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(57) ABSTRACT 

Methods and systems are provided for accelerating execu 
tion of programs of the type run by individuals or compa 
nies. The methods include the steps of communicating at 
least one program function to a library in data communica 
tion With the program and transmitting the function to a 
computing facility, typically in the form of computer clus 
ters. The function is processed at the computing facility and 
results are relayed back to the user of the programs. Users 
of the invention pay for accelerated execution by one of 
several interfaces, such as through on-line transactions and/ 
or through prearranged ISP connectivity. Accelerated pro 
cessing is initiated, typically, by clicking on a computer ion; 
and results appear seamlessly—though accelerated—to the 
user. The clusters of the invention can miX and match 
computers of different processing speeds to maXimiZe the 
MIPS per dollar in processing accelerated functions for 
users. 
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MASSIVE COLLECTIVE NETWORK 
PROCESSING SYSTEM AND METHODS 

RELATED APPLICATIONS 

[0001] This application is a divisional application of US. 
patent application Ser. No. 09/603,020, ?led Jun. 26, 2001 
Which claims bene?t of commonly-oWned and co-pending 
US. Provisional Application No. 60/141,208, entitled “Mas 
sively Parallel Internet Computing”, ?led Jun. 25, 1999, and 
US. Provisional Application No. 60/188,659, entitled “Mas 
sive Collective NetWork Processing System and Methods”, 
?led Mar. 10, 2000, each of Which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] High performance computers are knoWn in the art 
such as provided by CRAY®, Thinking Machines Corpo 
ration, Silicone Graphics Company, and IBM Corporation. 
High performance computing provides several knoWn ben 
e?ts; it is, hoWever, expensive and generally unavailable to 
everyday users. Accordingly, most individuals and compa 
nies do not typically bene?t from supercomputing, even 
though tasks and processing tasks could be completed more 
quickly. 

SUMMARY OF THE INVENTION 

[0003] It is, accordingly, one object of the invention to 
provide system and methods for high performance comput 
ing through a novel massively connected computers avail 
able to businesses and individuals “on demand.” Another 
object of the invention is to provide massively parallel 
computing through the Internet, preferably through Internet 
Service Provider billing and augmented nodes. Yet another 
object of the invention is to provide methodology for linking 
computers to supercomputing facilities for on-demand pro 
cessing of functions and programs. These and other objects 
Will be apparent in the description Which folloWs. 

[0004] The folloWing patents and articles provide useful 
background of the invention and are hereby incorporated by 
reference as if fully contained herein: Hypercube Concurrent 
Computers and Applications Proceedings of the third con 
ference on Hypercube concurrent computers and applica 
tions (Vol. 1), Pasadena, Calif., January 19-20 (1988); In 
Algorithmicu 7 (1992), pp. 51-75; E?cicient Convexity and 
Domination Algorithms for Fine- and Medium-Grain 
Hypercube Computers, Ed Cohen, R. Miller, E. Cohen, 
Dept. of Computer Science, State University of NeW York at 
Buffalo; In Proc. 6th Distributed Memory Computing Conf. 
(1991), IEEE, pp. 34-41; and US. Pat. No. 5,689,722, issued 
Nov. 18, 1997, to SWartZrauber. 

[0005] In one aspect, the invention provides a method for 
accelerating the execution of a computer program used by an 
entity. By Way of example, an entity is a company, business 
or an individual. The entity typically has an authority, e.g., 
a CEO or a 10 company cost accounting professional, that 
makes decisions for the entity. If accelerated execution is 
desired, then programs and/or functions from the entity are 
processed through a computing facility netWorked With the 
entity. For example, the entity is linked to the facility via the 
Internet. In one aspect, the computing facility has one or 
more clusters of computers (hereinafter “cluster”); and pref 
erably one group, or even a cluster, of computers, or 
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processors, is linked together to form the Home Node to 
facilitate processing by the cluster. The entity pays for use of 
the computing facility by one or more transactions. For 
example, the entity can pay for as-needed use of the com 
puting facility, or the entity can contract With the entity for 
dedicated partial or entire use of the computing facility. 
Transactions can also be priced based upon processing MIPS 
desired by the entity. 

[0006] In one aspect, the computing facility is linked With 
a controller (e.g., a company) responsible for transactions 
through the computing facility. In one aspect, transaction 
costs of using the computing facility are borne by the entity 
through a “900” number telephone transaction that in turn 
pays the controller. In still another aspect, transaction costs 
are paid for by the entity through a credit card transaction. 
In yet another aspect, supercomputing transaction costs are 
borne by Internet Service Provider fees linking the entity 
With the controller and/or computing facility. 

[0007] In one aspect, the invention provides free Internet 
access through an Internet Service Provider (“ISP”) linked 
to the controller. Speci?cally, in one aspect, the computing 
facility is made up of an array of Internet-connected com 
puters that are part of the ISP. The controller utiliZes the 
array of computers to perform the supercomputing functions 
described herein. As such, this array of computers is denoted 
herein as a “virtual cluster” of computers, but operates as a 
cluster described herein. In exchange for use of a computer 
Within the cluster, a user of the computer is provided With 
free Internet access. In effect, his computer is “shared” With 
other computers in the virtual cluster to provide supercom 
puting as described herein. This sharing only accounts for 
part of the processing capability of the computer and the user 
is still afforded service through the ISP. 

[0008] The method of one aspect includes the folloWing 
steps: communicating at least one program function to a 
library in data communication With the program; transmit 
ting the function to a computing facility; processing the 
function at the computing facility; transmitting results asso 
ciated With processing the function from the computing 
facility to the entity; and translating the results to a language 
compatible With the program. A computing facility of one 
aspect includes a netWork of computers such as computers 
arranged in a cluster. In still another aspect, the cluster is 
formed by an array of computers linked as a hypercube 
con?guration. In another aspect, the cluster is formed into a 
special cascade con?guration, denoted herein as the 
“HoWard Cascade,” to perform the high performance com 
puting functions herein. 

[0009] The method of another aspect includes the folloW 
ing additional steps: calculating a cost for executing and 
processing the function; informing the authority of the cost; 
and receiving permission from the authority to process the 
function. These steps are used for those entities Which do not 
have pre-arranged payment schemes With the computing 
facility. 

[0010] The invention provides several advantages. By Way 
of example, softWare manufacturers can noW provide cus 
tomers With high performance computing capability through 
a netWork of processors to greatly accelerate the processing 
speed and overall sophistication of their existing applica 
tions, Without being constrained by the hardWare limitations 
of the equipment on Which the softWare is installed. In 
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addition to the performance increase, the invention also 
provides software manufacturers the opportunity to earn a 
recurring stream of income as their softWare is used to 
access high performance supercomputing poWer. 

[0011] The processing poWer provided for by the inven 
tion represents a powerful paradigm shift for softWare 
manufacturers. Manufacturers have already begun to recog 
niZe the shift in revenue streams by marketing their softWare 
through the use of Application Service Providers, or ASP’s, 
in Which users access the softWare through Web-sites, and 
pay for softWare use through connect and time charges. With 
the invention, accordingly, accessing ASPs can noW be tied 
to varying levels of computing poWer. Depending upon the 
computational needs or desires of the end user, a softWare 
vendor can also realiZe different levels of income, depending 
on the level of poWer utiliZed by the customer. 

[0012] By Way of example, industries involved in image 
processing already demand extremely intensive computing 
poWer. With some of the more sophisticated applications 
already available, it is not unusual for users to set up the 
processing they require during the day, and let the computer 
complete the processing overnight, as the processing can 
take eight or more hours. By utiliZing the invention, soft 
Ware manufacturers can noW provide this same level of 
processing in a matter of seconds. This represents an 
advance that vastly improves the amount of Work that a 
single image processing station could accomplish on a daily 
basis. Not only does the invention increase the speed of 
image processing, for example, but it also alloWs for the 
execution of problems of much greater sophistication. 

[0013] In one aspect of the invention, several clusters of 
computing devices (i.e., multiple computers con?gured to 
act as a larger computer) are connected for massively 
parallel computing of programs over the Internet, or through 
direct links by end users of compatible softWare. The exact 
nature of the entire process is quite opaque to the end 
user—they Will simply be aWare that, by clicking on an icon 
on their computer screen, and agreeing to a certain fee 
structure, their softWare becomes far more poWerful and 
better performing than any previous version they have used. 

[0014] The invention also provides softWare, for coupling 
by softWare manufacturers, to easily access to super com 
puting sources (e.g., the computing facility described 
above). A library of code further provides the softWare 
manufacturers With the ability to seamlessly interface With 
the computing facility With a minimum of modi?cation and 
effort. In one aspect, the softWare used by softWare manu 
facturers takes the form of a Dynamic Link Library, of 
“DLL,” knoWn in the art. 

[0015] The speed of the processors used in a cluster of the 
invention has a direct bearing on the overall speed of the 
cluster. LikeWise, the number of processors used in a cluster 
is also a factor in determining the overall speed of the 
cluster. The third factor that has a bearing on cluster speed 
is knoWn as “architectural overhead.” The architecture of a 
cluster not only includes the physical topology of the 
system, but also the softWare technology employed in the 
connectivity, Which dictates hoW efficiently data is being 
distributed betWeen processors in a cluster. Connectivity is 
typically not one hundred percent efficient, and it is this 
overhead associated With connectivity that sloWs the cluster. 
The prior art used a complex router, plus a group of partial 
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differential equations, to distribute internodel data. This 
complexity of the prior art means that the addition of one 
processor provided less then one processor’s Worth of com 
puter poWer. Further, in the prior art, the efficiency of adding 
additional processors decreased With the number of proces 
sors added. The invention described herein uses the logical 
topology of a sWitch interconnected HoWard Cascade to 
ensure that free physical lines are alWays available. Using a 
linear load factor of approximately 1.2 is a reasonable 
overhead estimate associated With the invention. This factor 
is quite ef?cient When compared to prior art allocation 
methods, and is the result of using a mathematical cascade 
in allocating the problem sets among nodes for processing 
and de?ning internode timing. 

[0016] When system overhead is linear, then the speed of 
individual processors used in a cluster is directly propor 
tional to the overall speed of the cluster. HoWever, process 
ing speed is not directly proportional to the cost of proces 
sors. In other Words, it can be more economically efficient to 
build a cluster With sloWer processors than With faster 
processors if the sloWer processors provide more “MIPS per 
dollar” than the faster processors. In fact, this is most often 
the case in today’s market. The market pays a premium for 
processing speed, Which is to be expected in a single 
processor environment. As a result, relatively sloW proces 
sors can be exceedingly cheap, Which helps to contribute to 
the economic viability of very large arrays of processors. By 
Way of example, the invention of one embodiment uses 
5,000 processor cluster operating With 66 MHZ processors, 
each of Which Will process approximately 111.6 Million 
Instructions Per Second (‘MIPS’), computed using the Dry 
stone 1.1 model. By contrast a modern 133 MHZ processor 
processes approximately 218.8 MIPS. UtiliZing an over 
head-sloWing factor of 1.2, a 5,000 66 MHZ processor 
cluster Will process instructions at a speed of approximately 
465,000 MIPS (465 Billion Instructions Per Second, or 465 
“GIPS”). This is calculated by multiplying 111.6 MIPS by 
5,000 (the number of processors) and dividing by 1.2 (the 
overhead sloWing factor). A 133 MHZ processor running at 
218.8 MIPS for an hour Will process approximately 787,680 
Million Instructions (788 Billion Instructions), Which is 
calculated by multiplying 218.8 MIPS by 3,600 seconds. 
The intended 5,000 processor cluster, operating at 465 GIPS 
Would process 1023 Billion Instructions in approximately 
1.7 seconds. This is calculated by dividing 788 Billion 
Instructions (the amount generated by one hour of process 
ing on a 133 MHZ processor) by 465 GIPS (the number of 
instructions per second generated a 5,000 processor 66 MHZ 
cluster). Thus a customer utiliZing the invention supported 
by a 5,000 processor cluster could process in just 1.7 
seconds What Would otherWise take approximately an hour 
on a relatively fast 133 MHZ machine. 

[0017] Pricing such an increase in performance depends in 
large measure upon the value of the time saved. In most 
production operations, time is not only valued in terms of the 
hourly rate of the technician or engineer utiliZing the soft 
Ware, but also in terms of the general overhead associated 
With the operation, as Well as the value of turning around a 
project in a timely manner. Preferably, in one aspect of the 
invention, a set fee is charged for processing of one Trillion 
Instructions (Which is 1,000 Billion Instructions, as con 
trasted to the 1023 Billion Instructions involved in the above 
one hour processing illustration). A ?at connect fee is 
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preferably used to cover solutions of instructions involving 
less than 512 Million Instructions. 

[0018] In one aspect, a customer buys exclusive rights to 
time on a cluster. This option alloWs a user to purchase either 
the entire cluster or a set number of cluster nodes for a 
prearranged amount of time at a prearranged date and hour. 

[0019] In another aspect, a customer buys non-exclusive 
time blocks on a cluster. This option alloWs a user to 
purchase cluster time at a pre-arranged number of MIPS; 
and the cluster can still run other jobs on the cluster. 

[0020] The invention thus has several advantages, Which 
should be even more apparent in the description and draW 
ings that folloW. One speci?c advantage is that the invention 
supports the methods of an elective service provider (ESP). 
Unlike an ISP (Internet service provider), Which simply 
connects a user to the Internet, or an ASP (application 
service provider), Which forces a user to pay every time he 
uses the softWare, an ESP enables the end-user to enhance 
the performance of softWare as needed. In other Words, the 
user of softWare buys or leases the right to use softWare as 
he currently does; then, through an ESP, he economically 
enhances the performance of that softWare to a desired 
degree, in accordance With the teachings of this invention. 
This puts the end user in control of his expenses, instead of 
expenses being dictated by an ASP or ISP. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] A more complete understanding of the invention 
may be obtained by reference to the draWings, in Which: 

[0022] FIG. 1 illustrates a transaction ?oWchart applicable 
in utiliZing one or more embodiments the invention; 

[0023] FIG. 2 illustrates one transaction operation accord 
ing to the invention; 

[0024] FIGS. 3, 3A and 3B illustrate different computer 
connectivity setting forth a HoWard Cascade Effect, in 
accord With the invention; 

[0025] FIG. 4 illustrates data How and storage for a seven 
computer HoWard Cascade con?guration, in accord With the 
invention; 

[0026] FIG. 4A schematically illustrates the HoWard 
Resource Queue used to obtain ef?cient resource allocation 
in accord. With the invention; 

[0027] FIG. 4B illustrates sWitch operations With a Home 
Node and cluster of the invention; 

[0028] FIG. 4C illustrates a relationship betWeen cluster 
strips and threads, in accord With the invention; 

[0029] FIG. 5 shoWs one processing ?oW for use With the 
invention and particularly involving steps taken at a com 
puter seeking accelerated processing of programs; 

[0030] FIG. 5A shoWs one processing ?oW for use With 
the invention and particularly involving steps taken at a 
Home Node, e.g., a controller, of the invention; 

[0031] FIG. 5B shoWs one processing ?oW for use With 
the invention and particularly involving steps taken at a 
cluster of the invention; 
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[0032] FIGS. 5C, SD, 5E, 5F, and 5G shoW ?oW charts of 
library actions in accord With the preferred embodiment of 
the invention; 

[0033] FIG. 6 illustrates revenue-generating transactions 
through cluster processing according to the invention; and 

[0034] FIG. 6A illustrates revenue-generating transac 
tions and cluster processing through one or more ISPs, in 
accord With the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 shoWs one system 10 constructed according 
to the invention and interconnected via transactions 
described beloW. Block 20 represents the controller (e.g., a 
company) responsible for facilitating supercomputing for 
customer entities desiring supercomputing. A typical cus 
tomer entity is illustrated by block 22. Supercomputing is 
performed in block 26 labeled “Cluster.” A cluster of the 
invention includes an array of computers (i.e., “nodes”) 
coupled together in a parallel processing fashion; and pref 
erably includes an array of computers coupled to one or 
more sWitches facilitating data processing through the vari 
ous nodes, as described herein. Cluster 26 also preferably 
includes a “Home Node 26a” as described in more detail 
beloW. 

[0036] In transaction 12, controller 20 licenses the Soft 
Ware Manufacturer (block 24) to couple the invention With 
its softWare; and controller 20 receives, in exchange, licens 
ing fees from SoftWare Manufacturer 24. SoftWare Manu 
facturer 24 then sells its softWare (hereinafter identi?ed as 
“speed-enhanced softWare,” as the Manufacturer’s softWare 
is modi?ed to operate in conjunction With the invention) to 
customer 22, in transaction 13, receiving income from the 
sale of the speed-enhanced softWare. 

[0037] In transaction 14, customer entity 22 sends data 
(and/or programs) to controller 20 by using its speed 
enhanced softWare. Typically, transaction 14 occurs over the 
Internet, a virtual private netWork, LAN, WAN or other 
netWork. In the preferred embodiment, customer entity 22 is 
automatically charged a fee, either through its Internet 
provider or through the phone company, for access to cluster 
26. Controller 20 readies the data from transaction 14 for 
processing, sets the parameters. for utiliZation of cluster 26, 
and sends the data in for processing, in transaction 16. Data 
processed by cluster 26 comes back to controller 20, in 
transaction 17, and is sent back to the customer entity 22 in 
transaction 18. The entire process of transaction 14-18 takes 
a fraction of a second (or longer, depending upon the 
complexity of the data or program to be processed) and 
numerous transactions can be processed simultaneously. 
Those skilled in the art should appreciate that transactions 
can be linked in a different manner—e.g., entity directly to 
cluster 26—Without departing from the scope of the inven 
tion. 

[0038] In an alternative embodiment of the invention, 
controller 20 sells SAN (“storage area netWork”) solutions 
to customer entity 22, receiving consulting fees in return, via 
transaction 19. Speci?cally, customer entity 22 stores its 
data in the SAN (block 28); and controller 20 receives a fee 
for the storage as indicated by transaction 19. In operation, 
customer entity 22 sends a problem for processing to con 
troller 20 by using its speed-enhanced softWare. Controller 
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accesses stored data in SAN 28 in completing the processing 
request and receives a fee for the processing. 

[0039] In operation, the invention of one embodiment 
operates as shoWn in FIG. 2. Auser at a computer 30 desires 
to process a program 32. Program 32 is of the type that is 
processed or supported by speed-enhanced softWare, such as 
from softWare manufacturer 24, FIG. 1. Computer 30 is 
typically Within a ?rm or company 34, such as a customer 
entity 24, FIG. 1. Computer 30 typically communicates 
Within entity 34 via a protected LAN 36; and further 
communicates to the Internet 38 through a company ?reWall 
40. If desired, the user at computer 30 can request acceler 
ated processing of program 32, through computing facility 
46, by clicking on icon 48. Icon 48 is typically shoWn on 
computer 30 When the user operates or uses speed-enhanced 
softWare. Computing facility 46 for eXample represents the 
controller 20, cluster 26, and/or SAN 28 of FIG. 1, or for 
eXample represents connectivity to a cluster and/or LAN. 
Those skilled in the art should appreciate that functionality 
of LAN 36 and Internet 38 can be provided through other 
networks; and that ?reWall 40 is not required. 

[0040] The invention of FIG. 1 and FIG. 2 thus facilitates 
use of Internet accessible non-homogeneous computers for 
one or more massively parallel computers. The invention 
solves certain problems of the prior art by increasing the 
connection speeds of the loWest level computers and by 
removing the problems associated With computer discon 
nects, providing super-computer class processing speeds 
using Internet connected computers. 

[0041] In the preferred embodiment, the invention uses the 
“HoWard Cascade Effect,” described beloW, to increase the 
relative parallelism found in an array of Internet connected 
computers. Consider for eXample a point source (e.g., a 
single computer) for a given computational problem. Since 
it is desirable to connect additional computers With the point 
source to solve the problem, then inherent parallelism of the 
system solution is desirable. FIG. 3, 3A, 3B illustrate three 
sets, respectively, of connectivities illustrating the HoWard 
Cascade effect. Level “0” de?nes the cascade Width. HoWard 
Cascade effect computer connectivities are preferably incor 
porated Within a cluster, e.g., cluster 26, FIG. 1, or Within 
computing facility 46, FIG. 2. In FIG. 3, one computer is 
illustrated as a single cascade, With a single Width, and 
depth, relative to the point source. FIG. 3A illustrates 
connectivity of three computers relative to the point source, 
resulting in a HoWard Cascade effect of Width “tWo” and 
depth “tWo.”FIG. 3B shoWs connectivity of seven comput 
ers relative to the point source, resulting in a HoWard 
Cascade effect of Width “three” and depth “three.” Those 
skilled in the art should appreciate that continued connec 
tivity can be built through larger HoWard Cascade computer 
connectivities. 

[0042] More particularly, each number “1, 2, 3” of FIG. 3, 
3A, or 3B represents a computer or operational thread on a 
computer. A thread is logical process Which consumes a 
certain amount of computer processor, processing band 
Width. In addition the number also represents the number of 
time ticks used to access that computer or thread. In FIG. 
3B, for example, the point source only communicates With 
three of the seven computers. By the time the point source 
?nishes communicating With the third computer, all seven 
computers are Working to solve the problem. 

[0043] As set forth in Table I, a HoWard Cascade prefer 
ably utiliZes one or more of the folloWing assumptions to 
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compute the relative ef?ciency of computer connectivity 
con?gurations from the point source to connected comput 
ers: (a) Zero data is transferred betWeen nodes; (b) process 
ing of the problem takes one time unit; and (c) a transition 
ing call to a computer takes one time unit. Assumption (a) 
can be eliminated if an adequate number of input channels 
are available at the point source to alloW the “called” 
computers parallel access to the data. Efficiency is de?ned 
herein as the ratio betWeen the sequential processing speed 
to the cascade processing speed, similar to a multiplier. It 
should thus be apparent that not all numbers of computers 
are supported by a single HoWard Cascade. The numbers 
found in the “number of computers” column, Table I, 
illustrate the general possible sequences for the HoWard 
Cascade. The computer listing in Table II provides an 
eXample of hoW to compute the number of computers 
supported With the HoWard Cascade. 

TABLE I 

Howard Cascade Effect Efficiencies 

Number of Sequential HoWard Cascade E?iciency of 
Computers Processing Time Processing Time Cascade 

1 2 2 1 
3 6 4 1.500 
7 14 6 2.333 

15 30 8 3 750 
31 62 10 6.200 
63 126 12 10.500 

127 254 14 18.143 
255 510 16 31.875 
511 1022 18 56.778 

1023 2046 20 102.300 
2047 4094 22 186.091 
4095 8190 24 341.250 
8191 16382 26 630.077 
16383 32766 28 1170.214 

[0044] 

TABLE II 

Computer Listing Illustrating HoWard Cascade Function 

unsigned long hoWardCascade (unsigned long cascade Width) 

//* 
// * De?ne Automatic Variables 

//* 
unsigned long numberOfComputers = cascadeWidth; 
//* 
//* Compute the number of computers as a function of 
//* the cascade Width 
//* 
While (cascadeWidth-— > 1) 

numberOfComputers = hoWardCascade (cascadeWidth); 
return (numberOfComputers); 
}//end hoWardCascade 

[0045] In order to support any number of computers/ 
threads With the HoWard Cascade, a translation occurs 
typically in the folloWing form. 

N=H(x)+ . . . +H(y)+H(z) 

[0046] Where: 
[0047] N=The number of computers/threads 
[0048] H( )=The HoWard Cascade Function 
[0049] X,y,Z=The function level 
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[0050] This form allows any integer to be represented as 
the sum of Howard Cascades. 

[0051] Examples: 

00 = H(O) = 0 

01 = H(1) = 

02 = H(1) + H(1) = 1 + 1 

03 = H(2) = 

04 = H(2) + H(1) = 3 + 1 

07 = H(3) = 

0s = H(3) + H(1) = 7 + 1 

[0052] The Howard Cascade does more than distribute 
problem sets through the cluster; it also time aligns groups 
of processors or threads. For example, all processors or 
threads with the same number (see, e. g., FIG. 3) occur at the 
same time. Because of the a priori knowledge in which 
processors or threads are aligned in time, and by insuring 
that the connection between the processors or threads is via 
switching hardware, internodel transfer of data can occur 
ef?ciently without resorting to the set of partial differential 
equations required for data distribution found in the prior art. 

[0053] Because the data distribution problem becomes 
more dif?cult when the nodes (processors or threads) are 
passing information amongst themselves, the following 
description provides for how this may be handled. There are 
four known methods of passing information: one to one, one 
to many, many to many, and many to one. The one to one 
method of information passing requires a single pair of 
nodes known as the source and destination nodes. In order 
to pass information effectively both the source and destina 
tion nodes need to be time synchroniZed. As can be seen in 
FIGS. 3A and 3B those nodes shown at time step 2 are time 
synchroniZed as well as those nodes shown at time step 3. 
Further, each of these nodes is guaranteed to have a clear 
channel. Thus as long as the pairs are time aligned via the 
Howard Cascade, point to point data transfer occurs without 
waiting and with clear a priori node pairing locations. The 
one to many information passing method works similarly to 
the one to one information transfer method. As long as the 
associated time synchroniZed nodes are used in the one to 
many information passing then we are guaranteed to have 
clear channels among all of the nodes. Because the invention 
preferably use TCP/IP for internodel communication, for 
one to many information transfer the IP broadcast and 
multicast options are used to send data in parallel to the 
proper destinations. Many to many information transfer 
performs like several one to many information transfers. 
Many to one information transfers require different process 
ing depending on why the many to one relationship exists. 
For example: representing a multiple precision value of a 
transcendental function requires that function to be repre 
sented as a series where components of the series are 
added/subtracted to produce a single multiple precession 
instance of the function. Since all components of the series 
are summed, this can be thought of as a many to one 
relationship. However, the summing can take place as sev 
eral discrete one to one relationships, thus any many to one 
relationship which can be represented as a discrete one to 
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one relationships will be. Almost all current mathematical 
functions which are used in parallel processing fall into this 
category. Those few that do not will not run ef?ciently on 
any parallel processing system. The above description 
means that the invention is able to handle mathematical 
functions used in parallel processing more ef?ciently than 
the existing art. Those skilled in the art should appreciate 
that other clusters, cascades and supercomputing con?gu 
rations can be used with the invention; and that the Howard 
Cascade represents the preferred computer cluster connec 
tivity in accord with the invention. 

[0054] FIG. 4 further illustrates the seven connected 
Howard Cascade con?guration. Because of the ?ll time and 
the processing time (i.e., assumptions b and c above), three 
channels are at most utiliZed. That is, at any one time only 
three of the seven computers request data in parallel. Data 
storage 50, typically in the form of RAM, can for example 
reside in SAN 28, FIG. 1, or within computing facility 46, 
FIG. 2. In general, the number of parallel data channels used 
to maintain parallel processing, concurrently with moving 
data (if the data is approximately the same siZe and the 
transfer rates are approximately the same), with a Howard 
Cascade is equal to the cascade width. Thus, as shown in the 
last row of Table I, even for 16,383 processors, only fourteen 
input/output channels are used (at the point source) to keep 
a suf?cient data rate. An input/output channel is equivalent 
to one port. Aport can be associated with a network interface 
card, a modem, a serial bus, a parallel bus or any other 
physical layer computer connection hardware. 

[0055] The invention preferably uses heterogeneous clus 
ter nodes to decrease cluster price performance ratio. In the 
prior art, clusters of computers used in parallel processing 
traditionally required homogeneous machines; and further, 
these machines were typically the fastest available. A pri 
mary reason for these constraints of the prior art was due to 
processor balancing. That is, if there is any processor node 
cross communication, then the speed of the cross operation 
is limited to the slowest processor speed (a serial operation). 
Therefore, to increase overall system performance, the prior 
art strove to have clusters of processors operating at the 
same speed, with each processor at the fastest available 
speed. Rather than use this cluster model, the invention 
preferably utiliZes thread-based processing instead. Com 
puter “threads” are a combination of the same program with 
a different program counter and a different stack pointer. 
Threads may have a ?xed time slice; and each thread 
accesses its own data and interprets its own mathematical 
functions. 

[0056] Threads are preferably programmed with an iden 
tical set of functions. When the functions are requested, and 
the data is received (per thread), the functions are then 
applied to the data. If the time slice for each thread is de?ned 
to produce the same performance as all other threads in the 
cluster then (with ef?cient data and function call allocation) 
the speed of each process is the speed of each associated 
thread. By having a thread the lowest common denominator, 
the invention is able to mix different computers at different 
speeds, that is, in a heterogeneous cluster or array, and yet 
maintain a balanced system. 














