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NETWORK TOPOLOGY FOR A SCALABLE 
MULTIPROCESSOR SYSTEM 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/408,972, ?led on Sep. 29, 1999, Which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the ?eld 
of high-speed digital data processing systems, and more 
particularly, to interconnection topologies for interconnect 
ing processing element nodes in multiprocessor computer 
systems. 

BACKGROUND OF THE INVENTION 

[0003] Multiprocessor computer systems comprise a num 
ber of processing element nodes connected together by an 
interconnect network. Each processing element node 
includes at least one processing element. The interconnect 
netWork transmits packets of information or messages 
betWeen processing element nodes. Multiprocessor com 
puter systems having up to hundreds or thousands of pro 
cessing element nodes are typically referred to as massively 
parallel processing (MPP) systems. In a typical multipro 
cessor MPP system, every processing element can directly 
address all of memory, including the memory of another 
(remote) processing element, Without involving the proces 
sor at that processing element. Instead of treating processing 
element-to-remote-memory communications as an I/O 
operation, reads or Writes to another processing element’s 
memory are accomplished in the same manner as reads or 
Writes to the local memory. In such multiprocessor MPP 
systems, the infrastructure that supports communications 
among the various processors greatly affects the perfor 
mance of the MPP system because of the level of commu 
nications required among processors. 

[0004] Several different topologies have been proposed to 
interconnect the various processors in such MPP systems, 
such as rings, stars, meshes, hypercubes, and torus topolo 
gies. For example, in a conventional hypercube netWork, a 
plurality of microprocessors are arranged in an n-dimen 
sional cube Where the number of nodes k in the netWork is 
equal to 2”. In this netWork, each node is connected to each 
other node via a plurality of communications paths. The 
netWork diameter, the longest communications path from 
any one node on the netWork to any other node, is n-links. 

[0005] Regardless of the topology chosen, one disadvan 
tage of current multiprocessor systems, and in particular 
MPP systems, is that in order to expand the system, a 
signi?cant amount of recon?guration is required. The recon 
?guration often involves removing and replacing cables 
Which is very time consuming. Also, as systems increase the 
number of processors, the number of physical connections 
required to support the system increases signi?cantly Which 
increases the complexity of the system. 

[0006] Therefore, it is desired that systems could be easily 
scaled to increase the number of processors With minimal 
disruption to the original system con?guration. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a system and 
method for interconnecting a plurality of processing element 
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nodes Within a scalable multiprocessor system. Each pro 
cessing element node includes at least one processor and 
memory. A scalable interconnect netWork includes physical 
communication links interconnecting the processing ele 
ment nodes in a cluster. A ?rst set of routers in the scalable 
interconnect netWork route messages betWeen the plurality 
of processing element nodes. One or more metarouters in the 
scalable interconnect netWork route messages betWeen the 
?rst set of routers so that each one of the routers in a ?rst 
cluster is connected to all other clusters through one or more 
metarouters . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is block diagram of a multiprocessor com 
puter system. 

[0009] FIG. 2 is a block diagram of one embodiment of 
the interface betWeen a scalable interconnect netWork and 
four processing element nodes. 

[0010] FIG. 3 is a model of a tWo dimensional (2D) 
hypercube topology multiprocessor computer system. 

[0011] FIG. 4 is a model of a three dimensional (3D) 
hypercube topology multiprocessor computer system. 

[0012] FIG. 5 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having 129 processors to 160 processors. 

[0013] FIG. 6 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having 161 processors to 192 processors. 

[0014] FIG. 7 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having 193 processors to 224 processors. 

[0015] FIG. 8 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having 225 processors to 256 processors. 

[0016] FIG. 9 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having up to 288 processors. 

[0017] FIG. 10 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having up to 320 processors. 

[0018] FIG. 11 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having up to 352 processors. 

[0019] FIG. 12 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having up to 384 processors. 

[0020] FIG. 13 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having up to 416 processors. 

[0021] FIG. 14 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having up to 448 processors. 

[0022] FIG. 15 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having up to 480 processors. 
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[0023] FIG. 16 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having up to 512 processors. 

[0024] FIG. 17 illustrates an example embodiment of a 
multiprocessor computer system having 512 processors. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings Which form a part hereof, and in Which is shoWn 
by Way of illustration speci?c embodiments in Which the 
invention may be practiced. It is to be understood that other 
embodiments may be utiliZed and structural or logical 
changes may be made Without departing from the scope of 
the present invention. The folloWing detailed description, 
therefore, is not to be taken in a limiting sense, and the scope 
of the present invention is de?ned by the appended claims. 

[0026] System OvervieW. A representative multiprocessor 
computer system according to the present invention is 
indicated generally at 20 in FIG. 1. As indicated in FIG. 1, 
multiprocessor computer system 20 includes up to n nodes, 
such as indicated by a ?rst node 22, a second node 24, and 
an nth node 26. The nodes are interconnected by a scalable 
interconnect netWork 28, Which permits multiprocessor 
computer systems 20 to be scaled from desk side systems to 
very large supercomputer con?gurations. 

[0027] As illustrated in detail for ?rst node 22, each node 
in multiprocessor computer system 20 includes at least one 
processor, such as a ?rst processor 30 and a second proces 
sor 32 for node 22. An interface circuit 34 interfaces With 
scalable interconnect netWork 28 and communicates With a 
memory and directory 36 and an input/output subsystem 38. 

[0028] Although the multiprocessor computer system 20 
illustrated in FIG. 1 provides one example environment to 
implement the beloW-described netWork topology according 
to the present invention, the present invention is in no Way 
limited to this particular application environment. In fact, 
many alternative environments using alternative node and 
interface circuit con?gurations can be utiliZed. To a large 
extent, the netWork topology according to the present inven 
tion, as implemented in scalable interconnect netWork 28, is 
independent of the complexity of the nodes, such as nodes 
22, 24, and 26, interconnected by that topology. 

[0029] FIG. 2 illustrates, in block diagram form, one 
embodiment of the interface betWeen a scalable interconnect 
netWork 128 and four nodes 122, 123, 124, and 125. In this 
embodiment, scalable interconnect netWork 128 includes 
one or more routers, such as the example router 150 shoWn 
in FIG. 2. Router port 163 communicates With a ?rst node 
122. As shoWn in the expanded vieW of the ?rst node 122, 
router port 163 communicates With the ?rst node 122 via 
interface chip 134. In the ?rst node 122, interface chip 134 
communicates With processors 130, 131, 132, and 133. 
Similarly, router port 164 communicates With a second node 
123, router port 165 communicates With a third node 124, 
and router port 166 communicates With a fourth node 125. 
Router ports 152, 154, 156, and 158 communicate With other 
routers in the scalable interconnect netWork 128 as further 
described beloW. In the example embodiment illustrated in 
FIG. 2, one router 150 communicates directly With up to 
sixteen processors and up to four other routers in the scalable 
interconnect netWork 128. 
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[0030] The scalable interconnect netWork 128 of the 
present invention employs a ?rst set of routers (such as 
router 150 of FIG. 2) for routing messages betWeen a 
plurality of processing element nodes (such as nodes 122, 
123, 124, and 125 in FIG. 2). In one embodiment of the 
present invention, four of the eight ports of each one of the 
?rst set of routers are dedicated to connecting from the 
routers to four separate nodes, such as indicated in FIG. 2. 
As further described beloW, the remaining ports are con 
nected to the ?rst set of routers for routing messages 
betWeen the nodes and a second set of routers (referred to 
herein as “metarouters”) for routing messages betWeen the 
?rst set of routers. In one embodiment, the metarouters 
shoWn in FIGS. 5-16 beloW are multiport routers having at 
least four ports. One of skill in the art Will recogniZe that a 
single multiport router or any combination of multiport 
routers can be used in the con?gurations shoWn in FIGS. 
5-16. 

[0031] As Will be better understood by the folloWing 
discussion, the topology of a scalable interconnect netWork 
according to the present invention, is easily scaleable, has 
increased resilency and alloWs system upgrades/expansion 
to be performed With minimal disruption to the system. 

[0032] Example Network Topologies. A grouping of a 
plurality of processing element nodes, a plurality of physical 
interconnections (such as cables) for connecting the plurality 
of processing element nodes, and a ?rst set of routers for 
routing messages betWeen a plurality of processing element 
nodes is referred to herein as a “cluster.” In a multiprocess 
ing system of the present invention, each cluster is con 
nected to each one of the other clusters using one or more 
metarouters. Thus, each one of the clusters can communicate 
directly With another one of the clusters Without having to 
communicate through a third cluster. 

[0033] In one embodiment, the processing element nodes 
and ?rst set of routers form one or more tWo-dimensional 

hypercube systems. An example tWo dimensional (2D) 
hypercube topology multiprocessor computer system is 
shoWn in FIG. 3. In FIG. 3, the four routers 150 are 
numbered 0 through 3 and are interconnected as a 2D 
hypercube. In one embodiment, the 2D hypercube comprises 
up to sixty-four processors because each of the four routers 
communicates With up to sixteen processors as shoWn in 
FIG. 2. In the folloWing detailed description clusters are 
con?gured in a tWo-dimensional hypercube for illustrative 
purposes only. The invention is not limited to arranging the 
?rst set of routers in a tWo-dimensional hypercube. Alternate 
embodiments in Which the ?rst set of routers are grouped in 
different topologies are contemplated as Within the scope of 
the invention. 

[0034] In one embodiment, a multiprocessor computer 
system is constructed With up to 128 processors Without the 
use of metarouters. Such an embodiment is shoWn in FIG. 
4. in Which a ?rst cluster 400 and a second cluster 402 are 
each arranged as tWo-dimensional hypercubes. As shoWn in 
FIG. 4, the routers of a ?rst cluster 400 and a second cluster 
402 are interconnected to form a three-dimensional (3D) 
hypercube. The 3D hypercube is comprised of eight routers 
150 numbered 0 through 7. In an example embodiment, each 
one of the routers is an eight port router connected to four 
processing element nodes such as the router shoWn in FIG. 
2. For processing element nodes having four processors 
each, the 3D hypercube interconnects up to 128 processors. 
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[0035] Larger scale system con?gurations and the corre 
sponding logical topologies for example systems having 128 
or more processors are described beloW. The larger scale 
systems employ a second set of routers (referred to herein as 
“metarouters”) to interconnect the clusters. The novel net 
Work topologies of the present invention alloW tWo clusters 
to communicate directly Without having to route messages 
through a third cluster. Rather than routing messages 
through a third cluster, the routers in each cluster are 
connected to all other clusters through the metarouters. 

[0036] As shoWn in FIGS. 5-16, each router is either 
connected directly to a router of another cluster or is 
connected to a router of another cluster using one or more 
metarouters. In the example embodiments shoWn in FIGS. 
5-16, the connections from a single router in one cluster to 
routers in all other clusters are represented by particular line 
styles. The dashed lines in FIGS. 5-16 represent the con 
nections from a ?rst router in a ?rst cluster to a single router 
in each one of the other clusters. The solid lines in FIGS. 
5-16 represent the connections from a second router in the 
?rst cluster to a second router in each one of the other 
clusters. The dotted lines in FIGS. 5-16 represent the 
connections from a third router in the ?rst cluster to a third 
router in each one of the other clusters. The dash/dot lines in 
FIGS. 5-16 represent the connection from a fourth router in 
a ?rst cluster to a fourth router in each one of the other 
clusters. 

[0037] FIG. 5 illustrates an example embodiment of a 
logical topology used for systems having 129 processors to 
160 processors. The logical topology comprises three clus 
ters 502, 504, 506 interconnected With tWo metarouters 508, 
510. In an alternate embodiment, a single multiport 
metarouter is used instead of the tWo metarouters 508, 510. 
In the example embodiment, a ?rst cluster 502 comprises 
sixty-four processors and the second cluster 504 also com 
prises sixty-four processors. The third cluster 506 can 
include any number of processors from one to thirty-tWo 
making a total of 129 to 160 processors in the multiprocessor 
computer system shoWn in FIG. 5. 

[0038] A router in each one of the three clusters 502, 504, 
506 is connected to another router in each one of the other 
three clusters 502, 504, 506 through the metarouters 508, 
510. Dashed lines represent the connection betWeen a ?rst 
router in a ?rst cluster and a single router in each one of the 
other clusters. The ?rst router 512 in a ?rst cluster 502 is 
connected to a ?rst router 520 in a second cluster 504 
through a metarouter 508. The ?rst router 512 in the ?rst 
cluster 502 is also connected to a ?rst router 530 in a third 
cluster 506 through the metarouter 508. 

[0039] Likewise, the solid lines represent the connection 
betWeen a second router in the ?rst cluster With a second 
router in each one of the other clusters. The second router 
514 in the ?rst cluster 502 is connected to a second router 
522 in the second cluster 504 through a metarouter 510. The 
second router 514 in the ?rst cluster 502 is also connected 
to a second router 532 in third cluster 506 through 
metarouter 510. 

[0040] Similarly, the dotted lines represent the connection 
betWeen a third router in the ?rst cluster With a third router 
in each one of the other clusters and dash/dot lines in the 
diagrams represent the connection betWeen a fourth router in 
the ?rst cluster With a fourth router in each one of the other 
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clusters. The third router 516 and the fourth router 518 in the 
?rst cluster 502 are directly connected to a third router 524 
and a fourth router 528 in the second cluster 504. The third 
cluster 506 lacks a third router and a fourth router in this 
con?guration. Thus, as shoWn in FIG. 5, each one of the 
routers in a cluster communicates With a router in each of the 
other clusters through either a direct connection or through 
one or more metarouters. This eliminates the dependancy of 
one cluster to communicate With another cluster through a 
third cluster and thus creates a more resilient system. The 
topologies of the present invention alloW clusters to com 
municate directly With each other Without communicating 
through a third cluster. 

[0041] FIG. 6 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having 161 processors to 192 processors. The logical topol 
ogy comprises three clusters 602, 604, 606 interconnected 
With four metarouters 608, 609, 610, and 611. In an alternate 
embodiment, tWo multiport metarouters are used in place of 
the four metarouters 608, 609, 610 and 611. In the example 
embodiment shoWn in FIG. 6, a ?rst cluster 602 comprises 
sixty-four processors and a second cluster 604 also com 
prises sixty-four processors. A third cluster 606 can include 
any number of processors from thirty-three processors to 
sixty-four processors for a total of 161 to 192 processors in 
the multiprocessor computer system shoWn in FIG. 6. 

[0042] A router in each one of the three clusters 602, 604, 
606 is connected to another router in each one of the other 
three clusters 602, 604, 606 through the metarouters 608, 
609, 610 and 611. The ?rst router 612 in a ?rst cluster 602 
is connected to a ?rst router 620 in a second cluster 604 
through a metarouter 608. The ?rst router 612 in the ?rst 
cluster 602 is also connected to a ?rst router 630 in a third 
cluster 606 through the metarouter 608. Connections 
betWeen the ?rst router 612 in the ?rst cluster 602 and each 
one of the other clusters are represented in FIG. 6 With 
dashed lines. 

[0043] Likewise, the second router 614 in the ?rst cluster 
602 is connected to a second router 622 in the second cluster 
604 through a metarouter 610. The second router 614 in the 
?rst cluster 602 is also connected to a second router 632 in 
third cluster 606 through metarouter 610. Connections 
betWeen the second router 614 in the ?rst cluster 602 and 
each one of the other clusters are represented in FIG. 6 With 
solid lines. Similarly, the dotted lines in FIG. 6 represent the 
connections betWeen a third router 616 in the ?rst cluster 
602 and each one of the other clusters. The third router 616 
in the ?rst cluster 602 is connected to a third router 624 in 
the second cluster 604 through metarouter 609. The third 
router 616 in the ?rst cluster 602 is also connected to a third 
router 634 in the third cluster 606 through metarouter 609. 
Additionally, the dash/dot lines in FIG. 6 represent the 
connections betWeen a fourth router 618 in the ?rst cluster 
602 and each one of the other clusters. The fourth router 618 
in the ?rst cluster 602 is connected to a fourth router 628 in 
the second cluster 604 through metarouter 611. The fourth 
router 618 in the ?rst cluster 602 is also connected to a fourth 
router 636 in the third cluster 606 through metarouter 611. 
Thus, as shoWn in FIG. 6, each one of the routers in a cluster 
communicates With a router in each of the other clusters 
through metarouters. 

[0044] FIG. 7 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
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having 193 processors to 224 processors. The logical topol 
ogy comprises four clusters 702, 704, 706, 707 intercon 
nected With four metarouters 708, 709, 710, and 711. In an 
alternate embodiment, tWo multiport metarouters are used in 
place of the four metarouters 708, 709, 710, and 711. In the 
example embodiment shoWn in FIG. 7, a ?rst cluster 702, a 
second cluster 704, and a third cluster 706 each comprise 
sixty-four processors. A fourth cluster 707 includes any 
number of processors from one processor up to thirty-tWo 
processors for a total of 193 to 224 processors in the 
multiprocessor computer system shoWn in FIG. 7. 

[0045] A router in each one of the four clusters 702, 704, 
706, 707 is connected to another router in each one of the 
other four clusters 702, 704, 706, 707 through one of the 
metarouters 708, 709, 710 and 711. Connections betWeen 
the ?rst router 712 in the ?rst cluster 702 and each one of the 
other clusters are represented in FIG. 7 With dashed lines. 
The ?rst router 712 in a ?rst cluster 702 is connected to a 
?rst router 720 in a second cluster 704 through a metarouter 
708. The ?rst router 712 in the ?rst cluster 702 is also 
connected to a ?rst router 730 in a third cluster 706 through 
the metarouter 708. In addition, as shoWn in FIG. 7, the ?rst 
router 712 in the ?rst cluster 702 is connected to a ?rst router 
738 in a fourth cluster 707 through the metarouter 708. 

[0046] Connections betWeen the second router 714 in the 
?rst cluster 702 and each one of the other clusters are 
represented in FIG. 7 With solid lines. The second router 714 
in the ?rst cluster 702 is connected to a second router 722 in 
the second cluster 704 through a metarouter 710. The second 
router 714 in the ?rst cluster 702 is also connected to a 
second router 732 in third cluster 706 through metarouter 
710 Additionally, in FIG. 7 the second router 714 in the ?rst 
cluster 702 is connected to a second router 740 in a fourth 
cluster 707 through the metarouter 708. 

[0047] Similarly, the dotted lines in FIG. 7 represent the 
connections betWeen a third router 716 in the ?rst cluster 
702 and each one of the other clusters. The third router 716 
in the ?rst cluster 702 is connected to a third router 724 in 
the second cluster 704 through metarouter 709. The third 
router 716 in the ?rst cluster 702 is also connected to a third 
router 734 in the third cluster 706 through metarouter 709. 
Likewise, the dash/dot lines in FIG. 7 represent the con 
nections betWeen a fourth router 718 in the ?rst cluster 702 
and each one of the other clusters. The fourth router 710 in 
the ?rst cluster 702 is connected to a fourth router 728 in the 
second cluster 704 through metarouter 711. The fourth 
router 710 in the ?rst cluster 702 is also connected to a fourth 
router 736 in the third cluster 706 through metarouter 711. 

[0048] Thus, as shoWn in FIG. 7, each one of the routers 
in a cluster communicates With a router in each of the other 
clusters through metarouters. Furthermore, the 224 proces 
sor system shoWn in FIG. 7 is easily created by expanding 
the 192 processor system shoWn in FIG. 6. First, the 
multiprocessor system of FIG.7 is formed by adding the 
fourth cluster 707. Second, the interconnections are added 
from the metarouter 708 to a ?rst router 738 in the fourth 
cluster 707. Third, the interconnections are added from the 
metarouter 710 to the second router 740 in a fourth cluster 
707. Thus, a 192 processor system of the present invention 
is expandable to a 224 processor system Without having to 
recable the ?rst, the second, and the third clusters 702, 704, 
706 to expand the con?guration. 
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[0049] FIG. 8 illustrates an example embodiment of a 
logical topology used for multiprocessor computer systems 
having 225 processors to 256 processors. The logical topol 
ogy comprises four clusters 802, 804, 806, 807 intercon 
nected With four metarouters 808, 809, 810, and 811. In the 
example embodiment shoWn in FIG. 8, a ?rst cluster 802, a 
second cluster 804, and a third cluster 806 each contain 
sixty-four processors. In addition, the fourth cluster 807 can 
include from thirty-three processors up to sixty-four proces 
sors for a total of 225 to 256 processors in the multiprocessor 
computer system shoWn in FIG. 8. 

[0050] A router in each one of the four clusters 802, 804, 
806, 807 is connected to another router in each one of the 
other four clusters 802, 804, 806, 807 through one of the 
metarouters 808, 809, 810 and 811. Connections betWeen 
the ?rst router 812 in the ?rst cluster 802 and each one of the 
other clusters are represented in FIG. 8 With dashed lines. 
The ?rst router 812 in a ?rst cluster 802 is connected to a 
?rst router 820 in a second cluster 804 through a metarouter 
808. The ?rst router 812 in the ?rst cluster 802 is also 
connected to a ?rst router 830 in a third cluster 806 through 
the metarouter 808. The ?rst router 812 in the ?rst cluster 
802 is also connected to a ?rst router 838 in a fourth cluster 
807 through the metarouter 808. 

[0051] Connections betWeen the second router 814 in the 
?rst cluster 802 and each one of the other clusters are 
represented in FIG. 8 With solid lines. The second router 814 
in the ?rst cluster 802 is connected to a second router 822 in 
the second cluster 804 through a metarouter 810. The second 
router 814 in the ?rst cluster 802 is also connected to a 
second router 832 in third cluster 806 through metarouter 
810, and the second router 814 in the ?rst cluster 802 is 
connected to a second router 840 in a fourth cluster 807 
through the metarouter 808. 

[0052] Similarly, the dotted lines in FIG. 8 represent the 
connections betWeen a third router 816 in the ?rst cluster 
802 and each one of the other clusters. The third router 816 
in the ?rst cluster 802 is connected to a third router 824 in 
the second cluster 804 through metarouter 809. The third 
router 816 in the ?rst cluster 802 is also connected to a third 
router 834 in the third cluster 806 through metarouter 809. 
Additionally, the 224 processor system of FIG. 7 is 
expanded in FIG. 8 by adding a processing element node 
and a third router 842 in the fourth cluster 807 and connect 
ing the third router 816 in the ?rst cluster 802 to the third 
router 842 in the fourth cluster 807 through metarouter 809. 

[0053] Likewise, the dash/dot lines in FIG. 8 represent the 
connections betWeen a fourth router 818 in the ?rst cluster 
802 and each one of the other clusters. The fourth router 818 
in the ?rst cluster 802 is connected to a fourth router 828 in 
the second cluster 804 through metarouter 811. The fourth 
router 818 in the ?rst cluster 802 is also connected to a fourth 
router 836 in the third cluster 806 through metarouter 811. 
Additionally, the 224 processor system of FIG. 7 is further 
expanded in FIG. 8 by adding a processing element node 
and a fourth router 844 and connecting the fourth router 818 
in the ?rst cluster 802 to the fourth router 844 in the fourth 
cluster 807 through metarouter 811. 

[0054] Again, as shoWn in FIG. 8, each one of the routers 
in a cluster communicates With a router in each of the other 
clusters through metarouters. Furthermore, the 256 proces 
sor system shoWn in FIG. 8 is easily created by expanding 






