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COMPUTING 4 

(57) ABSTRACT 

A symbiotic computing system includes a plurality of sym 
biotic partners that are communicatively coupled With one 
another and each of Which has a respective instance of a 
managed resource. One (or more) of the symbiotic partners 
receive input that a?cects a respective instance of the man 
aged resource. Based upon the input, the symbiotic partner 
produces actions and transmits the actions to each other of 
the symbiotic partners. Upon receipt, each other of the 
symbiotic partners receives the actions and uses the actions 
to a?cect a respective instance of the managed resource to 
maintain coherency of the managed resource. The managed 
resource may include data entities such as data ?le, data 
bases, con?guration ?les and source ?les and other types of 
resources such as video images, symbiotic relationship 
con?gurations and executables. Alterations made to an 
instance of the managed resource are made to each other 
instance of the managed resource to maintain coherency. 
When establishing a symbiotic relationship among symbi 
otic partners, instances of managed resources are ?rst syn 
chroniZed to ensure that a common starting point exists. 
Then, each instance of the managed resource is operated 
upon based upon the actions, typically via an application 
program. The actions are generated from user input at one of 
the symbiotic partners. Prior to their use, the actions may be 
converted to commands that are readily received by the 
application program to operate upon a managed resource. In 
a symmetric symbiotic relationship, actions may be created 
by both of a set of tWo symbiotic partners to a?cect the 
managed resources. In an asymmetric symbiotic relation 
ship, only one of a set of tWo symbiotic partners may create 
actions that a?cect the managed resources. 
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MAINTAINING COHERENCY IN A SYMBIOTIC 
COMPUTING SYSTEM AND METHOD OF 

OPERATION THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a divisional of US. 
application Ser. No. 11/078,471 ?led Mar. 11, 2005, Which 
in turn is a continuation of US. application Ser. No. 09/310, 
508 ?led May 12, 1999, now US. Pat. No. 6,931,430, Which 
in turn claims the bene?t of US. Provisional Application 
No. 60/085,421. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] The present invention relates generally to the ?eld 
of distributed computer systems; and more particularly to a 
symbiotic computing system that establishes symbiotic rela 
tionships betWeen a plurality of computers Wherein the 
symbiotic relationships operate to establish and maintain 
coherency among managed resources that are located on the 
plurality of computers. 

[0004] 2. RelatedArt 

[0005] Computer netWorks are generally knoWn to include 
a plurality of physically separated computers coupled by 
communication links. The computers may include main 
frame computers, personal computers, hand-held computers, 
Wearable computers and other types of computers. The 
communication links may include Wired netWorks such as 
local area netWorks and Wide area netWorks, the Internet, 
public telephone subscriber lines that support communica 
tions betWeen computers as Well as voice communications, 
Wireless netWorks and other communication netWorks that 
may be employed to facilitate digital communications 
among the computers. Computers are netWorked so that data 
may be passed among the computers. Sharing resources, 
facilitating communications, exchanging data, supporting 
voice and video communications, facilitating electronic 
messaging and facilitating electronic commerce are a feW of 
many tasks that are enabled by the computer netWork. 

[0006] Resource sharing is a common purpose When 
establishing a computer netWork. Shared resources may 
include data ?les, application programs, data bases, process 
ing capacity and communication resources, among many 
other shared resources. In the sharing of resources, security, 
reliability, availability and appropriateness of the shared 
resources are primary concerns. HoWever, With the distrib 
uted nature of the members of the computer netWork and the 
reliability of the computers, satisfying such concerns is often 
dif?cult. 

[0007] Because most computer netWorks interface to the 
Internet, or to another larger netWork via a dedicated or 
dial-up connection, each computer coupled to the netWork is 
susceptible to break-in in Which case data may be stolen or 
destroyed. While ?reWalls and other safeguards may be 
placed to increase the security of the netWork, data passing 
betWeen computers on the netWork may be easily “snooped” 
by a third party listener. Since it is common for complete 
data ?les that contain sensitive information to pass from 
computer to computer on the computer netWork, the data 
?les may easily be captured in full by the snooping third 
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party. Additionally, snooping is much easier to accomplish 
on the Internet or another public accessible netWork. 

[0008] The availability of shared resources, such as data 
?les, is another primary concern in the operation of com 
puter netWorks. Suppose that a particular computer on a 
computer netWork has resident thereupon a data ?le that 
requires access by other computers coupled to the netWork. 
When the netWork is operating properly and the particular 
computer is also operating and coupled to the computer 
netWork, each other computer may access the data ?le. 
HoWever, When the netWork is unreliable, the data ?le may 
become unavailable even though it is resident upon a 
netWorked computer. The location of data ?les also affects 
their availability. When data ?les are stored on a tape drive, 
for example, access to the data ?le via the tape drive may 
require human intervention Within an inconvenient amount 
of time. 

[0009] The appropriateness of shared resources is another 
primary concern. When a data ?le becomes corrupt, a prior 
version of the data ?le, perhaps stored on a more secure 
medium, is retrieved and used as a replacement. HoWever, 
any changes that have been made to the data ?le since the 
backup Was made have been lost. Further, the environment 
Within Which the data ?le is used may have been altered 
since the backup Was made. In either case, the backup copy 
of the data ?le may not function Within the environment 

[0010] To increase the reliability of shared data, backups 
are often maintained on tape backup devices. While this 
successfully increases reliability of the shared data, it causes 
problems With respect to appropriateness and availability of 
the backed-up shared data. 

[0011] Many applications are dependent upon the reliabil 
ity of the computer netWork. For example, in the case of a 
computer netWork supporting multiple cash registers Within 
a department store, each cash register accesses a server via 
the computer netWork during each transaction. When the 
computer netWork is doWn, the cash register immediately 
fails to operate and does not function until the computer 
netWork again becomes available. 

[0012] Thus, there is a need in the art for a system that 
overcomes these shortcomings related to the sharing of 
resources in a computer netWork and that compensates for 
some of the shortcomings related to the availability and 
reliability of both the computers coupled to the computer 
netWork and of the computer netWork itself 

SUMMARY OF THE INVENTION 

[0013] Thus, to overcome the above shortcomings relating 
to data security, data reliability, data appropriateness and 
data availability, a symbiotic computing system constructed 
according to the present invention performs symbiotic com 
puting on a managed resource. The symbiotic computing 
system includes a plurality of symbiotic partners that are 
communicatively coupled With one another and each of 
Which has a respective instance of a managed resource. One 
(or more) of the symbiotic partners receive input that affects 
a respective instance of the managed resource. Based, upon 
the input, the symbiotic partner produces actions based upon 
the input and transmits the actions to each other of the 
symbiotic partners. Upon receipt, each other of the symbi 
otic partners receives the actions and uses the actions to 
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a?fect a respective instance of the managed resource to 
maintain coherency of the managed resource. 

[0014] The managed resource may include data entities 
such as data ?les, data bases, con?guration ?les and source 
?les. However, the managed resource may include other 
types of resources as Well such as video images, symbiotic 
relationship con?gurations, applications, executables and 
other resources that may be stored on a computer. With each 
of these managed resource types, alterations made to an 
instance of the managed resource are made to each other 
instance of the managed resource to maintain coherency. 

[0015] When establishing a symbiotic relationship among 
symbiotic partners, managed resources are ?rst synchro 
niZed to ensure that a common starting point exists. Then, 
from the common starting point, each instance of the man 
aged resource is operated upon based upon the actions, 
typically via an application program. The actions are gen 
erated from user input (or a program) at one of the symbiotic 
partners. Prior to their use, the actions may be converted to 
commands that are readily received by the application 
program to operate upon a managed resource. 

[0016] Because only actions pass betWeen symbiotic part 
ners to maintain the symbiotic relationship, data security is 
greatly enhanced. Further, symbiotic operations enhance the 
strength of encryption because the context helpful for break 
ing the encryption code is not present in the actions. Even if 
the actions are snooped, the actions generally have little or 
no value Without a copy of the managed resource. Further, 
because a coherent copy of the managed resource resides 
upon each symbiotic partner, data availability and data 
reliability are greatly enhanced. 

[0017] Symbiotic relationships may be symmetric or 
asymmetric. In a symmetric symbiotic relationship, actions 
may be created by both of a set of tWo symbiotic partners to 
a?fect the managed resources. In an asymmetric symbiotic 
relationship, only one of a set of tWo symbiotic partners may 
create actions that affect the managed resources. Of course, 
a symbiotic relationship may be established betWeen mul 
tiple symbiotic partners have both symmetric and asymmet 
ric components. 

[0018] Symbiotic computing may be established in any 
various type of netWork architecture or netWork con?gura 
tion. For example, the symbiotic computer system may 
reside Within a client/server environment, a peer-to-peer 
environment or in an object oriented environment, among 
others. The requirements and bene?ts of symbiosis provide 
signi?cant bene?ts in any environment by supporting rela 
tively loW bandWidth management of resources. 

[0019] In establishing symbiotic operation Within the sym 
biotic computing system, synchronization among all 
instances of the managed resource must ?rst be established. 
Then, the symbiotic relationships are de?ned such that input 
may be received by one or more of the symbiotic partners. 
Once the relationships are de?ned, operations continue to 
maintain coherency of all instances of the managed resource. 
HoWever, glitches in operation caused by computer outages, 
softWare bugs, computer failures, netWork problems, incon 
sistent actions and/or other problems may indicate that a 
problem exists With maintaining coherency. When such 
problems exist, checks are performed to determine Whether 
the symbiosis is operating properly. If not, recovery is 
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initiated to cause the instances of the managed resource to 
again be coherent. Once completed, operation continues. 
When inconsistent actions and/or problems exist, other 
techniques may also be employed to move forWard in the 
operation of the system Without initiating a recovery opera 
tion. These techniques Will modify the managed resource 
using a set of rules or Will reject one or more of the 
inconsistent actions. 

[0020] Moreover, other aspects of the present invention 
Will become apparent With further reference to the draWings 
and speci?cation Which folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 illustrates a symbiotic computing system 
constructed according to the present invention that is 
installed upon a netWork of computers; 

[0022] FIG. 2 illustrates an alternate installation of a 
symbiotic computing system constructed according to the 
present invention that is installed upon a netWork of com 
puters; 

[0023] FIG. 3 is a block diagram illustrating generally 
some of the components of symbiotic partner host systems 
that are constructed according to the present invention; 

[0024] FIG. 4 is a block diagram illustrating the How of 
data exchanges in a symbiotic computing system con 
structed according to the present invention in Which coher 
ency is maintained betWeen managed resources of symbiotic 
partners; 

[0025] FIG. 5A is a block diagram illustrating generally an 
installation of a symbiotic computing system according to 
the present invention in Which coherency of managed 
resources is maintained; 

[0026] FIG. 5B is a block diagram illustrating generally an 
installation of a symbiotic computing system according to 
the present invention in Which objects are shared among a 
plurality of symbiotic partners; 
[0027] FIG. 6A is a block diagram functionally illustrating 
the components of a symbiotic computing entity operating 
upon a symbiotic partner according to the present invention; 

[0028] FIG. 6B is a block diagram functionally illustrating 
the interconnection of an application interface entity, a 
bulfer Which bulfers actions and a managed resource (appli 
cation) according to the present invention; 

[0029] FIG. 7 is a logic diagram illustrating operation of 
a method according to the present invention in the genera 
tion of actions Which a?fect a symbiotic relationship and the 
transmission of such actions from one symbiotic partner to 
at least one other symbiotic partner; 

[0030] FIG. 8 is a logic diagram illustrating operation of 
a method according to the present invention in the receipt of 
actions from a symbiotic partner Which affect a managed 
resource and usage of the actions to maintain coherency of 
the managed resource; 

[0031] FIG. 9 is a logic diagram illustrating operation 
according to the present invention in recovering from a fault 
in operation; and 

[0032] FIG. 10 is a logic diagram illustrating operation 
according to the present invention in determining Whether 
coherency exists among managed resources betWeen sym 
biotic partners. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 illustrates the installation of a symbiotic 
computing system 100 constructed according to the present 
invention. The symbiotic computing system 100 includes a 
plurality of computers, each of Which may reside physically 
apart from each other of the computers. The computers 
include a central computer system 102, laptop computers 
106 add 120, desktop computers 108 and 110, Wearable 
computer 126 and hand-held computer 122. Each of these 
computers 102, 106, 108, 110, 120, 122 and 126 couples to 
each other of the computers via various communication 
links. The system 100 illustrated is commonly referred to as 
a client/ server system in Which the central computer system 
102 provides server type functions to the other computers 
Which serve as clients. The central computer system 102 
may provide ?le storage functions, communication broad 
cast functions, database functions, and various other func 
tions typically provided by a centraliZed server. The central 
computer system 102 may also perform netWork manage 
ment functions, managing the resources of each served 
client. 

[0034] The communication links provided each have their 
oWn characteristics. For example, laptop computer 106, 
Wearable computer 126 and hand-held computer 122 couple 
to the central computer system 102 via a Wireless netWork 
114. The Wireless netWork 114 alloWs the laptop computer 
106, Wearable computer 126 and hand-held computer 122 to 
be mobile but yet to maintain relatively loW bandWidth 
communications With the central computer system 102. 
Further, desktop computer 108 couples to the central com 
puter system 102 via the Internet 116 and desktop computer 
110 couples to the central computer system 102 via a Local 
Area NetWork (LAN) and/or a Wide Area NetWork (WAN). 
The Internet 116 and the LAN/ WAN 118 provide relatively 
higher bandWidth connections but provide little or no mobil 
ity bene?ts. Moreover, laptop computer 120 couples to the 
central computer system 102 via a subscriber line, such as an 
Integrated Services Digital NetWork (ISDN), Asynchronous 
Digital Subscriber Line (ADSL) or Plain Old Telephone 
Service (POTS) line. While the subscriber line is relatively 
loW in cost, it often provides little bandWidth, or relatively 
greater bandWidth at a much higher price. 

[0035] Each of the computers has resident thereupon a 
symbiotic computing entity constructed according to the 
present invention. While a symbiotic computing entity 104 
is shoWn resident upon central computer system 102, sym 
biotic computing entities are also resident upon the other 
computers, 106, 108, 110, 120, 122 and 126 but are not 
explicitly shoWn in FIG. 1 due to ?gure siZe and resolution 
constraints. As Will be further described herein, each of the 
symbiotic computing entities is executed via softWare 
instructions upon available or modi?ed hardWare compo 
nents or by customiZed hardWare components. 

[0036] According to the present invention, symbiotic rela 
tionships are established betWeen the computers of the 
system 100. In a symbiotic relationship, managed resources 
of the symbiotic partners are synchroniZed such that opera 
tions performed upon the managed resources of one of the 
symbiotic partners are also performed upon the managed 
resources of each of the other symbiotic partners so that 
coherency is maintained among the managed resources. 
When a managed resource comprises a data ?le, for 
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example, operations performed upon the data ?le of one of 
the symbiotic partners are also performed upon the data ?le 
of each other of the symbiotic partners so that the data ?les 
are affected in the same or similar fashion. When resources 

being maintained comprise operations other than data ?le 
operations, such as operations that include compilation, 
messaging, video editing and display, for example, the 
symbiotic computing system operates so that managed 
resources are on all symbiotic partners are equally affected. 
Symbiotic computing may be used to manage the netWork so 
that applications are properly updated and maintained as 
Well. 

[0037] The particular installation of FIG. 1 serves the 
telecommuters of a distributed corporation. Each of the 
telecommuters is physically remote from at least one other 
of the telecommuters. HoWever, each of the telecommuters 
must have full access to the information and Work product 
produced by each other of the telecommuters. Thus, the 
central computer system 102 provides a central location 
upon Which shared resources are stored. In such case, each 
of the computers, 106, 108, 110, 120, 122 and 126 has a 
symbiotic relationship With the central computer system 
102. Such symbiotic relationships cause managed resources 
of the computers 106, 108, 110, 120, 122 and 126 to be 
coherent With symbiotic resources on the central computer 
system 102. 

[0038] For example, a telecommuter user of the desktop 
computer 108 manages speci?cations for products manufac 
tured and sold by the distributed corporation. Each other of 
the telecommuters requires access to these speci?cations but 
cannot obtain copies of the speci?cations from the desktop 
computer 108 and a copy of the speci?cations must be 
available on the central computer system 102. HoWever, due 
to the siZe of the speci?cations, frequently doWnloading the 
speci?cations is not convenient. Thus, a symbiotic relation 
ship is established betWeen the desktop computer 108 and 
the central computer system 102 for the speci?cations Which 
are designated as managed resources. With the symbiotic 
relationship, While disk space is consumed to store multiple 
copies of the speci?cation, bandWidth employed to maintain 
coherency of the multiple copies of the speci?cation is 
minimiZed. Further, because the complete contents of the 
speci?cation are not transferred among the computers 106, 
108, 120 and 110, the contents of the speci?cation are 
substantially secure. 

[0039] In the symbiotic relationship, any changes made to 
the speci?cations by the telecommuter using the desktop 
computer 108 are captured as actions. These actions produce 
commands which affect the managed resources locally on 
desktop computer 108. These actions are also packaged by 
the symbiotic computing entity on the desktop computer 108 
and transmitted to the central computer system 102. On the 
central computer system 102, symbiotic computing entity 
104 receives the actions, converts the actions to commands 
consistent With the resources available on the central com 
puter system 102 and affects the managed resources (speci 
?cations) resident on the central computer system 102 in a 
coherent manner. With this resource management occurring, 
a current copy of the speci?cations Will alWays be resident 
upon the central computer system 102. HoWever, because 
the operations according to the present invention require 
little communication bandWidth or resource overhead, the 
resources are managed With little cost. 
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[0040] In another example of operation of the symbiotic 
computing system 100, a telecommuter using laptop com 
puter 106 is a programmer Who travels frequently. However, 
While the telecommuter is traveling, he creates and modi?es 
computer code. For data security and revision management, 
all resources that are affected locally on the laptop computer 
106 have corresponding resources on the central computer 
system 102. Thus, a symbiotic relationship is established for 
the managed resources betWeen the laptop computer 106 and 
the central computer system 102. When the telecommuter 
modi?es a source code ?le upon his laptop computer 106, 
the symbiotic computing system 100 operates to modify the 
corresponding source code ?le resident on the central com 
puter system 102. 

[0041] Further, When an object ?le(s) that may be con 
structed based upon the source code ?le is also a managed 
resource, if the telecommuter locally compiles the source 
code ?le to create an object ?le, the corresponding source 
code ?le resident on the central computer system 102 is also 
compiled to create a corresponding object ?le on the central 
computer system 102. Moreover, if the executable ?le is also 
a managed resource, When a linker application is employed 
to create the executable ?le on the laptop computer 106, a 
corresponding executable ?le is also created on the central 
computer system 102. Thus, coherency of the managed 
resources is maintained during such operations. If the 
executable ?le is an application program Within a symbiotic 
environment, then that application program may be updated 
With the executable via a symbiotic operation (thus affecting 
all symbiotic partners), a copy or another update operation. 
Then, the application Would function as normal Within the 
symbiotic environment, but in its updated form. 

[0042] Symbiotic relationships may be established such 
that they are “symmetric” or “asymmetric.” In a symmetric 
symbiotic relationship, any of the symbiotic partners may 
alter a managed resource. In the symmetric symbiotic rela 
tionship, any and all of these changes are made to the 
managed resources of each symbiotic partner. HoWever, in 
an asymmetric symbiotic relationship, only changes made 
by one of the symbiotic partners may produce actions that 
affect the managed resource. Access to the managed 
resource may be limited consistent thereWith to prevent 
undesired alterations to the managed resource by other of the 
symbiotic partners. The previous example in Which the 
central computer system 102 maintains a copy of speci?ca 
tions for computer 108 is an example of an asymmetric 
symbiotic relationship. 

[0043] In another operation of the system 100, the central 
computer system 102 may not serve as a repository for all 
data. Instead, symbiotic relationships may be established 
such that other of the computers are symbiotic partners and 
the central computer system 102 simply passes actions 
betWeen the symbiotic partners Without intervention. When 
the central computer system 102 is not a symbiotic partner 
but passes actions among the symbiotic partners, it serves as 
a “symbiotic gateWay” for the symbiotic partners. 

[0044] FIG. 2 illustrates an alternate installation of a 
symbiotic computing system 200 constructed according to 
the present invention. As compared to the construction of the 
system 100 of FIG. 1, the symbiotic computing system 200 
does not include a central computer system. Thus, in the 
system 200, symbiotic relationships are established betWeen 
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peer computers to maintain coherency of managed resources 
contained on the peer computers. Such peer computers 
include laptop computers 204 and 216, desktop computers 
212 and 214, Wearable computer 208 and hand-held com 
puter 210. The peer computers 204, 216, 212, 214, 208 and 
210 communicatively couple to one or more communication 

netWork(s) 218. 

[0045] In an example of operation of the symbiotic com 
puting system 200, it is desirable for databases contained 
upon laptop computers 204 and 216 to have identical 
contents at all times since the database contents are relied 
upon respective sales persons. HoWever, each sales person 
may perform operations upon her copy of the database at any 
time Which affects her copy. These changes must be avail 
able to both sales persons as soon as possible after the 
changes are made. In operation according to the present 
invention, a symbiotic relationship is established Wherein 
laptop computers 204 and 216 are symbiotic partners and the 
corresponding databases are managed resources. In the 
symbiotic relationship, any changes made to either database 
is also made to the other database so that the databases are 
coherent With one another. Since only the changes are 
transmitted betWeen the laptop computers 204 and 216, little 
bandWidth is consumed by the symbiotic relationship. 

[0046] Symbiotic relationships Within the system 200 may 
be “minimal,”“partial” or “full.” A minimal symbiotic rela 
tionship includes only tWo symbiotic partners, such as 
Would be the case When a symbiotic relationship Were 
established betWeen laptop computer 204 and desktop com 
puter 214. Such a minimal symbiotic relationship may be 
symmetric or asymmetric, depending upon hoW the symbi 
otic relationship is de?ned. A full symbiotic relationship is 
established When all computers Within a de?ned group are 
symbiotic partners. For example, in the system 200, if 
computers 204, 208, 210, 212,214 and 216 are all symbiotic 
partners, a full symbiotic relationship exists for the system 
200. A partial symbiotic relationship exists When more than 
tWo, but less than the fall set of computers 204, 208, 210, 
212, 214 and 216 resides Within the symbiotic relationship. 

[0047] Another application of the symbiotic computing 
systems of FIGS. 1 and 2 is that of video teleconferencing. 
Because the transmission of real-time video requires sig 
ni?cant communication bandWidth, methodologies may be 
employed to create virtual video-images that consume sig 
ni?cantly less communication bandWidth so that a computer 
netWork may be employed as a communication link. One 
such technique is described in US. patent application Ser. 
No. 09/306,313, ?led by Thomas W. Lynch on May 6, 1999, 
and hereby incorporated herein by reference in its entirety. 
In the disclosed technique, a virtual video image of a user is 
created from a video image library (video image database) 
at one or more remote sites based upon cues gathered from 
the user. In a teleconferencing application, each attendee of 
the teleconference should be presented With an identical 
virtual video image of the user. Thus, according to the 
present invention, the virtual video image is designated as a 
managed resource and the computer of each attendee cre 
ating and displaying the video image of the user is made a 
symbiotic partner so that the images presented are identical. 

[0048] In creating the video images, the video image 
library may be constructed as a database With each video 
image a database entry. In such case, the database may also 
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be designated a managed resource among the participating 
computers. Then, When any of the video images is altered by 
any of the symbiotic partners, the managed resource resident 
on each other of the symbiotic partners is also modi?ed 
accordingly. Such alterations may be changes to pixels 
Within video images, MPEG updates, rotations, skeWs, 
sequencing or other actions that affect the affects images in 
the video library. 

[0049] Another technique for creating a video image 
includes determining the differences betWeen adjacent video 
frames and transmitting only the differences to other loca 
tions. In this video image generation technique as Well, the 
video image may be selected as a managed resource With the 
computers upon Which the image is displayed being sym 
biotic partners. As Would be the case With the immediately 
preceding example, the symbiotic relationship Would be an 
asymmetrical relationship since the image cues or image 
differences Would be generated at the video capture symbi 
otic partner location and transmitted to each other symbiotic 
partner location. 

[0050] During normal operation, all computers 204, 208, 
210, 212, 214 and 216 are fully available and function and 
the communication netWorks 218 are also fully available and 
functional. HoWever, When these conditions are not met, 
operation of the symbiotic relationship is affected and recov 
ery must be performed to account for the change in resource 
availability. The manner in Which recovery depends not only 
upon the particular failure but upon the nature of the 
symbiotic relationship itself. 

[0051] For example, assume that a symmetrical symbiotic 
relationship exists betWeen laptop computers 204 and 216 
and desktop computers 212 and 214 and the managed 
resource includes a data ?le. During normal operation, any 
of the symbiotic partners may affect the managed resource. 
Further, assume that laptop computer 204 becomes fully 
unavailable, its netWork connection fails, an application that 
services the symbiotic relationship fails or that some other 
failure occurs that prevents the laptop computer 204 from 
functioning Within the symbiotic relationship. When the 
laptop computer 204 becomes unavailable, any actions 
produced by laptop computer 204 Will not be transmitted to 
the other symbiotic partners. Further, any actions produced 
by any other symbiotic partner Will not be transmitted to the 
laptop computer 204. 

[0052] In recovering from such a failure, various recovery 
techniques may be employed. Using a ?rst recovery tech 
nique, actions produced by each symbiotic partner are 
buffered for later exchange With the laptop computer 204. 
Actions produced by laptop computer 204 are buffered at 
laptop computer 204 and actions produced by each other of 
the symbiotic partners 216, 212 and 214 are either locally 
buffered or buffered by a symbiotic gateWay. When laptop 
computer 204 becomes available, the actions intended for 
laptop computer 204 that have been buffered are transmitted 
to laptop computer 204 and executed. Further, the actions 
produced by the laptop computer 204 that have been bulf 
ered are transmitted to the other symbiotic partners for 
execution. 

[0053] The laptop computer 204 may not become avail 
able Within a reasonable time period. Thus, When the 
unavailability of laptop computer 204 becomes knoWn, a 
timer is set that, When it expires, causes the symbiotic 
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relationship of laptop computer 204 to be severed. Such a 
timer may reside upon each of the other symbiotic partners 
or upon a symbiotic partner that has been designated to 
oversee the symbiotic relationship. 

[0054] FIG. 3 illustrates generally some of the compo 
nents of symbiotic computing entities and the symbiotic 
partner host systems 300 upon Which processes reside. A ?st 
symbiotic partner host system 302 includes a symbiotic 
computing entity 306, application(s) 310 and memory 314. 
A second symbiotic partner host system 304 includes a 
symbiotic computing entity 316, application(s) 320 and 
memory 322. Applications 310 and 320 may include Word 
processors, spreadsheet programs, data base programs, pre 
sentation programs, graphics programs, computer aided 
design programs, computer aided engineering programs, 
computer aided manufacturing programs, and calendar pro 
grams, among others. Thus, the applications 310 and 320 
include any programs that may be operated by user action, 
script input and other inputs. The memory 314 and 322 may 
include dynamic random access memory, static memory, 
disk drives, optical drives, tape drives and any other device 
that provides memory functions. In a typical installation, the 
applications 310 and 320 operate upon the memory based 
upon actions of a user or other actions. 

[0055] Particular ?les, particular applications, combina 
tions of ?les and applications, operating scenarios and other 
resources may be managed resources according to the sym 
biotic computing operations of the present invention. Once 
a symbiotic relationship is established betWeen host systems 
302 and 304, the symbiotic computing entities 306 and 318 
operate maintain coherency betWeen the managed resources. 
As shoWn, each of the symbiotic computing entities 306 and 
318 relies upon applications 310 and 320, respectively, in 
maintaining the symbiotic relationship. Should one of the 
applications 310 or 320 fail, recovery must be performed to 
either modify the symbiotic relationship or to cause resyn 
chroniZation of the managed resources of the symbiotic 
relationship. 

[0056] The symbiotic relationship betWeen symbiotic 
partners may be either “pure” or “hybrid.” In a pure sym 
biotic relationship, only actions are passed betWeen symbi 
otic partners, the actions operating via an application to 
affect a managed resource. In a hybrid symbiotic relation 
ship actions as Well as other interchanges are passed 
betWeen symbiotic partners. These operations may include 
?le doWnloads and other exchanges that are initiated based 
upon user input but are chosen in lieu of actions. Reasons for 
choosing operations in lieu of actions may be dictated by the 
type of user input received or may be to reduce traf?c on the 
computer netWork coupling the symbiotic partners. 

[0057] FIG. 4 is a block diagram illustrating operative 
How in a symbiotic computing system 400 constructed 
according to the present invention in Which coherency is 
maintained betWeen managed resources of symbiotic part 
ners. A ?rst symbiotic partner includes monitor 402, key 
board 404, mouse 406, user interface 408, an application 
program interface (API) 412 that facilitates interface With an 
application program 414 and a netWork interface 416. A 
second symbiotic partner includes a netWork interface 420, 
a symbiotic computing entity 422 and an application pro 
gram interface 424 that facilitates interface With an appli 
cation program 426. The application programs 414 and 426 
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operate upon respective managed resources in the present 
example Which considers operation based upon user input 
received by the ?rst symbiotic partner. Such operations 
maybe performed either in a symmetrical or asymmetrical 
symbiotic relationship. In the example of FIG. 4, hoWever, 
only the How from the ?rst symbiotic partner to the second 
symbiotic partner is considered. If the symbiotic relationship 
betWeen the symbiotic partners is symmetric, How Will 
occur in the opposite direction in the same or similar 
manner. 

[0058] Input is received by the user interface 408 from the 
keyboard 404 or the mouse 406. The user interface 408 
converts the input to commands and sends the commands to 
the API 412 Which causes the application 414 to perform 
operations upon the managed resources. The user interface 
408 may also receive input from other computer resources, 
such input generated by script ?les, master programs and 
other applications, for example. The symbiotic computing 
entity 410 operates in conjunction With the user interface 
408 to produce actions corresponding to the input. The 
symbiotic computing entity 410 then transmits the actions to 
the netWork interface 416 Which packages the actions appro 
priately and sends the packaged actions via the communi 
cation netWorks 418 to the netWork interface 420. 

[0059] The netWork interface 420 of the second symbiotic 
partner unpackages the actions and passes the actions to the 
symbiotic computing entity 422. The symbiotic computing 
entity 422 converts the actions to commands and passes the 
commands to the API 424 associated With application 426. 
In creating the commands, the symbiotic computing entity 
422 determines Whether differences exist betWeen API 412 
and API 424 and/or application 414 and application 426. If 
differences exist that Would affect the manner in Which the 
managed resources Would be altered, the symbiotic comput 
ing entity 422 generates commands accordingly to maintain 
coherency of the managed resources. HoWever, in another 
implementation, it is assumed that API 412 and application 
414 operate consistently With API 424 and application 426, 
respectively. 

[0060] In any symbiotic relationship, actions may be bulf 
ered at a receiving symbiotic partner Without execution by 
an application. Further, the exchange betWeen symbiotic 
partners may be of a form other than actions, such as ?le 
doWnloads, etc. In such cases, the exchanges Will not be 
executed by an application program via an API. When the 
actions are buffered, they may reside unexecuted until a user 
accesses the application, until a time reference is reached or 
until such other time as is determined to be useful. 

[0061] Actions may also be buffered at the sending part 
ner. When the symbiotic relationship includes a laptop 
computer, for example, the user of the laptop computer may 
Work on an airplane for a period of time during Which the 
laptop computer operates in a stand-alone mode With respect 
to the computer netWork. Upon reconnection to the com 
puter netWork, the laptop computer transmits the actions to 
its symbiotic partners for execution. Such operation Works 
particularly Well When the symbiotic relationship is asym 
metric and the symbiotic partner resident upon the laptop 
computer is the only symbiotic partner that may generate 
actions. Alternatively, upon receiving the actions, the receiv 
ing symbiotic partners may execute recovery to consistently 
update the managed resource(s). In a symmetric relation 
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ship, the laptop computer also receives actions and it may 
execute recovery to consistently update the managed 
resource(s). 
[0062] Because only actions are passed betWeen symbiotic 
partners, data security is greatly increased. One snooping the 
netWork in an attempt to obtain a copy of the managed 
resource obtains only the actions, Which typically represent 
only changes to be made to a managed resource. Without 
possession of the managed resource, or a current version of 
the managed resource, the actions give little or no indication 
of the contents of the managed resource. 

[0063] When establishing the symbiotic relationship, a 
reference state must initially be established or assumed. 
Thus, in establishing the reference state it is still critical that 
the managed resource be kept secure. HoWever, once the 
reference state is established, transmission of the actions 
themselves, even Without encryption, provides a signi?cant 
security advantage. 
[0064] A managed resource may itself comprise a symbi 
otic relationship. Because the structure and status of a 
symbiotic relationship must be coherently understood 
among all symbiotic partners, the symbiotic relationship 
itself, receives great advantage from being a managed 
resource. 

[0065] FIG. 5A illustrates generally an installation of a 
symbiotic computing system 500 according to the present 
invention in Which a plurality of symbiotic partners 502, 
504, 506 and 508 couple via a communication netWork(s) 
510. Each symbiotic partner 502, 504, 506 and 508 includes 
a symbiotic computing process, 516A, 516B, 516C and 
516D, respectively. Further, each symbiotic partner 502, 
504, 506 and 508 includes at least one managed resource, 
520A, 520B, 520C and 520D, respectively. 

[0066] Various operations are alloWed and/or supported 
based upon the type of symbiosis implemented. Assuming 
that a symmetric symbiotic relationship exists betWeen all of 
the symbiotic partners 502, 504, 506 and 508, any of the 
plurality of symbiotic partners 502, 504, 506 and 508 may 
alter the managed resources, 520A, 520B, 520C and 520D 
via user input. HoWever, in asymmetrical symbiosis, only a 
designated one or feW of the symbiotic partners 502, 504, 
506 and 508 may alter the managed resources via user input. 

[0067] Further, a symbiotic relationship may be estab 
lished including the symbiotic partners 502, 504, 506 and 
508 Wherein the relationship is symmetric for more than one 
symbiotic partners but asymmetric for one or more other 
symbiotic partners. For example, assume that a symbiotic 
relationship exists betWeen symbiotic partners 502, 506 and 
508 that is symmetric for symbiotic partners 502 and 504 but 
asymmetric for partner 508. Thus, user input received at 
symbiotic partners 502 and 504 will affect all managed 
resources 520A, 520B and 502D. HoWever, symbiotic part 
ner 508 is unable to affect the managed resources and serves 
only as a repository of the managed resource. 

[0068] Varying degrees of redundancy maybe employed in 
establishing the symbiotic relationships to guarantee data 
availability, appropriateness and reliability. As Was previ 
ously described, minimal symbiosis requires only that a 
managed resource exist on tWo symbiotic partners, for 
example symbiotic partners 502, 504 and 506. Full symbio 
sis requires that each symbiotic partner 502, 504, 506 and 
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508 maintain the managed resource. Further, partial sym 
biosis requires that more than two, but less than all available 
computers, maintain the managed resource. In determining 
what level of symbiosis to implement, the relative require 
ments of availability, appropriateness are considered. The 
level of symbiosis should be chosen based upon the tradeolf 
between symbiotic operation overhead, network loading, 
relative data availability, appropriateness and reliability 
requirements among other considerations. 

[0069] Operation of the symbiotic relationship may 
become corrupt when received actions are incompatible with 
one another. In the case of a symmetric symbiotic relation 
ship, multiple symbiotic partners, eg 502, 504 and 506 may 
submit actions to operate on a single managed resource 
520D at symbiotic partner 508. Network latencies, unavail 
ability of symbiotic partners, inconsistent clocks and various 
other reasons may cause actions to be delayed so that, upon 
receipt, the actions are incompatible. For example, suppose 
that symbiotic partners 502, 504 and 506 each submit 
actions for the managed resource. However, due to network 
latency, the actions are received out of order at symbiotic 
partner 508. 

[0070] Time related indicia are used to determine when 
received actions are inconsistent other received actions or 
that are otherwise invalid. Once such time related indicia is 
a time stamp that is appended to the actions by the sending 
symbiotic partner. Another time related indicia is based upon 
network latency and is accessible by the receiving symbiotic 
partner(s) to determine the latency in transmission. When 
either of these time related indicia, or another time related 
indicia, exceeds an expected value plus or minus a tolerance, 
the receiving symbiotic partner 508 determines that received 
actions are potentially inconsistent. However, to be incon 
sistent, received actions may also be checked for logical 
inconsistency. For example, assume that the symbiotic part 
ner 508 receives actions from symbiotic partner 504 that, 
according to the time related indicia, should have been 
received prior to actions previously received from symbiotic 
partner 502. 

[0071] The symbiotic partner 508 may determine that the 
actions are inconsistent for other reasons as well. For 
example, when the managed resource comprises a data ?le, 
operations performed based upon the actions may be incon 
sistent with the contents of the data ?le. Such operations 
may occur when one symbiotic partner deletes a paragraph 
while another symbiotic partner edits the paragraph. Many 
other conditions that result in inconsistencies could exist 
when more than one symbiotic partner is allowed to operate 
upon a managed resource at a time. Thus, one solution to this 
particular problem is to grant access to the managed 
resource to a single symbiotic partner at a time using a 
semaphore. In this operating scenario, even though the 
symbiotic relationship is at least partially symmetric, incon 
sistencies relating to concurrent modi?cations are avoided. 

[0072] Should inconsistent actions occur, the receiving 
symbiotic partner 502 may either reject the one, some or all 
of the inconsistent actions or attempt to reconcile the incon 
sistent actions. When attempting to reconcile the inconsis 
tent actions, the receiving symbiotic partner 508 may reor 
der the actions. If the actions may be reconciled by 
reordering, the receiving symbiotic partner 508 reorders the 
actions, executes or bulfers the actions and operation con 
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tinues. In reordering the actions, the inconsistent actions 
received from symbiotic partners 502 and 504 may be “time 
warped” so that they are reconcilable. Further, should alter 
ations to the managed resource already have been made, 
these alterations may be undone prior to reordering. 

[0073] However, in another operation, the receiving sym 
biotic partner 508 rejects the actions and noti?es the “out of 
order” sending symbiotic partner 504 that the actions were 
rejected. In response to the rejection received from the 
receiving symbiotic partner 508, the sending symbiotic 
partner 504 may back-olf for a random time period and again 
transmit the actions to the receiving symbiotic partner 508. 
For example, this operation may continue for a number of 
iterations until the operation is deemed to have failed and 
resynchronization is required. Should such a failure occur, a 
report will be generated and symbiotic operations may cease 
until resynchronization has been successfully completed. 

[0074] FIG. 5B illustrates generally an installation of a 
symbiotic computing system 550 according to the present 
invention in which objects are shared among a plurality of 
symbiotic partners 552, 554, 556 and 558 coupled by a 
communication network(s) 560. Each symbiotic partner 
552, 554, 556, and 558 includes a symbiotic computing 
process, 562A, 562B, 562C and 562D, respectively. Further, 
each symbiotic partner 552, 554, 556 and 558 includes at 
least one object, 564A, 564B, 564C and 564D, respectively. 
Each of the objects 564A, 564B, 564C and 564D may be a 
data object, a processing object, a logical object or another 
type of object that may be employed in an object oriented 
system or another system. 

[0075] The objects 564A, 564B, 564C and 564D may 
migrate over time among the symbiotic partners 552, 554, 
556 and 558 to such location(s) as is appropriate for the 
operation of the system 550 as a whole. Thus, as the objects 
564A, 564B, 564C and 564D move about the system 550, 
symbiotic relationships are affected. According to the 
present invention, for reliability, appropriateness and avail 
ability purposes, instances of each object 564A, 564B, 564C 
and 564D reside on multiple symbiotic partners 552, 554, 
556 and 558. Thus, as objects 564A, 564B, 564C and 564D 
migrate over time among the symbiotic partners 552, 554, 
556 and 558, so may other instances of the objects to provide 
reliability of the objects. 

[0076] Varying degrees of symbiosis may be employed to 
guarantee data availability, appropriateness and reliability. 
Minimal symbiosis requires that instances of each object 
564A, 564B, 564C and 564D reside only on two symbiotic 
partners. Full symbiosis requires that each symbiotic partner 
552, 554, 556 and 558 maintains an instances of each object 
564A, 564B, 564C and 564D. Partial symbiosis requires that 
more than two, but less than all, symbiotic partners 552, 554, 
556 and 558 maintain instances of each object 564A, 564B, 
564C and 564D. 

[0077] As objects 564A, 564B, 564C and 564D move 
among the symbiotic partners 552, 554, 556 and 558, 
operations to provide coherency between instances of 
objects also changes. In a typical application, only the 
semaphore owner of an object may modify an object. Thus, 
actions which affect the object are only generated by the 
semaphore owner of the object and the symbiotic relation 
ship is asymmetric. However, when the semaphore owner of 
the object changes, the symbiotic relationship retains its 










