WO 99/ 05604

PCT/ | B98/ OWOIB/OMO4 T| - PORT | NTERNALLY CACHED DRAMS The pr eseatT/iBps/anii on

rel ates to dynam ¢ random access nenories, known as DRAM structures, being
nore particularly directed to multi-port internally cached versions thereof
provi di ng very hi e ' t “ r r of system
I nput/ out put (I /ﬂ@ﬁrwxmﬁﬁﬁﬁ@w ﬁ'gﬁ@%@ Eﬁ%gﬂ}ﬁfer nally, as
described in copending U S. patent application Serial No. 581, 467, filed
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Cached Dynam ¢ Random Access Menory System Architecture and Met hod, by
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architectures and i nprovenents in the operation of same. Background of
Invention A nulti-port internally cached DRAM ternmed AMPI C DRAM of said
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| mproved DRAM architecture conprising the nulti-port internally cached
blocks of data intemally, as described in copending U.S. patent application Serial No. 581,467, filed
December 29, 1995, for High Performance Universal Multi Port Internalty Cached Dynamic Random

Access Memory System, Architecture and Method, by Mukesh Chatter, one of the co-inventors herein,

and to enhanced architectures and improvements in the operation of same.

Backeround of Invention

A multi-port internally cached DRAM, terimed AMPIC DRAM, of said copending application,
later reviewed in connection with hereinafter described Fig. 1, is designed for high system bandwidth use
in a system having a master controller, such as a central processing unit (CPU), having parallel data ports
and a dynamic random access memory each connected to and competing for access to a coimmon system
bus interface. It provides an improved DRAM architecture comprising the multi-port internally cached
DRAM that, in turn, encompasses a phurality of independent serial data interfaces each connecled
between a separate external 17O resource and internal DRAM memory through corresponding buffers; a
switching module interposed between the serial interfaces and the bulfers; and a switching module logic
control for connecting of the serial interfaces to the buffers under a dynamic configuration by the bus
master controller, such as said CPU, (or switching allocation as appropriate {or the desired data

routability. This technique provides for the transfer of blocks of data internal to the memory chip, orders
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system /O resources supported, and the width of each system IO resource bus being limited only by the
technology limitations.

While such architectures, as previously stated and as described in said copending application
admirably provide a very large amount of bandwidth for each system IO resource to access the DRAM,
the system does not provide a mechanism by which one system 1/O resource may send data to another
system VO resource — an improvement now provided by the present invention. As an example, if system
[/O resource m has a multi-bit message that should be sent to system IO resource n, then once the system
I/O resource m has written the multi-bit message into the AMPIC DRAM stack or array, the invention
now provides a mechanism for informing system I/O resource n of both the existence of such a message
and the message location within the AMPIC DRAM array. In addition, upon the system I/O resource nt
being informed of the existence of the message and its location in the array, in accordance with the
present invention, a technique is provided for allowing the system I/O resource n to extract the message
from the array. While the message data is thus being distributed across the entire AMPIC DRAM arvay,
moreover, with each element of the array holding only a portion of the data, the complete signaling

information must be sent to each individual element of the AMPIC DRAM array.

The invention, in addition, provides the further improvement of a partitioning technique for
allowing both several simultaneous small size transfers or single very wide transfers, using the wide

system internal data bus more efficiently to accommodate for both small and large units of data transfer,
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farge units of internal data transfer, allowing also several simultaneous small message transfers or single

very wide transfers.

Other and further objects will be explained hereinafter and are more particularly delineated in the

appended claims.

Summary

In summary, from one of its broader aspects, the invention embraces in a multi-port internally
cached array of AMPIC DRAM vunits in which a plurality of system VO resources interface along
cornmon internal data buses connected to cotresponding DRAM cores in each unit of the array, and
wherein data from a CPU or similar source is also transferred with each unit along the buses during data
teansfer cycles, the method of improving performance, that comprises, concurrently with the data
teansfer, enabling the system I/O resources to send multi-bit messages to one another by sending the
message from one system /O resource to all AMPIC DRAM units of the array during said data transfer
cycles, and concurrently with bit information on message address location in the DRAM.

Preferred and best mode designs, apparatus, techniques, and alternate structures are hereinafter

explained in detail.
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Fig. 2 is a block diagram of an illustrative system architecture based on the AMPIC DRAM of Fig. |;

Fig. 3 illustrates the novel apparatus and method by which address and data are distributed to the AMPIC

DRAM devices by the system I/O resources in accordance with the present invention;

Fig. 3a illustrates the novel apparatus and method by which data s distributed from the AMPIC DRAM
devices to the system IO resources in accordance with the present invention;

Fig. 4 illustrates the novel apparatus and method by which the AMPIC DRAM may efficiently distribute
a multicast message to each of the message destination ports;

Fig. 5 is a diagram that illustrates the “linking” together of a unit of data across several DRAM sections;
Fig. 6 illustrates the dividing of the DRAM array into several equally sized sections, with several section
sizes;

Fig. 7 illustrates the dividing of the DRAM array into many sections cach of different size;

Fig. 8 is a diagram tllustrating the apparatus and method by which the AMPIC DRAM accomplishes all
of the passing of messages from source system I/O resource to destination system I/O resource internal to
the AMPIC DRAM;

Fig. 9 is a block diagram of the preferred architecture of the AMPIC DRAM intemal system bus,

illustrating the novel partitioning techniques of the invention to allow both several simultaneous small

transfers, or single very wide transfers;

Fig. 10 shows an alternate embodiment of the AMPIC DRAM intemal system bus, with a crossbar switch

located between each AMPIC DRAM port buffer and the DRAM amray for achieving results similar to

those attained with the system of Fig. 9.
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example of Fig. 2. In Fig. 2, a system consisting of four AMPIC DRAM devices is illustrated, AMPIC

#0 - #3; the actual number of AMPIC DRAM devices in a system being limited only by the technology

constraints. When such stacks or arrays of AMPIC DRAM devices are created, the total DRAM array

size available to the system I/O resources is equal to the DRAM array size of each AMPIC DRAM

device multiplied by the number of devices in the stack. For example, if each AMPIC DRAM illustrated

in Fig. 2 is assumed to contain 64M bits of DRAM, then the AMPIC DRAM stack #0 - #3 illustrated will

provide a 256M bit DRAM array to the system [/O resources #1 - #4.

While such an architecture does provide a very large amount of bandwidth for each system /O

resource to access the DRAM, the system does not enable one system I/O resource to send data to

another system I/O resource, as earlier pointed out. For example, if system I/O resource m has a 32K bit

message it needs to send to system I/O resource n, then once system /O resource m has written the

message into the AMPIC DRAM array #0 - #3, then a new mechanism must be provided as by the

present invention to inform system /O resource » of both the existence of a message, and of the message

location within the AMPIC DRAM array. Once system I/O resource » has been informed of the message

existence and of the message location in the AMPIC DRAM array, furthermore, an additional novel

mechanism must be provided, again in accordance with the present invention, to allow system /O
resource 7 to extract the message from the AMPIC DRAM array. It is important to note, as earlier stated,

that while the message data is distributed across the entire AMPIC DRAM array, with each element of
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her ei nafhstdrrifdd2& baatkstage dayairh I/OJesource a, the 1Kbyte internal data bus would allow the
message to be transferred between the two system VO resources in only 2 AMPIC DRAM transfer
cycles. For the purposes of illustration, if an AMPIC DRAM transfer cycle is assumed to be 50 nano-
seconds (nS) in duration, the total bandwidth available within the AMPIC DRAM is seen to be 32K bits
per S0nS or 655 gigabits per second. This very wide bus, however, is less well suited to transferring
small messages between system I/O resources. An application where small messages will need to be
transferred between system 1/0 resources, for example, is in ATM networking. In ATM, data is
transferred in units of only 424 bits. If system 1/O resources m and # are both ATM network devices,
then system I/O resource m may have a 424 bit message to send to system I/O resource 1. In this case,
the 32K bit wide intemnal bus will be used to complete the transfer in only 2 AMPIC DRAM transfer
cycles, but a very large amount of the internal bus is wasted in this transfer. Even though the message
occupies only 424 bits of the 32K bit wide bus, all other system /O resources will be unable to use the
data bus duting the time that system I/O resources m and # are completing their transfer. If an AMPIC
DRAM transfer cycle is again assumed to be 50nS for the purposes of this example, the total bandwidth
used in this example is only 424 bits per 50nS or about 8.5 gigabits per second. Note that only about
1.3% of the bandwidth available within the AMPIC DRAM is actually utilized in this example.

The present invention discloses an approach whereby the very wide intemal-data bus will be

more efficiently utilized in such situations, further enhancing the usefulness of the AMPIC DRAM

architecture by making it equally well suited for small and large units of data transfer.
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of t heANPYS BEAMi@EFigrizdre showpes CHIP 0 - 3, each with a [ bit wide serial interface to the system

VO resource. In the example of Fig. 2, as disclosed in said co-pending application, on the first cycle of

the data transfer, CHIP O-gets data bit 0, CHIP | gets data bit 8, CHIP 2 gets data bit 16, and CHIP 3 gets

data bit 24. On the next clock cycle, all the data bits are incremented. This process continues until the

entire message has been sent to the AMPIC DRAM.

In accordance with the present invention, as illustrated in Fig. 3, concurrent with this data
transfer, the system I/O resource will also be required to transfer the address at which to place the data in
the DRAM. The width of the address register in the system VO resource will be determined by the size

of the DRAM array in the AMPIC DRAM and the number of AMPIC DRAM devices in the system.
From the before-mentioned example, a system with four AMPIC DRAM devices, each of which
contains 64M bits of DﬁANI, will provide a 256M bit AMPIC DRAM array, requiring 25 address bits.
Due to the large number of address bits required by large memory arrays, however, it may be necessary
to define the address bus between the system IO resource and the AMPIC DRAM to be narrower than
the total address size, and use several transfers to transmit the complete address into the AMPIC DRAM.
For example, if the address bus were defined as 4 bits wide, then 7 cycles could be used to transfer the
complete 25 bit address into the AMPIC DRAM. This address transfer would take place concurrently
with the data transfer from the system /O resource, as illustrated in Fig. 3. On the first cycle of the
transfer, bits 0 through 3 of the “Address” are transferred. On the second cycle, bits 4 through 7 of the

Address are transferred, and so on until the entire address has been transferred to all the AMPIC

DRAMs. It is important to note that, unlike in the data transfer, where each AMPIC DRAM in the
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message into the AMPIC DRAM array, the address at which the message was written and the total size of
the message must be forwarded to the destination system /O resource. The destination system /0
resource, upon receiving the address of the message, will drive that address into each of the AMPIC
DRAM devices. Each AMPIC DRAM device will proceed to read its portion of the message data out of
its DRAM array from the given address and forward the message on to the destination system /O
resource. In the preferred embodiment of the invention, the size of the message is also stored in the
DRAM array when the message is written into the DRAM array. As the AMPIC DRAM device receives
the message, it counts the number of bits in the message; as illustrated in Fig. 3, a Data Valid signal is
provided on all the AMPIC DRAM data receive ports. The source system I/O resource holds Data Valid
asserted for as long as the message data is being transmitted to the AMPIC DRAM, and the AMPIC
DRAM uses this assertion of the Data Valid signal to determine the length of the message. When the
data is written to the DRAM array, this bit count is stored along with the message itself. When the
message is read ot of the DRAM array, the corresponding bit count is read out along with the data. The
AMPIC DRAM then uses this bit count to determine the length of the message to be transmitted. The
AMPIC DRAM indicates the size of the message to the destination system /O resource by asserting the
Data Valid signatl for as long as is indicated by the message bit count.
The presence of each message DRAM address within each AMPIC DRAM device also provides
an efficient solution for the case of one system I/O resource having a single message which must be sent

to several other system I/O resources, which is illustrated in Fig. 4. A message of this type is defined as a

multicast message. In the case of a multicast message, the source system IO resource writes the message
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message system KO resources, and only needs to execute a single DRAM read cycle. The DRAM data

from that read cycle is then forwarded to all of the destination system VO resources #1 - #m at the same
time by the multicast control logic illustrated in Fig. 4, thus eliminating the requirement of several
DRAM reads for multicast messages.

In the preferred embodiment of the invention, the total number of address bits required to specify
the DRAM location at which to write the message is further reduced by logically partitioning the DRAM
into many equally sized sections. For example, in the case of a 256M bit AMPIC DRAM array spread
across four AMPIC DRAM devices, the array may be divided, for example, into 2048 bit sections. In
this case, the DRAM array would now consist of 128K sections; each AMPIC DRAM device would
store 512 bits of each of the 128K sections. As a result, only 17 address bits would be required
completely to specify the address to the AMPIC DRAM. Going back to the example of a 4 bit wide
address bus, only 5 cycles would now be required to transfer the address from the system 170 resource
into all of the AMPIC DRAM devices. In so partitioning the memory, it may be desirable to keep the
size of the sections small, so as to minimize wasted memory space. In the above example of 2048 bit
sections, if, for example, system I/O resource m has a 512 bit message to write into the AMPIC DRAM,
then the message will only partially fill a DRAM section, resulting in wasted memory space.

While maintaining small section sizes, however, the invention also provides a mechanism to

handle cases where system I/O resource m may have a message to be written into the AMPIC DRAM
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Address of that section will be set to point to the next DRAM section, into which the second piece of the

message will be placed, and so on, until the entire message has been written into the AMPIC DRAM

array. The result for an example in which a message occupies 3 DRAM sections is illustrated in Fig. 5.

For purposes of illustration, a message size of 5120 bits will be assumed, and the section size wilt be

assumed to be 2048 bits, as explained above. In this case, bits 1-2048 of the message will reside in

DRAM Section #A, bits 2049-4096 will reside in DRAM Section #B, and bits 4097-5120 will reside in

DRAM Section #C, resulting in a partially filled DRAM Section, as illustrated in Fig. 5. Because the

Link Address is stored in the AMPIC DRAM array along with the message data, the AMPIC DRAM

reassembles the complete message when sending the message to the destination system IO resource.

When a section is read out of the AMPIC DRAM array, logic in the AMPIC DRAM examines the section

Link Address portion to determine if this DRAM section is one part of a larger message. If the Link

Address points to another section of the DRAM, then the AMPIC DRAM reads that section out of the

DRAM array for forwarding to the destination port. This process continues until the AMPIC DRAM

finds a DRAM section the Link Address of which does not point to another section, at which point the
entire message has been reassembled. This message reassembly occurs without any intervention on the
part of the destination system IO resource; it is handled entirely by logic within the AMPIC DRAM.
In an alternate embodiment of the invention, the section size is not fixed within the AMPIC, but
is instead programmable to a range of different values as illustrated in Fig. 6. For example, in a system

where primarily small messages are passed between system I/O resources, the section size may be set to,

10



WD 99/ 05604V0 99405604 PCT/B98/61121
PCT/1B98/ 01121 the array holding only a portion of the data, the conplete

si gnalshy1@sé BisOtdBdysem whdrl pridturibeitize fnessBas breiph@idtetitah sydleRNMRNesdfced, iR AVPI C
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most efficiently, Fig. 7 illustrating how different-sized messages may be distributed throughout the
DRAM array.

In the preferred form of the invention, all the passing of addresses between source
system 1/0 resources and destination IO resources takes place in logic external to the AMPIC DRAM.
In an alternate embodiment, this function is handled by the AMPIC DRAM itself, as illustrated in Fig. 8.
Here, all addressing and passing of addresses from source system I/0 resource to destination system VO
resources takes place inside the AMPIC DRAM itself. In this embodiment, the system /O resources
need no knowledge of the DRAM address at which messages are located within the AMPIC DRAM
amray. For example, if the source system IO resource had a message to send to the destination system
IO resource, then the source system I/O resource would send the message data into the AMPIC DRAMs,
without also needing to drive in an address. It should be noted that Fig. 8 illustrates only a single AMPIC
DRAM device; the discussion, however, being equally applicable to a system consisting of multiple
AMPIC DRAMs, as previously discussed, Upon receiving the message data, the AMPIC DRAM
chooses a free address in its DRAM array from the free address list and writes the message to that
location. That address is then forwarded to the AMPIC DRAM port to which the destination system I/O

resource is connected. The AMPIC DRAM then informs the destination system /O resource of the
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the 32K bit w de internal bus will be used to conplete the transfer in only
2 AWPI C DRAM transfer cycles, but a very large ambunt of-the internal bus
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of the 32K bit wi de bus, all other systemI/O resources will be unable to
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conpleting their transfer. If an AMPIC DRAMtransfer cycle Is agal n assuned

to be 58PS, IMGorhdigim Wi AEeSesMatibiliySte@ 1A TRERrce LiBRuI R Alis RABIVELEHmEsed in
this exa%ple f% ﬂﬁ?y 424 bi;s perygﬁns or agSJ? 8.5 glga%?ts péf second.

Not e t hikssapalvia trdImdiResburd@R tdy kigRal BAEIEVY, Sttvihi ABInt &bk RMMIE BRAM B&iAMPI C DRAM
Is actually utilized in this exanple. The present invention discloses an

appr oacRedsharie byrtibhief theahdssapt dfta Frorh @5 DRIAMI&E03 aBUGrWrdsl thdard Rk EnEidsdifalignt | Y
utilized in such situations, further enhancing the useful ness of the AMPIC

DRAM ar gyeteind résoecb)in tidaldyQthe bys@eiad reyoudk hre Siatid @fhpledly mbdbddedRbind ar ge
units of data transfer. 6 VWO 99/ 05604 : .

PCT/ | BOtemnhlldicture of the AMPIC DRAM devices; the AMPIC DRAM array functions as a store and
forward m X n cross-connect array. In this embodiment, in addition to keeping track of the locations of
messages in the DRAM array, the AMPIC DRAM must also keep track of the amount of free space
remaining in the DRAM array. As the DRAM array begins to fill up, the AMPIC DRAM must be able to
signal the system IO resources not to send any messages for some period of time, until the DRAM array
has started to empty out. The Free Address List, as illustrated in Fig. 8, is used for this purpose.

It is now in order to describe a preferred mechanism by which data is transferred within
the AMPIC DRAM devices as illustrated in Fig. 9. The DRAM array of an AMPIC DRAM device is
shown physically divided or partitioned into several independently controlled banks; the actual number
of DRAM banks implemented (DRAM Banks 1 - m} will depend only on the technology used to
implement the AMPIC DRAM. In order to simplify the discussion, a system consisting of only a single
AMPIC DRAM device will accordingly be discussed here, the discussion being equally applicable to
systems consisting of multiple AMPIC DRAM devices. In the latter case, the DRAM array in each
AMPIC DRAM device will be partitioned identically.

Preferably, the number of DRAM banks will be greater than or equal to the number of system /O
resources which can be connected to the AMPIC DRAM. The very wide internal data bus is shown in
Fig. 9 evenly divided between each of the DRAM banks. For example, in an AMPIC DRAM
implementation with 64 DRAM banks and a 32K bit wide data bus, the data bus for each DRAM bank
would be 512 bits wide; the sixty-four 512 bit wide buses would combine to form the complete 32K bit

wide data bus. As disclosed in said copending application and in Fig. 1, each system /O resource is
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It is now i OSPAMMt o discuss architectures by which the pr&IAB%4NANt i on
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archi t ecture an ani sm di sct ose or achi evi ng this result.
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shown 8 e serial Inte ce t e system
I/ O resource. 0 . D9
appl i cdpepned (%‘“‘E §‘f’ pg@(‘i"mbeo#&t%%w&gt‘ﬁ‘ “’H@L, f%u 'Efﬁ% ?f“getogﬁg % bi t
O, CHPI gets data bit, 8, CH P 2 dat a
bl 1 24, eﬂéngﬁaﬁ'éf“?fé&i‘”&?'l?ék"‘"t:%}‘?ﬁ"‘eb“"‘ég'ﬁL? RERMG v @atﬂa?rev‘iS?wéPfeﬁx? UOTh 5
process continues until the entire rressa e has b sent to the AVPI C DRAM
| n accomesparrechydatais strramed istodht 20PFAPEME SlBP ‘%SYS?WE’E{’F%'E:G dptp,paets ghe 3,
concurrent with this data transfer, the s teml/O resource wll al so be

r equi r exppropriate dpidring detraningddy &k sesD%éMwﬁﬁlreﬁ t? Uh‘ﬁ'l' e datg 1o bravattenvhithevihinam
The width of the address register in the system|/O resource wl| be

det er ni wedlelsymipg istesyhieh BRA “bF’!AI‘J?‘aFSr“&VwPﬂ“F‘PPé'dRR/F‘?cé adrbetindbrprefrednunber

of AWVPI C DRAM devices in the system Fromthe befaore-nentioned exanple, a
syst em sthodinfeptef thenmyeatiqRitiy addippsderrovidadchy thy sysipm ¥R resource concurrent with the

message data. If the incoming message is, for example, 32K bits wide, then the entire message may be
streamed into all 64 slots of the data port, and then written into the DRAM array in a single AMPIC
DRAM write cycle. If an illustrative value of 50nS is once again assumed for the duration of an AMPIC
DRAM transfer cycle, the resultant internal AMPIC DRAM bandwidth is seen to be 32K bits per S0nS or
655 gigabits per second.

Alternately, returning to the previously mentioned example of ATM networking, if the incoming
message is very short, for example, 424 bits, then only one slot of the system I/O resource data port need
be used. In this case, if several other system I/O resources have filled different slots of their data ports
with similarly sized messages, all of those messages may be transferred to the DRAM at the same time,
allowing for more efficient utilization of the very wide data bus. Altemately, a single system /O
resource may be allowed to accumulate multiple short messages, filling several slots of its data port
before writing the message data into the DRAM array. It should be noted that a single system /O
resource may only accumulate several short messages in its data port if each of the messages is destined
for a different DRAM bank, as indicated by the message addresses. In either case, in the current example
of 64 DRAM banks, up to 64 messages may be transferred within the AMPIC DRAM simultaneously,

whether from the same system 1/O resource, or from many different system I/O resources. Using the
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contains 64M bits of DRAM w Il provide a 256M bit AMPI C DRAM arr ay,
requiring 25 address bits. Due to the | arge nunber of address hits required
by | arge niM@INPs6M4r ays, however, it nmay be necessary to defRaraBpgmiziddr ess
bus between the system|/O resource and the AMPIC DRAM to be narrower than

the t ofiRltra@edeBR%F S0r5For BOGLAIRR oPAVAVAIC BHAANThRRET ciclk, e ANKARY baddWRiucRADI et e
address into the AMPI C DRAM For exanple, if the address bus were defined

as 4 bt adtvifuing il BBrefor& dicduRited Giel (64 *BRy) UREsdr 150nS dr3NB Eigdbitk P& sédi@bet e 25 bit
address into the AMPIC DRAM Thi s address transfer woul d take pl ace

concur [k 53%\/& B tchd? Gv A1 B AR Bilis HlaPEBE RN RLBOA WHGhdrQSOM IR mBE
illustrate 3. Onthe first cycle of the transfer, bits 0 through 3

of the ¢ pRAMSIRKs R)Rrﬂe& sk BPICOIR A ACIASs meRnes THOrAM lﬂh(I Sufirigghr ough 7 of
t he Ad&ress are ?rans ferred, and so on until the entire addr ess has been

transf ?t”c@ge Hef natiliclo\%\ﬂﬁhéwlrecﬁm b'xllnﬁce'bgtw’eémﬁﬂo?rgf s&% ﬁg%/@%gg%? widgl i ke in

t he da Fanst ere eac CDRAMIin th
PCT/ | Bgéa/x gz;lh%%t]s, and larger numbers of small data transfers, by allowing several small data transfers from

different system /O resources to occur simultaneously.

The previously described embodiment of this invention, however, has a limitation when a system
1/0 resource sends two consecitive messages into the AMPIC DRAM both of which are destined for the
same DRAM bank. In this special case, since both messages must use the same slot of the data port, the
second message must wait until after the first message has been written into the DRAM array before
being written into the data port. An alternate embodiment of the invention for alleviating this problem is
illustrated in Fig. 10. In this embodiment, an mXn crossbar switch is placed between each system I/O
resource data port (1-n) and the DRAM amay (banks 1-m). In this case, the DRAM array consists of m
banks and the buffer consists of s slots. The crossbar switch enables any section of the buffer to be
driven to any one of the DRAM banks, therefore making the buffer independent of the DRAM address
used; rather than controlling into which buffer section the data must be written, the DRAM address will
control the functioning of the switch. In this example, if system I/O resource 1 has written 424 bits into
data port slot 0 destined for DRAM bank ! and system [/O resource n has also written 424 bits into slot |
of its data port destined for DRAM bank m, then both messages may be written into the DRAM
simultaneously. Logic in the AMPIC DRAM will need to control each port switch appropriately to
switch the correct data port slot(s) to the correct DRAM bank(s) for each transfer. It is important to note
that this switch will also need to operate bidirectionally; that is, for reads of the DRAM where data is to
be transmitted from the AMPIC DRAM to a system /O resource, the switch must be able to move data

from the correct DRAM banks into the proper data port slots, While not altering the total bandwidth
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syst em r eC¥0QY®05684 di f f erent portion of the data, each AVPI ECBEBRGLt he
systemof Fig. 3 will receive an identical copy of the conpl ete DRAM
address, thus causing each AMPIC DRAMto wite the nessage transnmtted by

t he sysitieaiok plovidabiyuhcprefetrédenitodimenros thisiaehiianby plovidity ddatessrinddpeddBRAbimar r ay .
In order for the nessage to reach its destination systeml|/O resource, a
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invention, the size of the nessage is also stored in the array when

the MBSRAMahS whin thd Gfle ddtie® 1o dAfte MEAN B iRY the’?ﬁibﬁh\k' e AWPI C DRAM devi ce

receives the nessage, it counts the nunber of bits in the nessage; as
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DRAM uses this assertion of the Data Valid signal to determine the |length
of the nmessage. Wien the data is witten to the DRAM array, thirs bit count
is stored eW‘g 5894 h t he nessage itself. Wen the nessage imcyassgioniet of
the DRAM array, the corresponding bit count is read out along with the
data”‘gge,AWPIC,DRANIthen uses this bit count to determne the |ength of
the nme¥BH&AMedE (ransnitted. The AMPIC DRAM i ndicates the size of theI .
nmessage to the destination system|/O resource by asserting the Data Vali

si g nalg for lalh 3 mgrpag integnaliy giched @y B{AMRIC RRAMus 1 whichp piralityplsyerasence

of each nessage DRAM address within each AMPI C DRAM devi ce al so provides an
ef fi cilEhfesaFes infegfacerainng coramenisiersl daynusenrennepted eerresgendine RN cores ia si ngl e
message whi ch nust be sent to several other system|/O resources, which is
i |1 usteaghwt of hepyrey, angd whereirpdniofsem o CPUIer similyseurpesis alsd franslgmedswith eveh wnitc ast
nmessage. In the case of a nulticast nessage, the source system /O resource
wri t estlangdhefuses ggréng data\wansiey cpdeotie method of improving performance, that comprises,

PCT/1B98/ 01121 into the AMPIC DRAMin the same way a standard, or unicast,
mes s agi@ngusrenly withehe datiengferd enablingghe syptem VO resources to send multi-bit messages to one

another by sending the message from one system I/O resource to all AMPIC DRAM units of the array

during said data transfer cycles, and concurrently with bit information on message address location in the

DRAM.
2. A method as claimed in claim 1 and in which each AMPIC DRAM unit receives a different
portion of the data during said data transfer, but each AMPIC DRAM unit receives the same DRAM

message address location, enabling each AMPIC DRAM to write the message transmitted by a system

/O resource into the same location in the internal DRAM array.

3. A method as claimed in claim 2 wherein, at message destination system VO resources, the

message is read out.

4. A method as claimed in claim 1 and in which, following the writing of the message sent by a
system I/O resource into the AMPIC DRAM array, the step is performed of informing the destination
system I/O resource for which the message is intended, of both the existence of a message and the

message address location within the AMPIC DRAM array.
5. A method as claimed in claim 4 and in which the destination /O resource for which the
message is intended, upon being so informed, extracts the message from the AMPIC DRAM array.
6. A method as claimed in claim 5 wherein the message data is distributed ac;oss the entire
AMPIC DRAM array, with each element of the array holding a portion of the data, and the complete

signaling information of the message is sent to each individual element of the AMPIC DRAM array.
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mul ti cast MO9YNGWOHNi t hin the DRAM array is then forwarded t®@cakosmiizihe
system |1/ O resources which are required to receive the nessage. Each of the
destination system|/O resources #l - #mthen proceeds to drive the address
of the nul t7 Aastthodes daiged imtlamt3vehestivRhOmBIRAgY biterddfess loc@iiangnfotriwaion tshe AMPI C
DRAM device is provided with the address conpare logic, illustrated in Fig.
4, whi bpicdiypativoned ingthERRMMatdy dgs eplunbityelf vestiofsr om di f f erent system |/ O
resources, the nmulticast control portion of the AMPI C DRAM t hen recogni zes
that the salrA /bRt asddired én sleim Teeintbe sektiomarat bquaf sitehe nul ti cast nessage
system |1/ O resources, and only needs to execute a single DRAMread cycle.
The DRAM dal.a thetiomhak biaimed @aclaionicing in wwhithigrk afldresscoitsiard incbided i ttefmesdage
destination system|/Oresources # | - #mat the sane tine by the multicast
cont r ofocdtiog inforinhticndinkiag paltsiofi messgges trget thuissaid semionat i Nng t he requirenent of
several DRAM reads for nulticast nmessages. In the preferred enbodi nent of

t he i nventi ENA niditod aoélsimed inndiehin 1ahd mddiichabe AMPIC DRAM sred i dividgdatb kavedahe
DRAM | ocation at which to wite the nmessage is further reduced by logically

par ti t indépeidiniln@nicdRRlbarks @reBEmtHanas squal & (5 ih@teSHE G stedBO rdsQirced ¥aridt&l ol N t he
case of a 256M bit AMPI C DRAM array spread across four AVPI C DRAM devi ces,

the ar m@AMmY DrAMIiavd ERH intdrdl dRX Bi¥ld divideddventy 04 &edn dactSeFahel IRIGM bhrks! hi S
case, the DRAM array woul d now consi st of 128K sections; each AVMPI C DRAM
devi ce woul di, A method as claimed in claim 10 and in which crossbar switching is interposed between each
system I/O resource data port and the DRAM array for bidirectionally switching the correct data port to
the correct DRAM bank for each transfer.

12. A method as claimed in claim 4 and in which, the size of the message is also forwarded to the
destination system I/O resource with the message address location.

13. A method as claimed in claim 12 and in which the size of the message is stored in the DRAM
array when the message is written therein, and the size of the message is indicated to the destination
system I/O resource by asserting a Data Valid signal for so long as is indicated by the message bit count.

14. A method as claimed in claim 4 and in which the destination system IO resource, upon
receiving the address location of the message, drives the address location into each of the AMPIC
DRAM:s.

15. A method as claimed in claim 5 and in which the extracting of the message is effected once
the address location of the message has been driven into each of the AMPIC DRAMs, by the reading of
its portion of the message data out of each AMPIC DRAM of the array, and forwarding the message on
to the destination IO resource.

16. A method as claimed in claim 14 and in which the message is sent to several destination

system /O resources as a multicast message, and, upon recognizing that the same DRAM address has
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store 512 bits of each of the 128K sections. As a result, only 17 address

bits woul dmgjlﬁaw red conpletely to specify the addreszn]t 3"“5% @f\’@éc DRAM

Goi ng back to the exanple of a 4 bit w de address bus, L woul d
now be required to transfer the address fromthe system|/O resource into
all of the AVPIC DRAM devices. In so partitioning the nenory, it my be
desi r 3t5p &ctipddoarothel thy multigpst pesamee wstemdiiresqpames a sivgle RRAM ri3d aydlg is o wast ed
menory space. In the above exanple of 2048 bit sections, if, for exanple,
syst effeF¥%9-r esource mhas a 512 bit nessage to wite into the AVPI C DRAM
t hen the nessage wll onl artially fill a DRAM section. resulting in
wast ed menbhr weékﬁclmmef‘él wﬁtvaweﬁ?/nngthgﬁaﬂmougcmeiwag%{@m‘hﬁﬁ\mw t he

i nventign al so Rr ovides a mechani smto handl'e cases where system|/O

r esouFEHons R e pMPLG BRAMreay ayyhendths ligk adgress ingape ssetion 4asenoppinicto prasher o WO
99/ 05604

PCT/ | B5Hymthe ontirgmpssgeihas besp ad o¥than a section. The solution to this problem

in the preferred enbodi ment of the invention
18. A method as claimed in claim 7 and in which the section size is programmed to a range of

variable size values to accommodate for primarily relatively smatll and large messages, respectively.

19. A method as claimed in claim 3 and in which messages are stored in the DRAM array back-
to-back irrespective of message size, with different-size messages accordingly distributed throughout the
array.

20. A method as claimed in claim 3 and in which the passing of addresses between the system
IO resources is effected in logic external to the AMPIC DRAM.

21. In a multi-port internally cached array of AMPIC DRAM units in which a plurality of system
YO resources interface along common internal data buses connected to corresponding DRAM cores in
each unit of the array, and wherein data from a CPU or similar source is also transferred with each unit
along the buses during data transfer cycles, the method of improving performance, that comprises,
concurrently with the data transfer, enabling the system I/O resources to send multi-bit messages to one
another by sending the message from one system I/O resource, intended for a system destination /O
resource, to the AMPIC DRAM units which, upon receiving the message data, choose a free address
location in the DRAM array and write the message to that location, so informing the system destination
J/O resource with a message ready signal; and, when the system destination /O resource is ready to
accept the message, retrieving its portion of the message data from each DRAM ofthe. arvay and

forwarding the data on to the destination I/O resources, all independently of the internal structure of the

AMPIC DRAM units, and with the array functioning as a store and forward cross-connect array.
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is illustrd¥Y@®M5604i g. 5. Each DRAM section #A - #C reservepCsusmsonzrber of
bits to contain what is referred to as a Link Address. Wen system|/O
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resi de ATM mwgg-@mi B'ﬁ "s&@"ms aeiygs dag from ‘hsyﬂaff‘t[’oam"i}rcF 19 streamesiive gekefi on, as

illustrated in Fig. 5, Because the Link Addr? S is store€%4n‘the AMPI C DRAM
array e@nﬁewpﬁesewee dntaporpand yhessin, if pibergypere redaeiiipddiffaenslesabl et e

nmessage when sending the nessage to the destination _system|/O resource.
When a“&etféf’ﬁfﬁﬁ°‘ld§‘grdé‘aa°‘é§u’f“ho‘fm ¥ shaupnessagesainaferring all thsgnessages to the DRV C DRAM

exam nes the section ) - L .
array at the same time, thereby enabling efficient utilization of said data buses.

24, Apparatus for enhancing the performance of a multi-port internally cached (AMPIC) array of
DRAM units in which a plurality of system I/O resources interface along common internal data buses
connected to corresponding DRAM cores in each unit of the array, and wherein data from a CPU or
similar source is also transferred with each unit along the buses during data transfer cycles, said
apparatus having, in combination, logic circuits for enabling the system /O resources to send multi-bit
messages to one anotl;e} by sending the message from one system I/O resource to all AMPIC DRAM
units of the array during said data transfer cycles, and concurrently with the information on message
address location in the DRAM; each AMPIC DRAM unit receiving a different portion of the data during
said transfer, and with each AMPIC DRAM unit connected to receive the same DRAM message address
location and to write the message transmitted by a system I/O resource into the same location in the
internal DRAM array.

25. Apparatus as claimed in claim 24 wherein message destination system I/O resources are
provided with means for enabling the message to be read out.

26. Apparatus as claimed in claim 25 and in which operable means is provided, following the

writing of the message sent by a system /O resource into the AMPIC DRAM array, for informing the
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Li nk Address portion to determne if this DRAM section is one part of a
| arger nmessage. |f the Link Address points to another section of the DRAM
then the AV P85\ reads that section out of the DRAM arr RCHBIOSHYZWar di ng
to the destination port. This process continues until the AVMPI C DRAM fi nds
a DRAM section the Link Address of which does not point to another section,
at whi LRIPEPHYYSER Bt feredich s measetis iendel ¢ estengeofa mgsiags gy
reassenmbly occurs wi thout _any intervention on the part of the destination
syst entht messpeeadeietsdocatiqn withinythe AMEIC BRAM 81 by | ogic within the AVPI C DRAM
In an alternate enbodi nent of the invention, the section size is not fixed
Wit hin the ZvApraratpsps CEﬂgmrwsfl@a\&6m%\gr“éwﬁmP@ ixReovided fos grabline the desination
values as illustrated in Fig. 6. For exanple, in a systemwhere primarily
smal | syseedfReesaires foraddcdhayaesiiges insnded HPAY/bEIng Eoofarmedo extiagt thewpessaga si ze
may be set to, 10 WO 99/ 05604
PCT/ | BaSngEAMPICRRAMBEahi ts. In a system where prinarily |arge messages
are passed between system|/O resources, the
28. Apparatus as claimed in claim 27 wherein the message data is distributed across the entire
AMPIC DRAM array, with each element of the array holding a portion of the data, with the complete
signaling information of the messaging being sent to each individual element of the AMPIC DRAM
array.
29. Apparatus as claimed in claim 26 and in which said logic circuits enable the size of the
message to be also forwarded to the destination system /0 resource with the message address location.
30. Apparatus as claimed in claim 29 and in which said logic circuits cause the size of the
message to be stored in the DRAM array when the message is written therein, with the size of the
message being indicated to the destination system 1/O resource by asserting a Data Valid signal for as

long as is indicated by the message bit count.
31. Apparatus as claimed in claim 26 and in which means is provided for causing the destination

system /O resource, upon receiving the address location of the message, to drive the address location

into each of the AMPIC DRAMs.

32. Apparatus as claimed in claim 27 and in which the extracting of the message is effected once
the address location of the message has been driven into each of the AMPIC DRAM:s by means for

reading its portion of the message data out of each AMPIC DRAM of the array, and forwarding the

message on to the destination /O resource.
33. Apparatus as claimed in claim 3| and in which the message is sent to several destination

system I/O resources as a multicast message, and, upon recognizing that the same DRAM address has
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section si YOME™Me set to, for exanple, 2048 bits. A range OFEEL zes

woul d be provided by the AMPI C DRAM devi ce, in order to maxim ze the use of

the DRAM array and mnim ze wasted nmenory space caused by nessages which
are s hmr@mve%faqm £4¢8 o5 e fruligast message systgm é‘? rEgoureEs, w&?ﬁ?@wﬁ“ﬁ YEES di fferent
section sizes, A B, and C, and the resulting structure of the DRAM array
are pewswed-ed. In an additional alternate embodi ment, wasted DRAM space nay
be totally elimnated by not dividing the DRAM array into sections at all,
as i || ust r at.@dpirpusasglaimed inglain 2Sand imyhichha messpgeditagdress dgcation|infprration aced
into the DRAM array back to back, regardless of their size. Wile

i ncr eadbgicplly ipaxtitions) dr tho DRAMIarew dnth plyralityepli simdler seadioeep track of DRAM
addresses, this enbodi nrent has the advantage of using the nenory nost

ef fi ci ent| B5. Agiparatu? ad dldimed inataim 34 trahin erhich Gnlegddressibite are insbidedye the megsagee

di stributed throughout the DRAM array. In the preferred formof the

i NVentatdress lahtiontififernpaiss linkdngyfartaditnes sgedalgatthmalr ssion.ce system |/ O resour ces
and destination I/O resources takes place in logic external to the AMPIC
DRAM | n anéahgparamahecismbd th akimB5 addhin svhfchnaten aloringsthdiendibue df themeskagesAVPI C
DRAMitself, as illustrated in Fig. 8. Here, all addressing and passi ng of
addr e Frasthé suetess aLetbons yRxheamraly/ 1 ikaddessdn dre sekeins daeahoteuinsty st | / O
resources takes place inside the AMPIC DRAMitself. In this enbodi nent, the
SYsSt ergediioh) thexSeAlie GRSsage has been read out.

37. Apparatus as claimed in claim 34 and in which the sections size is programmed to a range of
variable size values to accommodate for both relatively small and large messages.

38. Apparatus as claimed in claim 25 and in which messages are stored in the DRAM array back-
to-back irrespective of message size, with different-size messages accordingly distributed throughout the
array.

39. Apparatus as claimed in claim 25 and in which the passing of addresses between the system
/O resources is effected. by logic circuits external to the ..AMPIC DRAM.

40. Apparatus as claimed in claim 25 wherein the array is divided into several independently
controtled DRAM banks in which each system 1/O resource is connected to a data port within the AMPIC
DRAM, and each port is divided into a number of slots equal to the number of DRAM banks, with data
arriving from the system /O resource streaming into the appropriate slot of that system IO resource data
port as determined by the DRAM address to which the data is to be written, and in turn determining into
which DRAM bank the data is written,

41, Apparatus as claimed in claim 40 and in which relatiye.!y short messages are employed as in
ATM networking, and the incoming message data from a system ¥/O resource is streamed into a slot of

the system VO resource data port; and wherein, if other system /O resources have filled different slots of
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need no know edge of the DRAM address at which nessages are |ocated within
the AMPI C DRAM array. For exanple, if the source system'l/O résource had a
nmessage t oWEEI9WS5€04 t he destination system |/ O resource, thecTaBss/mir ce
system 1/ 0O resource woul d send the nessage data into the AVPI C DRAMs,

wi t hout al so needing to drive in an address. It should be noted that Fig. 8

i 11 ust gatresredindingdaid ptits @itﬂhﬁlilﬁlﬂﬁ&%ﬂﬁ!&e@ﬁheaﬁh@{uféiriaé‘d&‘e‘ﬁmgterrih Wewer, being

equal ly applicable to a systemconsisting of nultiple AMPIC Ms, as

Previ ouldged toxhdSRARK at e Sdind BRCEMbING ebRRNIATSABR ofi@ldatalbigs AVPI C DRAM
chooses a free address in its DRAM array fromthe free address |ist and
wites the nessage to that |ocation. That address is then forwarded to the
AVPI C DRAM port to which the destination systemI|/O resource is connect ed.
The AMPI C DRAM then informnms the destination system|/O resource of the

WD 99/ 05604

PCT/ 1 B98/ 01121 exi stence of a nessage for it within the AVMPI C DRAM usi ng

t he Message Ready signal illustrated in Fig. 8. At sonme point later, the
destination system|/O resource signals that it is ready to accept the
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message vi ¥AWO¥HO Resource Ready signal of Fig. 8, at whik/ABsset2ieach
AMPI C DRAM device retrieves its portion of the nessage data fromits DRAM
array and forwards the data on to the destination systeml|/O resource. In
this way, the system|/O resources are nmade conpl etely independent of the
internal structure of the AWVPI C DRAM{ggvi ces; the AWVPI C DRAM array
functions as a store and forward m X h cross-connect array. In this

enbodi ment, in addition to keeping track of the |ocations of nmessages in
the DRAM array, the AWMPI C DRAM nust al so keep track of the amount of free
space remaining in the DRAM array. As the DRAM array begins to fill up, the
AMPI C DRAM nust be able to signal the system |/ O resources -not to send any
nmessages for sone period of time, until the DRAM array has started to enpty
out. The Free Address List, as illustrated in Fig. 8, is used for this
purpose. It is nowin order to describe a preferred mechani smby which data
is transferred within the ANPIC DRAM deV|ces as illustrated in Fig. 9. The
DRAM array of afn Aivicte fSi68

partitioned int¢g several | ndep@ﬁﬂ@rﬂmﬂ com‘

of DRAM banks i gpl enment ed ( DRAM Bank g n; F e en
t echnol ogy used|to i npl ement the AVP§C DRA

nunber

S i -I|fy the

di scussion, a system consisting of oply a S|ngle NPJ QﬁﬁW will
accordingly be discussed here, the djscu$si g €9 cable to
INTERNAL DATA
ADDRESS ggARg oS T0/FROM SYSTEM
DATA DATA PORT /0 RESOURCE
3 3
CONTROL i t
T .
e .

TO/FROM SYSTEM
DATA PORT 1/0 RESOURCE
#n #n

FIG. 1
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systens consisting of nmultiple AMPIC DRAM devices. In the latter case, the
DRAM array in each AMPI C DRAM device will be partitioned identically.
Pr ef er abl yWAHO5Mnber of DRAM banks will be greater than SFTQHM"%;O t he
nunber of system |/ O resources which can be connected to the AMPI C DRAM
The very wide internal data bus is showm in Fig. 9 evenly divided between
each of the DRAM banks. For exanple, in an AMPI C DRAM i npl enentation with
64 DRAM banks and a 32K bit wi de dat s, the data bus for each DRAM bank
woul d be 512 bits wide; the sixty-four 512 bit w de buses would conbine to
formthe complete 32K bit w de data bus. As discl oged iq sai cogendi ng

2 ¢

I~

application and in Fig. 1, each system |/ O resourc

cd i's WO 99/ 05604
PCT/ 1B98/ 01121 connected to a data port within the |JAMPLC M which in
turn connects to the internal very wi de data bus. &n the enbpdi ngnt
illustrated in Fig. 9, each of these data ports igidi vi@gflednto g nunber of
slots (O- m.“lé W
{ iy % tad
o =7 3 g
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m: the niWBEAMOWP4s|ots in each data port being equal to tBETRBRAN2of DRAM
banks. In the before- nentioned exanple, each data port will be 32K bits
wide, and will be divided into 64 sections of 512 bits each. Each sl ot
corresponds to a single bank of the DRAM array. As data arrives fromthe
system1/O resource, the data is stré;(rﬂed into the appropriate slot of that
system |1/ O resource data port: the appropriate slot being determ ned by the
DRAM address to which the data is to be witten, which will in turn
determne into which DRAM bank the data is witten. It should be recalled
that in the preferred enbodi nent of the invention, this address is provided
by the system |1/ O resource concurrent with the nessage data. If the

i ncom ng nessage is, for exanple, 32K bits wide, then the entire nessage
may be streaned into all 64 slots of the data port, and then witten into
the DRAM array in a single AMPIC DRAMwite cycle. If an illustrative val ue
of 50nS is once again assuned for the duration of an AMPI C DRAM transfer
cycle, the resultant internal AMPI C DRAM bandwi dth is seen to be 32K bits
per 50nS or 655 gigabits per second. Alternately, returning to the

previ ously nmentioned exanpl e of |, ng nessage i s

very short, fror—examqle, 424 bitp, then only one sl|ot o% the systemlI/O
resource dat CA<iES
q p%rt ne-edqbe used. | In t i _Ng}',,,j & dl of her system /O
resources have 171l eq dijfffere af R E dat 2, gEs
:r: ol O || |oG|{m @ @ || o
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with simlarly sized nessages, all of those nessages may be transferred to
t he DRAM me time, allowing for nore efficient utilji ' f the
very mﬁdeqﬁgﬁgﬁﬁﬁg. Alternately, a single systeml/O resoué'éﬁ%%@n%g

al lowed to accunulate multiple short nessages, filling several slots of its
data port before witing the nmessage data into the DRAM array. It should be
noted that a single systemI|/O resource may only accunul ate several short
messages in its data port if each of4f8e nessages is destined for a
di-fferent DRAM bank, as ‘indicated by the nessage addresses. In either case,
in the current exanple of 64 DRAM banks, up to 64 nessages nmay be
transferred within the AMPI C DRAM si nul t aneously, whether fromthe sane
system 1/ O resource, or frommany different systeml|/O resources. Using the
13 WO 99/ 05604

PCT/1B98/ 01121 illustrative figure of 50nS for the duration of an AMPIC
DRAM transfer cycle, the utilized bandw dth for ATM networking is therefore

cal cul ated t phe (B84%424) bits ger 50nS or 542 gigabits perf second, or
f 1 3
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al nost 839 WA 9¥04§6%4 ot al

utilization wll

avai |l abl e bandwi dth. This total
i ncrease as the nunber of DRAM banks provided in the AWPIC

banBAk/top/01121

DRAM devi ce is increased. The DRAM and buffering structure herein

di scl osed,
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control the functioning of the swtch. In this exanple, if systeml/O
resource | tten 424 bits into data port slot O destj FRAM
bank | d”@;@?%uo resource n has also witten 424 bits{’?ﬁﬂg{"g{l& | of
its data port destined for DRAM bank m then both nessages nmay be witten
into the DRAM si nul taneously. Logic in the AMPIC DRAMwi || need to control
each port switch appropriately to switch the correct data port slot(s) to

the correct DRAM bank(s) for each tﬁﬁ@sfer. It is inmportant to note that
this switch will also need to opgr jdirectionally; that is, £qr reads

of the DRAM whe ' ﬁm-G—DRANH-o a system
I /O resource, it ["QesTH] . c gt DRAM
¥ : f;,r- ST

banks i

IECTUONZIWZ

bandwi d ﬁ(ﬁECﬂB&w deE[CBQNt esm}mé fed dnbEECHOMt [if thi s
i nvention, by |ptoviding addRdds- mdﬁgandence!m-ﬁ t1efse o Ml f ef
sections, the [c| osrEiMON SV\A*%? )’?B}Jt @1 b DO irnn;t_%&t‘b wsj {f or much
nore flexible |use t he dat t) | pef orje- Tpned exanpl e
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a system Iw@99/83604ir ce driving two consecutive nmessages int BCTAERBE c DRAM
both destined for the sane DRAM bank for exanple, the second nessage is now

witten into the next available slot of thg data port regardless of its

eventual destination DRAM bank. The nXn r/&ssbar switch is used to forward
the nessage to the appropri ate DRAM bank when the ti—ﬁ‘&—&@-ﬁ‘&g—t—ﬁ—ﬁite t he
nmessage i nto the DRAM CLAI M5 1. A net hod of irrprg/i @ perfprnmance in
a multi-port internally cached array of AMPI C DRAM Wni t &£ s@Rwhi chf a

plurality of—systeptHOepgources interface al ong comm§ ernal § dat a
buses conneftdd {o |corrdsppndi ng DRAM cores in each| uni l5 gf™t he ajray, and
wherein dath rom & prodespi ng source is also transferr&i Wt h eafh unit
along the b S Furi ng ttheldata transfer cycles, th si ng
concurrent | ysyyes hexthe detta transfer, enabling the system | {O repources to
send Aad w
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mul ti-bit nmessages to one another by sending the nessage from one system
|/ O resourggobmsads! AMPI C DRAM units of the array during sgg ?lgransfer
cycles, and concurrently with bit infgygmati on on nessage address Gtati on
in the DRAM characterised in that each system /O resource is connected to
a data port wthin the AMPI C DRAM and the step is performed of dividing
each port into a nunber of slots equa E:;Eihe Eunber Df DRAM banks, and
stream ng data arriving fromthe sys'_tem I/ﬁre.%aurcegféhto t he appropriate
slot of that systemI/O resource dath port- gls déter m.ih%d by the DRAM
address to which the data is to be vﬁ'gttergmanﬁom ttﬁm determning into
whi ch DRAM bank the data is witten.! g3 mghod asmclal med in claiml

and in which relatively short nessages aré’%npﬁ&yed &Sin ATM net wor ki ng,
and the incom

A systeml/Qresource is streanmed into a
sl ot of the SJ resource datp porf; and where¢in, [if other systemI/O
resources have €l iEferent slof §’-’of theilr cofre¢spondi ng data ports B
with simlarly §§o s®ages, tranieemng & et he|messlages to the DRAM
array at the dag® i hereby enapling|efici®nt @tidlilzation of said data
buses. o o
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3. A meWmid0a@4cl ai med in claim 1l ogy® and in whi ch eacPOAKBIEHIDRAM uni t
receives a different portion of the data during said data transfer, but
each AMPIC 16 DRAM unit receives the same DRAM nessage address | ocation,
enabling each AMPIC DRAMto wite the nessage transnmtted by a systeml/O
resource into the same location in the internal DRAM array. 4. A et hod
as clainmed in claim3 wherein, at gipssage destination system|/O resources,
the message is read out. 5. A ﬁﬁ(@d as clainmed in claim1 and in which,
following the witing of the ness owent by a system |/ O resource into the
AVPI C DRAM array, the step is perf@d@& of informng the destination system
|/ O resource for which the rressage‘.’% 8 ntended, of both the existence of a
nessage and the nessage address | atidn
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within the AMPIC DRAM array. 6. A method as claimed in claim5 and in
whi ch the destination |I/O resource for which the nessage is intended, upon
Fei ng so inforned, extracts the message fromthe AVPIC DRAM array. 7. A
method as clainmed in claim6 wherein the nmessage data is distributed across
the entire AMPIC DRAM array, with each elenent of the array holding a
portion of the data, and the conplete signalling information of the nessage
is sent to each individual element of the AMPCI DRAM array. 8. A et hod

"2 o Ty kB R A SR ind iR R Sps BBIART
A et el T (e B ERe ERERY, Bipnpit o oraiese 40
[ the essnags LOSaLL PRl Bkl LLA B354 For FharPSSMERRk 3P Fesl P
providing unified memory architecture. |
In said co-opening application, a large number of system 1/O resources may be
supported, each with a wide data bus, while still maintaining low pin counts in the AMPIC DRAM
device, as by stacking several such devices, later illustrated in connection with hereinafter
described Fig. 2, with the number of system I/O resources supported, and the width of each
system 1/O resource bus being limited only by the technology limitations.
While such architectures, as previously stated and as described in said co-pending
application admirably provide a very large amount of bandwidth for each system I/O resource
to access the DRAM, the system does not provide a mechanism by which one system I/O
resource may send data to another system I/O resource — an improvement now provided by
the presént invention. As an example, if system 1/O resource m has a multi-bit message that
should be sent to system I/O resource n, then once the system I/O resource m has written the
multi-bit message into the AMPIC DRAM stack or array, the invention now provides a
N mechanism for informing system 1/O resource 77 of both the existence of such a message and
the message location within the AMPIC DRAM array. In addition, upon the system 1/O resource
n being informed of the existence of the message and its location in the array, in accordance
with the present invention, a technique is provided for allowing the system IfO resource nto
extract the message from the array. While the message data is thus being distributed across

the entire AMPIC DRAM array, moreover, with each element of the array holding only a portion

of the data, the complete signalling information must be sent to each individual element of the

AMPIC DRAM s
e ~EPLACEMENT SHEET |
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11. A nmethod as clainmed in claim1 and in which the AMPI C DRAM array is
divided into several independently controlled banks greater than or equal
tD the number of system I/ O resources connected to the AMPIC DRAM and each
internal data bus is divided evenly between each of the DRAM banks. 12. A
method as clainmed in claim 11 and in which crossbar switching is

I nt erposed between each system |/ O resource data port and the DRAM array
for bidirectionally switching the correct data port to the correct DRAM

bank for each {xefvdrition, fﬁ%ddlt.ori\ ﬁ?ahaacth@ﬁjrﬂkmnﬁﬁ?@\:en@nebﬁa paitiafifg tevshmqush

the size of the nessage Is also forwarded to the destination system |/

530 CE AR S0k G598 i r B!
the wide system intermnal data bus more efficiently to accommodate for both small and large
units of data transfer.

Further representativé prior art is to be found in international application WO 97 11419
in the name of Shablamm Computer Inc. The present invention is to be distinguished from
disclosure in that intemational publication and also from the Chatter disclosure in US patent

application serial number 581467 herein before referred to, in accordance with the

characterising features of claims 1 and 23 of the claims of the present application.
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stored in the DRAM array when the nessage is witten therein, and the size
of the nmessage is indicated to the destination system|/O resource by
dsserting a Data Valid signal for so long as is indicated by the nmessage
bit count. 15. A method as clainmed in claim4 and in which the
destination system|/O resource, upon receiving the address |ocation of the
nmessage, drives the address location into each of the AMPI C DRAMs. 16. A
method as clainmed in claim6 and in which the extracting of the nessage is

ef f ect ed &M&W IR5the |pp&raire®@BmBAdithB%t JFRINS AEentivns bﬁgmidmg adgiressnt 0 each

of the AMPIC , by the reading of its portion of the nessage data out

of each ﬁ%é@ﬁ%%'imhet&% chgJ[xﬁé(n seftithhs | 1R WRdsehar SwitERinTRE SRteMatt erhifodimént
destination resource.
allows for much more flexible use of the entire data port. In the before-mentioned example of
a system I/O resource driving two consecutive messages into the AMPIC DRAM both destined
for the same DRAM bank for example, the second message is now written into the next
available slot of the data port regardless of its eventual destination DRAM bank. The mXn
crossbar switch is used to forward the message to the appropriate DRAM bank when the time

comes to write the message into the DRAM.
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i7. A nmethod as clainmed in claim15 and in which the nessage is sent to

several destination systeml|/Oresources as a nulticast _pessage,.and. —upe
riecogni zing that the same DRAM address has been received ﬁfﬂmﬁggm(ﬁHE@ﬁe
mul ti cast massage system 1/ O resources, a single DRAM re¢ad_cyc S

execut ed. A nethod as clainmed in claim10 whereintif tio
t he rressages fromthe successive sections of the AWPIC [H\M%Erigﬁm t
| ink address is one section does not point to another séctiLon.the-—entite

nessage has been read out. 19. A nmethod as clainmed injclaim8 and
which the section size is programmed t &lAIMSnge of vari dble-.si
accommpdate for primarily relatively small and |arge nessages,

respectively. 20.

are stored i ntler nafimethbd of enBEving perfarmanee in- & caultirplrtiinteenafiy cached asray
nmessage size, with different size nmessages accordingly distributed

t hr oughout  t hef AMPEY DRAM. unitsAn whidncerl plasaliy off systéni IfCctesources itetface aldngch t he
passi ng of addresses

R

common intemal data buses connected to corresponding DRAM cores in each unit of
the array, and wherein data from a processing source is also transferred with each
unit along the buses during the data transfer cycles, the method comprising
concurrently with the data transfer, enabling the system I/O resources to send
multi-bit messages to one another by sending the message from one system I/O
resource to all AMPIC DRAM units of the array during said data transfer cycles, and

concurrently with bit information on message address location in the DRAM

- characterised in that each system I/O resource is connected to a data port within

the AMPIC DRAM, and the step is performed of dividing each port into a number of
slots equal to the number of DRAM banks, and streaming data arriving from the
system 1/O resource into the appropriate slot of that system 1/O resource data port
as determined by the DRAM address to which the data is to be written, and in turn
determining into which DRAM bank the data is written.

2. A method as claimed in claim 1 and in which relatively short messages are
employed as in ATM networking, and the incoming message data from a system 1/O
resource is streamed into a slot of the system I/O resource data port;-and wherein,
if other system I/O resources have filled different slots of their corresponding data
ports with similarly short messages, transferring all the messages to the DRAM array
at the same time, thereby enabling efficient utilization of said data buses. |

3. A method as claimed in claim 1 or 2 and in which each AMPIC DRAM unit

receives a different portion of the data during said data transfer, but each AMPIC

o m

A nmethod as claimed in claim4 and in which nmessages

e




between the system I/ O resources is effected in |ogic exter
DRAM  22. A nmethod as clainmed in claim1 wherein the AVPI
upon receiving the nessage data, choose a free address | oca
array and wite the nmessage to that |ocation, so informng
destination I/O resource with a nessage ready signal; and,
destination I/Oresource is ready to accept the nessage, retrievi ng its
portion of the message data from each DRAM of the array and—f-e+wardi-Rg—t-he-

data on L0, Neygip oAl R RUSGRT mklod FRENEAIY dlooiech oo
e o B PR PARERS Akl sisont s sfBECUEL kR BARIT Y,
conprising a pslaur E m th%¥ﬁcternn? IBIQJRII rarerg\?ur ces which
4, A method as claimed in claim 3 wherein, at message destination system 1/O
resources, the message is read out.
5. A method as claimed in claim 1 and in which, following the writing of the
message sent by a system I/O resource into the AMPIC DRAM array, the step is
performed of informing the destination system I/O resource for which the message
is intended, of both the existence of a message and the message address location
within the AMPIC DRAM array.
6. A method as claimed in claim 5 and in which the destination I/O resource for
which the message is intended, upon being so informed, extracts the message from
the AMPIC DRAM array.
7. A method as claimed in claim 6 wherein the message data is distributed
across the entire AMPIC DRAM array, with each element of the array holding a
portion of the data, and the complete signalling information of the message is sent
N to each individual element of the AMPCI DRAM array.

8. A method as claimed in claim 4 wherein the message bit address location

information is logically partitioned in the DRAM array into a plurality of sections.

9, A method as claimed in claim 8 wherein the sections are of equal sizes.

10. A method as claimed in claim 8 and in which link address bits are included in

the message location information linking parts of messages larger than said

I

sections.
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interface al ong common internal data buses connected to CD?@B@WW
cores in each unit of the array, and wherein data froma p Sour

iss also transferred with each unit along the buses duringidata transfer
cycles, logic circuits for enabling the system /O resourte$ {02 skl 2002
mul ti-bit messages to one another by sending the nessage {r@m .
I/Oresource to all AMPIC DRAM units of the array during $aid data transfer
cycles, and concurrently with the information on nessage address.l.ocation
in the DRAM each AMPIC DRAM unit receiving a different portion of the data
during said tihnsfarmethed asidaimeddn campicamiRivmiieht the £t BRAM Arraycigi ve

t he sanme DRAM nessage address location and to wite the nessage transmtted
by a system | didee dotor severiah irdepérelentiyreontroied ibanksi greater than er egualdRAREar r ay
characterised in that the array is divided into several independently
control | ed DRAMnbendfsystamviiOabsoreres copractad tb/tiie AMBHLIDBAM; and eacheicteroalt o a
data port within the AMPIC DRAM and each port is divided into a nunber of

sl ots equal t gathbls HdRAGEd SVenlyrbetidanrdseh oftheDRAM barkss i ving from the system
|/ O resource streaming into the appropriate slot of that systeml/O

resource dataiport pamedRlcsdlichifed yn tdm 11 and in which crossbar switching is

Ll

interposed between each system I/O resource data port and the DRAM array for

bidirectionally switching the correct data port to the correct DRAM bank for each
N transfer.

13. A method as claimed in claim 5 and in which, the size of the message is also

forwarded to the destination system I/O resource with the message address

location.

14. A method as claimed in claim 13 and in which the size of the message is

stored in the DRAM array when the message is written therein, and the size of the

message is indicated to the destination system IO resource by asserting a Data

Valid signal for so long as is indicated by the message bit count.

15. A method as claimed in claim 4 and in which the destination system I/O
A resource, upon receiving the address location of the message, drives the address

location into each of the AMPIC DRAMs. .

16. A method as claimed in claim 6 and in which the extracting of the message

is effected once the address location of—the message has been drive}:n into each of

the AMPIC DRAMSs, by the reading of its portion of the message data out of each

AMPIC DRAM of the array, and forwarding the message on to the destination }/O
-—

O

resource.
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DRAM address to which the data is to be witten, and in
i nto which DRAM bank the data is witten. 24. Appar at 4
ctaim 23 in which relatively short nessages are enpl oyed
net wor ki ng, and the incom ng nessage data froma system
streaned into a slot of the system|/O resource data por
other system |/ O resources have filled different slots ¢

tormdeter T
SRERLACEMENS (SHEET
ST ITATM

| GRS

f THErT

correspondi ng data ports with simlarly short nessages, |[heans i S provi
for transferring all the nessages to the DRAM at the Same ti1ne, enablling
efficient utiA¥zat Adnetbed asclaimed imclpims tsandip. whichrihsamessage iasentitaisavatali n
claim 23 wherein nessage destination system|/O resources are provided with
means for enalestingtiom systens JAD aesonrdes asem thuttichst Aéssage, Agnuianupbn Tecognizingi med
in claim?24 and in which operable neans is provided,

ded

that the same DRAM address has been received from each of the multicast message
system I/O resources, a single DRAM read cycle is executed.

18. A method as claimed in claim 10 wherein in the read out of the messages
from the successive sections of the AMPIC DRAM array, when the link address is
one section does not point to another section, the entire message has been read
out,

19. A method as claimed in claim 8 and in which the section size is programmed
to a range of variable size values to accommodate for primarily relatively small and
large messages, respectively.

20, A method as claimed in claim 4 and in which messages are stored
international the DRAM array back-to-back irrespective of message size, with
different size messages accordingly distributed throughout the array.

21. A method as claimed in claim 4 and in which the passing of addresses
between the system I/O resources is effected in logic external to the AMPIC DRAM.
22. A method as claimed in claim 1 wherein the AMPIC DRAM units upon
receiving the message data, choose a free address location in the DR;\M array and
write the message to that location, so informing the system destination IO resource
with a message ready signal; and, wh;n the system destination I/E) resource is
ready to accept the message, retrieving its portion of the message data from each
DRAM of the array and forwarding the data on to the destination IfO resources, all

independently of the intemal structure of the AMPIC DRAM units, and with the array

functioning as a store and forward cross-connect array.

) 1 o
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f-_ol lowing the witing of the nessage sent by a system I/(Ogiﬁ%%&@gir%}&ﬁm

AMPI C DRAM array, for informng the destination system|/
whi ch the nmessage is intended of both the existence of a
message address |ocation with the AVPIC DRAM array. 27.

>

Yol

claimed in claim26 and in which neans is provided for enalling.the

destination system|/O resource for which the nessage is
being so inforned, to extract the nessage fromthe AMPI Ci

Apparatus as clained in claim?27 wherein the nessage data is distributed

méssa%e and t he

aflA¥ 2887

i nt ended,

upon

A1%

across the entdre AdpRratufeniniancng thei perfosnencecafeanaiti-part intermally s3chedl di ng

a portion of the data, with the conplete signalling information of the

messagi ng bei #pysehAMPIS BRAM unitaicomprising ol plwality affsystiem JXOPteSbuDEsMvhich ay .

29. Apparatus as claimed in claim26 and in which said logic circuits
enabl e the siipterfate talongnessemaor internak datiasbuses rooanettall tm cotrespiading rBRAMN

system|1/O resource with the nmessage address |ocation. 30. Appar atus as

claimed in clcores BSaghdinitrofthe ahay and whepein datar feem taSproeetsiag tsbaree is also

transferred with each unit along the buses during data transfer cycles, logic circuits
for enabling the system I/O resources to send multi-bit messages to one another by
sending the message from one system IO resource to all AMPIC DRAM units of the
array during said data transfer cycles, and concurrently with the information on
message address location in the DRAM; each AMPIC DRAM unit receiving a different
portion of the data during said transfer, and with each AMPIC DRAM unit connected
to receive the same DRAM message address location and to write the message
transmitted by a system IO resource into the same location in the internal DRAM
array characterised in that the array is divided into several independently controlled
DRAM banks in which each system I/O resource is coﬁnected to a data port within
the AM.PIC DRAM, and each port is divided into a number of slots equal to the
number of DRAM banks, with data arriving from the system I/O resource streaming
into the appropriate slot of that system I/O resource data port as determined by the
DRAM address to which the data is to be written, and in tumn determini}lg into which
DRAM bank the data is written.

24,  Apparatus as claimed in claim 53 in which relatively short ;nessages are
employed as in ATM networking, and the incoming message data from a éystem I/0
resource is streamed into a slot of the system I/O resource data port; and wherein,
if other system I/O resources have filled different slots of their corresponding data

ports with similarly short messages, means is provided for transferring all the

—_—
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size of the nmessage to be stored international the DRAM al remp WOENERhSHEET

message is witten therein, with the size of the nmessage
the destination systeml|/O resource by asserting a Data Vi
long as is indicated by the nmessage bit count. 21 31.
claimed in claim26 and in which nmeans is provided for ca
destination system|/O resource, upon receiving the addre

pe

ng..lndicated.t o

al i
£

Sk [

US|
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nessage, to drive the address location into each of the Al

Apparatus as clained in claim27 and in which the extractin {
is effected omessagesctoliigRRAM phthersame time i enablingseffigentaiization pf seiddata i nt o
each of the AMPIC DRAMs by neans for reading its portion of the nessage

data out of ebuses.AVPI C DRAM of the array, and forwarding the nessage on to

the destination I/O

| ocati on of the

of t'he- mas:sage

25.  Apparatus as claimed in claim 23 wherein message destination system I/O

resources are provided with means for enabling the message to be read out.

26.  Apparatus as claimed in claim 24 and in which operable means is provided,

following the writing of the message sent by a system I/O resource into the AMPIC

DRAM array, for informing the destination system I/O resource for which the

o message is intended of both the existence of a message and the message address

location with the AMPIC DRAM array.

27. Apparatus as claimed in claim 26 and in which means is provided for

enabling the destination system I/O resource for which the message is intended,

upon being so informed, to extract the message from the AMPIC DRAM array.

28.  Apparatus as claimed in claim 27 wherein the message data is distributed

across the entire AMPIC DRAM array, with each element of the array holding a

portion of the data, with the complete signalling information of the messaging being

sent to each individual element of the AMPIC DRAM array.

N 29.  Apparatus as claimed in claim 26 and in which said logic circuits enable the

size of the message to be also forwarded to the destination system I/O resource

with the message address location.

30.  Apparatus as claimed in claim 29 and in which said logic circaits cause the

size of the message to be stored international the DRAM array when the message is

written therein, with the size of the message being indicated to the destination

system I/O resource by asserting a Data Valid signal for as long as is indicated by

the message bit count.
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rch-the—ressage

resource. 33. Apparatus as clained in claim31 and in the g
is sent to several destination'system|/O resources as a MARERLASEMENT SHEgY,
ahd, upon recogni zing that the sane DRAM address has been HELel vet—f+-om.

each of the nulticast nmessage system|/O resources, a single @I?W 2
cycle is executed. 34. Apparatus as clainmed in claim25f ahd™i t e

nmessage bit address location information is |ogically pargi tTomet+na-the-
DRAM array into a plurality of simlar sections. 35. pparatus as cl ai med
in claim34 and in which link address bits are included inThe MmEssage
address | ocat¥on | ARPORA asovRIMER K elgimie and ipiwhithopeansds prviged farhansingie
section. 36. paratus as clainmed in claim 35 and in which, when, during
t he read out m%aﬁo@wgem 1/Corasoliree, supanereseivieg dbe taddress ddcatitre ofithety, t he
| ink address in one section does not point to another section, then the
entire nessaguessage,fedrive thadddeess focation into each of the AMPIC DRAMs.

32.  Apparatus as claimed in claim 27 and in which the extracting of the message

is effected once the address location of the message has been driven into each of

the AMPIC DRAMs by means for reading its portion of the message data out of each

AMPIC DRAM of the array, and forwarding the message on to the destination IfO
N resource.

33.  Apparatus as claimed in claim 31 and in which the message is sent to

several destination system 1/O resources as a multicast message, and, upon

recognizing that the same DRAM address has been received from each of the

multicast message system 1/O resources, a single DRAM read cycle is executed.

34.  Apparatus as claimed in claim 25 and in which the message bit address

focation information is logically partitioned in the DRAM array into a plurality of

similar sections.

35.  Apparatus as claimed in claim 34 and in which link address bits are included
o in the message address location information linking parts of messages larger than

the section. '

36.  Apparatus as claimed in claim 35 and in which, when, during the read out of

the messages from the successive sect~ions of the array, the link aadmss in one

section does not point to another section, then the entire message has been read

out.

AR 1
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22 37. Apparatus as clained in claim 34 and in whjch-the—seetions—
size is programmed to a range of variable size val ues tp RiCLAGEMENT SHERT

both relatively snmall and | arge nmessages. 38. Appar at us ' ' '
claim 25 and in which nessages are stored internationa

back-to-back irrespective of nessage size, with differepnt
accordingly distributed throughout the array. 39. Appgr
claim 25 and in which the passing of addresses between fhe systeml/O

resources is effected by logic circuits external to the AVPIC DRANM™23
Apparatis as claimed in claim 34 and in which the sections size is

programmed to a range of variable size values to accommodate for both relatively
small and large messages.

38. Apparatus as claimed in claim 25 and in which messages are stored
international the DRAM array back-to-back irrespective of message size, with
different size messages accordingly distributed throughout the array.

39. Apparatus as claimed in claim 25 and in which the passing of addresses
between the system 1/O resources is effected by logic circuits external to the AMPIC

DRAM.
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