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(57) ABSTRACT 

A data processing system comprises a plurality of nodes 
an-d a serial data bus interconnecting the nodes in series in 
a closed loop, for passing address and data information. At 
least one processing node includes a processor, a printed 
circuit board and a memory Which is partitioned into a 
plurality of sections, including a ?rst section for directly 
sharable memory located on the printed circuit board, and a 
second section for block sharable memory. A local bus 
connects the processor, block sharable memory and printed 
circuit board, for transferring data in parallel from the 
processor to the directly sharable memory on the printed 
circuit board, and for transferring data from the block 
sharable memory to the printed circuit board. The printed 
circuit board includes a sensor for sensing When data is 
transferred into the directly sharable memory, a queuing 
device for queuing the sense data, a serializer for serializing 
queued data, a transmitter for transmitting serialized data 
onto the serial bus to a neXt successive processing node, a 
receiver for receiving serialized data from a preceding 
processing node, and a deserializer for transforming 
received serialized data into a parallel format. 
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NOVEL MULTIPROCESSOR DISTRIBUTED 
MEMORY SYSTEM AND BOARD AND METHODS 

THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] The present invention relates to a novel multipro 
cessor distributed memory system providing high-speed 
deterministic system connectivity, a novel PCI-based printed 
circuit board and methods therefor. 

[0003] 2. State of the Prior Art 

[0004] Multiprocessor distributed memory systems are 
knoWn and currently in Wide use in the art. Such systems are 
characteriZed by certain de?ciencies and can be substantially 
improved. For example, present systems essentially arbitrate 
resources in softWare and are sloW in this respect. Since such 
systems are con?gured as loops or rings, if it is necessary to 
remove one of the processors, or as it is commonly referred 
to a node, from the loop or ring, this can only be effected by 
poWering doWn the entire ring. In current systems, DMA 
transfers need to be sent around the entire ring thereby 
Wasting bandWidth by transmitting past the targeted receiv 
ing node. Further, With the adoption of the PCI bus standards 
in PC technology, there exists a need in the art to support an 
effective distributed memory system. 

SUMMARY OF THE INVENTION 

[0005] Accordingly. it is an object of the present invention 
to provide a distributed memory system that Will overcome 
the de?ciencies and disadvantages of present knoWn sys 
tems, and that Will function more ef?caciously and ef? 
ciently. Also, the present invention provides a novel printed 
circuit board that can be used in a system that includes PCI 
buses. The novel system of the present invention can be 
implemented in an electrical loop or ring or in an optical 
?ber loop or ring to achieve high performance and loW 
latency by using master/master ring topology, up to 256 
point-to-point ?oW controlled segments Which can be con 
?gured to form an electrical ring up to 7.5 km in circum 
ference or perimeter (100 feet betWeen nodes, up to 256 
nodes) or an optical ring about 750 km in circumference or 
perimeter. One of the principal advantages of the present 
invention is the ability to transfer simultaneously data from 
every node to traverse the entire ring (multipoint-to-multi 
point). The 256 nodes are able to broadcast and receive at a 
given instance in time Without tokens or data collisions in 
less than 300 microseconds. By the system of the present 
invention data transfers are obtainable of up to 1 Gigabaud 
per second With the loWest cost per connection thereby 
providing the capability of moving data at 100 MB per 
second using the ?ber channel level 18b/ 10b coding scheme 
as knoWn in the art. 

[0006] The foregoing is accomplished by the present 
invention, in the development of a speci?c application of the 
invention by providing a unique PCI-Fiber Channel 
Memory Channel (PCI-FCMC) system for interconnecting 
standard 33 MHZ PCI processor system buses to a serial 
Memory Channel. A novel PCI-FCMC board is provided as 
an element of the present invention Which is a standard 
Type-5 form factor PCI card that occupies a single PCI slot 
in a standard type PC-style motherboard. The novel PCI 
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FCMC board provides the ability to share memory areas 
from Within the on board memory area, from external to the 
board’s memory area, along With the ability to provide a 
unique arbitration methodology. Some unique features of 
this novel and inventive board are a loop polling command, 
a DMA command queue, the ability to provide a dynamic 
insertion and removal of boards Within an operating loop in 
the copper or ?ber based buses Without restarting the entire 
system, the ability to use DMA for memory areas re?ected 
betWeen tWo or more nodes, and the ability to stimulate 
‘Mailbox style’ interrupts through the Memory Channel bus. 
The inventive PCI-FCMC board acts in the system like a 
standard memory card. Different areas of the Memory array 
provide different functions Which provide the unique variety 
of features provided by this invention as Will become more 
evident from the folloWing description of the preferred 
embodiment. The 64 or 128 MByte memory array Within the 
board provides internal shared memory betWeen systems. 4 
KB areas, While they are mapped physically Within the 64 or 
128 MByte memory array, can provide a function of arbi 
tration if a con?guration bit is set. Additionally the board has 
the ability to provide DMA driven re?ected memory from 
any portion of the remaining addressable area of memory 
Within the system. 

[0007] A data processing system has been created com 
prising, a plurality of nodes, a serial data bus interconnecting 
the nodes in series in a closed loop for passing address and 
data information, and at least one processing node including; 
a processor, a printed circuit board, a memory partitioned 
into a plurality of sections, a ?rst section for directly 
sharable memory located on the printed circuit card, and a 
second section for block sharable memory, a local bus 
connecting the processor, the block sharable memory, and 
the printed circuit board, for transferring data in parallel 
from the processor to the directly sharable memory on the 
printed circuit board, and for transferring data from the 
block sharable memory to the printed circuit board, and the 
printed circuit board having; a sensor for sensing When data 
is transferred into the directly sharable memory, a queuing 
device for queuing the sensed data, a serialiZer for serialiZ 
ing the queued data, a transmitter for transmitting the 
serialiZed data onto the serial bus to next successive pro 
cessing node, a receiver for receiving serialiZed data from 
next preceding processing node, and a deserialiZer for dese 
rialiZing the received serialiZed data into parallel data. 

[0008] A data processing system has been created com 
prising; a plurality of nodes, a serial data bus interconnecting 
the nodes in series in a closed loop for passing address and 
data information, and at least one processing node including; 
a processor, a printed circuit board, a memory for block 
sharable memory, a local bus connecting the block sharable 
memory and the printed circuit board, for transferring data 
from the block sharable memory to the printed circuit board; 
and the printed circuit board having; a memory moving 
device for reading data from the block sharable memory, a 
queuing device for queuing the read data, a serialiZer for 
serialiZing the queued data, a transmitter for transmitting the 
serialiZed data onto the serial bus to next successive pro 
cessing node, a receiver for receiving serialiZed data from 
next preceding processing node, a deserialiZer for deserial 
iZing the received serialiZed data into parallel data. 

[0009] A data processing system has been created com 
prising; a plurality of nodes, a serial data bus interconnecting 
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the nodes in series in a closed loop for passing address and 
data information, and at least one processing node including; 
a processor, a printed circuit board, a memory for block 
sharable memory, a local bus connecting the block sharable 
memory and the printed circuit board, for transferring data 
from the block sharable memory to the printed circuit board, 
and the printed circuit board having; a node ID, a memory 
moving device for reading data from the block sharable 
memory, a tagging device for tagging the block transfer With 
a transfer tag and destination node ID tag, a queuing device 
for queuing the tagged data, a serialiZer for serialiZing the 
queued data, a transmitter for transmitting the serialiZed data 
onto the serial bus to neXt successive processing node, a 
receiver for receiving serialiZed data from neXt preceding 
processing node, a deserialiZer for deserialiZing the received 
serialiZed data into parallel data, a ?rst sensor for detecting 
the transfer tag, a second sensor for sensing the destination 
tag Within the parallel data, a comparator for comparing 
second sensed destination tag With the node destination ID, 
a routing device for steering the parallel data to the trans 
mitter if the ?rst sensor indicates the presence of the sensed 
tag and comparator is not true, and a second routing device 
for steering parallel data to the memory if the ?rst sensor 
indicates the presence of the sensed tag and comparator is 
true. 

[0010] A data processing system has been created com 
prising; a plurality of nodes, a serial data bus interconnecting 
the nodes in series in a closed loop for passing address and 
data information, and at least one processing node including; 
a processor, a printed circuit board, a memory for block 
sharable memory, a local bus connecting the block sharable 
memory and the printed circuit board, for transferring data 
from the block sharable memory to the printed circuit board, 
and the printed circuit board having; a node ID, a memory 
moving device for reading data from the block sharable 
memory, a tagging device for tagging the block transfer With 
a destination node ID tag, a queuing device for queuing the 
tagged data, a serialiZer for serialiZing the queued data, a 
transmitter for transmitting the serialiZed data onto the serial 
bus to neXt successive processing node, a receiver for 
receiving serialiZed data from neXt preceding processing 
node, a deserialiZer for deserialiZing the received serialiZed 
data into parallel data, a sensor for sensing the destination 
tag Within the parallel data, a comparator for comparing 
sensed destination tag With the node destination ID, a 
routing device for steering the parallel data to the transmitter 
if the comparator is not true, and a second routing device for 
steering parallel data to the memory. 

[0011] A data processing system has been created com 
prising; a plurality of nodes, a serial data bus interconnecting 
the nodes in series in a closed loop for passing address and 
data information, and at least one processing node including; 
a processor, a printed circuit board, a memory for block 
sharable memory, a local bus connecting the processor, the 
block sharable memory, and the printed circuit board, for 
transferring data from the processor to the printed circuit 
board and for transferring data from the block sharable 
memory to the printed circuit board, and the printed circuit 
board having; a memory moving device for reading data 
from the block sharable memory, a command queuing 
device for storing memory move command blocks from the 
processor, and a memory move controller including; a 
sensor to determine the availability of the memory moving 
device, a memory move command loader Which unloads 
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commands from the command queuing device and loads the 
commands into the memory moving device, a queuing 
device for queuing the read data, a serialiZer for serialiZing 
the queued data, and a transmitter for transmitting the 
serialiZed data onto the serial bus to neXt successive pro 
cessing node. 

[0012] A data processing system has been created com 
prising; a plurality of nodes, a serial data bus interconnecting 
the nodes in series in a closed loop for passing address and 
data information, and at least one processing node including; 
a processor, a printed circuit board, a sharable memory, a 
local bus connecting the memory to the processor for 
transferring data betWeen the processor and the sharable 
memory, and the printed circuit board having; a mapping 
device for assignment of mailboX tag to speci?c address 
areas, a receiver for receiving serialiZed data from neXt 
preceding processing node, a deserialiZer for deserialiZing 
the received serialiZed data into parallel data, a decoder for 
decoding the address from the deserialiZed parallel data of 
the mapping device, a sensor for detecting the decoded 
mailboX tag, and an interrupting device for interrupting the 
processor upon sensing of the mailboX tag. 

[0013] A data processing system has been created com 
prising; a plurality of nodes, a serial data bus interconnecting 
the nodes in series in a closed loop for passing address and 
data information, and at least one processing node including, 
a processor, a printed circuit board, a sharable memory, a 
local bus connecting the memory to the processor for 
transferring data betWeen the processor and the sharable 
memory, and the printed circuit board having; a node ID, a 
group of node speci?c information, a tagging device for 
tagging the node speci?c information With a poll tag and a 
destination node ID tag, a poll initiator for reading node 
speci?c information on the printed circuit board upon a 
prompt from the processor, a transmitter for transmitting the 
node speci?c information onto the serial bus to neXt suc 
cessive processing node, a receiver for receiving the node 
speci?c information from neXt preceding processing node, a 
?rst sensor for detecting the poll tag, a second sensor for 
detecting destination tag, a comparator for comparing 
sensed destination tag With the node destination ID, and a 
passing device including: a ?rst routing device for steering 
the node speci?c information to the transmitter if the ?rst 
sensor detects the poll tag and the comparator is false, an 
appending means for appending local node speci?c infor 
mation onto the ?rst routed data, the transmitter for trans 
mitting the neW set of node speci?c information onto the 
serial bus to neXt successive processing node, and a second 
routing device for steering the node speci?c information to 
the memory is the ?rst sensor detects the poll tag and the 
comparator is true. 

[0014] A method of providing for the arbitration for 
resources In a system has been described, made up of a set 
of elements, With a ring structure comprising the steps of; 
allocating a unique shared memory location for each the 
element involved in the arbitration, determining that none of 
the elements oWns the resource, initiating of the request for 
the arbitration for the resource, determining that the request 
has circulated around the ring, re-eXamining of all the 
elements, determining Whether another element is also 
requesting the resource, releasing the arbitration for the 
resource in response to a determination that another element 
is also requesting the resource, Winning the resource in 
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response to determination that no other element is requesting 
for the resource, and using the resource. 

[0015] The foregoing features and advantages of the 
present invention Will become more apparent from the 
following detailed description of a preferred embodiment 
When taken in conjunction With the appended draWings. 

BRIEF DESCRIPTION OF THE VIEWS OF THE 
DRAWING 

[0016] FIG. 1 is a block diagram shoWing the novel 
inventive system and board. 

[0017] FIG. 2 is a block diagram shoWing the details of 
internal operation of one of the ?eld programmable gate 
arrays included on the board. 

[0018] FIG. 3 is a block diagram shoWing the details of 
internal operation of the other ?eld programmable gate 
arrays included on the board. 

[0019] FIG. 4 is a block diagram shoWing an alternative 
bus structure using electrical rather than optical ?ber ele 
ments. 

[0020] FIG. 5 is a more generaliZed block diagram shoW 
ing the system of the present invention. 

[0021] FIG. 6 is a state diagram shoWing the local bus 
arbitration state machine function of the local bus state 
machine incorporated on the board of FIG. 1. 

[0022] FIG. 7 is a state diagram shoWing the doWn state 
machine function of the local bus state machine incorporated 
on the board of FIG. 1. 

[0023] FIG. 8 is a state diagram shoWing the DMA 
program state machine function of the local bus state 
machine incorporated on the board of FIG. 1. 

[0024] FIG. 9 is a state diagram shoWing the up FIFO 
state machine function of the local bus state machine incor 
porated on the board of FIG. 1FIG. 10 is a state diagram 
shoWing the memory controller state machine function of 
the DRAM Control incorporated on the board of FIG. 1. 

[0025] FIG. 11 is a state diagram shoWing the receiver 
state machine function of the Receive Control incorporated 
on the board of FIG. 1. 

[0026] FIG. 12 is a state diagram shoWing the TX arbi 
tration state machine function of the loop control state 
machine incorporated on the board of FIG. 1. 

[0027] FIG. 13 is a How diagram shoWing the operation of 
the Spin Lock Allocation Procedure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] Referring initially to FIG. 5, a netWork or ring is 
shoWn consisting of a collection of individual computers or 
nodes coupled by serial memory channel loop or ring 509, 
Which may take the form of a pair of optical or electrical 
buses. As shoWn in FIG. 5, up to 256 nodes, only four of 
Which are schematically illustrated and designated by the 
reference numerals 501, 502, 503, and 504, can be serially 
connected. In the optical implementation, the interconnected 
nodes are coupled serially by single mode optical ?bers 505 
and Multimode optical Fibers 506, for data and How control, 
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respectively. Each node, as shoWn in FIG. 5, is an individual 
computer containing at a minimum a standard 33 MHZ PCI 
system bus 50, and a CPU 510, a memory 511, and an 1/0 
512 all coupled to the bus 50. In particular, the CPU 510 has 
CPU memory 518 connected to the CPU by a private 
memory bus 514 Which also connects via PCI Bridge chip 
516 to the PCI bus 50. In addition, a ?ber channel memory 
channel board 500 connects the PCI system bus 50 to the 
serial memory channel loop 509. Each node is provided With 
its oWn 8-bit Node ID. Although up to 256 nodes are 
described herein as individual computers, some or all of 
them can be interconnected in other supplementary knoWn 
Ways Without departing from the teachings of the present 
invention. Each node essentially comprises What is knoWn in 
the art as a personal computer or server. At a minimum, each 
node can consist of board 500, PCI bus 50 and one of the 
CPU 510, an input only 1/0 function, or an output only 1/0 
function 512. Additionally, each node can contain a sWitch 
mechanism 519. This mechanism provides for a feed 
through path 553 for the single mode ?ber, and 552 for the 
multimode ?ber. It also provides the alternative paths 551 
for the single mode ?ber connecting single mode ?ber optic 
cable 505 to cable 507, and 554 for the multimode ?ber 
connecting multimode ?ber optic cable 506 to cable 508. 

[0029] Referring to FIG. 1, the ?ber channel memory 
channel board 500 Will noW be described in detail. As 
already mentioned, board 500 provides an interconnection 
or data pathWay betWeen the PCI system bus 50 to serial 
loop 509. Board 500 is a standard Type-5 form-factor PCI 
card that occupies a single PCI slot in a standard type 
PC-style motherboard (not shoWn). Board 500 is provided 
With optical transceiver 34 Which is connected to single 
mode optical ?bers 507 and Pin Diode 38 and LID Trans 
mitter 30, Which is connected to multimode optical ?bers 
508. Optical transceiver 34 is connected to Receive Dese 
rialiZer 31 via bus 86 and to Transmit SerialiZer 32 via bus 
87. Fiber channel encoder/Decoder (ENDEC) 28 is con 
nected to Receive DeserialiZer 31 via HREC_CHAR_IN 
PUT bus 83 and to Transmit SerialiZer 32 via HRANS_ 
CHAR_OUT bus 84. ENDEC 28, for eXample, model 
VSC7107QC from Vitesse Semiconductor Corp., is con 
nected via 32 bit Dec-Data bus 76 to 2 KW deep RX-FIFO 
25 Which in turn is connected to Fiber Channel Data Path 
FPGA 200 via 32 bit DFDATA bus 71. FPGA 200 provides 
data paths, staging registers, register ?le, multipleXors and 
comparators. ENDEC 28 is also connected to FPGA 200 via 
36 bit EN-Data bus 72. ENDEC 28 connects to decode 
control Receive Decode C-PLD 27, a programmable logic 
device, via HERRBUS 80 and HDEC_CMND bus 79 and 
also is connected to Loop Control State Machine C-PLD 
(LCSM) 26 via HEN_CMND bus 75. FPGA 200 is con 
nected to RX WindoW RAM 23 via buses WIND bus 69 and 
WADDR bus 70. FPGA 200 is also connected to 36 bit PCI 
DOWN FIFO 15 via bus 65 and to 36 bit PCI Up-FIFO 16 
via bus 66. Loop Control State Machine 26 is connected to 
ENDEC 28 via bus 75 and FPGA 200 via Data FloW Control 
bus 73 and ID Comp bus 67. Also, Loop Control State 
Machine 26 is connected to QuantiZer Receive Ampli?er 29 
by bus 74 and to Type FIFO 17 by bus 68. QuantiZer Receive 
Ampli?er 29 is a QuantiZer/ampli?er, Well knoWn in the 
optical ?ber art, and is the interface used When using a pin 
diode as a receiver. QuantiZer Receive Ampli?er 29 is a full 
function receiver in Which all components are integrated 
together in a knoWn manner. QuantiZer Receive Ampli?er 


























