the queue manager sho\\Il  it Tire I o; erateS  to the
following  inallner 31 MAR 2005 3  Data 12 to be written into the queue is
inputted to the input FIFO butter 14. D -.a I  leaving the 1`117`0 may no
either to the output Hf-O  32 or to the extern.;) mmorirattC  18 and then
to the DR1fv1 chip 22 as controlled by the mu\ 20 and b', mug. eonic  24
depending on whether or not there is enough room in the input FIFE=) buffer
: ; an the  output FIFO buffer 32 for the data being read from an external
source. The mu.x 20 is  controlled based on this condition; i.e., whether
the input FIFO buffer 14 and output FIFO  buffer 32 are full or at least
have a predetermined percentage of capacity filled. When  there is more
data to be stored in the input FIFO buffer 14 and output FIFO buffer 32
than  the maximum permitted, the mux 20 selects data to be written to the
external memory  interface 18 and the data is then stored in the DRAM chip
22. As the output FIFO buffer  32 is read out, the data is read from the
DRAM chip 22 through the memory interface, to  the output FIFO buffer 32
under the control of the mux control logic 24. Thus, as long as  the amount
of input data 12 being read from an external source does not exceed a
preselected capacity of the input FIFO buffer 14 and output FIFO buffer 32,
the data is  passed from the input FIFO buffer 14 directly to the output
FIFO buffer 32. However, when the amount of data 12 being inputted exceeds
the capacity or  predetermined percentage of capacity of the input FIFO
buffer 14 and the output FIFO  buffer 32, then the data is written by the
input FIFO buffer 14 to the DRAI chip 22  through the memory interface 18.
The DRAM chip 22 is structured to be written and read  on a first-in,
first-out basis at contiguous addresses so that address snapping is not
required  as in a conventional cache memory. The data is written to the
input FIFO buffer 14 from  the external source and to the output FIFO
buffer 32 from the input FIFO buffer 14 one  data item at a time. However,
preferably the data is written to the memory interface 18  



and thence to the DRAM chip 22, and read from the DRA-M11  chip 22 by
output FIFO 32 ir,   bursts of multiple data items to utilize the optimum
transfer rate of the DR_ahvt  chip 22  Moreover, because the DRAM is
arranged so that it is ordered on a first-in, first-out basis.  the burst
capabilities can be used and no address tags need be applied to the data
,~ritten   thereto. Thus, for example, tae data can be written to and read
from the  DRA`.I chip 22  data packets of three items, rather than lime to
read each data item Indlviduall` address. It is also preCerrel that the
DR2Vv1 be a 1)Di?  )double data rate) DR.\- `.' D,,-,,-1b1- data rate  DRW
allows tAice  the data bandwidth for a  ci'.ea number of 1.0 pin on the 31
MAR 2005 4  ASIC  package as does standard s\  nchronoLis DRA . This is
accomplished by launching  and capturing data, on both r i s i n g and laH
n`ged of t. c  C.cc _nal  RAN/[.BUS is anothe Shcine of III t asiiieth bane
application. \\ 1,1111 per In \1 hich nabenellcI'll In some Referring now
to Figure 2, a more detailed depiction of the Input FIFO buffer 14 is
shown. The input FIFO buffer 14 includes latches at storage locations 40a,
40b, 40c, 40d,  40e and 40f for six different data items. The data items
are read one data item at a time  from an external source and are written
in the FIFO buffer 14, one data item at a time,  under control selectors
42a, 42b and 42c. A write pointer 44 and read pointer 46 are both  provided
which provide outputs to a comparator 48. The output of the comparator 48
goes to the mux control logic 24. As indicated above, the data is Witten in
bursts, e.g.  three data items from the FIFO buffer 14 to the DRAM 20 or
one data item at a time to the  output FIFO buffer 32 responsive to the
control of the mux 20. A detailed view of the  output FIFO buffer 32 is
shown in Figure 3. Shown in Figure 3 are data item latches at storage
locations 50a, 50b, 50c, 50d,  



50e and 50f and selectors 52a, 52b, 52c, 52d, See and 52f \a-hich control
the inputs 54a,  54b, 54c, 54d, 54e and 54f to storage locations 50a -
50f.. Data outputs 56a, 56b, 56c,  56d, 56e and 56f from the data item
storage 50a - SOf are pro,, ided which go to a selector  58 to provide the
data output 34, the data being outputted one data item at a time. A write
pointer 62 and a read pointer 64 are provided which output signals to a
comparator 66.  Comparator 66 outputs its difference to the. mux control
logic 24. Also, the DRAN1 20 has a ,rite pointer, a read pointer and a
comparator (all not  shown), the output 0f which DR-'` ,M4 comparator is
also provided to the mux control logic  24 As indicated abo\ e, the data is
Written to the output  FIF0 from, the DRAJ  4 in  multiple data items to
utilize the optimum data rate transfer of the DR-AIM. The memory  interface
is responsible for maintaining pointers to the he -d and tail portions of
the queue  which is stored in the DRA I chip 22. By having contiguous
aac}r~_s.es and head and tail  pointers, the need ro:" uldlvt~i.:  I
addresses is eliminated, and  t,:c DP--L1vl chip 22 acts in a  FIFO mode.
The multiplexor 20 is controlled b Co I to is 24 in the fol}o\vin`  \\av.
}I:i,.dlt is Inputted to the i11: ut l O _t: in the FIFO buffer 14 31 MAR
2005 5  one data item at a time; and, assuming the output FIFO buffer 32 is
empty, the data is  passed from the input FIFO buffer 14 directly to the
output FIFO buffer 32 by the action of  the 111M 20. When the output FIFO
buffer 32 is completely full and the input FIFO buffer  14 is half Iltll.
the mux 20 is switched by the control logic 24 responsive to the
comparators 48 and 66 to pass data through the memory interface I S to the
DRAM chip 22 on the write cycle in multiple data items and for the output
FIFO 32 to read data from  the DRAB I chip 22 through the memory interface
18 on the read cycle in multiple data  items. When the comparator in the
DRAM indicates that there are no more data items  stored in the DRAM chip
22 , the mux 20 is switched back to pass the data from the input  FIFO
buffer 14 to the output FIFO buffer 32. 



The control of the memory interface, as indicated above, is accomplished by
a  write pointer to keep track of where the next group of data items will
be written and a read  pointer to keep track of froth where the next group
of data items will be read. The  comparator determines if these two
pointers are the same, which indicates the buffer is  either full or empty.
The read and write pointers work in the following way: When the  read and
'.%Tite pointers are at the same data location on a read cycle, it means
the storage  locations are empty, and when the read and write pointers are
at the same location on a  write cycle, it means that the storage locations
are full. Thus, the read and write pointers and comparators 44, 46 and 48
and read and  write pointers and comparators 62, 64 and 66, operate to
indicate whether the data storage  in the input FIFO buffer 14 is full or
empty and the data storage in output FIFO buffer 32  is full or empty and
to control the operation of the mux 20 accordingly. The read and  write and
comparator in the DRAM operate in the same .\av. (It should be noted that
in'  some applications a linked list of data items can he used rather than
read and write  pointers). The bus width of the interfaces to the input
data 12 and output data 34 can be the  same as the bus width at the memory
bus interface.  Ho\\e-.er, different bus  1\idths  nlav be  desirabl
especially if a DDR DRAM is used. The trade-off Mitch Must be made based
oil the palocular  application is the amount of on-chip  bufferirle  wluch
will be pro\  Id  31 MAR 2005 6  DRAM interface and the rate at which it
can accept commands and data These rate: are  property ol'the   DRANI and
the \\ width is selecta le. altho the number of I Os 011 ASIC IS LiSually
a I IITlltlnu (actor. When these issues are weghed, there viii be I
particular Illlnlllllilll  packet size required to lllallltaln
thisIllaxltnuln  band\~  Idth  e data 12 and output data 34 widths will
usually he dictated by the particular application so  the variable is on
the on-chip buffer size which Would be the minimum DRAM  packe size  



divided by the data item size times four. (The input and output FIFOs each
need to Ee able to store two memory packets worth of data. l To summarize
the operation of the device of this invention, data is read into the  input
FIFO buffer 14 from an outside source and is  ",ritten from the input FIFO
buffer 14  to the output FIFO buffer 32 as long, as the output FIFO buffer
32 is not full. When the  output FIFO buffer 32 becomes full and the input
FIFO buffer 14 becomes half full, the  mux 20 shifts and allows the input
FIFO buffer 14 to \wite data to the DRAM chip 22 and  allows the output
FIFO buffer 32 to read data from the DRAM chip 22. The output from  the
output FIFO buffer 32 is outputted as output 34. When the output FIFO
buffer 32 and  the DRAM chip 22 are empty, the mux 20 then allows the input
FIFO buffer 14 to ";ite  directly to the output FIFO buffer 32. Thus, the
DRAM chip 22 acts as an additional  buffer space when the data input 12 is
greater than input FFFO buffer 14 and output FiO  buffer 32 can handle. 31
MAR 2005 7 What is claimed is: 1. A queue manager for managing data input
to a system from an outside source,  comprising: an input FIFO buffer for
receiving and storing data items from said outside source;  an output FIFO
buffer for receiving, storing and outputting data items to said system; a
memory storage device interfacing with said input FIFO buffer and said
output  FIFO buffer; and a control mechanism to selectively write data from
said input FIFO buffer to said  memory storage device and read data from
said memory storage device to said output  FIFO buffer; wherein said
control mechanism includes logic to connect said input FIFO buffer to  said
output FIFO buffer until said output FIFO buffer is filled to a first
predetermined  



amount and said input FIFO buffer is filled to a second predetermined
amount, and  thereafter connect said input FIFO buffer to said memory
storage device until said memory  storage device is empty and said output
FIFO buffer is empty, and then connect said input  FIFO buffer to said
output FIFO buffer. 2. The invention as defined in claim I wherein said
data is stored in said input FIFO  buffer and said output FIFO buffer as
data items, and said control circuit includes circuit  logic to write data
to said output data buffer and read data from said input FIFO buffer in
multiple packets of data items. 3. The invention as defined in claim 2
wherein said memory storage device is  configured to read and write data in
burst mode. 4. The invention as defined in claim 1 wherein said memory
storage device includes  at least one DRAM chip. 31 MAR 2005 8 5. The
invention as defined in claim 1 wherein first predetermined amount is
completely full and second predetermined amount is one-half full. 6. The
inventions defined in claim I wherein said control mechanism includes a
multiplexor. 7. The invention as defined in claim 4 wherein said DRAM chip
is a double density  DRAM chip. 8. A method for managing data input to a
system from an outside source, comprising  the steps of providing an input
FIFO buffer for receiving and storing data items from said  outside source;
providing an output FIFO buffer for receiving, storing and outputting data
items to  said system; providing a memory storage device interfacing with
said input FIFO buffer, and  said output FIFO buffer; 



providing input data to said input FIFO buffer and output data from said
output  FIFO buffer, and controlling the data flow so as to connect said
input FIFO buffer to said output  FIFO buffer until said output FIFO buffer
is filled to a first predetermined amount and said  input FIFO buffer is
filled to a second predetermined amount, and thereafter connecting  said
input FIFO buffer to said memory storage device and said output FIFO buffer
to said  memory storage device until said memory storage device is empty
and said output FIFO  buffer is empty, and then connecting said input FIFO
buffer to said output FIFO buffer. 9. The invention as defined in claim 8
wherein said data is written to said input FIFO  buffer and said output
FIFO buffer as data items, and data is written to said output data  buffer
and read data from said input FIFO buffer in multiple packets of data
items. 31 MAR 2005 -9 10. The invention as defined in claim 8 wherein data
is written to and read from said  memory storage device in burst mode. 11.
The invention as defined in claim 8 wherein said memory storage device
includes  at least one DRAM chip. 12. The invention as defined in claim 8
wherein said first predetermined amount is  completely full and said second
predetermined amount is one-half full. 


