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AMPIC DRAM SYSTEM IN A TELECOMMUNICATION SWITCH

) TFhe present invention relates to dynamic random access memory technology (DRAM) of
the type dcscribc& iﬁ co-pending US patent application, Scrial No: 581.467. filed Docember 29,
1995 for’ High Performance Universal Multi-Port Internally Cached Dynamic Random Access
Memory (AMPIC DRAM) System. Architecture And Mcthod. by Mukcsh Chatter. and of
coxﬁmon assignée'l\cré\x-ith. that climinates current system bandwith limitations and related
problems and provides significantly enhanced system performance and at reduced cost. cnabling
substantiallv universal usage for many applications as a result of providing unificd memory
architcéturp. The invention is more particularly dirccted to improvements in such systcms
particularly aﬂapted for ATM (asynchronous-transfcr modc) Sonct (Synchronous optical

network) cross connect and WDM (wave design multiplexing) and simifar applications.

BACKGROUND OF INVENTION

In mutti-portcd intcrnatly cached dynamically random accessed memory systems
(AMP]C)f)ﬁAM)' of the tvpe described in said copending application and hercinafter more fully
explained. independent serial interfaces buffer cache data written into the AMPIC device before
writing it into sharcd intcrnal DRAM banks. over which contention ariscs. The buffer slot
caching of the data rcceived on the scrial interfaces reduccs the chances that internal contention to
a particular DRAM bank will affect the overalt external performance of the serial interfaces by

increasing the number of requests that may be outstanding to a particular internal AMPIC DRAM
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bank beforc it becomes nccessary to stop the writing of_information on onc of the cxternal serial
intcrfaces in order to avoid overnmning the limited write cache buffer slot spacc for that
partjcular scrial interface. Because of the potential for a large number of read and write access
requests to be contending for switching to a particular IDRAM baﬁk, the time it takes the AMPIC
device to writc data into onc of the intcrnal DRAM .bank_.s can significantly var); ub to some finitc |
maximum amount of time. |

More gencrally. the .tochniqu.c of said co-pending application as uscd in a systcm having a
master controller such as a cc_ntral processing unit (CPU) having paralicl data ports.and a
dynamic random acccss memory (DRAM) cach qonné_ctcd to and compcting for acccss to a
common system bus interfacc, resides ih an improved DRAM architecturc comprising the multi-
port intcrnally cachcd DRAM (AMPIC DRAM) wherein a plurality of independent scri.al data
interfaccs is provided, cach-connccted between a separafc cxtemél /0 rcsou-rcc and internal
DRAM mcmory through corrcsponding buffers. Switching is cffected between the scrial
interfaccs and the buffers. under a dynamic logic control by the bus master controller, such as
said CPU, for switching allocation as appropriate for the desired data routability amongst the 1/O
resources addressed dcstinations.- Arbitration is performed for bus inlérfacc access amongst the
various active packet buffers and the CP_U, but with no arbitration required to reccive or transmit
data from or to the packet buffers via the scrial interfaces. The AMPIC DRAM switching
module, furthcrmore, assigns any buffer to any scrial interfacc and v_vithqut any intcrmediate step
of transforring data between the buffer and the core DRAM, and with cach buffcr having the
capability 1o intcrface with up to all the scrial interfaces simultancously when defined as a port;
cach buffer. morcover, being configured for the samc port size as the pbrt to which it is connccted
or docked.

This tcchuiquc is uécful for handling with rclatively large and'short data mcssages and

with rcduced bus contention
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Whilc reducing arbitration requircments of bus access contention for relatively large
messagos through cfficient utilization of the data port cache slots and DRAM bank access
randomization as much as possibic, in accommodating for relatively short or small messages, the
AMPIC DRAM array system may, however, under-utilize the available spacc in a buffor cache
slot, resulting in a rapid deplction of available buffer slots.

It is accordingly to the improvement of such small message slot space nnder-utilization
that the present invention is primarily, though not exclusively concerned - - such being of
particular concern with ATM and similar type system operations. The present invention
accomplishes this through climinating the nced for cxtenal control and addresscs storage, using
rather, inheront data header destination information, and, in so doing, reducing to zcro all bus

contention for DRAM access. as well. as will bc morc fully explained.

OBIECTS OF INVENTION

A primary object of the present invention, accordingly, particularly (though not
cxclusively) when applicd to ATM and similar or related system opcrations. is to provide a new
and improved method of and system for AMPIC DRAM opcrations that climinates the necessity
for external controls and addressing storage, and simultancously reduccs all bus contention for
DRAM access Lo zero.

A l"urthcr- objcct is to provide a novel system whercin more cfficicnt utilization is effected
of the data cache buffer slot space associated with serial interfacing with the DRAM arrays:
particularly. morc fully utilizing such space for relativcly short or small messages.

An additional object of the present invention, morcover, in climinating the cxternal
control path and addresscs. is to providc a system which uscs an inhcrent header destination

information or “destination tag”. which allows a message to be sclf-routing through the AMPIC
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device. The invention atlows alf messages with the identical tag to be routed to the same DRAM
bank, regardicss of from which /0 resource the message originated. This “sorting capability” or
aggregation of traffic with the same destination, is extremely well suited to the before-mentioned
SONET Cross Conncct and WDM (Wave Division Multiplcxing) systems.

Still a further object is to provide a system that eliminates small message slot space
underutilization by packing messages together before wriﬁng a DRAM bank, this being
cspecially uscful for ATM and similar typc system operations where messages arc inherently
small.

It is the objcct of the present invention, furthermore, to provide the above features while,
in all cascs. reducing bus contcntion for DRAM access to zero.

Other and further objects will be explained hereinafter and are more fully dclin.catcd in

the appended claims.

SUMMARY

In summary, from onc qf its important viewpoints, thc invention cmbraces forusc ina
system having a mastcr controllcr such as a control proccssing unit having paralicl data ports and
a mndon;l access memory (DRAM) cach connected to a common systems bus interface, an
improved DRAM architccturc comprising an array of multi-port internally cachcd DRAM banks
(AMPIC DRAM) cach comprising a plurality of indcpendcnt serial data intcrfaces connected
between a scparate external /0 data write resource port and the corresponding internal DRAM
memory through a corresponding data caching multi-cell slot buffer: cach DRAM bank being
connccted 10 a single slot buffer and to a single destination 1/O data read resource port each
dedicatcd to that DRAM bank for respectively storing buffered data destincd for that bank and for
rcading out the storcd data solcly to the dcdicatcd /O data rcad resource port; a cross-bar switch

interposcd between cach 1/0 data writc port and the corrcspdnding slot buffcr, but with all IO
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data writc ports connccted to input data to cach cross-bar switch, allowing the /O data write port
to writc any cell within the slot buffer.

Preferred and best mode design and operational details will hercinafter be presented.

DRAWINGS

The invention will now be cxplained with reference to the accompanying drawings in
which:
Figs. 1 and 2 arc illustrativc block diagrams of thc intcmal architecturc of the AMPIC DRAM
system of said co-pending application;
Fig. 3 is a block diagram of an cxemplary systcm architecture based on the AMPIC DRAM,
system of Fig. 1: .
Fig. 4 illustratcs the methodology by which address and data arc distributed to such AMPIC
DRAM devices by the system 17O resources;
Fig. 5 is a block diagram of the architecture of such AMPIC DRAM intemal bus. illustrating the
partitioning to allow both scvcral simultancous small data transfers, or single very wide data
transfers:
Fig. 6 is a block diagram of thc AMPIC DRAM intcrnal systcm bus, with a crossbar switch
located between cach AMPIC DRAM port buffer and the DRAM array:
Fig. 7 illustrates a preferred cmbodiment of the present invention with DRAM banks dedicated to
systcrﬁ 1/0 resources. dedicatcd DRAM bank slots partitioncd into cells. and crossbar switches
located between all the system /0 resources and cach slot: and
Fig. 8 illustratcs in detail the implementation of a buffer slot and the corrcsponding cells, with
examplcs of multiple data streams on different I/0 data write ports with a common destination,
aggregating into a singlc AMPIC DRAM bank and resulting in a single data stream to a single

/0 rcad port; and
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Fig. 9 is a block diagram showing the systcm in Figs. 7 and 8 replicated to provide N duality of

scrvice and destination architecturc queuing.

PREFERRED EMBODIMENT(S) OF INVENTION

Before turning to preferred implementations of the prcscht invention, it is believed uscful,

in order better to contrast the invention from the basic system of the said co-pending application,

to review the latter in summary fashion with reference, first, to Figs. 1and 2.

The AMPIC DRAM Apprbach Of The Copending Chatter Application

As carlicr described,_the basic structure provided by the AMPIC DRAM device of said
co-pending application provides a very high bandwidth connection between system 1/0 resources
applicd at data ports comprising scrial interfaces cach provided with buffer caching slots, to
DRAM memory array banks locafcd within the AMPIC DRAM device. The architccture
cncompassces the diffcrent AMPIC memory devices that can be created by varying the number of
DRAM banks, varying the number of scrial intcrfaces, and varying the number of data ports per
scrial interface. A system 1/O resource refers to a block of logic that requires the ability to rcad
and writc data into an AMPIC device or a group of AMPIC devices. The AMPIC dovice
providcs a mechanism for switching transfer of lafge amounts of data from onc system /0
resource to another. amongst 1/0 resources 1...n in Fig. 1, granted that a source system 1/0
resource can inform a destination system 1/0 resourcc that it has placed data at a specific address
insidc of thec AMPIC device for the destination system 1/O resource. The AMPIC device contains
intcrnal DRAM banks cach of which has a number of memory locations in it, whercin variable
sizcd data blocks can be read and written. The maximum allowable data sizc is fixed by the

particular implementation of the AMPIC device. Each of the AMPIC memory addresses
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identifics a particular memory location in a particular intcrnal DRAM bank, to which data can be
written and read through all of the scrial data interfaces, with all system IO resources being
adapted to read and write all of the AMPIC mcfnory locations through the scrial interface to
which they are connected. |

Each system IO resource has a writc control bus and a writc data bus connected to one of
the AMPIC device scrial interfaces: so labeled in Fig. 1 and morc fully shown in Fig. 2, to write
data into the AMPIC device. To writc a variable sized block of data into the AMPIC device, a
system /O resource sonds an AMPIC address on its write control bus and the variable sized block
of data on its write data bus. As the scrial data intcrface on the AMPIC receives the address and
data, it placcs it into the writc cache buffer slots of that serial data interface. After complcting the
current writce operation into the scrial data interface to which a particular system 1/0 rc.;.ourcc is
connccicd, it can immediatcly start writing another variable sized data burst to another AMPIC
dovice address. As morc data is writtcn into the AMPIC on one scrial data intcrface, the writc
cache stots may fill up faster than they can be empticd. To keep the write cache on cach scyial
interface from overflowing, cach scrial interface has the means to stall (or temporarily stop) the
current data wire transfer until cnough space has been freed up in the write cache to finish
completing the current writc transfer. The scrial data interface signals the system IO rcsource to
stop scnding data through the system I/O resource control bus. As data is written into the write
cache of each serial data interface. the scrial data intcrfaces request access to-the internal DRAM
banks in the AMPIC device. The DRAM bank arbitcr, Fig. 2, grants the diffcrent scrial data
interfaces access to the DRAM banks of the AMPIC device, allowing the scrial data interfaces to
be switched to move the data from the writc cache into the proper memory location in the intcrnal
DRAM banks. The writc caching is uscd in the serial data interfaces to help smooth over periods
of contention when multiplc scrial data interfaces arc attempting to write data into the same

DRAM bank. When oo many requests arc outstanding to the same DRAM bank from the



WO 99/51000 ' . PCT/IB99/00482

diffcrent scrial interfaces, however. some of the scrial interfaces arc forced to stall the current
writc opcrations in order to prevent their write caches from being overflowed.

In addition to the writc control and write data busés, as previously stated, each system 1/0
resources has a read control bus and a read data bus, Figs. 1 and 2, conncceted to onc of the -
AMPIC devicc scrial interfaces to rcad data from the AMPIC device. When a system 1/0
resource wants to rcad the variable sized data block located at a particular AMPIC address, it
writcs the address into the AMPIC scrial data interface to which it connects on its read control
bus. The scrial data interface on the AMPIC placces the address in the read cache until it can gain
control of the internal DRAM bank in which the data is stored and read it out. Afier retrieving
the data, the serial data interface transmits the variable sized data block back to the system 1/0
resource. Because of the uncertainty of the delay in reading data from an AMPIC add;'ess, the
AMPIC device is designed such that data from scveral addresses can be requested and stored in
the rcad cachc before the first variablc sized data block is fetched and returned. This allows
multiplc blocks of data to be requested and retrieved out of the DRAM banks at the same time.
The AMPIC, however, ptéscwcs the order that the addresses werc inscrted and can transmit the
data retricved back to the systcm /0 resource in that order.

The flexibility of the AMPIC device is further enhanccd, morcover, by its ability to -
*stack’ multiple AMPIC dcvices into an array of AMPIC devices to create a much larger virtual
AMPIC device, as shown in Figs. 310 5. In Fig. 3, AMPIC units #0-3 arc cxemplarily shown for
the casc of the CPU data bits 0-15, with intcrfacing of each AMPIC device of the bank or array
with cach of system 1/O resources #1-#4 for bits 0-15. The mcthodology by which address and
data arc distributed to such AMPIC DRAM devices (termed “CHIPS™ in Fig. 4 sincc such is the
form they arc intended commercially to assume), in _a'ccbrdancc with the technique of said co-
pcndiné application by the system 1/O resources, is outlined in Fig. 4. The address bits (center of
the illustrative system [/0 resource) are fed to all AMPIC chip devices #0-3, with the bits of data

bytc 0 (bits 0-7) applicd to chip O: databytc 1 (bits 8-15) to chip 1: databytc 2 (bits 16-23), to chip
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2: and databytc 3 (bits 24-31) to chip 3. ctc., and with the linking togcther of a unit of data across
several such DRAM scctions. In Fig. 4, address pins are shown as scparate pins from the
databus. Specific implementations can optimally multipiex address and data pins to enhance data
transfer ratc to AMPIC.

Fig. 5 details the architecture of an excmplary AMPIC DRAM internal bus system,
illustrating the partitioning that altows both several simultancous small data message transfers or
single widc data message transfers. In this illustration, } to M DRAM banks arc shown, each
cxternally controlled, and cach provided with cross-bar switching inputs (T/M bits where T is the
total data bus width) for applying along the common shared bus, the data cached in #1-n data port
scrial interface buffer caching slots 0-M, from respective system VO resources #1...N.

This makes it possible to scale the data buscs from the array of AMPIC dcvicc;s or virtual
AMPIC dovice, increasing the data rate at which data can be writtcn into and rcad out of a single
AMPIC device by “n” times, and also increases the maximum amount of data that can be storcd
at cach memory location to “n” times its sizc in a singlc AMPIC device.

‘When multiple AMPIC devices arc collected into an array of AMPIC devices and uscd as
onc large virtual AMPIC device. as shown in above-described Figs. 3, 4, 5. and 6, all ‘m*> AMPIC
devices are clock-cycle synchronized, meaning that cven though no control wircs connect the
AMPIC devices together, the *m’ AMPIC devices will stay perfectly synchronized because the
cxact same read and write accesses arc performed on all “m” devices at the same time. it should
also be obscrved that because the cxact same read and write accesses arc performed on all ‘m’
AMPIC devices at the same time, there arc the same number of AMPIC addresscs for a single
AMPIC device as there arc for a virtual AMPIC device. A number of AMPIC devices
synchronized together is therefore hercin referred to either as array of AMPIC devices orasa
virtual AMPIC device: and discussion about a single AMPIC device also dircctly applics to a
virtual AMPIC device and vice versa. because a virtual AMPIC device is simply multiple AMPIC

devices working in paralicl.
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Since the interfaces share the same internal DRAM buses to the DRAM banks, as shown
in Figs. 1-3, to put data into thc DRAM banks and take it out, it is incvitable that contention will
occur for thesc sharcd resources sémc statistical percent of the time, thus causing the time it takes
to read or writc data into and out of thc intcrnal DRAM banks inside the AMPIC memory to have
a significant variancc with some guaranteed upper bound. In an cffort to allcviate the majority of
this contention, extra buffering or caching is provided such that a few write accesscs can be
stored, as dcs_cribcd above, before rcaching the point of having to stall one of the cxternal scrial
intcrfaces to onc of the system /O resources. By buffering a few writc opcerations in the scrial
intcrface, the majority of times contention occurs, it is alleviated before having to stall any of the
cxternal serial data interfaces. Similarly, some level of caching is provided for the rcad accesses
such that multiple rcad rcqucsts can be stored and handled simultancously to the DRAM banks,
reducing the chance that no data will be present to send a particular system 1/0 resource.

In summary, as morc fully shown in Fig.6, that details the internal system bus with a
crossbar switch locatcd between each AMPIC DRAM port buffer and the DRAM array, each
system 1/O resource is thus connccted to a data port within the AMPIC DRAM device, with each
data port divided into a number of buffcr slots equal to the number of DRAM banks. The mXn
crossbar “switch™ is shown placced between cach system /O resource data port and the DRAM
array, where the DRAM array consists of m banks and the data port consists of n slots. The:
crossbar switch cnablcs any slot to be driven into any one of the DRAM banks via the very wide
data bus (shown in heavy lincs). The crossbar switch allows a system 1/0 resource to utilize
empty slots if contention for a DRAM bank occurs during the current write cycle. When
permission is so grantced, the AMPIC will cnable the slot onto the correct DRAM bank lanc on-the
widc data bus. The carlicr described contention for a DRAM bank can occur for a number of
reasons; a rcad cycle is ongoing: multiplc mcésagcs from the same system /0 Fesource are
destincd for the same DRAM bank; messages from other system I/O resources arc destined for

the same DRAM biak. Since a systiem /O resource data port contains a limitcd number of slots
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to buffer messages until access is granted, when a data port has no available slots. back pressure
is applicd to that system /O resounrce and system performance drops.

In a typical AMPIC DRAM array system of the copending application, contention is,
however, minimized by the fact that large messages utilize slots efficiently and DRAM bank
access is randomized as much as possible. Small messages, on the other hand, as carlier
mentioned, underutilize the space in a slot. resulting in a rapid depletion of available slots.

Consider, for examplc, the casc of an AMPIC DRAM array system, as in Fig. 6,
comprised of 16 /O resources with 16 stacked AMPIC DRAM devices. Each AMPIC DRAM
confains 16 baoks of 512 bit wide DRAM. This architecture results in an intcrnal wide data bus
of 8kbits per device, or 128kbits across all stacked AMPIC devices. On a single AMPIC device,
cach system 1O resource data port contains 16 slots with 512bits of storage per stot. A. single slot
can stor 8kbits across all 16 stacked AMPIC devices.

Considering a system /O resource writing a relatively short 424bit ATM message to a
slot across the entirc AMPIC DRAM array, such message occupics only 5% of the slot; and with
a 4 bit widc data path to cach AMPIC. the transaction takes only 7 clock ticks to complctc. This
pO(;r utilization of slot spacc. in conjunction with DRAM bank contention. can result in a rapid
depletion of available slots and ultimatcly degradation in system performance.

It is now in ordcr to describe the modifications to the system of said copending
application cffected by the present invention that, for certain applications, such as ATM, totally
climinatcs any contention whatsocver, and obviafcs the need for extra buffering and other of the
above concerns, whilc additionally removing all requirement for cxternal addressing control, and
further cnabling morc cfficicnt usc of caching slots in the scrial interface buffers for short data

messages.
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THE INVENTION

Thesc ends and the attaining of a very high system bandwidth to memory applications
utilizing small mcssagcs. are'accomplishcd by the present invention through a novel architecture
that, as beforc stated, cntircly climinates DRAM bank contention within an AMPIC DRAM
device. This is particularly uscful, as previously noted, for pure ATM networking systems, (and
the likc), where the incoming messages arc only 424 bits in size.

A prcferred embodiment of the invention for alleviating thesc problems is illustrated in
Fig. 7. using as an illustration thc abovce cxample of 16 /O resources. In accordance with the
invention, cach DRAM bank has a singlc dedicated slot buffer for storing messages destined for
that bank. Each slot buffcr is partitioncd into a predetermined number of cells, where that
- pumber represents also the number of system 1/O resources. .

A single ccll can accommodatc a complete ATM miessage and somc additional control
information, the ccll being defined as 32 bits per device, or 512 bits across all 16 devices in the
“AMPIC DRAM” array.

| In the carlicr presented example of 16 system 1/O resources, a singlc slot has 8kbits of
total storage (5 libits x 16) across thc AMPIC DRAM array and therefore can hold 16 ATM
messages. Each system 1/0 resource, however, has a unique datapath to all 16 slots. An mXn
crossbar switch, so-labcled, is placed between cach slot and all of thc systcm I/O rcsources, where
m represcnts the number of system 1O resources and n represents the number of cells per slot.
This cnables the AMPIC device to steer an incoming message to any cell within a single slot. It
should be noted that this implics that a ccll is not dedicated to a system 1O resourcces, but is rather
just an available storage spacc.

An important feature of this novel architecture is the ability for all 16 system /O
ICSOUrces simultancously to writc complctec ATM (or similar) messages into a singlc slot, or any
number of slots. This architccture thus fully utilizes the high bandwidth on the intcrnal wide

memory bus by packing small messages togcther.
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At first glancc it might appcar that DRAM bank contention has been climinated since
messages destined for the same bank have been packed together in the same slot. There is,
however, a remaining problem in that cach of the 16 ATM messages stored in a single slot will
probably have a different row addrcss, cven though it is destined for the same bank. This will
almost always occur if cach message and associated DRAM address comes from a different
system 170 resource. It is therefore now in order to describe the preferred mechanism of the
invention by which DRAM contention is indced completely climinated.

For purposcs of analogy in cxplanation, consider each system 1/O resource with its
dedicatcd DRAM bank as a mailbox. A mailbox only contains messages for the system 1/0
rcsource that cxclusively owns it. The partitioning of the memory as in Fig. 7. thus climinatcs
contention during read cycles. This architecture requirces that the number of DRAM banks be
cqual to or greater than the number of system 1/O resources. Incoming ATM messages no longer
requirc a DRAM address, but just a unique mailbox number. A system I/0 resource injects such
a mailbox address (destination port numbcer) along with the message and the messages are routed
to thc appropriate slot bascd on the mailbox address.

Messages arc then packed back-to-back in cells via the mXn crossbar switch before
doscribed.  Fig. 8 illustrates the implementation details of the before-described architecture. In
order to pack the messages back-to-back and fully utilize a slot, cach ccll has to accept multiple
cntrics. For example, a situation could arise where only somc of the cells are holding messages
resulting in a partially filled slot. The DRAM would not write the data because the slot has
cmpty cells and this would under utilize the DRAM memory. Under the worse case situation, the
170 writc ports might have 16 ncw messages available for writing, with all the messages destined
for thc samc DRAM bank. and thus the same slot. In fact, sincc cach 1/O write port messages

indcpendently, a mismatch between available cells and messages is actually typical. This
problum is casily corrccled by implementing cach ccll as a small fifo with a minimum depth

requircment of 2. This novel implementation guarantecs that the stot can always accept 16
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messages. I the 1¥ row of fifo catrics in a slot arc partially fitled, the crossbar switch dirccts the
new messages' to scquentially fill the empty ccells, completing the 1* row. If the number of
incoming messages arc grc:itcr than the number of entries in the 1™ row, then the rcmaining
INCSSages arc dircctc'd to the 2™ row of fifo entrics. Since there is no contention for write cycles
to thc DRAM the 1™ complctc row is aéccptcd by thc DRAM, cmptying the top of the fifo. Fig. 8
illustrates this architccture with cxample data streams. Note that in some cascs a partially filled
slot can be written to the DRAM bank if no incoming messages arc available and thc DRAM
write logic senscs a minimum systcm latency time has been violated. In other cmbodiments of
the invention the cell fifo architccture can have deeper depths depending on the contention. For
cxample, in an alternatc implciucnlation, multiple slots could competc for the same bank, but the
cell fifo's would have to be greater than 2 decp to absorb mcssagcs whilce waiting for ac.cms to the
DRAM bank.

In a typical casc, not all 16 1O resources will be sending messages to a mailbox,
implying that some cclls will be cmpty. The AMPIC nccds knowledge of this during read cycles
and can keep track of this by writing an invalid bit in the unuscd cclls. When a system VO
resource responds to a AMPIC mailbox flag signal (mcssage availablc). messages arc read out of
a DRAM in the exact ordér in which they were written.  This lends itsclf syncrgistically to ATM
traffic protocol, which statcs messages from a single system /O resource must maintain order.
The AMPIC maintains order by uSing simplc rcad and writc address counters to keep track of the
data in thc DRAM mailbox. This lends syncrgisticaily to the ATM, Sonet Cross Conncct and
WDM traffic protocol, which statc mcssages from a single system I/O resource must maintain
order.

Consider, for cxample, the extreme case of a multicast message being sent by all 16
system 1/0 resources to all other 16 system 1O resources. The unique architecture of the
invention can accommodate all 256 mcssages in 256 cells across 16 slots. Therce is thus no

contention whatsocver during the write cycle. And, as carlier pointed out, since cach system 1/0
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resource has a dedicated mailbox and does not have to contend with the other 16 system 1/0
resources for DR;\M access, there is no contention on the read cycle, as well.

In addition to providing for zcro contention, the invention also climinates the necessity
for the external control paths and addressing of said copending application.

Instcad of having buffers feeding into the AMPIC device with random addresses and
being written into memory randomly, in accordan;:c with the invention, as the data packet is
recetved and broken up into buffers, at that point in time, the system alrcady knows the
destination by simply looking at the initial headers in the packct. Thus, iitiatly the /O resource
module knows the destination (address) that the packet or the buffer is to go to, so that when the
buffer is injected into the AMPIC DRAM system, instead of having a random mcmory address, it
inherently has the address of the destination 1/0 module. |

In the illustrative casc of Fig. 6, in a system with 16 10 modulcs, one 10 module will
basically have a 4-bit addrcss from the header, saying that this particular buffer is going to a
particular destination. Since, moreover, in accordance with this architecturally enhanced z}MPlC
system of the invention, cach DRAM bank is devoted to an 1/O modulc, cverything writter; intoa
bank is dustined for only one 1/0 module. In this_particular case, therefore, it can be said that
DRAM bank 1 of Fig. 6 only contains buffers for 1/0 module {. DRAM bank 2 contains buffers
only for I/Q module 2, and so on, This feature has scveral advantages. First of all, as above
shown, when an 1/0 modulc comes into an AMPIC system to rcad buffers, there is no contention
for a particular DRAM bank beeause an 10 module only read from one DRAM bank, and does
not contend with other DRAM banks. While all I/O resources nced to werite to all banks, as
shown at the bottom of Fig. 7, cach I/O rcsource only reads from onc dedicatcd DRAM bank.
shown in Fig 7 at the top, as rcading sclcctively.

The invention, therefore. for its applications, climinates the cxternal control and memory
addressing of said co-pending application in favor of using the incoming packet header 4-bit

destination address, basically saying that the particular buffer is destined for a particular 1/0
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resource and should go to such panicuiar resource at the DRAM bank that is dedicated to that /O
modulc. If, for cxample, 1/O resource 1 has buffcr data going to 1/O modulc 2. it will writc into
DRAM bank 2. On the incon;ing sidc of a DRAM bank, however, lilcrc is thn. nced to be ai:lc
potentially to take buffer data from all ports, because all ports may be sending bﬁﬂ‘cfs to the same
destination. To adjust' for that problcm, the invention uscs buffers of reduced sizes so thata
DRAM row can be partitioncd into smaller buffer sizes; i.e. cells. This architecture allows
messagcs to be self-routing through the AMPIC device. This "soﬂﬁig capability™ or aggregation
of traffic with thc same destination, is extremely well suited to Sonct Cross Conncct and WDM
(Wave Division multiplexing) systems.

Whercas, in accordance with the technique of the said co-pending application, a buffer
size of 512 bytcs or 256 bytcs is cmploycd, the present invention reduccs the buffer siz'e, say to
64 bytcs, creating 16 cells of 64 byiés cach across the 16 DRAM array. As an 1/O resource feeds
data in, it would writc into on¢ of thesc cells. Even if all 16 resources were trying to write to the
saﬁlé DRAM, there arc now cnough cells to accommodate all such 16 1/0 resourccs.

The invention thus pro'vidcs. the feature of the smallcr buffer sizc that cnables one DRAM
bank to takc buffer data from cverybody at the same time, as opposcd to the current-architecture
of the said co-pending application that has a buffer size equal to the cntirc amount that can be -
writtch to a DRAM at once. Instcad of liaving a 512 buffer sizc, the 64 bytcs of the invention
cnable cverybody to aceess the DRAM, as above cxplaincd.

It should be cmphasized, morcover, that with the present invention, the cross-bar switch
is disposcd between the 1/0 resource and the buffer cells (sometimes referred to as SRAM) so
that if all the resources arc not writing to the destination DRAM, then the buffers can be packed
$0 as not to waste memory space. As an cxample, assume /O resources 1 and 16 arc writing to
I/0 modulc 2. Théy would both writc into /0 DRAM 2. Instcad of writing into slots I and 16,
however, the cross bar switch would allow the two buffer data to be put next to cach other in

adjacent cells 1 and 2, avoiding creating holcs or unused spaces in memory.
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The before described 64 bytes selection is perfect for ATM applications and the like
because a 53 byte sct fits right into 64 byte space. But if, for some reason, it is desired to have a
bigger buffer size, tﬁat can casily be done by widening the bus with a diffcrent flavor of AMPIC,
or by using the current flavor, but just laying down columns of them. In fact, buffer size can be
increascd by not only columns, but by putting down, say, 32 AMPIC dcviccs, in which event, the
64 bytes will now become 128 bytes.

In contrast to the technique of said co-pending application, in summary, the present
invention puts the 16 by 16 cross bar switch in front of the SRAM or ccll buffer, now directly
underncath every DRAM. When buffer data enters, it is routed to a particular SRAM and DRAM
based on the predetermincd destination tag of the header, and there would not be a memory
address. Thus, buffer data comes in and is routed to a DRAM bank based on the dcstin.ation that
was predetermined at the /0 module, so that outsidc; of the AMPIC, a flag would turn up almost
likc a mailbox flag, and an 170 rcsource would come in and rcad just its bank and get all buffers
data that was destined just for the particular 1/0 module, and no longer needing to send an address
around the system on a control pack to a destination modulc and no longer requiring that such a
modulc pull out buffers at random memory locations. Each 1/0 modulc is going to come in and it
is going-to know just to read out the sclected mailbox and DRAM. with all the buffers in that one
DRAM bank dcstined for that one /O module. So, it is now just a function of knowing there is
something in the mailbox. and going to read it.

With the distinctive design map of the invention, when writing to the DRAM there are no
addresscs, just counters, with cverything being written as it is coming in, in a kind of fifo
architccture, as before discusscd. Each DRAM bank that has been analogized to a mailbox, has a
write pointer and a read pointer, with the write pointer starting at 0; and as the buffer data come
in. just writing them in order. Order is maintained based, therefore, on the order the buffer data

came in, confirming to nctworking architecturc that order has been maintaincd.
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The invention further provides for queuing for the usual 8 quality of scrvices and data, as
shown in Fig. 9. | _

.For such quality of scﬁtice, columns of thec AMPIC DilAM architecturc of Fig. 8 may be
divided into priority qucuc 0, priority qucue 1, ctc. An 1/O resource coming in_ has the choice into
which qucue to write the buffer data. Out on the 1/0 module attached to the buffer, the priority.
and its 4 bit destination arc figurcd, controllcd by the switch bar and cntering into the appropriate
column based on the qucuc and the corresponding internal AMPIC going into the correct
mailbox. For cxample, I/O module 0 sends to /O module 16, and its priérity | would go into this
AMPIC and be loaded into this DRAM I/0 module 16. The dccision as to which column to read
out of first, would obviously bc bascd on priority scrvices, and with the DRAMS scrving as fifo -
architecture, again wherc addresses do not need to be passed around the system, and_w.ith the
guarantcc that therc is no contention.

' While Fig. 9 illustratcs the Quality of Scrvice implemented with columns of AMPICS,
where a column represents a priority queuc, it should be noted that an alternate embodiment of
the invention could implement the queucs within an AMPIC. with banks of DRAM. An incoming
message would be routed to a bank bascd on its destination header and priority tag. An I/O read
port would have dedicated banks of DRAM holding messages sorted and prioritized for that port.

- Further modifications will also occur to those skilled in this art, and such arc considered

to fall within the spirit and the scope of the invention as defined in the appended claims. _
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CLAIMS

1.

For use in a systcm having a mastcr controller such as a central processing unit having
j)amllci data ports and a random access memory (DRAM) cach connccted to a common
systems bus interface. an improved DRAM architecturc comprising an array of multi-port
intcrnally cachcd DRAM banks (AMPIC DRAM) cach comprising a plurality of
indcpendent serial data interfaces connected between a scparate cxternal 170 data write
resource port and the corresponding internal DRAM memory through a corresponding
data caching multi-ccll slot buffer; cach DRAM bank being connected to a single slot
buffer and to a single destination 1/0 data read resource port cach dedicated to that
DRAM bank for respectively storing buffered data destined for that bank and for reading
out the stored data solcly to the dedicated 1/0 data read resource port; a c;oss-i;ar switch
interposcd between cach 1O data write port and the corresponding slot buffer, but with
all /0 data writc ports connccicd to input data to cach cross-bar switch, allowing the /O
data writc port to writc to any cell within the slot buffer.

A system as claimed in claim 1 wherein the data provided by cach I/0 data write resource
contaiis a header destination address corresponding to an I/0 data read resource port, and
meaans is provided for routing such data to the slot buffer dedicated to that DRAM bank
connected to the 1/Q data rcad resource port of that destination address.

A system as claimed in claim 1 whercein the cells of cach slot buffer arc availablc for
storage space for all systcm 1/O resources and are not dedicated to a particular system 1/0
FCSOUrce.

A system as claimed in claim | whercin each slot buffer is partitioncd into a
predetermined number of cells, and that number corrcsponds to the number of system 1/0
FCSOUrcCes.

A system as claimed in claim 4 wherein mxn cross bar switch positions arc provided,

where m is the number of system O resources and n is the number of cells per slot

e
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buffer; thereby cnabling the AMPIC DRAM to steer an incoming data message to any
cell within a singlc slot buffer.

A system as claimed in claim | whercin all I/0 data write resource ports érc édapted to
writc to all DRAM banks. while each I/0 data read resource port reads only from the one
correspondingly dedicatcd DRAM bank.

A system as claimed in claim 6 whercein the slot buffer size is made of the order of 64
byles.

A system as claimed in claim 7 wherein the data comprises ATM messages and all
system I/O resourcces arc enabled simultancously to write complete ATM messages into a

singlc slot buffer.

* A system as claimed in claim 8 wherein a 16 DRAM armay is provided creating 16 cells

-of 64 bytes cach across the array.

A systcm as claimed in claim | wherein columns of the arrays arc provided, cach

~‘assigned a queuing priority for diffcrent services and data, and with the DRAMs sepving

to providc a fifo architecturc thercfor.

In an array of multi-port intcrnally cached DRAM banks (AMPIC DRAM) wherein a
plurality of indcpendent scrial data interfaces are connected between separatc external

1/0 data writc resource ports and corresponding internal DRAM memory through
corrcsponding data caching multi-ccll slot buffers, a method of obviating common system
bus interface contention. that comprises, dedicating a singlc slot buffer 1o cach DRAM

bank: dedicating a singlc destination 1/O data read resource port to cach DRAM bank;

- cross-bar data switching between cach 1/0 data write port and the corresponding slot

buffer: and connccting all. 1/0 data write ports to input data to cach of the cross-bar
switching.
A mcthod as claimed in claim | whercin the data provided by cach 1/0 data write

resource port contains a header destination address which is used to routc such data 1o the

* [ L M s *
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slot buffer dedicated to that DRAM bank that in turn is connected to the /O data read
resource port of that destination address.

A method as claimed in claim 12 whercin cach slot buffer is partitioned into a
predetermined numbcer of cells, and that numbcer corresponds to the number of system 170
esources.

A mcthod as claimed in claim 13 whercin mxn cross bar switchings arc provided, where
m is the number of system 1O rcsources and n is the number of cells per slot buffer,
cnabling the AMPIC: DRAM (o steer an incoming data message to any cell within a
singlc slot buffer.

A method as claimed in claim 14 whercin successive cells arc providcd for memory
storage by all system 1/O resources to pack or fill the cells of the slot buffer “;ithout
unoccupicd spaccs.

A mcthod as claimed in claim 15 wherein all [/O data writc resource ports are enabled to

writc to all DRAM banks, whilc cach I/0 data rcad resource port reads only from the onc

correspondingly dedicatcd DRAM bank.

A mcthod as claimed in claim 16 wherein the slot buffer size is reduced to the order of 64
bytcs.

A mcthod as claimed in claim 17 wherein the data compriscs ATM messages and all
system /O resources are cnabled simultancously to write complete ATM messages into a
single slot buffer.

A method as claimed in claim [8 wherein a 16 DRAM array is provided creating 16 cclls
of 64 bytcs cach across the array.

A mcthod as claimed in claim 11 whercin columns of the arrays arc provided, cach
assigncd a queuing priority for differcnt services and data. and with the DRAMs serving

to provide a FIFO architccture therefor, -_—
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A mcthod as claimed in claim [ 1 whercin the data emanates from opcration of one of
ATM, SONET Cross Conncct and WDM.

Apparatus as claimed in claim | wherein the data cl.uanatcs'from opcr:ition of one of
ATM, SONET Cross Conncct and WDM.

A system as claimed in claim 2 whercin the usc of data-hcader destination bits and slot
buffers dedicated to scparatc DRAM banks climinates bus contention and the need for
external control paths and random memory addressing, and cnables the simultaneous
writing of messages into a single slot buffer.

A mcthod as claimed in claim 12 wherein the usc of data-header destination bits and slot
buffers dedicated to separatc DRAM banks eliminates bus contention and the need for
cxtcrnal control paths and random mcmory addressing, and cnables the simulta.neous

writing of messages into a single slot buffer.

- In an array of multi-port intcrnally cachcd DRAM banks (AMPIC DRAM) wherein the -

scrial data int-crfaccs of a plurality of indcpcndent scrial data interfaces .arc connected
between separate external 1O data write resource ports and corresponding internal
DRAM mcemory through corrcsponding data caching multi-ccll slot buffcrs. a method of
obviating common system bus interface contention whilc climinating the need for
external control paths and addressing storage, that compriscs, dedicating a single slot
buffer and a singlc destination /O data rcad resource port to cach DRAM bank; and
using inhcrent header destination tags to allow messages to be sclf-routing through the
AMPIC DRAM with all mcssages with the same tag routed to the same DRAM bank
regardless of from which I/O resource the message originated. thereby cnabling all

system /O resources simultancounsly to writc messages into a single slot buffer.

-
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