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(57) ABSTRACT 

The present invention provides a new crossbar switch which 
is implemented by a plurality of parallel chips. Each chip is 
completely programmable to couple to every node in the 
System, e.g., from one node to about one thousand nodes 
(corresponding to present-day technology limits of about 
one thousand I/O pins) although conventional Systems typi 
cally Support no more than 32 nodes. The crossbar Switch 
can be implemented to Support only one node, then one chip 
can be used to route all 64 bits in parallel for 64 bit 
microprocessors. 
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SCALABLE, RE-CONFIGURABLE CROSSBAR 
SWITCH ARCHITECTURE FOR 
MULTI-PROCESSOR SYSTEM 

INTERCONNECTION NETWORKS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application contains subject matter 
related to a concurrently filed U.S. Patent Application by 
Padmanabha I. Venkitakrishnan entitled “Backup Redundant 
Routing System Crossbar Switch Architecture for Multi 
Processor System Interconnection Networks”. The related 
application is also assigned to Hewlett-Packard Company, is 
identified by docket number 1098.1858-1, and is hereby 
incorporated by reference. 
0002 The present application also contains subject mat 
ter related to a concurrently filed U.S. Patent Application by 
Padmanabha I. Venkitakrishnan, Gopalakrishnan Janakira 
man, Tsen-Gong Jim Hsu, and Rajendra Kumar entitled 
“Scalable System Control Unit for Distributed Shared 
Memory Multi-Processor Systems”. The related application 
is also assigned to Hewlett-Packard Company, is identified 
by docket number 10980275-1, and is hereby incorporated 
by reference. 

TECHNICAL FIELD 

0003. The present invention relates generally to multi 
processor computer Systems and more particularly to croSS 
bar Switch architecture. 

BACKGROUND ART 

0004 High performance, multi-processor systems with a 
large number of microprocessors are built by interconnect 
ing a number of node Structures, each node containing a 
Small number of microprocessors. This necessitates an inter 
connection network that is efficient in carrying control 
information and data between the nodes of the multi 
processor. 

0005. In the past, crossbar Switches, which route com 
munications between the “nodes' of a network, included 
logic for determining a desired destination from message 
header, and for appropriately routing all of the parallel bits 
of a transmission; e.g., 64 bits in parallel for a 64 bit 
microprocessor. A configuration Such as this presents inher 
ent Scalability problems, principally because its number of 
nodes or ports limits each crossbar Switch. For example, a 
typical crossbar Switch might Service four nodes in parallel, 
and route 64 bits to one of the four nodes; if more nodes 
were desired, multiple crossbar Switches would be cascaded 
to Support the additional nodes. Such a configuration is not 
readily Scalable either in terms of bandwidth; i.e., Such a 
system could not readily be reconfigured to handle 128 bits 
in parallel to Support higher-performance Systems, or 
because the more cascaded Structures, the greater the routing 
overhead and associated latency. 
0006 Thus, a method or architecture has been long 
Sought and long eluded those skilled in the art, which would 
be Scalable and re-configurable while having low latency. 
The System would be packet Switched and provide a high 
availability (HA) crossbar switch architecture. 

DISCLOSURE OF THE INVENTION 

0007. The present invention provides a new crossbar 
Switch which is implemented by a plurality of parallel chips. 
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Each chip is completely programmable to couple to every 
node in the System, e.g., from one node to about one 
thousand nodes (corresponding to present-day technology 
limits of about one thousand I/O pins) although conventional 
Systems typically Support no more than 32 nodes. The 
crossbar Switch can be implemented to Support only one 
node Such that one chip can be used to route all 64 bits in 
parallel for 64bit microprocessors or 128 bits in parallel for 
a 128 bit processor. 

0008. The present invention provides a flexible structure 
that allows dynamic programming of its data routing, Such 
that one commercial crossbar System can Support many 
different network architectures. With dynamic scalability, if 
nodes are added to an existing System, then different pro 
gramming may be used to reconfigure the crossbar Switches. 

0009. The present invention provides a multi-processor 
System interconnection network based on a Scalable, re 
configurable, low latency, packet Switched and highly avail 
able crossbar Switch architecture. 

0010. The present invention further provides a scalable 
System by parallelizing the interconnection network into a 
number of identical crossbar Switches. This enables imple 
mentation of the interconnection network function without 
pushing the limits of integrated circuit and System packaging 
technologies. At the same time, the invention provides a 
method to substantially increase the bandwidth of a multi 
processor System. 

0011. The present invention further provides a method to 
re-configure the ports of the crossbar Switches So that a 
Smaller number of crossbar Switch circuits can provide the 
required bandwidth when the multi-processor System con 
Sists of a Small number of node Structures, thus reducing 
System hardware cost. 

0012. The invention described also provides for a redun 
dant interconnection network in parallel to the primary 
interconnection network, thus Significantly enhancing the 
reliability and high-availability of the multi-processor Sys 
tem. 

0013 The above and additional advantages of the present 
invention will become apparent to those skilled in the art 
from a reading of the following detailed description when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 (PRIOR ART) is a prior art Distributed 
Shared Memory (DSM) computer system; 

0015 FIG. 2 is a functional block diagram of the inter 
connection network for a DSM computer System according 
to the present invention; 

0016 FIG. 3 is an illustration of the interconnection 
network packet format according to the present invention; 

0017 FIG. 4 is a micro-architectural diagram of the 
crossbar Switch circuit according to the present invention; 
and 

0018 FIG. 5 is a timing diagram of the crossbar Switch. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

0019 Referring now to FIG. 1, therein is shown a 
Distributed Shared Memory (DSM) computer system 100. 
The DSM computer system 100 has a plurality of nodes 200, 
300, 400, and 500. The nodes 200 and 300 are connected to 
a crossbar Switch 600. The nodes 400 and 500 are connected 
to a crossbar Switch 700. The crossbar Switches 600 and 700 
are part of a network which includes additional communi 
cation Switches, Such as the communication Switch 800. 
0020. In the DSM computer system 100, the nodes 200, 
300, 400, and 500 contain respective memory units 210, 
310,410, and 510. The memory units 210,310,410, and 510 
are respectively operatively connected to memory and 
coherence controllers 220, 320, 420, and 520. 
0021) Further, in the DSM computer system 100, each 
line of memory (typically a Section of memory is tens of 
bytes in size) is assigned a “home node”, Such as the node 
200, which maintains the sharing of that memory line and 
guarantees its coherence. The home node maintains a direc 
tory which identifies the nodes that possess a copy of that 
memory line. In the nodes 200, 300, 400, and 500 the 
directories are coherence directories 230,330, 430, and 530. 
When a node requires a copy of a memory line, it requests 
the memory line from the home node. The home node 
Supplies the data from its memory unit if it has the latest 
data. If another node has the latest copy of the data, the home 
node directs this node to forward the data to the requesting 
node. The home node employs a coherence protocol to 
ensure that when a node writes a new value to the memory 
line, all other nodes See this latest value. The coherence 
controllers, which are a part of the memory and coherence 
controllers 220, 320, 420, and 520, implement this coher 
ence functionality. 

0022. The memory and coherence controllers 220 are 
connected to a number of central processing units (CPUs), 
generally four or eight processors, Such as processors 240 
and 250. The memory and coherence controllers 320 are 
shown connected to the processors 340 and 350. The 
memory and coherence controllers 420 are shown connected 
to processors 440 and 450. And the memory and coherence 
controllers 520 are shown connected to the processors 540 
and 550. 

0023 Referring now to FIG. 2, therein is shown a 
functional block diagram of the interconnection network for 
a DSM computer system 1000 according to the present 
invention. The DSM computer system 1000 has a cross bar 
Switch 2000, which consists of a plurality of crossbar Switch 
integrated circuits (XBS circuits) 2001 through 2016. A 
typical high-performance DSM computer system 1000 can 
potentially have 16 XBS circuits or more, whereas low and 
medium performance Systems can conceivably have just 8 or 
even only 4 XBS circuits. The XBS circuits can all be 
packaged in the same integrated circuit chip or on Separate 
integrated circuit chips. This arrangement meets the large 
bandwidth requirements of a high-performance DSM com 
puter system 1000 in which the interconnection network is 
easily Scalable. 

0024. Each of the XBS circuits 2001 through 2016 has 16 
ports which are respectively connected to nodes 3001 
through 3016. The node 3009 is typical, and so each of the 
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other nodes is Somewhat Similarly constructed and would 
have components which would be similarly numbered. In 
addition to the processors and memory, the node 3009 also 
includes a system control unit (SCU) which includes the 
coherency controls and which is split into a System control 
unit address (SCUA) section 4009 and a system control unit 
data (SCUD) section 5009. The SCUD section 5009 is 
scalable in that additional SCUD Sections may be added as 
required. In FIG. 2, four SCUD sections 5009A through 
5009D are shown. Each SCUD Section, such as SCUD 
section 5009A, has four ports connected to the correspond 
ing XBS circuits, such as XBS circuits 2001 through 2004 
for the SCUD section 5009A. Similarly, SCUD section 
5009B is connected to the XBS circuits 2005 through 2009. 
As would be evident to those skilled in the art, the four ports 
of Subsequent SCUD Sections would be respectively con 
nected to subsequent ports of Subsequent XBS circuits. This 
is represented by the phantom lines shown perpendicular to 
the arrows indicating output and input to the ports. 
0025 Since each port of the XBS circuit has the same 
functionality, the above arrangement not only allows the 
varying of the number of XBS circuits in the interconnection 
network 1000, but allows bundling of several ports on an 
XBS circuit to derive ports with higher bandwidth. In other 
words, the architecture of the XBS circuit allows scaling in 
two dimensions, i.e., varying number of XBS circuits as well 
as varying the number of port on a single XBS circuit. This 
re-configurable and bundling feature of the ports of the 
crossbar Switch 2000 allows having a smaller number of 
XBS circuits to derive the required bandwidth when the 
multiprocessor System consists of a Small number of nodes, 
thus reducing System hardware cost. 
0026. Further, building the interconnection network 1000 
with many of these parallelized XBS circuits as a plurality 
of integrated circuit chips helps in implementing these parts 
without pushing integrated circuit and part packaging tech 
nology limits. The scalable parallelized XBS circuits make 
packaging the interconnection network within the multipro 
ceSSor System cabinet very simple. 
0027. Referring now to FIG. 3, therein is shown an 
illustration of the interconnection network packet formats 
according to the present invention. The network packet (NP) 
6000 controls the control and data signal transversals 
through the interconnection network 1000 between its 
Source and destination nodes. The network packet 6000 is 
configured to provide routing information 6100, system 
control unit control packet (SCP) information 6200, and 
system control unit data packet (SDP) information 6300. 
0028. The routing information 6100 provides the follow 
ing information: destination 6110, source 6120, and origi 
nator 6130. 

0029. The SCP information 6200 contains the following 
information: destination 6210, source 6220, originator 6230, 
the command 6240, the address 6250, and the length 6260. 
0030) The SDP information 6300 contains the following 
information: destination 6310, source 6320, the originator 
6330, the data 6340, and its length 6350. 
0031 Referring now to FIG. 4, therein is shown a 
micro-architectural diagram of the XBS circuit 2000 with 8 
ports 2020, 2030, 2040, 2050, 2060, 2070,2080, and 2090, 
as shown. Taking port 2020 as typical, Signals from the 
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Source node enter an input buffer 2022 and then are input to 
the decode and setup crossbar circuitry 2024. The circuitry 
2024 is connected to a programmable croSS-bar Switch core 
2026 which provides the network packet 6000 to output 
drivers 2028 and then through the port 2050 to the destina 
tion node. 

0032 Referring now to FIG. 5, therein is shown the low 
latency transfer of the present invention in which the net 
work packet from the Source node is delivered to the 
destination node in four clock cycles. 
0033. During the first clock cycle from T1 to T2, there is 
a latch of the network packet 6000 into the input buffer 2022. 
During the second clock cycle from T2 to T3, the network 
packet 6000 is decoded, and the crossbar Switch core 2026 
is Setup. 

0034). During the third clock cycle from T3 to T4, the 
network packet 6000 is propagated through the latch and 
Switch. 

0035). During the fourth clock cycle from T4 to T5, the 
network packet 6000 is driven out through the destination 
port 2050. 
0036). In operation, the control and data signal traversals 
through the interconnection network 1000 between its 
Source and destination nodes, which could be from node 
3001 to node 3008, is accomplished by moving the network 
packet 6000. The destination 6110 information and the 
Source 6130 information contain the information on the 
nodes involved for routing purposes. The SCP 6200 infor 
mation and the SDP 6300 information are generated and 
used by the Source and destination nodes by providing 
control information and data. 

0037 To meet the large bandwidth requirements of high 
performance DSM computer systems, the DSM computer 
system 1000 can have 16 XBS circuits, 2001 through 2016, 
which can all be integrated into the same integrated circuit 
or be separate circuits in order to Simplify the making of the 
integrated circuits or packaging the integrated circuits. 
0038. For an XBS circuit 2001 having 16 ports operating 
at 400 MHz the bandwidth could be 1.6 GB/s per part. At the 
Same time, only 608 Signal pins would be required. From the 
above, it will be evident that it is possible in low and 
medium performance Systems to have a Smaller number of 
XBS circuits when there are a smaller number of node 
structures and still be able to retain the required bandwidth. 
This would substantially reduce system hardware cost, while 
at the same time providing a great deal of flexibility. 

0039. In accordance with the present invention, a new 
crossbar Switch is implemented by a plurality of parallel 
chips. Each chip is completely programmable to couple to 
every node in the System, e.g., from one node to about one 
thousand nodes (corresponding to present-day technology 
limits of about one thousand I/O pins) although conventional 
Systems typically Support no more than 32 nodes. For 
example, if each chip is configured to route up to 64bits, 32 
chips could be provided as part of a crossbar System. If the 
System as implemented only Supported one node, then one 
chip could be used to route all 64 bits in parallel. On the 
other hand, if there were 32 nodes, each chip could be 
connected to all 32 nodes and could be configured by 
Software to each route two bits to attached nodes. Each 
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particular node determines whether a message is intended 
for it. Thus, the structure provided by the invention reduces 
latency and promotes Scalability. AS can be seen from this 
description, the present invention is a flexible structure that 
allows dynamic programming of its data routing, Such that 
one commercial crossbar System can Support many different 
network architectures. An advantage of this System is 
dynamic Scalability; if one adds nodes to an existing System, 
then a different driver may be used to reconfigure the 
crossbar Switches. 

0040. While the invention has been described in conjunc 
tion with a Specific best mode, it is to be understood that 
many alternatives, modifications, and variations will be 
apparent to those skilled in the art in light of the aforegoing 
description. Accordingly, it is intended to embrace all Such 
alternatives, modifications, and variations which fall within 
the Spirit and Scope of the included claims. All matterS Set 
forth herein or shown in the accompanying drawings are to 
be interpreted in an illustrative and non-limiting Sense. 

The invention claimed is: 
1. A multiprocessor System comprising: 

a plurality of processors, 

a node containing Said plurality of processors, and 

a plurality of programmable crossbar Switch circuits con 
nected to Said node, each of Said plurality of circuits 
having: 

an input port, 

an output port, 

Said input port and Said output port respectively con 
nected to one and to another of Said plurality of 
proceSSOrS, 

a programmable crossbar core for Selectively connect 
ing Said input port and Said output port, and 

programmable means for Switching Said programmable 
crossbar core whereby signals are routed between 
Said plurality of processors. 

2. The multiprocessor System as claimed in claim 1 
wherein each of Said plurality of processors communicate in 
at least two parallel bites of information and wherein one of 
Said plurality of circuits routes one of Said bits and another 
of Said plurality of circuits routes another of Said bits. 

3. The multiprocessor System as claimed in claim 1 
wherein Said plurality of processors communicate with 
Signal packets and Said Signal packets program Said pro 
grammable means in Said plurality of circuits. 

4. The multiprocessor System as claimed in claim 1 
including a Second node, having a Second plurality of 
processors, and wherein Said circuit is connected to Said 
Second node and programmable to connect one of Said 
plurality of processors in Said first node with one of Said 
Second plurality of processors in Said Second node. 

5. The multiprocessor System as claimed in claim 1 
wherein Said programmable means includes a decoder and a 
core programmer and are responsive to Said Signals routed 
between Said plurality of processors for Switching Said 
programmable crossbar core. 



US 2003/O128709 A1 

6. The multiprocessor System as claimed in claim 1 
wherein Said input ports of Said plurality of circuits have 
input buffers thereon and Said output ports have output 
drivers thereon. 

7. The multiprocessor System as claimed in claim 1 
wherein each of Said plurality of circuits connects Said 
Signals from Said input port to Said output port in four StepS. 

8. The multiprocessor System as claimed in claim 1 
wherein each of Said plurality of circuits is programmable 
between a bit slicing mode and a node connection mode. 

9. The multiprocessor System as claimed in claim 1 
wherein each of Said plurality of circuits is an individual 
integrated circuit. 

10. A multiprocessor System comprising: 
a plurality of processors; 
a node containing Said plurality of processors, and 
a plurality of programmable crossbar Switch circuits con 

nected to Said node, each of Said plurality of circuits 
having: 
a plurality of input ports, 
a plurality of output ports, 
Said plurality of input ports and Said plurality of output 

ports connected to Said plurality of processors, 
a programmable crossbar core for Selectively connect 

ing individual of ports of Said plurality of input ports 
and individual ports of Said plurality of output ports, 
and 

programmable means for Switching Said programmable 
crossbar core whereby signals are routed between 
Said plurality of processors. 

11. The multiprocessor system as claimed in claim 10 
wherein each of Said plurality of processors communicate in 
parallel bites of information and wherein one of Said plu 
rality of circuits routes one of said bits whereby the number 
of circuits equals the number of bites communicated. 

12. The multiprocessor System as claimed in claim 10 
wherein Said plurality of processors communicate with 
Signal packets and each of Said Signal packets program one 
of Said plurality of programmable means in Said plurality of 
circuits. 

13. The multiprocessor system as claimed in claim 10 
including a plurality of nodes, each having a plurality of 
processors, and wherein Said plurality of circuits are con 
nected to Said plurality of nodes and programmable to 
connect one of Said plurality of processors in Said first node 
with of Said processors in Said plurality of nodes. 

14. The multiprocessor system as claimed in claim 10 
wherein Said programmable means includes a decoder and a 
core programmer and are responsive to Said Signals routed 
between Said plurality of processors for Switching Said 
programmable crossbar core. 
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15. The multiprocessor system as claimed in claim 10 
wherein Said input ports of Said plurality of circuits have 
input buffers thereon and Said output ports have output 
drivers thereon. 

16. The multiprocessor system as claimed in claim 10 
wherein Said plurality of processor operate on clock cycles 
and wherein each of Said plurality of circuits connects Said 
Signals from Said input port to Said output port in four clock 
cycles. 

17. The multiprocessor system as claimed in claim 10 
wherein each of Said plurality of circuits is programmable 
between a bit slicing mode and a node connection mode. 

18. The multiprocessor system as claimed in claim 10 
wherein each of Said plurality of circuits is an individual 
integrated circuit and on a common Substrate up to a 
predetermined number. 

19. A programmable crossbar Switch circuit comprising: 
an input port; 
an output port; 
a Switchable crossbar core for Selectively connecting Said 

input port and Said output port; and 
programmable means connected to Said Switchable croSS 

bar core and including: 
a decoder connected to Said input port for decoding a 

Signal packet provided thereto containing informa 
tion on the connection of Said input port and Said 
output port; and 

a core programmer connected to Said decoder for 
Switching Said Switchable crossbar core to connect 
and disconnect Said input port and Said output port. 

20. The programmable crossbar Switch circuit as claimed 
in claim 19 including: 

a plurality of input ports, 
a plurality of output ports, 
Said Switchable crossbar core for Selectively connecting 

Said plurality of input ports to Said plurality of output 
ports, 

a plurality of programmable means including: 
a plurality of decoders individually connected to Said 

plurality of input ports for decoding Signal packets 
provided thereto containing information on the con 
nection of Said plurality of input ports and Said 
plurality of output ports in response to Said decoder 
decoding of Signal packets provided thereto, and 

a plurality of core programmers individually connected 
to Said plurality of decoderS for Switching Said 
Switchable crossbar core to selectively and individu 
ally connect and disconnect Said plurality of input 
ports and Said plurality of output ports. 

k k k k k 


