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COMPUTER ARCHITECTURE AND METHOD OF 
OPERATION FOR MULTI-COMPUTER 

DISTRIBUTED PROCESSING WITH REPLICATED 
MEMORY 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of priority under 
ore or more of 35 U.S.C. 119 and/or 35 USC 120 to the 
following Australian Patent Applications, U.S. Utility Patent 
Applications and PCT International Patent Applications, 
each of Which is also a related application and each is 
incorporated herein by reference in its entirety: 

[0002] US. patent application Ser. No. ?led 25 
Oct. 2005 entitled “Computer Architecture And Method Of 
Operation For Multi-Computer Distributed Processing With 
Replicated Memory”; 

[0003] US. patent application Ser. No. ?led 25 
Oct. 2005 entitled “Computer Architecture And Method Of 
Operation For Multi-Computer Distributed Processing With 
Initilization Of Objects”; 

[0004] US. patent application Ser. No. ?led 25 
Oct. 2005 entitled “Computer Architecture And Method Of 
Operation For Multi-Computer Distributed Processing With 
Finalization Of Objects”; 

[0005] US. patent application Ser. No. ?led 25 
Oct. 2005 entitled “Computer Architecture And Method Of 
Operation For Multi-Computer Distributed Processing With 
Synchronization”; 

[0006] US. patent application Ser. No. ?led 25 
Oct. 2005 entitled “Computer Architecture And Method Of 
Operation For Multi-Computer Distributed Processing And 
Coordinated Memory And Asset Handling”; 

[0007] Australian Provisional Patent Application No. 
2005 902 023 ?led 21 Apr. 2005 entitled “Multiple Com 
puter Architecture With Replicated Memory Fields”; 

[0008] Australian Provisional Patent Application No. 
2005 902 024 ?led 21 Apr. 2005 entitled “Modi?ed Com 
puter Architecture With Initialization of Objects”; 

[0009] Australian Provisional Patent Application No. 
2005 902 025 ?led 21 Apr. 2005 entitled “Modi?ed Com 
puter Architecture With Finalization of Objects”; 

[0010] Australian Provisional Patent Application No. 
2005 902 026 ?led 21 Apr. 2005 entitled “Modi?ed Com 
puter Architecture With Synchronization of Objects”; 

[0011] Australian Provisional Patent Application No. 2004 
902 027 ?led 21 Apr. 2005 entitled “Modi?ed Computer 
Architecture With Coordinated Objects”; 

[0012] US. patent application Ser. No. 11/111,757 ?led 22 
Apr. 2005 entitled “Multiple Computer Architecture With 
Replicated Memory Fields”; 

[0013] US. patent application Ser. No. 11/111,781 ?led 22 
Apr. 2005 entitled “Modi?ed Computer Architecture With 
Initialization of Objects”; 

[0014] US. patent application Ser. No. 11/111,778 ?led 22 
Apr. 2005 entitled “Modi?ed Computer Architecture With 
Finalization of Objects”; 
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[0015] US. patent application Ser. No. 11/111,779 ?led 22 
Apr. 2005 entitled “Modi?ed Computer Architecture With 
Synchronization of Objects”; 

[0016] US. patent application Ser. No. 11/111,946 ?led 22 
Apr. 2005 entitled “Modi?ed Computer Architecture With 
Coordinated Objects”; 

[0017] PCT International Application No. PCT/AU05/ 
000/582 ?led 22 Apr. 2005 entitled “Multiple Computer 
Architecture With Replicated Memory Fields”; 

[0018] PCT International Application No. PCT/AU05/ 
000/578 ?led 22 Apr. 2005 entitled “Modi?ed Computer 
Architecture With Initialization of Objects”; 

[0019] PCT International Application No. PCT/AU05/ 
000/581 ?led 22 Apr. 2005 entitled “Modi?ed Computer 
Architecture With Finalization of Objects”; 

[0020] PCT International Application No. PCT/AU05/ 
000/579 ?led 22 Apr. 2005 entitled “Modi?ed Computer 
Architecture With Synchronization of Objects”; and 

[0021] PCT International Application No. PCT/AU05/ 
000/580 ?led 22 Apr. 2005 entitled “Modi?ed Computer 
Architecture With Coordinated Objects”. 

[0022] A further related patent application that is hereby 
incorporated by reference is US. patent application Ser. No. 
10/830,042 ?led 23 Apr. 2004 entitled “Modi?ed Computer 
Architecture”. 

FIELD OF THE INVENTION 

[0023] The present invention relates to computers and 
other computing machines and information appliances, in 
particular, to a modi?ed computer architecture and program 
structure Which enables the operation of an application 
program concurrently or simultaneously on a plurality of 
computers interconnected via a communications link using 
a distributed runtime and enables improved performance to 
be achieved. 

BACKGROUND OF THE INVENTION 

[0024] Ever since the advent of computers, and comput 
ing, softWare for computers has been Written to be operated 
upon a single machine. As indicated in FIG. 1, that single 
prior art machine 1 is made up from a central processing 
unit, or CPU, 2 Which is connected to a memory 3 via a bus 
4. Also connected to the bus 4 are various other functional 
units of the single machine 1 such as a screen 5, keyboard 
6 and mouse 7. 

[0025] A fundamental limit to the performance of the 
machine 1 is that the data to be manipulated by the CPU 2, 
and the results of those manipulations, must be moved by the 
bus 4. The bus 4 suffers from a number of problems 
including so called bus “queues” formed by units Wishing to 
gain an access to the bus, contention problems, and the like. 
These problems can, to some extent, be alleviated by various 
stratagems including cache memory, hoWever, such strata 
gems invariably increase the administrative overhead of the 
machine 1. 

[0026] Naturally, over the years various attempts have 
been made to increase machine performance. One approach 
is to use symmetric multi-processors. This prior art approach 
has been used in so called “super” computers and is sche 
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matically indicated in FIG. 2. Here a plurality of CPU’s 12 
are connected to global memory 13. Again, a bottleneck 
arises in the communications betWeen the CPU’s 12 and the 
memory 13. This process has been termed “Single System 
Image”. There is only one application and one Whole copy 
of the memory for the application Which is distributed over 
the global memory. The single application can read from and 
Write to, (i.e. share) any memory location completely trans 
parently. 
[0027] Where there are a number of such machines inter 
connected via a network, this is achieved by taking the 
single application Written for a single machine and parti 
tioning the required memory resources into parts. These 
parts are then distributed across a number of computers to 
form the global memory 13 accessible by all CPU’s 12. This 
procedure relies on masking, or hiding, the memory partition 
from the single running application program. The perfor 
mance degrades When one CPU on one machine must access 

(via a netWork) a memory location physically located in a 
different machine. 

[0028] Although super computers have been technically 
successful in achieving high computational rates, they are 
not commercially successful in that their inherent complex 
ity makes them extremely expensive not only to manufac 
ture but to administer. In particular, the single system image 
concept has never been able to scale over “commodity” (or 
mass produced) computers and netWorks. In particular, the 
Single System Image concept has only found practical 
application on very fast (and hence very expensive) com 
puters interconnected by very fast (and similarly expensive) 
netWorks. 

[0029] A further possibility of increased computer poWer 
through the use of a plural number of machines arises from 
the prior art concept of distributed computing Which is 
schematically illustrated in FIG. 3. In this knoWn arrange 
ment, a single application program (Ap) is partitioned by its 
author (or another programmer Who has become familiar 
With the application program) into various discrete tasks so 
as to run upon, say, three machines in Which case n in FIG. 
3 is the integer 3. The intention here is that each of the 
machines M1 . . . M3 runs a different third of the entire 

application and the intention is that the loads applied to the 
various machines be approximately equal. The machines 
communicate via a netWork 14 Which can be provided in 
various forms such as a communications link, the intemet, 
intranets, local area netWorks, and the like. Typically the 
speed of operation of such netWorks 14 is an order of 
magnitude sloWer than the speed of operation of the bus 4 in 
each of the individual machines M1, M2, . . . , Mn. 

[0030] Distributed computing suffers from a number of 
disadvantages. Firstly, it is a dif?cult job to partition the 
application and this must be done manually. Secondly, 
communicating data, partial results, results and the like over 
the netWork 14 is an administrative overhead. Thirdly, the 
need for partitioning makes it extremely dif?cult to scale 
upWardly by utilising more machines since the application 
having been partitioned into, say three, does not run Well 
upon four machines. Fourthly, in the event that one of the 
machines should become disabled, the overall performance 
of the entire system is substantially degraded. 

[0031] A further prior art arrangement is knoWn as net 
Work computing via “clusters” as is schematically illustrated 
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in FIG. 4. In this approach, the entire application is loaded 
onto each of the machines M1, M2, . . . , Mn. Each machine 

communicates With a common database but does not com 
municate directly With the other machines. Although each 
machine runs the same application, each machine is doing a 
different “job” and uses only its oWn memory. This is 
someWhat analogous to a number of WindoWs each of Which 
sell train tickets to the public. This approach does operate, 
is scalable and mainly suffers from the disadvantage that it 
is difficult to administer the netWork. 

[0032] In computer languages such as for example JAVA 
and MICROSOFTNET there are tWo major types of con 
structs With Which programmers deal. In the JAVA language 
these are knoWn as objects and classes. More generally they 
may be referred to as assets. Every time an object (or other 
asset) is created there is an initialization routine run knoWn 
as an object initialization (e.g., “<nit>”) routine. Similarly, 
every time a class is loaded there is a class initialization 
routine knoWn as “<clinit>”. Other languages use different 
terms but utilize a similar concept. In either case, hoWever, 
there is no equivalent “clean up” or deletion routine to delete 
an object or class (or other asset) once it is no longer 
required. Instead, this “clean up” happens unobtrusively in 
a background mode. 

[0033] Furthermore, in any computer environment it is 
necessary to acquire and release a lock to enable the use of 
such objects, classes, assets, resources or structures to avoid 
different parts of the application program from attempting to 
use the same objects, classes, assets, resources or structures 
at the one time. In the JAVA environment this is knoWn as 
synchronization. Synchronization more generally refers to 
the exclusive use of an object, class, resource, structure, or 
other asset to avoid contention betWeen and among com 
puters or machines. This is achieved in JAVA by the “moni 
tor enter” and “monitor exit” instructions or routines. Other 
languages use different terms but utilize a similar concept. 

[0034] Unfortunately, conventional computing systems, 
architectures, and operating schemes do not provide for 
computing environments and methods in Which an applica 
tion program can operate simultaneously on an arbitrary 
plurality of computers Where the environment and operating 
scheme ensure that the abovementioned memory manage 
ment, initialization, clean up and synchronization proce 
dures operate in a consistent and coordinated fashion across 
all the computing machines. 

SUMMARY 

[0035] The present invention discloses a computing envi 
ronment in Which an application program operates simulta 
neously on a plurality of computers. In such an environment 
it is advantageous to ensure that the abovementioned asset 
initialization, clean-up and synchronization procedures 
operate in a consistent and coordinated fashion across all the 
machines. 

[0036] In accordance With a ?rst aspect of the present 
invention there is disclosed a multiple computer system 
having at least one application program each Written to 
operate on only a single computer but running simulta 
neously on a plurality of computers interconnected by a 
communications netWork, Wherein different portions of said 
application program(s) execute substantially simultaneously 
on different ones of said computers, Wherein each computer 
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has an independent local memory accessible only by the 
corresponding portion of said application program(s) and 
Wherein for each said portion a like plurality of substantially 
identical objects are created, each in the corresponding 
computer. 

[0037] In accordance With a second aspect of the present 
invention there is disclosed A plurality of computers inter 
connected via a communications link and each having an 
independent local memory and substantially simultaneously 
operating a different portion at least one application program 
each Written to operate on only a single computer, each local 
memory being accessible only by the corresponding portion 
of said application program. 

[0038] In accordance With a third aspect of the present 
invention there is disclosed a method of running simulta 
neously on a plurality of computers at least one application 
program each Written to operate on only a single computer, 
said computers being interconnected by means of a com 
munications network and each having an independent local 
memory, said method comprising the step of: (i) executing 
different portions of said application program(s) on different 
ones of said computers and for each said portion creating a 
like plurality of substantially identical objects each in the 
corresponding computer and each accessible only by the 
corresponding portion of said application program. 

[0039] In accordance With a fourth aspect of the present 
invention there is disclosed a method of loading an appli 
cation program Written to operate only on a single computer 
onto each of a plurality of computers, the computers being 
interconnected via a communications link, and different 
portions of said application program(s) being substantially 
simultaneously executable on different computers With each 
computer having an independent local memory accessible 
only by the corresponding portion of said application pro 
gram(s), the method comprising the step of modifying the 
application before, during, or after loading and before 
execution of the relevant portion of the application program. 

[0040] In accordance With a ?fth aspect of the present 
invention there is disclosed a method of operating simulta 
neously on a plurality of computers all interconnected via a 
communications link at least one application program each 
Written to operate on only a single computer, each of said 
computers having at least a minimum predetermined local 
memory capacity, different portions of said application pro 
gram(s) being substantially simultaneously executed on dif 
ferent ones of said computers With the local memory of each 
computer being only accessible by the corresponding por 
tion of said application program(s), said method comprising 
the steps of: (i) initially providing each local memory in 
substantially identical condition, (ii) satisfying all memory 
reads and Writes generated by each said application program 
portion from said corresponding local memory, and (iii) 
communicating via said communications link all said 
memory Writes at each said computer Which take place 
locally to all the remainder of said plurality of computers 
Whereby the contents of the local memory utilised by each 
said computer, subject to an updating data transmission 
delay, remains substantially identical. 

[0041] In accordance With a sixth aspect of the present 
invention there is disclosed A method of compiling or 
modifying an application program Written to operate on only 
a single computer but to run simultaneously on a plurality of 
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computers interconnected via a communications link, With 
different portions of said application program(s) executing 
substantially simultaneously on different ones of said com 
puters each of Which has an independent local memory 
accessible only by the corresponding portion of said appli 
cation program, said method comprising the steps of: (i) 
detecting instructions Which share memory records utiliZing 
one of said computers, (ii) listing all such shared memory 
records and providing a naming tag for each listed memory 
record, (iii) detecting those instructions Which Write to, or 
manipulate the contents of, any of said listed memory 
records, and (iv) activating an updating propagation routine 
folloWing each said detected Write or manipulate instruction, 
said updating propagation routine forWarding the re-Written 
or manipulated contents and name tag of each said re-Written 
or manipulated listed memory record to the remainder of 
said computers. 

[0042] In accordance With a seventh aspect of the present 
invention there is disclosed in a multiple thread processing 
computer operation in Which individual threads of a single 
application program Written to operate on only a single 
computer are simultaneously being processed each on a 
different corresponding one of a plurality of computers each 
having an independent local memory accessible only by the 
corresponding thread and each being interconnected via a 
communications link, the improvement comprising commu 
nicating changes in the contents of local memory physically 
associated With the computer processing each thread to the 
local memory of each other said computer via said commu 
nications link. 

[0043] In accordance With a eighth aspect of the present 
invention there is disclosed a computer program product 
comprising a set of program instructions stored in a storage 
medium and operable to permit a plurality of computers to 
carry out the above-mentioned methods. 

[0044] In accordance With a ninth aspect of the invention 
there is disclosed a distributed run time and distributed run 
time system adapted to enable communications betWeen a 
plurality of computers, computing machines, or information 
appliances. 
[0045] In accordance With a tenth aspect of the invention 
there is disclosed a modi?er, modi?er means, and modi?er 
routine for modifying an application program Written to 
execute on a single computer or computing machine at a 
time to execute simultaneously on a plurality of netWorked 
computers or computing machines. distributed run time and 
distributed run time system adapted to enable communica 
tions betWeen a plurality of computers, computing 
machines, or information appliances. 

[0046] In accordance With an eleventh aspect of the 
present invention there is disclosed a computer program and 
computer program product Written to operate on only a 
single computer but product comprising a set of program 
instructions stored in a storage medium and operable to 
permit a plurality of computers to carry out the abovemen 
tioned procedures, routines, and methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] Embodiments of the present invention are noW 
described With reference to the draWings in Which: 

[0048] FIG. 1 is a schematic vieW of the internal archi 
tecture of a conventional computer; 
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[0049] FIG. 2 is a schematic illustration showing the 
internal architecture of known symmetric multiple proces 
sors; 

[0050] FIG. 3 is a schematic representation of prior art 
distributed computing; 

[0051] FIG. 4 is a schematic representation of a prior art 
netWork computing using clusters; 

[0052] FIG. 5 is a schematic block diagram of a plurality 
of machines operating the same application program in 
accordance With a ?rst embodiment of the present invention; 

[0053] FIG. 6 is a schematic illustration of a prior art 
computer arranged to operate JAVA code and thereby con 
stitute a JAVA virtual machine; 

[0054] FIG. 7 is a draWing similar to FIG. 6 but illus 
trating the initial loading of code in accordance With the 
preferred embodiment; 
[0055] FIG. 8 is a draWing similar to FIG. 5 but illus 
trating the interconnection of a plurality of computers each 
operating JAVA code in the manner illustrated in FIG. 7; 

[0056] FIG. 9 is a How chart of the procedure folloWed 
during loading of the same application on each machine in 
the netWork; 

[0057] FIG. 10 is a How chart shoWing a modi?ed pro 
cedure similar to that of FIG. 9; 

[0058] FIG. 11 is a schematic representation of multiple 
thread processing carried out on the machines of FIG. 8 
utilizing a ?rst embodiment of memory updating; 

[0059] FIG. 12 is a schematic representation similar to 
FIG. 11 but illustrating an alternative embodiment; 

[0060] FIG. 13 illustrates multi-thread memory updating 
for the computers of FIG. 8; 

[0061] FIG. 14 is a schematic representation of tWo laptop 
computers interconnected to simultaneously run a plurality 
of applications, With both applications running on a single 
computer; 

[0062] FIG. 15 is a vieW similar to FIG. 14 but shoWing 
the FIG. 14 apparatus With one application operating on 
each computer; 

[0063] FIG. 16 is a vieW similar to FIGS. 14 and 15 but 
shoWing the FIG. 14 apparatus With both applications 
operating simultaneously on both computers; and 

[0064] FIG. 17 is a draWing shoWing an alternative to 
similar to FIG. 7. 

[0065] The speci?cation includes an Annexure A Which 
provides actual program fragments Which implement vari 
ous aspects of the described embodiments. 

REFERENCE TO ANNEXES 

[0066] Although the speci?cation provides a complete and 
detailed description of the several embodiments of the 
invention such that the invention may be understood and 
implemented Without reference to other materials, the speci 
?cation does includes Annexure A Which provide exemplary 
actual program or code fragments Which implement various 
aspects of the described embodiments. Although aspects of 
the invention are described throughout the speci?cation 
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including the Annexes, draWings, and claims, it may be 
appreciated that Annexure A relates primarily to ?elds. More 
particularly, the accompanying Annexure is provided in 
Which: Annexures Al-AlO illustrate exemplary code to 
illustrate embodiments of the invention in relation to ?elds. 

[0067] It Will be appreciated in light of the description 
provided here that the categorization of the Annexures as 
Well as the use of other headings and subheadings in this 
description is intended as an aid to the reader and is not to 
be used to limit the scope of the invention in any Way. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0068] The present invention discloses a modi?ed com 
puter architecture Which enables an applications program to 
be run simultaneously on a plurality of computers in a 
manner that overcomes the limitations of the aforedescribed 
conventional architectures, systems, methods, and computer 
programs. 

[0069] In one aspect, shared memory at each computer 
may be updated With amendments and/or overWrites so that 
all memory read requests are satis?ed locally. Before, during 
or after program loading, but before execution of relevant 
portions of the program code are executed, or similar, 
instructions Which result in memory being re-Written or 
manipulated are identi?ed. Additional instructions are 
inserted into the program code (or other modi?cation made) 
to cause the equivalent memory locations at all computers to 
be updated. While the invention is not limited to JAVA 
language or virtual machines, exemplary embodiments are 
described relative to the JAVA language and standards. 

[0070] In another aspect, the initialization of JAVA lan 
guage classes and objects (or other assets) are provided for 
so all memory locations for all computers are initialized in 
the same manner. In another aspect, the ?nalization of JAVA 
language classes and objects is also provide so ?nalization 
only occurs When the last class or object present on all 
machines is no longer required. In still another aspect, 
synchronization is provided such that instructions Which 
result in the application program acquiring (or releasing) a 
lock on a particular asset (synchronization) are identi?ed. 
Additional instructions are inserted (or other code modi? 
cations performed) to result in a modi?ed synchronization 
routine With Which all computers are updated. 

[0071] As Will become more apparent in light of the 
further description provided herein, one of the features of the 
invention is to make it appear that one common application 
program or application code and its executable version (With 
likely modi?cation) is simultaneously or concurrently 
executing across a plurality of computers or machines M1, 

. . , Mn. As Will be described in considerable detail 

hereinafter, the instant invention achieves this by running 
the same application program (for example, Microsoft Word 
or Adobe Photoshop CS2) on each machine, but modifying 
the executable code of that application program on each 
machine as necessary such that each executing instance 
(‘copy’) on each machine coordinates its local operations on 
any particular machine With the operations of the respective 
instances on the other machines such that they all function 
together in a consistent, coherent and coordinated manner 
and give the appearance of being one global instance of the 
application (i.e., a “meta-application”). 
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[0072] In accordance With embodiments of the present 
invention a single application code 50 (sometimes more 
informally referred to as the application or the application 
program) can be operated simultaneously on a number of 
machines M1, M2 . . . Mn interconnected via a communi 

cations netWork or other communications link or path 53. 
The communications netWork or path may be any electronic 
signaling, data, or digital communications netWork or path 
and may advantageously be a relatively sloW speed com 
munications path, such as a netWork connection over the 
Internet or any common networking con?gurations knoWn 
or available as of the date or this applications, and exten 
sions and improvements, thereto. 

[0073] By Way of example but not limitation, one appli 
cation code or program 50 may be a single application on the 
machines, such as Microsoft Word, as opposed to different 
applications on each machine, such as Microsoft Word on 
machine M1, and Microsoft PoWerPoint on machine M2, 
and Netscape Navigator on machine M3 and so forth. 
Therefore the terminology “one” application code or pro 
gram and a “common” application code or program is used 
to try and capture this situation Where all machines M1, . . 
. , Mn are operating or executing the same program or code 

and not different (and unrelated) programs. In other Words 
copies or replicas of same or substantially the same appli 
cation code is loaded onto each of the interoperating and 
connected machines or computers. As the characteristics of 
each machine or computer may differ, the application code 
50 may be modi?ed before loading, during the loading 
process, and With some restrictions after the loading process 
to provide a customiZation or modi?cation of the code on 
each machine. Some dissimilarity betWeen the programs 
may be permitted so long as the other requirements for 
interoperability, consistency, and coherency as described 
herein can be maintain. As it Will become apparent hereafter, 
each of the machines M1, M2 . . . Mn operates With the same 

application code 50 on each machine M1, M2 . . . , Mn and 

thus all of the machines M1, M2, . . . , Mn have the same or 

substantially the same application code 50 usually With a 
modi?cation that may be machine speci?c. 

[0074] Similarly, each of the machines M1, M2, . . . , Mn 
operates With the same (or substantially the same or similar) 
modi?er 51 (in some embodiments implemented as a dis 
tributed run time or DRT 71) on each machine M1, M2, . . 
. , Mn and thus all of the machines M1, M2 . . . Mn have the 

same (or substantially the same or similar) modi?er 51 for 
each modi?cation required. Different modi?cation for 
example may be required for memory management and 
replication, initialization, ?naliZation, and/or synchroniZa 
tion (though not all of these modi?cation types may be 
required for all embodiments). 

[0075] In addition, during the loading of, or at any time 
preceding the execution of, the application code 50 (or 
relevant portion thereof) on each machine M1, M2 . . . Mn, 
each application code 50 has been modi?ed by the corre 
sponding modi?er 51 according to the same rules (or sub 
stantially the same rules since minor optimiZing changes are 
permitted Within each modi?er 51/1, 51/2, . . . , 51/n). 

[0076] With speci?c reference to any memory manage 
ment modi?er that may be provided, such memory manage 
ment modi?er 51-M or DRT 71-M or other code modifying 
means component of the overall modi?er or distributed run 
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time means is responsible for creating or replicating a 
memory structure and contents on each of the individual 
machines M1, M2 . . . Mn that permits the plurality of 
machines to interoperate. In some embodiments this repli 
cated memory structure Will be identical, in other embodi 
ments this memory structure Will have portions that are 
identical and other portions that are not, and in still other 
embodiments the memory structures are or may not be 
identical. 

[0077] These structures and procedures When applied in 
combination When required, maintain a computing environ 
ment Where memory locations, address ranges, objects, 
classes, assets, resources, or any other procedural or struc 
tural aspect of a computer or computing environment are 
Where required created, maintained, operated, and deacti 
vated or deleted in a coordinated, coherent, and consistent 
manner across the plurality of individual machines M1, M2 
. . . Mn. 

[0078] Attention is noW directed to the particulars of 
several aspects of the invention that may be utilised alone or 
in any combination. 

[0079] In connection With FIG. 5, in accordance With a 
preferred embodiment of the present invention a single 
application code 50 (sometimes more informally referred to 
as the application or the application program) can be oper 
ated simultaneously on a number of machines M1, M2 . . . 

Mn interconnected via a communications netWork or other 
communications link or path 53. By Way of example but not 
limitation, one application code or program 50 Would be a 
single common application program on the machines, such 
as Microsoft Word, as opposed to different applications on 
each machine, such as Microsoft Word on machine M1, and 
Microsoft PoWerPoint on machine M2, and Netscape Navi 
gator on machine M3 and so forth. Therefore the terminol 
ogy “one”, “single”, and “common” application code or 
program is used to try and capture this situation Where all 
machines M1, . . . , Mn are operating or executing the same 

program or code and not different (and unrelated) programs. 
In other Words copies or replicas of same or substantially the 
same application code is loaded onto each of the interoper 
ating and connected machines or computers. As the charac 
teristics of each machine or computer may differ, the appli 
cation code 50 may be modi?ed before loading, during the 
loading process, or after the loading process to provide a 
customiZation or modi?cation of the code on each machine. 
Some dissimilarity betWeen the programs may be permitted 
so long as the other requirements for interoperability, con 
sistency, and coherency as described herein can be maintain. 
As it Will become apparent hereafter, each of the machines 
M1, M2 . . . Mn operates With the same application code 50 

on each machine M1, M2 . . . Mn and thus all of the 

machines M1, M2, . . . , Mn have the same or substantially 

the same application code 50 usually With a modi?cation 
that may be machine speci?c. 

[0080] Similarly, each of the machines M1, M2, . . . , Mn 
operates With the same (or substantially the same or similar) 
modi?er 51 on each machine M1, M2, . . . , Mn and thus all 

of the machines M1, M2 . . . Mn have the same (or 

substantially the same or similar) modi?er 51 With the 
modi?er of machine M1 being designated 51/1 and the 
modi?er of machine M2 being designated 51/2, etc. In 
addition, before or during the loading of, or preceding the 
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execution of, or even after execution has commenced, the 
application code 50 on each machine M1, M2 . . . Mn is 

modi?ed by the corresponding modi?er 51 according to the 
same rules (or substantially the same rules since minor 
optimizing changes are permitted Within each modi?er 51/1, 
51/2, . . . , 51/n). 

[0081] As Will become more apparent in light of the 
further description provided herein, one of the features of the 
invention is to make it appear that one application program 
instance of application code 50 is executing simultaneously 
across all of the plurality of machines M1, M2, . . . , Mn. As 

Will be described in considerable detail hereinafter, the 
instant invention achieves this by running the same appli 
cation program code (for example, Microsoft Word or 
Adobe Photoshop CS2) on each machine, but modifying the 
executable code of that application program on each 
machine such that each executing occurrence (or ‘local 
instance’) on each one of the machines M1 . . . Mn 

coordinates its local operations With the operations of the 
respective occurrences on each one of the other machines 
such that each occurrence on each one of the plurality of 
machines function together in a consistent, coherent and 
coordinated manner so as to give the appearance of being 
one global instance (or occurrence) of the application pro 
gram and program code (i.e., a “meta-application”). 

[0082] As a consequence of the above described arrange 
ment, if each of the machines M1, M2, . . . , Mn has, say, an 

internal memory capability of 10 MB, then the total memory 
available to each application code 50 is not necessarily, as 
one might expect the number of machines (n) times 10 MB, 
or alternatively the additive combination of the internal 
memory capability of all n machines, but rather or still may 
only be 10 MB. In the situation Where the internal memory 
capacities of the machines are different, Which is permis 
sible, then in the case Where the internal memory in one 
machine is smaller than the internal memory capability of at 
least one other of the machines, then the siZe of the smallest 
memory of any of the machines may be used as the maxi 
mum memory capacity of the machines When such memory 
(or a portion thereof) is to be treated as a ‘common’ memory 
(i.e. similar equivalent memory on each of the machines M1 
. . . Mn) or otherWise used to execute the common appli 

cation code. 

[0083] HoWever, even though the manner that the internal 
memory of each machine is treated may initially appear to 
be a possible constraint on performance, hoW this results in 
improved operation and performance Will become apparent 
hereafter. Naturally, each machine M1, M2 . . . Mn has an 

private (i.e. ‘non-common’) internal memory capability. The 
private internal memory capability of the machines M1, M2, 
. . . , Mn are normally approximately equal but need not be. 

It may also be advantageous to select the amounts of internal 
memory in each machine to achieve a desired performance 
level in each machine and across a constellation or netWork 
of connected or coupled plurality of machines, computers, or 
information appliances M1, M2, . . . , Mn. Having described 

these internal and common memory considerations, it Will 
be apparent in light of the description provided herein that 
the amount of memory that can be common betWeen 
machines is not a limitation of the invention. 

[0084] It is knoWn from the prior art to operate a single 
computer or machine (produced by one of various manu 
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facturers and having an operating system operating in one of 
various different languages) in a particular language of the 
application, by creating a virtual machine as schematically 
illustrated in FIG. 6. The code and data and virtual machine 
con?guration or arrangement of FIG. 6 takes the form of the 
application code 50 Written in the Java language and execut 
ing Within a Java Virtual Machine 61. Thus, Where the 
intended language of the application is the language JAVA, 
a JAVA virtual machine is used Which is able to operate code 
in JAVA irrespective of the machine manufacturer and 
internal details of the machine. For further details see “The 
JAVA Virtual Machine Speci?cation” 2nd Edition by T. 
Lindholm & F. Yellin of Sun Microsystems Inc. of the USA, 
Which is incorporated by reference herein. 

[0085] This conventional art arrangement of FIG. 6 is 
modi?ed in accordance With embodiments of the present 
invention by the provision of an additional facility Which is 
conveniently termed “distributed run time” or “distributed 
run time system” DRT 71 and as seen in FIG. 7. An 
alternative shoWing the modi?er 171 and loading 175 code 
50 is in FIG. 17. 

[0086] In FIG. 7, the application code 50 is loaded onto 
the Java Virtual Machine 72 in cooperation With the distrib 
uted runtime system 71, through the loading procedure 
indicated by arroW 75. As used herein the terms distributed 
runtime and the distributed run time system are essentially 
synonymous, and by means of illustration but not limitation 
are generally understood to include library code and pro 
cesses Which support softWare Written in a particular lan 
guage running on a particular platform. Additionally, a 
distributed runtime system may also include library code 
and processes Which support softWare Written in a particular 
language running Within a particular distributed computing 
environment. The runtime system typically deals With the 
details of the interface betWeen the program and the opera 
tion system such as system calls, program start-up and 
termination, and memory management. For purposes of 
background, a conventional Distributed Computing Envi 
ronment (DCE) that does not provide the capabilities of the 
inventive distributed run time or distributed run time system 
71 required in the invention is available from the Open 
SoftWare Foundation. This Distributed Computing Environ 
ment (DCE) performs a form of computer-to-computer 
communication for softWare running on the machines, but 
among its many limitations, it is not able to implement the 
modi?cation or communication operations of this invention. 
Among its functions and operations, the inventive DRT 71 
coordinates the particular communications betWeen the plu 
rality of machines M1, M2, . . . , Mn. Moreover, the 
inventive distributed runtime 71 comes into operation during 
the loading procedure indicated by arroW 75 of the JAVA 
application 50 on each JAVA virtual machine 72 of machines 
JVM#1, JVM#2, . . . JV M#n. The sequence of operations 
during loading Will be described hereafter in relation to FIG. 
9. It Will be appreciated in light of the description provided 
herein that although many examples and descriptions are 
provided relative to the JAVA language and JAVA virtual 
machines so that the reader may get the bene?t of speci?c 
examples, the invention is not restricted to either the JAVA 
language or JAVA virtual machines, or to any other lan 
guage, virtual machine, machine, or operating environment. 

[0087] FIG. 8 shoWs in modi?ed form the arrangement of 
FIG. 5 utilising JAVA virtual machines, each as illustrated 
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in FIG. 7. It will be apparent that again the same application 
code 50 is loaded onto each machine M1, M2 . . . Mn. 

However, the communications between each machine M1, 
M2, . . . , Mn, and indicated by arrows 83, although 

physically routed through the machine hardware, are advan 
tageously controlled by the individual DRT’s 71/1 . . . 71/n 

within each machine. Thus, in practice this may be concep 
tionalised as the DRT’s 71/1, . . . , 71/n communicating with 

each other via the network or other communications link 73 
rather than the machines M1, M2, . . . , Mn communicating 

directly with themselves or each other. Actually, the inven 
tion contemplates and included either this direct communi 
cation between machines M1, M2, . . . , Mn or DRTs 71/1, 

71/2, . . . , 71/n or a combination of such communications. 

The inventive DRT 71 provides communication that is 
transport, protocol, and link independent. 
[0088] It will be appreciated in light of the description 
provided herein that there are alternative implementations of 
the modi?er 51 and the distributed run time 71. For example, 
the modi?er 51 may be implemented as a component of or 
within the distributed run time 71, and therefore the DRT 71 
may implement the functions and operations of the modi?er 
51. Alternatively, the function and operation of the modi?er 
51 may be implemented outside of the structure, software, 
?rmware, or other means used to implement the DRT 71. In 
one embodiment, the modi?er 51 and DRT 71 are imple 
mented or written in a single piece of computer program 
code that provides the functions of the DRT and modi?er. 
The modi?er function and structure therefore maybe sub 
sumed into the DRT and considered to be an optional 
component. Independent of how implemented, the modi?er 
function and structure is responsible for modifying the 
executable code of the application code program, and the 
distributed run time function and structure is responsible for 
implementing communications between and among the 
computers or machines. The communications functionality 
in one embodiment is implemented via an intermediary 
protocol layer within the computer program code of the DRT 
on each machine. The DRT may for example implement a 
communications stack in the JAVA language and use the 
Transmission Control Protocol/Internet Protocol (TCP/IP) 
to provide for communications or talking between the 
machines. Exactly how these functions or operations are 
implemented or divided between structural and/or proce 
dural elements, or between computer program code or data 
structures within the invention are less important than that 
they are provided. 

[0089] However, in the arrangement illustrated in FIG. 8, 
(and also in FIGS. 31-32), a plurality of individual com 
puters or machines M1, M2, . . . , Mn are provided, each of 

which are interconnected via a communications network 53 
or other communications link and each of which individual 
computers or machines provided with a modi?er 51 (See in 
FIG. 5) and realised by or in for example the distributed run 
time (DRT) 71 (See FIG. 8) and loaded with a common 
application code 50. The term common application program 
is to be understood to mean an application program or 
application program code written to operate on a single 
machine, and loaded and/or executed in whole or in part on 
each one of the plurality of computers or machines M1, M2 
. . . Mn, or optionally on each one of some subset of the 

plurality of computers or machines M1, M2 . . . Mn. Put 

somewhat differently, there is a common application pro 
gram represented in application code 50, and this single 
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copy or perhaps a plurality of identical copies are modi?ed 
to generate a modi?ed copy or version of the application 
program or program code, each copy or instance prepared 
for execution on the plurality of machines. At the point after 
they are modi?ed they are common in the sense that they 
perform similar operations and operate consistently and 
coherently with each other. It will be appreciated that a 
plurality of computers, machines, information appliances, or 
the like implementing the features of the invention may 
optionally be connected to or coupled with other computers, 
machines, information appliances, or the like that do not 
implement the features of the invention. 

[0090] Essentially in at least one embodiment the modi?er 
51 or DRT 71 or other code modifying means is responsible 
for modifying the application code 50 so that it may execute 
memory manipulation operations, such as memory putstatic 
and puf?eld instructions in the JAVA language and virtual 
machine environment, in a coordinated, consistent, and 
coherent manner across and between the plurality of indi 
vidual machines M1 . . . Mn. It follows therefore that in such 

a computing environment it is necessary to ensure that each 
of memory location is manipulated in a consistent fashion 
(with respect to the others). 

[0091] In some embodiments, some or all of the plurality 
of individual computers or machines may be contained 
within a single housing or chassis (such as so-called “blade 
servers” manufactured by Hewlett-Packard Development 
Company, Intel Corporation, IBM Corporation and others) 
or implemented on a single printed circuit board or even 
within a single chip or chip set. 

[0092] Amachine (produced by any one of various manu 
facturers and having an operating system operating in any 
one of various different languages) can operate in the 
particular language of the application program code 50, in 
this instance the JAVA language. That is, a JAVA virtual 
machine 72 is able to operate application code 50 in the 
JAVA language, and utiliZe the JAVA architecture irrespec 
tive of the machine manufacturer and the internal details of 
the machine. 

[0093] When implemented in a non-JAVA language or 
application code environment, the generaliZed platform, 
and/or virtual machine and/or machine and/or runtime sys 
tem is able to operate application code 50 in the language(s) 
(possibly including for example, but not limited to any one 
or more of source-code languages, intermediate-code lan 
guages, object-code languages, machine-code languages, 
and any other code languages) of that platform, and/or 
virtual machine and/ or machine and/ or runtime system envi 
ronment, and utiliZe the platform, and/or virtual machine 
and/or machine and/or runtime system and/or language 
architecture irrespective of the machine manufacturer and 
the internal details of the machine. It will also be appreciated 
in light of the description provided herein that platform 
and/or runtime system may include virtual machine and 
non-virtual machine software and/or ?rmware architectures, 
as well as hardware and direct hardware coded applications 
and implementations. 

[0094] For a more general set of virtual machine or 
abstract machine environments, and for current and future 
computers and/or computing machines and/or information 
appliances or processing systems, and that may not utiliZe or 
require utiliZation of either classes and/or objects, the inven 
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tive structure, method, and computer program and computer 
program product are still applicable. Examples of computers 
and/ or computing machines that do not utiliZe either classes 
and/ or objects include for example, the x86 computer archi 
tecture manufactured by Intel Corporation and others, the 
SPARC computer architecture manufactured by Sun Micro 
systems, Inc and others, the PoWerPC computer architecture 
manufactured by International Business Machines Corpora 
tion and others, and the personal computer products made by 
Apple Computer, Inc., and others. For these types of com 
puters, computing machines, information appliances, and 
the virtual machine or virtual computing environments 
implemented thereon that do not utiliZe the idea of classes or 
objects, may be generaliZed for example to include primitive 
data types (such as integer data types, ?oating point data 
types, long data types, double data types, string data types, 
character data types and Boolean data types), structured data 
types (such as arrays and records) derived types, or other 
code or data structures of procedural languages or other 
languages and environments such as functions, pointers, 
components, modules, structures, references and unions. 

[0095] Turning noW to FIGS. 7 and 9, during the loading 
procedure 75, the application code 50 being loaded onto or 
into each JAVA virtual machine 72 is modi?ed by DRT 71. 
This modi?cation commences at Step 90 in FIG. 9 and 
involves the initial step 91 of preferably scrutiniZing or 
analysing the code and detecting all memory locations 
addressable by the application code 50, or optionally some 
subset of all memory locations addressable by the applica 
tion code 50; such as for example named and unnamed 
memory locations, variables (such as local variables, global 
variables, and formal arguments to subroutines or func 
tions), ?elds, registers, or any other address space or range 
of addresses Which application code 50 may access. Such 
memory locations in some instances need to be identi?ed for 
subsequent processing at steps 92 and 93. In some embodi 
ments, Where a list of detected memory locations is required 
for further processing, the DRT 71 during the loading 
procedure 75 creates a list of all the memory locations thus 
identi?ed. In one embodiment, the memory locations in the 
form of JAVA ?elds are listed by object and class, hoWever, 
the memory locations, ?elds, or the like may be listed or 
organiZed in any manner so long as they comport With the 
architectural and programming requirements of the system 
on Which the program is to be used and the principles of the 
invention described herein. This detection is optional and 
not required in all embodiments of the invention. It may be 
noted that the DRT is at least in part ful?lling the roll of the 
modi?er 51. 

[0096] The next phase (designated Step 92 in FIG. 9) 
[Step 92] of the modi?cation procedure is to search through 
the application code 50 in order to locate processing activity 
or activities that manipulate or change values or contents of 
any listed memory location (for example, but not limited to 
JAVA ?elds) corresponding to the list generated at step 91 
When required. Preferably, all processing activities that 
manipulate or change any one or more values or contents of 

any one or more listed memory locations, are located. 

[0097] When such a processing activity or operation (typi 
cally “putstatic” or “puf?eld” in the JAVA language, or for 
example, a memory assignment operation, or a memory 
Write operation, or a memory manipulation operation, or 
more generally operations that otherWise manipulate or 
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change value(s) or content(s) of memory or other address 
able areas), is detected Which changes the value or content 
of a listed or detected memory location, then an “updating 
propagation routine” is inserted by step 93 in the application 
code 50 corresponding to the detected memory manipulation 
operation, to communicate With all other machines in order 
to notify all other machines of the identity of the manipu 
lated memory location, and the updated, manipulated or 
changed value(s) or content(s) of the manipulated memory 
location. The inserted “updating propagation routine” pref 
erably takes the form of a method, function, procedure, or 
similar subroutine call or operation to a netWork communi 
cations library of DRT 71. Alternatively, the “updating 
propagation routine” may take the optional form of a code 
block (or other inline code form) inserted into the applica 
tion code instruction stream at, after, before, or otherWise 
corresponding to the detected manipulation instruction or 
operation. And preferably, in a multi-tasking or parallel 
processing machine environment (and in some embodiments 
inclusive or exclusive of operating system), such as a 
machine environment capable of potentially simultaneous or 
concurrent execution of multiple or different threads or 
processes, the “updating propagation routine” may execute 
on the same thread or process or processor as the detected 

memory manipulation operation of step 92. Thereafter, the 
loading procedure continues, by loading the modi?ed appli 
cation code 50 on the machine 72 in place of the unmodi?ed 
application code 50, as indicated by step 94 in FIG. 9. 

[0098] An alternative form of modi?cation during loading 
is illustrated in the illustration of FIG. 10. Here the start and 
listing steps 90 and 91 and the searching step 92 are the same 
as in FIG. 9. HoWever, rather than insert the “updating 
propagation routine” into the application code 50 corre 
sponding to the detected memory manipulation operation 
identi?ed in step 92, as is indicated in step 93, in Which the 
application code 50, or network communications library 
code 71 of the DRT executing on the same thread or process 
or processor as the detected memory manipulation opera 
tion, carries out the updating, instead an “alert routine” is 
inserted corresponding to the detected memory manipula 
tion operation, at step 103. The “alert routine” instructs, 
noti?es or otherWise requests a different and potentially 
simultaneously or concurrently executing thread or process 
or processor not used to perform the memory manipulation 
operation (that is, a different thread or process or processor 
than the thread or process or processor Which manipulated 
the memory location), such as a different thread or process 
allocated to the DRT 71, to carry out the noti?cation, 
propagation, or communication of all other machines of the 
identity of the manipulated memory location, and the 
updated, manipulated or changed value(s) or content(s) of 
the manipulated memory location. 

[0099] Once this modi?cation during the loading proce 
dure has taken place and execution begins of the modi?ed 
application code 50, then either the steps of FIG. 11 or FIG. 
12 take place. FIG. 11 (and the steps 112, 113, 114, and 115 
therein) correspond to the execution and operation of the 
modi?ed application code 50 When modi?ed in accordance 
With the procedures set forth in and described relative to 
FIG. 9. FIG. 12 on the other hand (and the steps 112, 113, 
125, 127, and 115 therein) set forth therein correspond to the 
execution and operation of the modi?ed application code 50 
When modi?ed in accordance With FIG. 10. 
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[0100] This analysis or scrutiny of the application code 50 
can may take place either prior to loading the application 
program code 50, or during the application program code 50 
loading procedure, or even after the application program 
code 50 loading procedure. It may be likened to an instru 
mentation, program transformation, translation, or compila 
tion procedure in that the application code may be instru 
mented With additional instructions, and/or otherWise 
modi?ed by meaning-preserving program manipulations, 
and/or optionally translated from an input code language to 
a different code language (such as for example from source 
code language or intermediate-code language to obj ect-code 
language or machine-code language), and With the under 
standing that the term compilation normally or convention 
ally involves a change in code or language, for example, 
from source code to object code or from one language to 
another language. HoWever, in the present instance the term 
“compilation” (and its grammatical equivalents) is not so 
restricted and can also include or embrace modi?cations 
Within the same code or language. For example, the com 
pilation and its equivalents are understood to encompass 
both ordinary compilation (such as for example by Way of 
illustration but not limitation, from source-code to object 
code), and compilation from source-code to source-code, as 
Well as compilation from object-code to object-code, and 
any altered combinations therein. It is also inclusive of 
so-called “intermediary-code languages” Which are a form 
of “pseudo object-code”. 

[0101] By Way of illustration and not limitation, in one 
embodiment, the analysis or scrutiny of the application code 
50 may take place during the loading of the application 
program code such as by the operating system reading the 
application code from the hard disk or other storage device 
or source and copying it into memory and preparing to begin 
execution of the application program code. In another 
embodiment, in a JAVA virtual machine, the analysis or 
scrutiny may take place during the class loading procedure 
of the java.lang.ClassLoader loadClass method (e.g., “java 
.lang.ClassLoader.loadClass( )”). 

[0102] Alternatively, the analysis or scrutiny of the appli 
cation code 50 may take place even after the application 
program code loading procedure, such as after the operating 
system has loaded the application code into memory, or 
optionally even after execution of the relevant correspond 
ing portion of the application program code has started, such 
as for example after the JAVA virtual machine has loaded the 
application code into the virtual machine via the “java 
.lang.ClassLoader.loadClass( )” method and optionally com 
menced execution. 

[0103] As seen in FIG. 11, a multiple thread processing 
machine environment 110, on each one of the machines M1, 
. . . , Mn and consisting ofthreads 111/1 . . . 111/4 exists. The 

processing and execution of the second thread 111/2 (in this 
example) results in that thread 111/2 manipulating a memory 
location at step 113, by Writing to a listed memory location. 
In accordance With the modi?cations made to the application 
code 50 in the steps 90-94 of FIG. 9, the application code 
50 is modi?ed at a point corresponding to the Write to the 
memory location of step 113, so that it propagates, noti?es, 
or communicates the identity and changed value of the 
manipulated memory location of step 113 to the other 
machines M2, . . . , Mn via netWork 53 or other communi 

cation link or path, as indicated at step 114. At this stage the 
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processing of the application code 50 of that thread 111/2 is 
or may be altered and in some instances interrupted at step 
114 by the executing of the inserted “updating propagation 
routine”, and the same thread 111/2 noti?es, or propagates, 
or communicates to all other machines M2, . . . , Mn via the 

netWork 53 or other communications link or path of the 
identity and changed value of the manipulated memory 
location of step 113. At the end of that noti?cation, or 
propagation, or communication procedure 114, the thread 
111/2 then resumes or continues the processing or the 
execution of the modi?ed application code 50 at step 115. 

[0104] In the alternative arrangement illustrated in FIG. 
12, a multiple thread processing machine environment 110 
comprising or consisting of threads 111/1, . . . , 111/3, and 

a simultaneously or concurrently executing DRT processing 
environment 120 consisting of the thread 121/1 as illus 
trated, or optionally a plurality of threads, is executing on 
each one of the machines M1, . . . Mn. The processing and 

execution of the modi?ed application code 50 on thread 
111/2 results in a memory manipulation operation of step 
113, Which in this instance is a Write to a listed memory 
location. In accordance With the modi?cations made to the 
application code 50 in the steps 90, 91, 92, 103, and 94 of 
FIG. 9, the application code 50 is modi?ed at a point 
corresponding to the Write to the memory location of step 
113, so that it requests or otherWise noti?es the threads of the 
DRT processing environment 120 to notify, or propagate, or 
communicate to the other machines M2, . . . , Mn of the 

identity and changed value of the manipulated memory 
location of step 113, as indicated at steps 125 and 128 and 
arroW 127. In accordance With this modi?cation, the thread 
111/2 processing and executing the modi?ed application 
code 50 requests a different and potentially simultaneously 
or concurrently executing thread or process (such as thread 
121/ 1) of the DRT processing environment 120 to notify the 
machines M2, . . . , Mn via netWork 53 or other communi 

cations link or path of the identity and changed value of the 
manipulated memory location of step 113, as indicated in 
step 125 and arroW 127. In response to this request of step 
125 and arroW 127, a different and potentially simulta 
neously or concurrently executing thread or process 121/1 of 
the DRT processing environment 120 noti?es the machines 
M2, . . . , Mn via netWork 53 or other communications link 

or path of the identity and changed value of the manipulated 
memory location of step 113, as requested of it by the 
modi?ed application code 50 executing on thread 111/2 of 
step 125 and arroW 127. 

[0105] When compared to the earlier described step 114 of 
thread 111/2 of FIG. 11, step 125 ofthread 111/2 of FIG. 12 
can be carried out quickly, because step 114 of thread 111/2 
must notify and communicate With machines M2, . . . , Mn 

via the relatively sloW netWork 53 (relatively sloW for 
example When compared to the internal memory bus 4 of 
FIG. 1 or the global memory 13 of FIG. 2) of the identity 
and changed value of the manipulated memory location of 
step 113, Whereas step 125 of thread 111/2 does not com 
municate With machines M2, . . . , Mn via the relatively sloW 

netWork 53. Instead, step 125 of thread 111/2 requests or 
otherWise noti?es a different and potentially simultaneously 
or concurrently executing thread 121/1 of the DRT process 
ing environment 120 to perform the noti?cation and com 
munication With machines M2, . . . , Mn via the relatively 

sloW netWork 53 of the identify and changed value of the 
manipulated memory location of step 113, as indicated by 


























































