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(57) Abstract

A system including a plurality of micro processing units each operating under its own control program and being capable of performing
at least one of a plurality of tasks for manipulating electronic data, and an electronic bulletin board for posting the one or more tasks required
to manipulate the electronic data, the posted tasks being readable by the micro-processing units, where at least one of the micro—processing
units (capable of performing at least one of the posted tasks) executes that task on the electronic data in response to reading the electronic
bulletin board and determining that the posted task should be executed.




the preanble portions of the independent clains. 2. Related art An
appar at us and nethod of this type are known from H P. Hofstee et aI
[err] A Diwd bdgids£d | npl enentation of a Task Pool", in [err]

Directions 1n Hgh- |level Parallel Programm ng Languages", Procee |ngs
Mont - Sai nt-M chel , France, 17-19 June 1992, pages 338- 348 | SBN 3-540
55160- 3, 1992 Berlin, Ger many, Spri nger Vérlag Ger many. The processing of
| arge anounts of electronic data is becom ng nore and nore commbn anong
busi ness concerns. Efficient manipulation of the electronic data is
critical because, even with ultra fast com puters, the nagnitude of
electronic data to be ma- nipulated places limts on throughput. Wth
reference to figure 1, a prior art nultltask i ng conmputing system 1
enpl oys a central managi ng 1

METHOD AND APPARATUS FOR CONCURRENT DATA PROCESSING

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to multi-tasking
S " micro-processing systems and, more particularly, to
multi-tasking systems: employing networked stand alone and
independently operating micro-pfocessing units each of
which perform one or more tasks for manipulating
electronic data.

10 2. Related Art
The processing of large amounts of electronic
data is becoming more and more common émong business
.concerns. Efficient manipulation of the electronic data
is critical because, even with ultra fast computers, the
15 magnitude of electronic data to be manipulated places
limits on throughput. -
With reference to Fig. 1, a prior art multi-
tasking computing system 1’ employs a central managing
unit 10’ which receives or monitors incoming electronic

20 data. The system 1’ also includes a plurality of
processing units 12’ coupled to the central managing unit
10°’. A memory 14’ may also be employed to store data as
needed.

The multi-tasking system 1’ of.Fig. 1 is
25 sometimes called a Massively Parallel Processor (MPP)
system and is used, for example, in the IBM SP2, NCR, and
Cray systems. An MPP sysdtem 1’ controls the processing
units 12’ at the basic operating system level. Thus, the
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- 2- unit 10" which receives or nonitors incomng el ec- troni c data.

The system 1' also includes a plural- ity of processing units 12' .coupl ed
to the cegblogheersmnagi ng unit 10'. A nenory 14' may al SO Be-9ilesi4das0Yyed
to store data as needed. The multi-tasking system 1 of figure 1 is
somne- times called a Massively Parallel Processor (MPP) systemand is

used, for exanple, in the | BM SP2, NCR, and Cray systens. An MPP system
1' controls the processing units 12' at the basic operating system
| evel . Thus, the central managi ng unitz 10 controls which processing unit
12" perfornms which jobs in manipulating the electronic data. In this
way, the throughput of the entire systemis im proved because each
processing unit 12' perforns only a part of the overall work required.

central managing unit 10’ controls which processing unit

12’ performs which jobs in manipulating the electronic

data. In this way, the throughput of the entire system

is improved because each processing unit 12’ performs

5 only a part of the overall work required. _

Unfortunately, the multi-tasking system 1’ of
the prior art has several disadvantages. For example,
the central manager unit 10’ imposes overhead burdens on
the system in terms of time, cost and complexity while

10 performing no value added work on the electronic data.
Further, the processing units 12’ of an MPP system 1’
typically perform relatively small units of work as
compared to the total work required.

Another disadvantage of the prior art system is

15 that the hardware must be custom designed and usually

'~ requires special network switching technology.
Consequently, scalability of the system may become
problematic because the central managing unit 10’ may
reéuire custom hardware and/or software configuration

20 changes when other processing units 12’ are added to the
system 1’.

Accordingly, there is a need in the art for a
multi-tasking computing system which utilizes a standard
network over which a plurality of processing units

25 communicate, which system is readily scalable.

SUMMARY OF THE INVENTION
In order to overcome the disadvantages of the
prior art, the system of the present invention includes a
plurality of micro-processing units each operating under
30 its own control program and being capable of performing
at least one of a plurality of tasks for manipulating
electronic data, and an electronic bulletin board for
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Unfortunately, the multi-tasking system1' of the prior art has several

di sadvart ages.” For exanpl e, the central manager unit 10" inposes overhead
bur - deWO 99/49476e systemin terns of time, cost and com -PCHUSRE/I48Hhi | e
perform ng no val ue added work on the el ectronic data. In order to
alleviate this prob- | em Hofstee et al. suggest in the above cited pa-
per that an electronic bulletin my be used within the multi-tasking
system for posting the tasks to be executed on said billboard, the

posted tasks be- i ng readabl e by the3 processing units. Still, it is
desirable to have a multi-tasking data processing apparatus and net hod
that reduce the overhead in- vol ved in coordinating nultiple tasks stil
fur- t her. - 3-

posting the one or more tasks required to manipulate the
electronic data, the posted tasks being readable by the
micro-processing units, where at least one of the micro-
processing units (capable of performing at least one of

5 the posted tasks) executes that. task on the electronic
data in response to reading the electronic bulletin board
and determining that the posted task should be executed.

Other features and advantages of the present

invention will become apparent from the following

10 description of the invention which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the invention,
there are shown in the drawings forms which are presently

15 © preferred, it being understood, however, that the
invention is not limited to the precise arrangements and
instrumentalities shown.

Fig. 1 is a block diagram of a multi-tasking
computing system according to the prior art;

20 Fig. 2 is a block diagram of a multi-tasking
computing system according to the preferred embodiment of
the present invention;

Fig. 3 is a conceptional block diagram showing
a bulletin board of the multi-tasking computing system of

25 Fig. 2!

Fig. 4 is a block diagram of a multi-tasking
computing system according to an alternate embodiment of
the invention of Fig. 2;

Fig. 5 is a top level flow diagram showing the

30 control steps of the multi-tasking computing system of
Fig. 4; .
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Further, the processing units 12' of an MPP system 1' typically perform
relatively small units of work as conpared to the total work required.

Anot her Qisashsand age of the prior art systemis that the Bapgieesfpst be
cust om desi gned and usu- ally requires special network sw tching

technol ogy. Consequently, scalability of the system may becone

probl emati ¢ because the central managing unit 10° nmay require custom

har dwar e and/ or software con- figuration changes when ot her processing
units 12' are added to the system 1'. Accordingly, there is also a need
inthe art for a nulti-tasking conpufi ng systemwhich utilizes a standard
networ k over which a plurality of process- ing units comunicate, which
systemis readily scal able. Summary of the invention In order to
overcone the di sadvantages of the prior art, the present invention provides

an apparatus  and a netigd EohsmENERBlALEAgraheshERAS WM Tl rol
steps of the data validation and posting steps of Fig. 5;
Figs. 7A-C are flow diagrams showing the
control steps of the task execution steps of Fig. 5;

s Fig. 8 is a high level conceptual block diagram
illustrating an example of a multi-processing image
distribution and support system in accordance with the
present invention which is suitable for use in the
banking industry; and

10 Fig. 9 is a block diagram illustrating the
hardware implementation of the multi-processing image
distribution and support system of Fig. 8.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to the drawings wherein like
15 numerals indicate like elements, there 'is shown in Fig. 2

a block diagram of a multi-tasking computing system 1
according to the preferred embodiment of the present
invention. Unlike the prior art, the multi-tasking
system 1 of the present invention includes processing
20 units 12 each of which is self controlled using a '
software application running on its own operating system.
Thus, there is no central management and/or control unit.
Referring to Figs. 2 and 3, the system 1
manipulates electronic data according to one or more
25 tasks (or units of work). The electronic data may be in
any format, for example, image data, text data, or the
like and may arrive in one or more blocks or batches.
The specific tasks to be performed on the
electronic data (or batches of data) are not of
30 criticality to the inventdion, so long as the overall work
to be performed on the electronic data may be partitioned
into the tasks. For instance, a system may; (i) accept



defined in the independent cl ains. O her features and advantages of the

present 'i nven- tion wll becone apparent fromthe foll ow ng de-
scri pti orWemIPEs| nventi on which refers to the ac- conparBGTYSW/14485ngs .
- 3a- Brief description of the draw ngs For the purpose of

illustrating the invention, there are shown in the drawi ngs forns which are
presently preferred, it being understood, however, that the invention is
not limted to the precise arrangenents and instrunentalities shown.
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image data; (ii) sort the data; and (iii) distribute
that data according to a set of tasks. Thus, the tasks
required to manipulate the electronic data may be
partitioned into "accepting tasks," "sorting tasks," and
5 rdistributing tasks."” It is apparent to those skilled in
the art that the tasks may be further broken down into
smaller tasks if desired so long as the tasks achieve the
required result.
‘"The micro-processing units 12 are also referred
10 to herein as "agents" because the operation of the micro-
processing units 12 closely parallel the actions of human
agents in a processing system. As will be discussed in
detail below, each of the micro-processing units 12 is
predisposed to be an "agent" in performing a particular
15 task on the electronic data (just as a human agent may be
assigned to perform a particular job in an assembly
line). .
Referring to Fig. 3, a conceptual description
of task processing distribution and control among the
20 micro-processing units 12 of the present invention is now
presented. The tasks, generally designated TASKl through
TASKn, are posted on an electronic bulletin board l4a
which may reside in the memory 14. The micro-processing
units 12 are capable of reading the contents (i.e., the
25 tasks) of the bulletin board 14a and determining whether
they are capable of performing one or more of the tasks
(i.e., whether they are agents for performing the
task(s)). In response to reading that a certain task is
posted on the bulletin board l4a and that it is capable
30 of performing that task, one of the micro-processing
units 12 executes the posted task.
Referring to, for example, TASKn of Fig. 3, the
information (or status information) posted on the



Figure 1 is a block diagramof a nulti-tasking com puting system according
to the prior art; Figure 2 is a block diagramof a nulti-tasking com

puting s ording to the preferred enbodi mrent of the
KOS AR

i nventio re 3 is a conceptional block diagram showi ng a bu

board of the multi-tasking conputing sys- temof figure 2; Figure 4 is a
bl ock diagramof a nulti-tasking com puting system according to an

al ternate enbodi nent of the invention of figure 2; Figure 5is a top

| evel flow diagram showing the controf steps of the nmulti-tasking conputing
system of figure 4, (continued on page 4)

bulletin board l4a for each task may include (i) the type
of task to be executed; (ii) the priority of the task;
{iii) that the task is being executed by one of the
micro-processing units; (iv) that the task is complete;

5 and/or (v) one or more conditions must be met before the
task should be executed.

Since the status information of each task
preferably provides an indication of the type of task to
be performed, the micro-processing units 12 may determine

10 whether they are agents of particular posted tasks when
they read the bulletin board 1l4a.

Further, since the status information of the
posted tasks preferably includes the priority of the
tasks, when the micro-processing units 12 read the

1s bulletin board l4a they may determine which tasks should.
be executed first. It is preferred that tasks having
higher priority be executed before tasks having a lower
priority. It is also preferred that when two tasks have
the same priority level, the tasks be executed in a first

20 in first out (FIFO) sequence. Accordingly, the status
information may also include an indication of when the
task was first posted on the bulletin board l4a.

It is noted that the priority of a task is a
dynamic quantity and may change based on time of day,

25 excessive delays in the processing system, and/or
external human directive.

In order to prevent two micro-processing units
12 from executing a particular posted task on the
electronic data simultaneously, the microprocessing units

30 12 are capable of altering the status information on the
bulletin board 14a. In garticular, when a micro-
processing unit 12 determines that it should execute a
particular task, it alters the status information to



-4- _ Fig. 6 is a flow di agram showi ng the contro
steps of the data validation and posting steps of Fig. 5;

Fi gs. 7A-{ogsekisow di agrans show ng the control stepeTalsos/ass ask
execution steps of Fig. 5, 5 Fig. 8 is a high leve

conceptual block diagram illustrating an exanple of a

mul ti-processing inage di stribution and support systemin accordance
with the present invention which is suitable for use in the

banki ng industry; and 10 - Fig. 9 is a block diagram
illustrating the har dwar e i npl enmentati on of the nulti-processing

I mage di stribution and support system of Fig. 8.

indicate that that particular task is being processed.
Accordingly, when the micro-processing units 12 read thé
bulletin board l4a, they will not execute that task
because it is already being executed by another agent.

5 In order to prevent a micro-processing unit 12
from executing a posted task which has already been
executed, when a micro-processing unit 12 has completed a
particular task it alters the status information to
indicate that that particular task is complete.

10 Accordingly, when the micro-processing units 12 read the
bulletin board 1l4a, they will not execute the completed
task.

The status information posted for a particular

task may indicate that one or more conditions must be met
1s before the task should be executed. For example, TASK1
" might be required to be complete before TASKS should be
performed and, therefore, the status information posted
for TASKS would so indicate. Other variations on such
sequencing of tasks are possible. For example, part of

20 TASK1 may be defined to include posting a next task
(i.e., TASKS) on the bulletin board l4a when TASKl is
complete.

Referring to Fig. 2 the electronic data
preferably enters the memory 14 which acts as a queue for

25 storing the data until a micro-processing unit 12 can
manipulate the data. It is noted that the queue need not
be in the memory 14, but may be located in another memory
(not shown).

It is preferred that one or more micro-

30 processing units 12 be predisposed as agents to "gurvey"
the queue in memory 14 .tqQ determine whether new data has
arrived. When new data ﬁas arrived in the memory 14, the
surveying agents 12 determine what task(s) need to be



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now to the
drawi ngs wherein |ike 15 nuneral s indicate |ike elenents, there is

shown in [Ei a block diagramof a nulti-tasking conputing system
1 ‘I‘:’bg%’r')g‘f"ﬁ gtot T

acc he preferred enbodi ment of the presdift1/US98/14485
i nvention. Unlike the prior art, the nulti-tasking system 1 of the
present invention includes processing 20 units 12 each of which is self
controlled using a software application running on its own operating
system Thus, there is no central nmanagenent and/or control unit.
Referring to Figs. 2 and 3, the system 1 mani pul ates el ectronic data
according to one or nore 25 tasks (or units of work). The electronic
data may be in any format, for exanple, imge data, text data, or
t he | i ke and may arrive in one or nore bl ocks or batches.

bat chos of datSy® EPERBOIbE s data aA Aekine, the PRECHALHEPBMESE | ong as
the overal | wofgr those taskse p@hkosmweweyinghegehest1pntketapdstiyhde
partitioned status EdEdritidvkTorFehel BALRACEn AhSYSLEILIRY blddg ACCEPt

. l4a.

5 It is noted that some of the micro-processing
units 12 may perform only one type of task, just as the
surveying agents may be programmed to only survey the
memory 14. In other words, the application software
program running in a particular micro-processing unit 12

10 may cause the unit to only execute one type of task
posted on the bulletin board 14a. These micro-processing
units 12 are also referred to herein as "specialized

agents."
Some micro-processing units 12 are preferably
15 - capable of performing more than one type of task and are
. referred to as “general agents." General agents select a

type of task based on the priority of the posted tasks.

Still other micro-processing units 12 may be

predisposed to execute a certain type of task but may

20 perform othexr tasks based on the status of posted tasks
on the bulletin board. 1Indeed, some micro-processing
units 12 may be capable of performing one or more types
of tasks (other than the predisposed type) when certain
conditions are met. For example, when the number of

25 tasks posted on the bulletin board of a certain type is
outsidé a predetermined limit.

It is preferred that if the number of posted
tasks of a first type is small relative to the number of
posted tasks of a second type, the application software

30 of at least one of the micro-processing units 12
(predisposed to perform tasks of the first type) cause
the unit to be temporarify (or permanently) disposed to
execute tasks of the second type. Alternatively, if the



- 5- image data; (ii) sort the data; and (iii) distribute

that data according to a set of tasks. Thus, the tasks required to
mani pul at WQ29809%€15ect roni ¢ data may be partitioned i nt BCTAISeHptdB(Q
tasks,” "sorting tasks,"” and 5 "distributing tasks.”™ It is apparent to
those skilled in the art that the tasks may be further broken down
into smal l er tasks if desired so long as the tasks achieve the
required result. The m cro-processing units 12 are al so
referred 10 to herein as "agents"- ecause the operation of the mcro-
processing units 12 closely parallel the actions of human agents in a
processing system As wll be discussed in detail bel ow, each of the
m cro-processing units 12 is predi sposed to be an "agent" in

gent. may be umbt B dokred ks 4 dsn Firet| SHPRoBeAASaRedoVORLl y
li ne). predetermiRedd rthrgshaldsi dhe3appldeacéphusbrdeatei pEi g8
least one of the micro-processing units 12 (predetermined
to perform tasks of the first type) may cause the unit to
5 be temporarily (or permanently) disposed to execute tasks
of a different type.
It is also contemplated that at least one of
the micro-processing units 12 (predetermined to perform a
certain type of task) enters an idle mode when the number
10 of posted tasks of that type fall below a predetermined
number (a threshold). It is desirable that at least some
of the micro-processing units 12 have differing
thresholds so that all of the micro-processing units 12
which perform the same tasks do not enter the idle mode
15 at the same time. Preferably, the micro-processing unit
12 remain in the idle mode for a predetermined period of
timg (for example 5 minutes) after which the unit would
again be available to perform posted tasks of a certain

type.

20 It is understood that the execution of posted
tasks requires processing time (often measured in terms
of "CPU" time). Thus, instead of entering an idle mode

as described immediately above, the micro-processing unit
12 may enter another mode which makes the CPU time of the

25 micro-processing unit 12 available to perform at least
one other logical function not necessarily associated
with the posted processing tasks for the electronic data.
For example, the micro-processing unit 12 may be made
available to execute application software programs (e.g.,

30 word processing programs, spreadsheet programs, or the
like) that are unrelated o the concurrent task execution
of the posted tasks. As Lefore, the micro-processing
unit 12 would preferably remain in this mode for a



of task processing distribution and control anong the 20

m cro-processing units 12 of the present invention is now . presented
The tasksyoif Pﬁ.@lly desi gnat ed TASK1 t hrough TASKn, %% on an
el ectronic bulletin board 14a whi ch nmay reside in the nennry

m cr o- processi ng units 12 are capable of reading the contents (i.e.,
the 25 tasks) of the bulletin board 14a and determ ni ng whet her

t hey are capabl e of perform ng one or nore of the tasks (i.e.,

whet her they are agents for perfornlng t he task(s)). In response to
reading that a certain task is %oéted on the bulletin board 14a and
that it is capable 30 of perform ng that task, one of the

m cr o- processi ng units 12 executes the posted task.

Referring to, for exanple, TASKn of Fig. 3, the i nformation (or

status i nfor mppredgteuosined! @extied of time (or until completion of the

- 6- application software program) after which the unit would
again be available, if needed, to perform posted tasks of
a certain type.

5 From the above examples, it is apparent that
the decision by the micro-processing unit 12 to change
the type of task it is to execute (or mode in which it is
to operate) may be based on any one or more conditions.
Preferably, the conditions are derived from the status

10 information on the bulletin board 14a and the conditions
may define upper thresholds, lower thresholds or other
boundaries which trigger the change by the micro-
processor(s) 12.

It is preferred that the micro-processing units

15 12 be stand alone computers (such as personal computers,
mainframe computers, or the like) which are coupled over
a standard network (such as an Ethernet, Local Area
Network, or the like). ' .

It is apparent to one skilled in the art from

20 the above teaching that the multi-tasking system 1 of the
present invention provides inherent redundancy to the
manipulation of the electronic data. Indeed, if one orx
more micro-proéessing units 12 were to become
disconnected from the network or become incapable of

25 performing tasks, the system 1 would not fail to
manipulate the electronic data because other micro-
processing units 12 would simply execute the posted tasks
as designed (although throughput may be affected). 1In
this sense, the system 1 is failure proof.

30 Referring to Fig. 4, it is contemplated that
the multi-tasking computing system 1 include an output
device 16 operatively coubled to the micro-processing
units 12. The output device 16 preferably receives the



bull etin board 14a for each task may include (i) the type of task to
be executed; (ii) the priority of the task; (iii1) that the task is
bei ng exeWRWDWAS one of the m cro- processi ng units; PCTUSHIIBt8s he
task is conplete; 5 and/or (v) one or nore conditions nust be nmet before
t he task shoul d be execut ed. Since the status

I nformati on of each task preferably provides an indication of the
type of task to be perforned, the mcro-processing units 12 may
determ ne 10 whet her they are agentia ef particul ar posted tasks when
they read the bulletin board 14a. Further, since the status
I nformati on of the posted tasks preferably includes the priority of

t he tasks, when the mcro-processing units 12 read the 15 bulletin

board 14a they ' I.ch. s_ shoul d be executed first. It
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manipulated electronic data to the user.
Fig. 5 is a top level block diagram of the
processing steps taken by the multi-tasking computing

10 system 1 of Fig. 4. The data validation and posting task
sequence 100 is a series of processing steps which are
performed by one or more micro-processing units 12 acting
as general and/or specialized agents. Sequence 100
validates that the electronic data is in the correct

1s format and is suitable for manipulation by the system 1.
Once validated, sequence 100 makes the-electronic data
available for manipulation by posting the status
information for identified tasks onto the bulletin 5oard
l4a.

20 Sequence 200 represents the preferred process
steps used to execute the tasks posted on the bulletin
board l4a, sequence 300 represents the process used to
transform the manipulated data into a specified format
for delivery to the user, and sequence 400 represents an

25 interrupt.

- Sequences 100-400 are preferably executed by
the micro-processing units 12 operating under the control
of their own application software programs. The
application software programs preferably run on a

30 resident software operating system (e.g., DOS, Windows,

OSl ete.). It is important to note that the micro-

processing units 12 are not under the control of a



25 excessive delays in the processing system and/or external
human directive. In order to prevent two m cro-processing

units rom executing a particul ar posted task onB%gs

el ectroni 8’°d9a920§4{5i mul t aneously, the m croprocessing units TUS98{14485 o
capable of altering the status information on the bull etin board
l4a. In particular, when a mcro- processing unit 12 determ nes that
it should execute a particular task, it alters the status
information to -7-

i ndi cate that that particular task isl%eing processed. Accordi ngly,
when the mcro-processing units 12 read the bull etin board 14a, they
will not execute that task

central management computer or program and, therefore,
they operate in a substantially autonomous fashion.
Advantageously, the micro-processing units 12
need not be of the same hardware or software
5 configuration because each operates using its own
resident operating system. The application software
programs which execute, for example, sequences 100-400,
are tailored to match the hardware and operating system
of a particular micro-processing unit 12. Consequently,

10 the micro-processing units 12 may be coupled together
using standard network technology and there is a reduced
overhead burden in terms of time, cost and complex1ty as
compared to the prior art.

Turning now to Fig. 6, a more detailed

15 _ description of sequence 100 will be presented. Some or
all of the micro-processing units 12 are preferably
capable of executing the data validation and posting
tasks 100. If a particular micro-processing unit 12 is a
specialized agent, it may only be capable of executing

20 the data validation and posting tasks. If, however, the
micro-processing unit 12 is a general agent, it may be
capable of executing other tasks, such as one or more
electronic data manipulation tasks (Fig. 5, sequence 200)
and/or data formation tasks (Fig. 5, sequence 300).

25 With reference to Figs. 4 and 6, one or more
micro-procéssing units 12 survey the electronic data
queue (preferably located in memory 14) at step 102. If
there is no new data in the queue, then the micro-
processing unit 12 preferably goes on to another task (if

30 a general agent) or returns to step 102 until new data is
present in the queue. At.step 104, the electronic data
is reviewed for proper foimat, content, authorization,
etc. and accepted at step 106 if appropriate. If the



because it is_already being executed by another agent. 5 In
order to prevent a mcro-processing unit 12 from executi ng a posted
t ask whi CWOPA99495r eady been execut ed, when a mi cr o- RETEEBYMEBSuni t
12 has conpleted a particular task it alters the status information
to i ndicate that that particular task is conplete. 10

Accordi ngly, when the m cro-processing units 12 read the bulletin
board 14a, they will not execute the conpleted t ask.

The status information posted for a -particul ar task may indicate
that one or nore conditions nust be net 15 before the task shoul d be
executed. For exanple, TASKl m ght be required to be conplete

bef ore TASK5 shoul d be performed and, therefore, the status

i nformation pos ed gASKS woul d so | ndi cafe. Qther variations on
such FRGL6s d?&?k O§FeNBbsBRBF et NEFERINRROCEAT RloStep
TASK1 may be def0|4nedtdt QOEncb.deepbsbnngtapaekastasé( known ir ithe ,arbASKS5) on

the bulletin b%rydbg4gayggﬁn atASKdpl 806 . conpl ete.
Referring to Fig. the el ectroni¢c data preferably enters the nenory

14 which acts as a queueA’FoF $8 108'5?B?Fh§rtﬁ%"’c%“t’ap’iﬁﬁqsfs as
m cr o- pr &essi penforineti?whamre the typanofutasie(shetaldbea. péﬂfomerﬂ)tced t hat

the queue need (ol e1ectronl® aatahsreeaaaxrameéutpfqﬂar |
anot her nmenory t sh preferred t hat

no
one or nore m &ask (59 arep?6&§§§FF’rg anft §n¥[2°‘5%db‘i%ﬁ%3po'%%ﬂ“a‘%e“§§\§rﬁs to
"survey" adehddemed€Eiled . .memar isldotéd dederthec-yded e gwsksdat a has

priority, conditions, etc. may be predetermined and,

10 therefore, a separate review process of the electronic
data may not be required. The type, priority and
conditions as well as other status information (i.e.,
"task in progress" and "task completion") is then posted
on the bulletin board 14a at step 110. The process then

15 returns to the surveying of the queue (step 102).

' Turning now to Fig. 7A, a more detailed
description of sequence 200 will be presented. At step
202 the micro-processing units 12 read the bulletin board
l4a for posted tasks and the status information therefor.

20 As described above, the micro-processing units 12 may be
of the general agent or specialized agent types.
Therefore, at step 204’, a general agent 12 determines
whether it is capable of executing one or more types of
tasks posted on the bulletin board 14a. On the other

25 hand, at step 204 a specialized agent 12 determines
whether it is capable of executing a particular type of
task posted on the bulletin board 14a. 1In either case,
if at least one type of task may be executed, the micro-
processing unit 12 proceeds to point "A" Fig. 7C

30 (discussed later). If the micro-processing unit 12 is
not capable of executing & posted task, it returns to
step 202. )



arrived. Wien new data has arrived in the nmenory 14, the surveyi ng
agents 12 determ ne what task(s) need to be : .

- 8- wo 99/03@Fd orned on the data and define the status ip&pgRBdiass

for those tasks. The surveying agents 12 then post the stat us
information for the tasks on the bulletin board l4a. 5

It is noted that sonme of the m cro-processing units 12 may perform
only one type of task, just as the surveyi ng agents may be
programmed to only survey the _mggory 14. In other words, the
application software programrunning in a particular )

m cro-processing unit 12 10 may cause the unit to only execute one type
of task

Turning to Fig. 7B, a ﬁicro-processing unit 12
may also be predisposed to perform a particular type of
task, but may alter its preference to that type of task
based on certain conditions. Fig. 7B illustrates one

5 example of the variety of ways in which a micro-
processing unit 12 may alter its predisposition to
executing a certain type of task.

As was the case above with respect to general
and specialized agents, at step 202 the micro-processing

10 units 12 read the bulletin board 14a for posted tasks and
the status information therefor. At step 202a, the
micro-processihg unit 12 determines whether the number of
type "X" tasks is outside a predetermined limit. For

. example, the predetermined lower limit for type X tasks
15 may be set to one (1). Thus, if there are no type X
' tasks posted on the bulletin board 14a, the step 202a
inquiry branches in the affirmative. Alternatively, the
predetermined upper limit for type X tasks may be set to
(100). Thus, if there are (10l1) type X tasks posted on

20 the bulletin board 14a, the inquiry at step 202a also
branches in the affirmative.

Steps 203a, 203b, and 203c represent
alternative examples of actions that a micro-processing
unit 12 may take if the number of type X tasks are

25 outside the predetermined limit. Step 203a provides that
the micro-processing unit 12 changes its propensity to
execute type X tasks for, say, type Y tasks. Step 203b
provides that the micro-processing unit 12 enter the idle
mode for a predetermined period of time. Step 203c

30 provides that the micro-processing unit 12 be made
available for at least ome other logical function not
necessarily associated with the posted processing tasks
for the electronic data.



posted on the bulletin board 14a. These m cro-processing units 12
are also referred to herein as "specialized agents."

Sonme m cr oWXr WER4ESi ng units 12 are preferably 15 capabl ePCT/URLA/f4d48511 ng
nore than one type of task and are referred to as "general agents.”
General agents select a type of task based on the priority of the
post ed t asks. Still other mcro-processina units 12 may be
predi sposed to execute a certain type of task but may 20 per f orm ot her
tasks based on the status of posted trad3Rs- on the bulletin board.

| ndeed, some m cro-processing units 12 may be capabl e of performng
one or nore types of tasks (other than the predi sposed type) when
certain conditions are nmet. For exanple, when the nunber of 25

tasks posted on the bullegin;Bogbte®f it &SP MRS sfﬁ‘g-?’ |bF F%%E%L%%ea

predetermned |imt. o | t |5é)referre ] ] r of

post ed t F5P 3P3a3F) Fil1(§DARRATSRYE (£9 dihase skidlefe inukber ast

posted tasks of amds&hatdsugbeothée applomatamn coididered3@ithinothat | east

one of the m cr QR aCeFSkRe ¥Rktsnd Zinventiod Pr &HRROSRAL! oRELE QBT asks

of the first ty%(;::)e cause t to be tenporari ggg germanently)
v

t he uni _ Y,
di sposed td SepES P IRLak IR IR WA PSRt 6f, ype Pt t he

task that a micro-processing unit 12 may perform, the

process flow then proceeds to step 204 (an inquiry of

whether the micro-processing unit 12 is capable of

executing a posted task) which will then likely result in
10 an affirmative branch.

Turning to Fig. 7C, once a micro-processing
unit 12 has determined that it is capable of executing at
least one posted task, it selects the task(s) which have
the highest priority. If more than one task has the same

15 level of priority, then at steps 208 and 209, the task
which was posted first is selected following a FIFO
sequence. At step 210 the electronic data corresponding
to the selected task, for example TASKn, is retrieved (if
necessary) from the memory 14. At step 212, the micro-

20 processing unit 12 performing TASKn alters the status
information for TASKn posted on the bulletin board 14a to
indicated that TASKn is being executed.

Next, at step 214, the micro-processing unit 12
executes TASKn and when completed alters the status

25 information for TASKn to indicate that TASKn is complete
(step 216). As discussed above, if applicable, part of
TASKn may be defined to include posting a next task
(e.g., TASKS) on the bulletin board 1l4a when TASKn is
complete (step 218). The process then returns to step

30 202 (Figs. 7a, 7B).

It is noted that some of the posted tasks may
be directed toward the se&uence 300 process (Fig. 5)
which is used to transform the manipulated data into a



-9- nunber of posted tasks of the first type falls below a

predeterm ned threshold, the application sogtmare of at f | east oPetﬁf
the mcro ng units 12 (predeterm ne to per e
first typggég%@ﬁz%use the unit to 5 be tenporarily (or g%ﬁ%h@?i

di sposed to execute tasks of a different type. _ _
Is also contenplated that at |east one of the m cro-processing ynlts
12 (predetermned to performa certain type of task) enters an idle
node when the nunber 10 of posted tasks of that type fall below a

pr edet er m ned nunber (a t hr eShdi® d). It is desirable that at |east
sone of the mcro-processing units 12 have differing

threshol ds so that all of the mcro-processing units 12 whi ch
performthe sane tasks do not enter the idle node 15 at the sane tine.

Preferably, thepecdEbedr forasatngorniélivery téLZ:He.e'ﬂ%le& i nehlig, i dhe mode for
ahpredeterm nege&géhgg 950 procesy éfordaxa orma L %t es h%f ngr\)/ml ch
the unit may be an 1ntegr§1 part of the sequence 200 process
(execution of posted tasks). The sequence 300 process
5 may have a form which is substantially similar to the
sequence 200 process flow (Figs. 7A-7C).

A system interrupt, sequence 400, is available
to stop some or all of the micro-processing units 12 from
executing tasks. The interrupt may be put into effect in

10 many ways as will be apparent to those skilled in the
art. For example, a special task may be posted on the
bulletin board 14a which indicates that all (or some) -of
the micro-processing units 12 should enter the idle mode
(or another mode as discussed above). In such a case,

15 - sequence 200 would include the step of having the micro-
processing units 12 execute the special task before any
other tasks. Thus, each of the specified micro-
processing units 12 would enter the idle mode aftex:
completing the tasks which were already underway at the

20 time of the interrupt.

With reference to Fig. 8, an illustrative
example of a multi-processing image distribution and
support system 1 in accordance with the present invention
which is suitable for use in the banking industry is

25 presented. Fig. 8 shows a high level conceptual block
diagram illustrating the system 1 and Fig. 9 is a block
diagram illustrating the hardware implementation of the.
system 1.

The system 1 provides a check imaging platform

30 which provides a plurality of deliverable and value added
products to customers. The system 1 receives a plurality
of basic types of input, namely (i) bank promotional
material 18; (1ii) bank reports and statements 20; and



again be available to perform posted tasks of a certain type. 20

It is understood that the execution of posted tasks requires
processi n§¥Q PHW4TDf t en neasured in terns of "CPU' ti mexmsodriass

i nstead of entering an idle node as described i medi ately above, the
m cr o- processi ng unit 1-2 may enter another node whi ch makes the CPU
time of the 25 m cro-processing unit 12 available to perform at | east
one ot her logical function not necessarily associ ated with the
posted processing tasks for the el ectpgni-c dat a. For exanple, the

m cro-processing unit 12 nmay be nade avai | abl e to execute
application software prograns (e.g., 30 wor d processi ng prograns,
spreadsheet prograns, or the like) that are unrelated to the

concurrent task .execufion , of the posted tasks. As before, the
m cro- processi l:fd'll CLec’ﬁn’r'Pai% R Rpr efBraUEDUESARE Ehet Systenda for a

include a check image archive 24 (a non-deliverable
output), electronic distribution products 26, media
production products 28, and fraud prevention products 30.
5 In general, the system 1 operates to receive
the various forms of electronic data (18-22), manipulate
the electronic data automatically, and produce
deliverable products to customers based on the
manipulated electronic data. The system 1 utilizes six

10 (6) basic types of agents 12 in carrying out the tasks
required to manipulate the electronic data. The agents
include: accepting agents, distributing agents, indexing
agents, image retrieving agents, microfilm scheduling -
agents and CD scheduling agents (Fig. 9).

15 The invention was reduced to practice in a form

" in which the micro-processing units 12 ‘(or agents) were
implemented using Intel Pentium based work stations
running on the Microsoft NT operating system and had at
least 32 megabytes of RAM. It is noted, however, that

20 other types of machines may also be used, such as RISC
based machines (e.g., DEC Alpha, IBM PowerPC, MIPS
processoxrs, etc.). The application software running on
the micro-processing units 12 may be a native 32-bit
application written in Microsoft Foxpro and/or Microsoft

25 C++. ' :

The system 1 of Fig. 9 is based on the Fast
Ethernet (100 MPS) network topology; however, other
types of networks may be used, such as a Token Ring,
FDDI, or the like. '

30 The operation of the multi-processing image
distribution and support ,system 1 of Figs. 8 and 9 is now
presented in more detail. When the electronic data input
to the system 1 is check image data 22, such data may



- 10 - predeterm ned period of time (or until conpletion of the
application software program after which the unit would - agai n be
avai | abl e,,j ed, to perform posted tasks of ac | . 5
From t he Q@gég&gggnples, it is apparent that t he dec?éﬁgﬁﬁg&%?%e

m cro-processing unit 12 to change the type of task it is to execute
(or node in which it is to operate) may be based on any one or nore
condi tions. Preferably, the conditions are derived fromthe status
10 i nformation on the bulletin board 14a and the conditions may
define upper thresholds, |ower threshd&s or other boundari es whi ch
trigger the change by the mcro- processor(s) 12.

It is preferred that the mcro-processing units 15 12 be stand al one
conputers (such as personal conputers, mai nframe conputers, or the

like) which ar i Rh QVeINISYS anaﬁoﬁtﬁeﬂali:ﬂagéta@g&z(é%ﬂ@éoﬁﬁ' 228 .

Et her net, Local Area or th

Net wor, k e |fe).
apparent to oneHh A% Fhe, cERReFialI¥nrvpilable (PRS0 e Theydatd maat t he
mul ti-tasking s3istemdmepffriome the IBMp3@genserhesnti on. prisdless dauxm,ent

redundancy to tdi&.) imag®@Riaptusbl lafolhC28bECEHLOR Cndlaithge |MHRRTe | f
one or g M B B ARt By UPhL SrdderS] RIS 2 WEk (FRE) or

the Same Day Settlement (SDS) clearing house, or other
check clearing sources. The image capture platforms
(22a-22¢) will provide image data in discrete batches
having, for example, several thousand checks per batch.

io The image data is received by one or more raw
image servers 14b (Fig. 9) which support a plurality of
image compression formats (e.g., G4, JPEG, IBM ABIC,
etc.). The servers 14b may also perform a storage
function (i.e., act as a data queue).

15 As discussed in detail above, accepting agents
12 capture, validate and process batches of check images
in accordance with a plurality of posted tasks on a
bulletin board 14a (not shown). The accepting agents 12
(as well as other agents described below) use customer

20 profiles and account profiles to determine what tasks
must be posted and formulate the status information for
the tasks. Customer profiles and account profiles are
stored in, for example, the memory 14 (Fig. 2) and
preferably have the forms shown in Table 1 and Table 2

25 respectively.



di sconnect ed fromthe network or becone incapable of 25
the system 1 would not fail

because of'Y@PYPR4éF o-

t asks,

post ed tasks
this sense,
Fig. 4, it

i ncl ude an out put
m cr o- processi ng

t he

el ectronic data and produces a deliverable
exploitation by a user.

10

15

20

to

per form ng
mani pul ate the el ectronic data

processing units 12 woul d si npl yPEXAISA8/bt48he

as designed (al though throughput may be affected). In

Processing ID:
Customer Name:

Output Medium:

Volume Threshold:

Production Timing:
Review:

Image Format:
Copies:

Cycle ID:

Volume ID:

ABA Number:
Account Number:
Processing ID:
Output Type:

Other Services:

the system 1l is failure proof. 30
I s contenpl ated that
device 16 operatively coupled to the

units 12. The batput device 16 preferably receives

Referring to
the multi-tasking conputing system1

- 11 - mani pul at ed

medi um sui tabl e for

For exanpl e,

CUSTOMER PROFILE

4 digit alphanumeric identification
business name

delivered data format (e.g., CD ROM)
delivered size (e.g., 25K checks)
deliver data based on time or size
user requested or automatic delivery
G4, JPEG, etc.

number of deliverable copies of data
internal tracking information
internal tracking information

TABLE 1

ACCOUNT PROFILE

alphanumeric number found on checks
16 digit number

4 digit alphanumeric identification
(DDA or ARP) statements

check images,

fraud guard, etc.

TABLE 2

When a batch of data is received in the servers

14b, the accepting agents 12 read the account number from

the incoming checks (i.e.!, from the Magnetic Ink
Character Recognition (MICR) line) to obtain the account



t he out put device may be a digital mcrofilmwiter, an optical disc
witer, a database, a facsimle nachine 5 and/ or sone ot her el ectronic

data trangidodpsi ce for transmtting (delivering angfusdsRkigso
avai | abl e) the mani pul ated el ectronic data to the user.

Fig. 5is a top |level block diagramof the processi ng steps taken by
the multi-tasking conputing 10 system 1l of Fig. 4. The data validation
and posting task sequence 100 is a series of processing steps which
are perfornmed by one or nore ”5 ro-processing units 12 acting

as general and/or specialized agents. equence 100 val i dat es t hat
the electronic data is in the correct 15 format and is suitable for
mani pul ati on by the system 1. Once val i dat ed, sequence 100 nakes

t he-el ectronic data avai l abl e for mani pul ati on by posting the status
I nf or mati on forprcddidei foedthasksustdwet he Validdbionbedr dncoming thack?0

Sequence 200 rg@&@@gngg %p?Fgfggf§rgngaQ5§?§1‘fBA nuHbERS ( Ugg gt 0 execute

t he tasks post on t L, sequence represents
the process usd@We§r?) . the;agreunt myupeeyyhyatidst-c FOBEESPAr0 tRespeci f i ed
f or mat . fdredelnumbe;t (nohhzens?y , namersetjucrane 406 mepeeasnt s an 25

NErrUpls  amount of the SROUENGASHIDB:400 AieAcaher ably axggut ed by

the m cro- proce55|n%ﬁ& oper ati ng under the .con of their
own appl i cati orfafs¥ ¢ P‘énﬁr Bﬁf‘aﬁéll%’émn Pr°°%‘iﬁ)l’15c5teﬂﬁﬁt§6‘f R BaYr ogr ans
preferably run s r@p3dred ifepodeiblsoftware operating system(e.g., DGCS,

W ndows, The account and customer profiles also provide
" the accepting agents 12 with the information necessary to
10 formulate and post tasks (and status information) on the
bulletin board 14a. For example, task priority may be
based on the customer account number such that certain
customers receive a higher level of priority than others.
It is preferred that exception checks (i.e., checks that
15 require a special process, for example, fraudulent
‘ checks, etc.) be given the highest level of priority, say
(50). Image data to be used to produce CD ROMs are
preferably given a lower level of priority, say (20). A
lowest level of priority, say (10) is preferably given to
20 so-called Off-Us check data (i.e.{ checks that are drawn
on a different bank).

The accepting agents 12 disassemble the batches
of image data into image files for each check which is
stored in a TIFF envelope in the compression format

25 received. The accepting agents 12 then create an index
file containing the information contained in the image
files for the checks of the batch. The batch is then
passed to the distributing agents 12.

Distributing agents 12 also utilize the

30 customer and account profiles in routing the image data
to the proper locations {(or stages) in the system 1. For
example, when the account profile and/or customer profile
jndicates that a CD ROM is to be produced, the check



CS1 etc.). It is inportant to note that the mcro- processing units
12 are not_under the control of a -

12 - WO 0UI5¢t r al managenment conputer or program and, RSSEPBIE4SS
they operate in a substantially autononous fashion.

Advant ageously, the mcro-processing units 12 need not be of the
sane hardware or software 5 configuration because each operates using
its own resi dent operating system The application software

prograns whi ch execute, for exanple,-s@fuences 100-400, are tailored
to match the hardware and operating system of a particular

m cro-processing unit 12. Consequently, 10 the m cro-processing units 12

may be coupl ed toget her
image data are delivered to a CD Scheduling Agent 12.
Some of the distributing agents 12 update certain indexes
in the system 1, for example, Control Disbursements
Services (CDS) Indexes, Archive Indexes, CD ROM Indexes,
5 etc. It is preferred that the Archive Index always be
updated when the check image is an exception check.

The CD scheduling agents 12 and microfilm
scheduling agents 12 operate in a substantially similar
way. In particular, they monitor the bulletin board 14a

10 waiting for a batch of customer check images meeting the
volume threshold (e.g., 15,000 checks) and production
timing requirements specified in the customer profile
(Table 1). Once a customer’s requirements are met, the
CD or microfilm scheduling agent 12 will schedule

15 appropriate media production hardware 28 (Fig. 9) to
produce the required deliverable product. For example,
the scheduling agent 12 may access a CD writer 28a
(preferably a Kodak 6X), a digital microfilm writer 28b,
or a DDA diskette writer 28c.

20 As discussed above, input data to the multi-
processing image distribution and support system 1 may
also be in the form of bank promotional material 18
and/or bank reports and statements 20 (Fig. 8).
Specifically, the input data may be in the form of

25 Account Reconciling Processing (ARP) reports 20a, Demand
Deposit Accounting (DDA) statements 20b, and/or National
Deposit System (NDS) statements 20c. From the above
teaching, it will be apparent to one skilled in the art
that the tésks of the multi-processing image distribution

30 and support system 1 may be formulated such that the
media production hardware 28 produces check images, DDA
statements, ARP statemengs, and/or product marketing
material as desired.



usi ng standard network technology and there is a reduced over head

burden in terns of time, cost and conplexity as conpared to the prior
art. WO 99/09475 Turning nowto Fig. 6, a nore detail edp@dfus9s/ndass
description o{ sequence 100 will be presented. Sone or all of the
m cro-processing units 12 are preferably capabl e of executing the
data validati on and posting tasks 100. If a particular

m cro-processing unit 12 is a specialized agent, it may only be
capabl e of executing 20 the data yahhdation and posting tasks. |If,
however, the m cro-processing unit 12 is a general agent, it may be
capabl e of executing other tasks, such as one or nore el ectronic data
mani pul ati on tasks (Fig. 5, sequence 200) and/ or data formation tasks
(Fig. 5, sequence 300). 25 Wth reference to Figs. 4 and 6,

one or nore m cr o- pFhe emvl pi-prAgessing jmage dhstrvibutioni andat a

queue (preferabkypphaeat Qgst&?r@m}y d¥so afaie Ae1i¢erable produEEQr e is no
n e MmCcro

new data in the Rr ferably
goes on to anotﬁg Eﬁ?& ?r ﬁuStom%Fséﬁéﬁgﬁrﬁgpﬁﬁ FgPéFuaﬁ§gFg£ BEER 102
until new data hesrdware pﬁeé@ng i ) t hFrandi@reNentiop peaduchs 3Pewayonic

dat a g 518 rawsewse &Qaepaoaﬂaﬁpé s , cuz¥iinHs, vaut BeELE2LH 98,
etc. an acceptggs%%l 06 k af%I(Eglégﬁarent %o those skilled in

the art from the above teaching, manipulated data such as
check image data or the like may be formatted for: (i)
use in an internal image browser 26a; (ii) CDS

10 connections 26b; (iii) bulk delivery via a transmission
device 26c; and/or (iv) delivery via automatic facsimile
hardware 26d.

It is preferred that all data files be stored
in the archive 24 which may be implemented using CD

15 jukeboxes 24a, a check indexing SQL server 24b, and/or
'~ image storage servers 24c (Fig. 9).

A monitor 32 may be used to provide
comprehensive system information such as agent status,
batch status, error status, event status, and/or process

20 bottlenecks. The monitor 32 also permits performance
measurements of the system 1 to be taken, and provides
system control (for example interrupts 400).

Although the present invention has been

described in relation to particular embodiments thereof,

25 many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.



- 13 - el ectroni c data does not pass the review process at step
104 and 106, correction steps (as are known in the art) may be taken
at step 10060 99/09475 At step 108, another revi ew pPECEASIS/48S
performed where the type of task(s) to be performed on the electronic
data are determined, priority of the task(s) are selected, and any
condi tional requirenents are identified. It is noted that the ty

of tasks, priority, conditions, etc. nay be p
therefore, a separate review process-o023the el ect ro”mm mlmlmﬁIEHMy not
be required. The type, priority and condltlons as®wel | Mas Sot her

status information (i.e., "task in progress" and "task conpl etion")
is then posted on the bulletin board 14a at step 110. The process

e 10 o Sl S5 By 10, O (1 queue (step 102)

1. An apparatus for manipulating electronic
data according to one or more tasks, the apparatus
comprising:

a plurality of micro-processing units each

5 operating under its own control program and being capable
of performing at least one of the tasks; and

an electronic bulletin board for posting the
one or more tasks required to manipulate the electronic
data, the posted tasks being reédable by the micro-

10 processing units,

at least one of the micro-processing units,
capable of performing at least one of the posted tasks,
executing that task on the electronic data in response to
reading the electronic bulletin board and determining

15 - that the posted task should be executed.

2. The apparatus of claim 1, wherein the
electronic bulletin board includes status information for
each of the tasks, the status information of each task
including at least one of:

(i) the type of task to be executed;

(ii) the priority of the task;

- (iii) that the task is being executed by one of
the micro-processing units;

(iv) that the task is complete; and

(v) one or more conditions must be met before
the task should be executed.

3. The apparatus of claim 2, wherein the
micro-processing units axe capable of reading and
altering the status infoémation of the electronic
bulletin board.

THIS SHEET HAS BEEN
This Sheet Has Been Replaced ﬁEPU\CE D




description of sequence 200 will be presented. At step 202 the
m cro-processing units 12 read the bulletin board l4a for posted

t asks and tatus information therefor. 20 As describ 4 he
nicro-prod@@gwﬁﬁ%%nrts 12 may be of the general agenf or speC|aI|zed
agent types. Therefore, at step 204', a general agent 12 detern1nes

whet her it is capable of executing one or nore types of
on the bulletin board 14a. On the other 25 hand, at ﬁ i L u"
speci ali zed agent 12 determ nes whether it is ca g a
particul ar type of t ask posted 8/ the bulletin board 14a I n either
case, I f at | east one type of task may be executed, the mcro-

processing unit 12 proceeds to point "A" Fig. 7C 30 (discussed | ater).
If the micro-processing unit 12 is not capabl e of executing a posted

task, it returns to 4.S'PRe?Qparatus of claim 2, further
comprising an input data queue for receiving and storing
the electronic data, one or more of the micro-processing
units being capable of surveying the electronic data in
5 the queue and altering the bulletin board to post the
status information on the one or more tasks that are
requiféd to manipulate the electronic data.

5. The apparatus of claim 1, further
comprising an input data queue for receiving and storing
the electronic data, one or more of the micro-processing
units being capable of surveying the electronic data in

5 the queue and altering the bulletin board to post the one
or more tasks that are required to manipulate the
electronic data.

6. The apparatus of claim 2, wherein tasks
" having a higher priority are executed by micro-processing
units capable of performing those tasks before other
tasks having a lower priority.

7. The apparatus of claim 2, wherein a micro-
processing unit capable of performing a posted task
alters the status information of the bulletin board to
post that the task is being executed.

8. The apparatus of claim 2, wherein a micro-
processing unit having performed a posted task is capable
of altering the status information of the bulletin board
to post that the task is complete.

9. The apparatus of claim 2, wherein a micro-
processing unit having performed a posted task is capable
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- 14 - Turning to Fig. 7B, a mcro-processing unit 12
may al so-be predi sposed to performa particular type of task, but may
alter its pxe9o9¢rsce to that type of task based on cerpEr/0s98/14485
conditions. Fig. 7B illustrates one 5 exanpl e of the variety of ways in
whi ch a mcro- processing unit 12 may alter its predisposition to
executing a certain type of task. As was the case abovle

with respect to general and speci al i zed agents, mlll 'ﬂlmumg ﬂﬂl
m cr o- processi ng 10 units 12 read-t28 bull etin boardd Aeiart A
t asks and the status information therefor. At step 202a, the

m cro-processing unit 12 determ nes whet her the nunber of - type "X'
tasks is outside a predetermined limt. For exanpl e, the

redeterm ned | jmt fqr t t, 15, e s to,one (1).
'Fl)'hus, I f there (g}rf\gé]h%é?y%% t%'e géja%‘{gas%?&%g‘gg éano§?¥%€e b%‘ﬁ’e??’rf‘ [}%%ﬁ({fi 14a;
the step 202a t° Postihaly dmewhdPsk muss kef Perferved gntthaati vely, the

predet er ngned uppetttdid dadalype X tasks may be set to (100). Thus,
if there are (101) type X tasks posted on 20 the bulletin board 14a, the
inquiry at step 202a al so branches in the affirmative.

Steps 203a, 203b, and 2030+ epFR& ARPaAratus gft elaili Ve Whemplrsong awtions
that a m cro- preéesshigkro-processing units include a program to be pre-

dispose them to perform a first type of task.

11. The apparatus of claim 10, wherein the one
or more micro-processing units are capable of performing
one or more other types of tasks when the number of tasks
posted on the bulletin board of a certain type is outside

5 a predetermined limit.

12. The apparatus of claim 11, wherein the one
or more micro-processing units are capable of performing
a second type of task when the number of first type tasks
posted'on the bulletin board is outside a predetermined
5 limit.

13. The apparatus of claim 11, wherein the one
or more micro-processing units are capable of performing
a second type of task when the number of first type tasks
posted on the bulletin board is below a predetermined
5 threshold.

14. The apparatus of claim 10, wherein the one
or more micro-processing units are capable of entering an
idle mode when the number of first type tasks is below a
predetermined threshold.

4

15. The apparétus of claim 14, wherein the one

or more micro-processing units are capable of entexing
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unit 12 may take if the nunber of type X tasks are 25 out si de the

predetermned limt. Step 203a provides that the m cro-:processing
unit 12 changes its propensity to execute type X ta Y,
type Y t ¥RIVO¥T8, 203b provi des that the mcro-pr o%@ésgggﬂﬁggt 12
enter the idle node for a predeterm ned period of time. Step 20 30
provides that the m cro-processing unit 12 be nade | ““i%ﬁﬁ?t

| east one ot her |ogical function not necessari | y“““g\\%m he
posted processing tasks for the electronic data. '‘'""""c + " >

- 15 - It is noté§ rthat other actions may be taken at
step 203 as will be apparent to those skilled in the art

the idle mode for a predetermined period of time after
which the one or more micro-processing units are again
5 available to perform first type tasks.

16. The apparatus of. claim 10, wherein the one
or more micro-processing units are available to perform
at least one logical function other than the tasks posted
on the bulletin board when the number of first type tasks

5 are below a predetermined threshold.

17. The apparatus of claim 16, wherein the
other logical function includes a personal computer
application software program. '

18. The apparatus of claim 1, wherein the
micro-processing units are stand alone- computers coupled
to a network.

19. The apparatus of claim 18, wherein the
stand alone computers are personal computers.

20. The apparatus of claim 18, wherein the
stand alone computers are mainframe computers. '

21. The apparatus of claim 18, wherein the
network is an Ethernet.

22. The apparatus of claim 18, wherein the
network is a Local Area Network.

23. An éppara;us for manipulating electronic
data according to one or more tasks, the apparatus

comprising:
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and that such other actions are considered within the scope of the

I nstant tnvention. Since step K presents a delay in tine or
an al t er atwonoPs478 he type of ”wn“ “%BU B m cr o- pr oces ¥CAGFNIH144832 may
perform the process flo N to step 204 (an inquiry of
whet her the mcro-processing unit 12 is capabl e of executing a posted
task) which will then likely result in 10 an affirmative branch.

Turning to Fig. 7C, once a m cro-processing unit 12 has determ ned
that it is capable of executing at _ 5,4 Least one posted task, it selects
the task(s) which have t he highest priority. If nore than one task
has the sanme 15 | evel of priority, then at steps 208 and 209, the task
whi ch was posted first is selected following a FIFO sequence. At step
210 the el ectronic data correspondi ng to the selected task, for
exanpl e TASKn, is retrievedplifality of\dmiererByOIesshnchanFERERCEs. At

step 212, the ,m ePatdflg unHé?C£§§|6l&1LEbﬂtx]@l F%Fcfgxam rGdT AeKagakhpablehe
st at us ormatj on . for T 'gosted t IIet|n board 14a to
i ndi cated t hat Pﬁsﬁﬁrfé’rb‘éf‘ﬁgaé %"ﬁ? Next, at step 214,

the mcro-processing unit amzelectronweb%l&tmmﬁlai\cf-%ms@é#ﬁl &hed

alters the stat GpLlr morlenf;aéﬂﬁtw@u{ﬁédﬁﬁﬁ%ﬁhﬁgumcé:m haktEaska is
conpl ete step

16 d. bl t of
TASKn nmay be de aﬁ@d %?8?588 {’)ﬁ#‘? ﬁgeh’?%g%ea?%’%% tHe g_brgar TAgKS) on

the bulletin boqmbch@:.\ndgennIASKn S ~ conplete (step 218) The
process then returns to S%Eplégst on@ng(Eﬁ@smigfb-ﬁgﬂcessing units,

capable of performing at least one of the posted tasks,
executing that task on the electronic data in response to
reading the electronic bulletin board and determining
that the posted task should be executed;

an input data queue for receiving and storing
the electronic data, one or more of the micro-processing
units being capable of surveying the electronic data in

" the queue and altering the bulletin board to post the one

or more tasks that are required to manipulate the
electronic data; and ' '

an output device for receiving the manlpulated
electronic data and transforming the electronic data into
a predetermined data format for delivery to a user.

24. The apparatus of claim 23, wherein the
output device is a digital microfilm writer for producing
microfilm containing the manipulated electronic data.

25. The apparatus of claim 23, wherein the
output device is an optical disk writer for producing an
optical disk containing the manipulated electronic data.

26. The apparatus of claim 23, wherein the
output device is a database containing the manipulated
electronic data, the database being user accessible.
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It is noted that sone of the posted tasks may be directed toward the

ﬁgﬂfeﬂfgt ggodg gc;aﬁtso(gi g. 5) m m“ \m d to transformthe -
spec!of i ed WOPHENTS or del i very to“‘*l\!‘u \X; .nm&* t he P%f?gﬂégsséoo

process (i.e., data formation for the user) may be an integral part
of the sequence 200 process (execution of posted tasks). The
sequence 300 process 5 may have a formwhich is substantially simlar
to the sequence 200 process floy (Figs. 7A-70). A
systeminterrupt, sequence 400, is avarPabl e to stop sone or all of
the m cro-processing units 12 from executing tasks. The interrupt

may be put into effect in

27. The apparatus of claim 23, wherein the
output device is a facsimile machine for transmitting the
manipulated electronic data to the user.

28. The apparatus of claim 23, wherein the
output device is an electronic data transfer device for
transmitting the manipulated electronic data to an
electronic receiving device of the user.

29. A method for manipulating electronic data
according to one or more tasks, the method using a
plurality of networked micro-processing units each
operating under its own control program and being capable

5 of performing at least one of the posted tasks, the

method comprising the steps of:
receiving the electronic data into a input data
queue; . : ,
surveying the electronic data and determining

10 the one or more tasks required to manipulate the

electronic data;
posting the one or more tasks required to
manipulate the electronic data on an electronic bulletin
board;

15 one of the micro-processing units reading the
posted tasks of the bulletin board and determining that
it is capable of performing a posted task;

the one micro-processing unit executing the
task on the electronic data.

30. The method of claim 29, wherein the
surveying step includes §t least one of the steps of:
(i) determining the type of task to be

executed;
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10 many ways as w || be apparent “‘\I Iled in the art. For
exanpl e, a special task may be mﬁ\ﬁ‘ ‘“ mt bull etin board 1l4a
whi ch i ndWwene9%94Tshat all (or s A s the m cro-proRGCRUSA/14485t s 12
shoul d enter the idle node (or another node as di scussed above). In

I

such a case, 15 sequence 200 woul d include the step of having the m cro-
processing units 12 execute the special task before any ot her tasks.
Thus, each of the specified mcro- processing units 12 would enter
the idle node after conpl eti ng- t3m. 4 asks whi ch were al ready underway
at the 20 time of the interrupt. Wth reference to Fig.
8, an illustrative exanple of a multi-processing image distribution
and support system 1 in accordance with the present invention

which is suitable for use banki, n dustry s 2 nted. . Fig.
8 shows a high |evel concéﬂ?u % FoeR" R§ LRS tﬁ%ﬁﬁll i h@n€y st em

1 and Fig. 9 is a block (iii) @e&gmnnﬂ-ngu!zhem¢mgm€n@mmomﬁare

i npl enent ati on QdnditSons musty HeCWet- before the task shbwdaSyd em 1 provides
a check imagi ng platform 30 whi ch provides a plurality of deliverable

and val ue added®XeCUteGyroducts to custonmers. The system 1 receives a
plurality of basic types of input, nanely (i) bank pronotional

material 18; (ii) bank regort granthethdkeBENLSaZR 3R Gherein the
posting step includes at least one of the steps of:
(i) posting the type of task to be executed;
(ii) posting the priority of the task;
(iii) posting whether the task is being
executed by one of the micro-processing units; _
(iv) posting whether the task is complete; and
(v) posting whether one or more conditions must
be met before the task should be executed.

32. The method of claim 30, wherein the micro-
processing units execute tasks having a higher prlorlty
before other tasks having a lower priority.

33. The method of claim 30, wherein a micro-
processing unit capable of performing a posted task posts
that the task is being executed on the bulletin board.

34. The method of claim 31, wherein a micro-
processing unit having performed a posted task posts that
the task is complete on the bulletin board.

35. The method of claim 30, wherein a micro-

processing unit haviﬁg performed a posted task posts that
a next task must be performed on the electronic data.
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- 17 - (1ii1) check image data 22. The outputs of the system1l

el cctrontegapsimoct on procuct J NIRRT b ocuct  gemmrapuigs 20
a

and fraud prevention products 30.* * I n gener e sysStem 1
operates to receive t he varlous forns of electronic data (18-22),

mani pul at e the electronic data automatically, and produce

del i verabl e products to customers based on the mani pul at ed

el ectronic data. The system 1l utilizeg six 10 (6) basic types of agents
12 in carrying out the tasks required to mani pulate the electronic
data. The agents I ncl ude: accepting agents, distributing agents,

i ndexi ng agents, image retrieving agents, m crofil mscheduling

agents and CD schedul i ng agents (Flg The invention was
reduced to practice in 36-or #he method Of Clalm 29, wherein one or

more micro-processing units are programmed to be pre-
disposed to perform a first type of task.

37. The method of claim 36, wherein the one or
more micro-processing units perform one or more other
types of tasks when the number of tasks posted on the
bulletin board of a certain type is outside a

5 predetermined limit.

38. The method of claim 37, wherein the one or
more micro-proceésing'units perform a second type of task
when the number of first type tasks posted on the
bulletin board is outside a predetermined limit.

39. The method of claim 37, wherein the one or
more micro-processing units perform a second type of task
when the number of first type tasks posted on the
bulletin board is below a predetermined threshold.

40. The method of claim 36, wherein the one or
more micro-processing units enter an idle mode when the
number of first type tasks is below a predetermined
threshold.

‘41. The method of claim 40, wherein the one or
more micro-processing units enter the idle mode for a
predetermined period of time after which the one or more
micro-processing units are again available to perform
5 first type tasks.

42, The method of claim 36, wherein the one or
more micro-processing units perform at least one logical
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i n which the mcro-processing units 12 (or agents) were I npl ement ed
using Intel Pentium based work \gﬁl Lunnlng on the Mcrosoft NT
oper at i ngW2¥7sand had at Jz‘m “‘ bytes of RAMT/US98/m4880t ed,
however, that 20 ot her typ c mach®ned may al so be used, such as RI SC
based machines (e.g., DEC Al pha, |1BM PowerPC, M PS processors, :
etc.). The application software running on the m cro-processing
units 12 may be a native 32-bit application witten in Mcrosoft
Foxpro and/or .M crosoft 25 C++. _ The system 1 of Fig. 9
I s based on the Fast Et her net (100 MPS) networ k topol ogy; however,

ot her types of networks may be used, such as a Token Ring,

FDDI, or the like. 30 The operation of the multi-processing

I mage distrihution and support system 1l of Figs. 8 and 9 is now
presented in ndMECEIPR PERYKeRRRRct e e 9lohiroakach omlie bulletino the
system 1 i s chécdardmwhendaha AdmbetiCHE dBi¥stB¥pe tasks is below a

5 predetermined threshold.

43. The method of claim 42, wherein the other
logical function includes a personal computer application
software program.

44. The method of claim 29, further comprising
the step of transforming the electronic data into a
predetermined data format for delivery to a user.

45. The method of claim 44, wherein the step
of transforming the electronic data includes producing
microfilm containing the manipulated electronic data.

46. The method of claim 44, wherein the step
of transforming the electronic data includes producing an
optical disk containing the manipulated electronic data.

47. The method of claim 44, wherein the step
of transforming the electronic data includes storing the
manipulated electronic data in a database, the database
heing user accessible.

'48. The method of claim 44, wherein the step
of transforming the electronic includes producing an
electronic file containing the manipulated electronic
data and transmitting file to the user via a facsimile

s machine.

49. The method of claim 44, wherein the step
of transforming the electronic data includes producing an
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- 18 - conme froma UN SYS and/ or NCR i mage capture platform 22a
such as the commercially avail a Hﬂﬂm ta may al.so cone from
t he | BM 3890 98@é478s (i .e., 3897H!m I”"Im”IEt c.) inmage cag_t ure &I atform

22b, fromthe image capture 5 plGt for s 22c* used by the EEHBISI¥1448%¢rve
Bank (FRB) or the Sane Day Settlenent (SDS) clearing house, or other
check clearing sources. The imge capture platforns (22a-22c) wll
provi de inage data in discrete batches havi ng, for exanple, several

t housand checks per batch. 10 - 33 - The image data is received by
one or nore raw I mage servers lzab (Fig. 9) which support a plurality
of i mge conpression formats (e.g., &4, JPEG |BM ABIC, etc.).
The servers 14b may al so perform a storage function (i.e., act as a
data queue). 15 As di scussed in detail above, accepting agents

12 capture, val§iRAFoRIE Sideesenbainhng blie ahmtipulmess electronic
accor dance w t lateplandaltirayisal tpofieeht agks lietin board 14a
(not show) . Tl’lfewﬁ.ﬁfee%tfj Qge;ggg%s %2 egésb\?\?erf |elecé(%,‘[6hé.?: §§§ﬁ{"¥ln9

: :

descri bed bel o use customner profiles and account profiles to
determ ne what tasks nmust be posted and fornulate the status

informati on for
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respectively.

CUSTOMVER PROFI LE
4 digit al phanuneric identification
busi ness nane

t he tasks. Custoner profiles and account profiles are
exanple, the nenory 14 (Fig. 2) and
in Tabl e WQPRHHEH e 2 25

stored in, for
preferably have the fornms shown

PCT/US98/14485

T

Processi ng
Cust oner Nane:
Qut put Medi um 1/1(5|elivered data format (e.g., CD

10’
—
14"
CENTRAL .
DATA —— MANAGING|
UNIT MEMORY
PROCESSING| |PROCESSING PROCESSING
UNIT UNIT UNIT
1 2 N
— ~ —
12' 12"
FIG. 1
PRIOR ART
14
j—
o MEMORY
FIG. 2 —\»\ DATA —
‘ 14A
| » 1w | 1
PROCESSING| |PROCESSING PROCESSING
UNIT UNIT uwT
{ 2
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5 Vol ume Thr eshol d: delivered size (e.g., 25K checks)

Production Timng: deliver data based on tine or size - Revi ew.
user requ automati c delivery | mage Format : JPEG
etc. %ﬁ@gg#es: nunber of deliverable copiPeCér/%§98§§4tsg 10
Cycle ID i nternal tracking information Vol unme | D

I nternal tracking information TABLE 1
ACCOUNT PROFI LE ABA Nunber: 2/10 al phanuneri c nunber found on
checks 15 Account Nunber: 16 digit nunber Processing I D
4 digit al phanuneric identification Qut put Type: check

I mges, (DDA or ARP) statenents

TASK, | | TASK, | | TASKs | ...

TASK, | | TASKs | | TASKg

TASKy,
) >
14A N
TASKy
. PRIORITY = 50
. TASK TYPE = 1 (SORTING)
FIG. 3 . TASK IN PROGRESS?

. TASK COMPLETE
. CONDITIONS?
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O her Servi ces: fraud guard, etc.

TABLE 2~ 20 When a batch of data is received in the servers
14b, the WMy agents 12 read the account nunber from PCT/USO¥14d85
i ncom ng checks (i.e., fromthe Magnetic Ink Character Recognition
(MCR) line) to obtain the account
- 20 - profile for that custgyero Val i dati on of incom ng check
4
p—
i MEMORY
—\‘\ : DATA —
J
t 14A
¥ y ¥
PROCESSING| |PROCESSING| . ~ | PROCESSING
UNIT UNIT "t UNIT
1 2 N
~ ~ ~—
12 12 12

1 outPUT
DEVICE [— EAEEL[},\{EV,RABLE

A

FIG. 4
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images is preferably based on the ABA nunber (valid nunber ?), the
account nunber (valid?, nuneric7) t he check nunber (non-zero?,.
nuneric?), ﬂmﬁgg,nonetary anount of the check (non-zero?,

nuneric?). Any fage data failing the validation pro®ST&US9814485ect ed
and may be repaired if possible. The account and
custoner profiles al so provide the accepting agents 12 with the

i nformati on necessary to 10 fornul 4 £1@hd post tasks (and status

i nformation) on the bull etin board 14a. For exanple, task priority
may be based on the custoner account nunber such that certain
custoners receive a higher level of priority than others. It is
preferred that exception checks (i.e., checks that 15 require a speci al
process, for exanple, fraudul ent checks, etc.) be given the highest
| evel of priority, say (50). Inmage data to be used to produce CD
ROMs are preferably given a |ower |evel of priority, say (20). A

| owest | evel of priority, say (10) is preferably given to 20 so-cal |l ed
O f-Us check data (i.e., checks that are drawn on a different bank).
The accepting agents 12 di sassenbl e the batches of image data into
image files for each check which is stored in a TIFF envel ope in the
conpression format 25 received. The accepting agents 12 then create an
i ndex file containing the information contained in the inmage

files for the checks of the batch. The batch is then passed to the
distributing agents 12. Distributing agents 12 al so

utilize the
START

A 4 v A

:DATA EXECUTION OF DATA
VALIDATION| |POSTED TASKS F%a%g\l A—
= ?
.POSTING 200 =
TASKS 300 400
\\
100

FIG. 5
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30 custonmer and account profiles in routing the inmge data to

t he proper locations (or stages) in the system 1. For exanpl e, when
t he accouWwOpYeH47$ e and/ or custoner profile i ndi cat eBCTA898/H4485D ROV
Is to be produced, the check - 21 -
| mage data are delivered to a CD Schedul i ng Agent 12. Sonme of the
distributing agents 12 update certain m In the system 1, for
exanpl e, Control Disbursenents es (CDS) | ndexes, Archive

| ndexes, CD RO\/IInde etc. It is preferred that EES rctB

| ndex al ways be pdat ed” when the check image is an e ﬁ check
The CD scheduling agents [ and mcrofilm scheduling agents
operate in a substantially simlar 1

NEW DATA IF GENERAL AGENT,

GO TO
IN QUEUE TASK EXECUTION
102 - al
102
. VALIDATE DATA
. ACCEPT DATA
05 106
. ~~
CORRECTION
DATA VALD  CORRECT
106/ N\
" REVIEW DATA
. DETERMINE:

-TYPE OF TASK(S) REQUIRED
PRIORITY OF TASK(S)
-CONDITIONAL REQUIREMENTS

r—
108 |

POST STATUS INFO FOR
EACH TASK: |
-TYPE OF TASK
-PRIORITY OF TASK
-TASK NOT BEING EXEGUTED
-TASK NOT COMPLETE
-CONDITIONAL REQUIREMENTS

— i

110
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way. |In particular,

they nmonitor the bulletin board 14a 10 wai ting for

a batch of custoner check inmages neeting the vol une threshol d.(e.qg.
15, 000 che producti on timng reqU|renents specified in the
cust oner &5?;?/@39'5 (Table 1). Once a custoner's requir eneHPOABS et
t he CD or mcrofil mscheduling agent 12 will schedul e 15
appropriate nedi a production hardware 28 (Fig. 9) to produce the
requi red deliverable product. For exanf®f]Q t he schedul i ng agent 12
may access a CD witer 28a (preferably a Kodak 6X), a digital
mcrofilmwiter 28b, or a DDA diskette witer 28c. 20

As di scussed above, input data to the nmulti- processi ng i mage

di stribution and support system 1 nay

pronot i onal

8) .

Account Reconciling Processing (ARP)
Accounting (DDA) statenents 20b,
(NDS) statenents 20c. Fromthe
to one skilled in the art

also be in the form of bank

material 18 and/ or bank reports and statenents 20 (Fig.
Specifically, the input data nmay be in the formof 25

reports 20a, Denand Deposi t

Nat i onal Deposit System
teaching, it will be apparent
tasks of the multi-processing

i mage distribution 30 and supporf system 12(fy be fornulated such that
medi a produrti on har dwar ey 28 produ';;es’ check inmages, DDA
ARP st at enmgnt and/ or product iing material as

t he

statenents,

desi red.

READ BULLETIN BOARD

GENERAL
AGENT

CAPABLE OF
EXECUTING ONE OR
MORE TYPES OF
POSTED TASKS?

SPECIALIZED

204 AGENT

CAPABLE OF

EXECUTING ONE TYPE

OF POSTED TASK
9

204’ -
¢ START

GO TO
START

FIG. 7A
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- 22 - The nul ti-processing imge distribution and
support system 1 may al so nake deliverabl e products avai l abl e for
custoners BYOOKG94@F el ectronic distribution har dwar e 2BCt/SgB/14335
Fraud prevention products 30 may 5 al so be nade avail able to custoners
via electronic distribution. As will be apparent to those skilled in
the art fromthe above teaching, mani pu??tlﬁl data such as check i mage
data or the like my be formatted for: {f use in an internal inage
browser 26a; (ii) CDS 10 fons 26b; (iii) bulk delivery via a
transm ssi on devi ce @ (iv) delivery via automatic facsimle
har dwar e 26d. preferred that all data files be
stored in the archive 24J'vvh| ch may be inplenmented using CD

READ BULLETIN BOARD |202 FIG. 7B

202A /203A
ALTER

NUMBER OF

TYPE "X" TASKS Y | PREDISPOSITION TO

OUTSIDE "| EXECUTE CERTAIN
PREDETERMINED TYPE OF TASK

LIMIT
2038

ENTER IDLE MODE
FOR PREDETERMINED [—
TIME PERIOD

/2030

MAKE PROCESSING
TIME AVAILABLE FOR
OTHER FUNCTIONS

4

L\ 4

) 4

CAPABLE OF

EXECUTING ONE TYPE

OF POSTED TASK
?

SUBSTITUTE SHEET (RULE 26)



15 ] ukeboxes 24a, a check indexing SQ server 24b, and/or I mage
storage servers 24c (Fig. 9). A nonitor 32 may be used to
provide wo90sgBEprehensive systeminformati on such as agepprgisod/ibass
batch status, error status, event status, and/or process 20 bottl enecks.
The nonitor 32 also permts performance measurenents of the system1l
to be taken, and provides systeg@%trol (for exanple interrupts
400) . Al t hough the pr i nventi on has been

described in relation to particul ar enbodi ments thereof, 25 many ot her
vari ations and nodifications and ot her uses wi || becone apparent to
those skilled in the art. It is preferred, therefore, that the
present invention be \m ted not by the specific disclosure herein,
but only by the app d cl ai ns. Geiss &
G oBe Patentanwi lte Rechtsapwerr]lte M err] nchen
Stuttgart
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d ai ns

el ectroni c data according to one or

control
and

by the mcro-
units,

capabl e of perform ng at

that task on the electronic data in re-
bull etin board and deterg&ning that the
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1. An apparatus for
nore tasks, the apparatuch@ﬁ?w
a plurality of mcro-processing units each operat-
program and bei ng capabl e of perform ng at
an electronic bulletin board for p&f1Q@y the one or nore tasks
required to mani pul ate the el ectronic data,

The Chase
nanigﬁlating

$%5i ng:
ing under its own
| east one of the tasks;

t he posted tasks being readable
processing units, at |eas{ oneggf} the m cro-processing
| east onpppiutddg posted tasks, executing
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cuted, characterized in that the electronic bulletin board includes
status in- formation for each of the tasks, the status infor- rmation-of

each task wo®baeli7ag at | east one of: (i) the type of taskpiprses/eMsscut ed;
- 2- (ii) the priority of the task; (iii) that the task is being
executed by one of the nicro-processing units;
10/10
2 22A{ ] l: FIG. 9
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(iv) thgt;the task is conplete; and (@f.bne or
beforé the task shoul d be executed.

¢

the mcro-- processing units are capable of reading-and alt’‘er->~ing the ,s°

status information of the el ectroni Gléigss & GrioRdoar d.
claiml1, further conprising an i npeitendtiafe Getasbawatdr
the el ectronic data, one or nore of tNwechén stitart pr ocessi ng units bei ng

r tore conditipng nust’ be et
2. The appatatus of c¢lai m:l; wherain

3. The apparatus of
recei ving and storing

capabl e of surveying the electronic data in the queue and altering the bul -

| etin board to post the status information on the one or
are required to mani pul ate the el ectroni c data.

nore tasks that
4. The apparatus of claim

1, further conprising an input data queue for receiving and storing the

el ectronic

dat a PCToA®Plgcatione Nogf PCTHESIRY 24685pr ocessRAg08nLe89bei ng
capabl e of survepppdilchaitel etk eAnsedRhAnbBthieraHRUE and agtefkDf

|l etin board to post the one or nore tasks that are required to nan?pulate
the el ectroni c data.

Method and apparatus for concurrent data processing

Background of the invention

1. Field of the invention

The present invention relates to multi-tasking mi-
cro-processing systems and, more particularly, to a
multi-tasking apparatus and method as defined in
the preamble portions of the independent claims.

2. Related art
An apparatus and method of this type are known from

H.P. Hofstee et al., ,A Distributed Implementation
of a Task'Pool“, in ,Research Directions in High-
level Parallel Programming Languages"“, Proceedings,
Mont-Saint—Michel, France, 17¢19 June 1992, pages

.-338-348, ISBN 3-540 55160-3, 1992 Berlin, Germany,

-

Springer Verlag Germany.

The processing of large amounts of electronic data
is becoming more and more common among business
concerns. Efficient manipulation of the electronic
data is critical because, even with ulﬁka fast com-
puters, the magnitude of electronic daéa to be ma-

nipulated places limits on throughput.

With reference to figure 1, a prior art multitask-
ing computing system 1’ employs a central managing

229Mb1a.doc
27. September 1909
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5. The apparatus of claim1, wherein Lasks haV|ng a hlgher prlorlty-afe
executed by m cro-processing : -3 -~-um-b
capabl e of. perform ng those tasks before other tasks haV|ng~a "I owers’

priority.

6. The apparatus of claim1l, wherein a mcro-

q.

processi ng unit

capable of perform ng a posted task aIterg'the status information of the

bulletin board to post that the task is being executed.
of claim1, wherein a mcro-

7. The apparat us
processing unit having perforned a posted task

is capable of altering the status information of the bulletin board to post
that the task is conplete.

unit 10’ which receives or monitors incoming elec-
tronic data. The system 1’ alsc includes a.plural-
ity of processing units 12’ coupled to the central
managing unit 10‘. A memory 14’ may also be em-
ployed to store data as needed.

The multi-tasking system 1’ of figure 1 is some-
times called a Massively Parallel Processor (MPP)
system and is used, for example, in the IBM SP2,
NCR, and Cray systems. An MPP system 1’ controls
the processing units 12’ at the basic operating
system level. Thus, the central managing unit 10’
controls which processing unit 12’ performs which
jobs in manipulating the electronic data. In this
way, the throughput of the entire system is im-
proved because each processing unit 12’ performs
only a part of the overall work required.

Unfortunately, the multi-tasking system 1’ of the
prior art has several disadvantages. For example,
the central manager unit 10’ imposes overhead bur-
dens on the system in terms of time, cost and com-

-- plexity while performing no value added work on the

electronic data. In order to alleviate this prob-
lem, Hofstee et al. suggest in the above cited pa-
per that an electronic bulletin may be used within
the multi-tasking system, for posting the tasks to
be executed on said billboard, the posted tasks be-
ing readable by the processing units.‘htill, it is
desirable to have a multi-tasking data processing
apparatus and method that reduce the overhead in-

" volved in coordinating multiple tasks still fur-

ther.

&
)



8. The .apparat us of claiml1, whereidi.da mcro- processing-urit bhav}iag :
perfernmed a posted task is capable ofi alterinhg the status tnflormattpn:uof
the bulletin-board to post that a next task nust be perfurned on the **
electronic data. 9. The apparatus of claim1, wherein one or nore

m cro-processing units include a program3e predis- pose themto performa
first type of task. 10. The apparatus of claim9, wherein the one or nore
m cro-processing units are capable of perform ing one or nore other types
of tasks when the num ber of tasks posted on the bulletin board of a cer-
tain type is outside a predetermned limt. 11. The apparatus of claim 10,

wherein the one ghrfRes W\:ﬁé%&b&@@gihaguaatbs 12rve SR Rab! uppf sp stéﬂrm ing
a second type of task en_t he er %i tggg iasks go %e op t he
bul I etin board i%’ oEYEFGélépréﬂg?Emn?ﬁ%ﬂt+Y Y. small unit wor

as compared to the total work required.

Another disadvantage of the prior art system is
that the hardware must be custom designed and usu-
ally requires special network switching technology.
Consequently, scalability of the system may become
problematic because the central managing unit 10’
may require custom hardware and/or software con-
figuration changes when other processing units 12’
are added to the system 1’.

Accordingly, there is also a need in the art for a
multi-tasking computing system which utilizes a
standard network over which a plurality of process-
ing units communicate, which system is readily
scalable.

Summary of the invention

In order to overcome the disadvantages of the prior

---art, the present invention provides an apparatus
and a method for manipulating electronic data as
defined in the independent claims.

Other features and advantages of the present inven-
tion will become apparent from the following de-

scription of the invention which refe£§ to the ac-
companying drawings.
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4 12 The appar at us of cIa|n110,.mhere1n the one or nDre ~ ae

-

m cre-processing units are capabl e of: perform ing a secynd type eﬁstask
when t he nunber of first type tasks posted on the bullettn poard s’ bebOW a
predeterm ned threshold. 13. The apparatus of claim9, wherein the one or
nore mcro-processing units are capabl e ofg-entering ah idle node when the
nunber of first type tasks is below a predeterm ned threshold. 14. The
apparatus of claim 13, wherein the one or nore nicro-processing units are
capable of entering the idle node for a predeterm ned period of tine after
whi ch the one or nore mcro-processing units are again available to perform

first type taSkSBrié 'dIQSr PRLRt Y c&gé Sas wherein the one or nore
nicro-processing—uﬁrgs—are—ggaréabge—géFfmﬁ—£¥6$ﬂ1at | east ‘'one | ogica
function other than the tasks posted on the bulletin board when the number
of first type tapks atRebOPOMpSsP’ &et §1TdR¢ating the invention,

there are shown in the drawings forms which are
presently preferred, it being understood, however,
that the invention is not limited to the precise
arrangements and instrumentalities shown.

Figure 1 is a block diagram of a multi-tasking com-
puting system according to the prior art;

Figure 2 is a block diagram of a multi-tasking com-
puting system according to the preferred embodiment
of the present invention;

Figure 3 is a conceptional block diagram showing a
bulletin board of the multi-tasking computing sys-
tem of figure 2;

Figure 4 is a block diagram of a multi-tasking com-
puting system according to an alternate embodiment
of the invention of figure 2;€

Figure 5 is a top level flow diagram showing the
control steps of the multi-tasking computing system
of figure 4;

(continued on page 4)
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16. The apparatus of cl.ai m 15, .wherein the other |ogical,
p- «pllcation sdftiwage pr ogram~

PCT Application No. PCT/US98/14485 29.09.1999
Applicant: The Chase Manhattan Bank GL-HE-hg
Claims

1. An apparatus for manipulating electronic data
according to one or more tasks, the apparatus com-

prising:

a plurality of micro-processing units each operat-
ing under its own control program and being capable
of performing at least one of the tasks; and

an electronic bulletin board for posting the one or
more tasks required to manipulate the electronic
data, the posted tasks being readable by the micro-
processing units,

at least -one of the micro-procefsing units, capable
of performing at least one of the posted tasks,
executing that task on the eléctronic data in re-
sponse to reading the electronic bulletin board and
determining that the posted task should be exe-
cuted,

characterized in that

N\

the electronic bulletin board includes “status in-
formation for each of the tasks, the status infor-
mation of each task including at least one of:

(i) the type of task to be executed;

22939a1x.90¢
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net vBfeis$ &3Grofke appar 4t tis *6f cl ai'm 17
e Torfput er BattadvdpeReMAGWECONPULt €r'S Or Al nfrarre
Minchen Stutigart5- 19. The apparat us of
claim17, wherein the network is an Ethernet or a Local Area Network.
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>0 The apparatus of claim 4, conprising &an.output device for .recetving the
mani pul at ed elecrronlc dat ansIorn1ng t he el ectronizc daLg thto a
predet erm ned dat W very to a-user. 21 '[he appar aj us of

cl ai m 20, mherein evekce is a digital mcrofilmwiter tor
produci ng n1crofllﬁ1cénta|n|ng the mani pylated el ectronic data, or an
optical disk witer for producing an optlcal di sk containing the
mani pul ated el ectronic data, or a database containing the manipul at ed

el ectroni c data, the database being user accessi- ble, or a facsimle

machine for transmtting the nanipulated el ectronic data to the user, or an

el ectronic data,ttan devi ¢ ansnlttlng t he mani pul at ed, electronlc
data to an elec{fbﬁ éLFeBE?QFﬁ Yd%@ E% eof2%he user. 22. A nethod for
mani pul ating el ectronic data ac- cording to one or nore tasks., the nethod

using a plurali{yi®f anawor-.hedtahﬁrszspbegﬁgseﬁecuaeaswaéheoagreheng under
its own control g %granland belngﬂcggable of performng at |east one of the
f 9

post ed t asks, TRb8°EERHPES he steps of:

(iv) that the task is complete; and

(v) one or more conditions must be met before the
task should be executed.

2. The apparatus of claim 1, wherein the micro-
processing units are capable of reading and alter-
ing the status information of the electronic bulle-
tin board.

3. The apparatus of claim 1, further comprising an
input data queue for receiving and storing the
electronic data, one or more of the micro-
processing units being capable of surveying the
electronic data in the queue and altering the bul-
letin board to post the status information on the
one or more tasks that are required to manipulate
the electronic data. ' .

4. The apparatus of claim 1, further comprising an
input data queue for receiving and storing the
electronic data, one or more of the micro-
processing units being capable of surveying the
electronic data in the queue and altering the bul-
letin board to post the one or more tasks that are
required to manipulate the electronic data.

5. The apparatus of claim 1, wherein tasks having a
higher priority are executed by micro-processing



receiving the electronic data into an input data queue; surveyi.ng

zok

B ~a
. [ ]

el ectroni ¢ data—and deterr\%\mg‘ he one or m)re tasks reqm;e‘d,,t,@

mani pul at.e the e m\“\

mani pu- |ate the éle&tronlc data on an giectronic bulletin board,;
the m cro-processing units reading the

units capable of performing those tasks. before
other tasks having a lower priority.

6. The apparatus of claim 1, wherein a micro-
processing unit capable of performing a posted task
alters the status information of the bulletin board
to post that the task is being executed.

7. The apparatus of claim 1, wherein a micro-
processing unit having performed a posted task is
capable of altering the status information of the
bulletin board to post that the task is complete.

8. The apparatus of claim 1, wherein a micro-
processing unit having performed a posted task is
capable of altering the status information of. the
bulletin board to post that a next task must be
performed on the electronic data.

9. The apparatus of claim 1, wherein one or more
micro-processing units include a program to predis-
pose them to perform a first type of task.

10. The apparatus of claim 9, wherein the one or
more micro-processing units are capable of perform-

. ing one or more other types of tasks when the num-

ber of tasks posted on the bulletin board of a cer-
tain type is outside a predetermined limit.

N\

11. The apparatus of claim 10, wherein the one or
more micro-processing units are capable of perform-

_ing a second type of task when the number of first

type tasks posted on the bulletin board is outside
a predetermined limit.

t he

o

an the one or more tasks reqU|red to

one of



posted tasks of the bulletin board agd determining that it is-capable of

perform ng a posted task;

t he -ememjcr o- priocessing unit executi{ng.the task

on the el.ectroni c datga; zed i h. f°hat the surveyi ng step.incl udes
at | east one of thf ‘mﬁ @ ﬂﬂ“‘ deternining the type of task to be
&

executed; (i) de

prioritysof the task; and (iii)

determ ni ng whet her one or nore condltlons must be nmet before the task

shoul d be execut ed.

23. The nmethod of claim 22, wherein the posting step

i ncludes at |east one of the steps of: (i) posting the type of task to b
executed; (ii) posting the priority of the task; (iii) posting whether

the task is bein
posti ng whet herl

ex cut ed one t n1cro a oceSS|qglun|ts (|v)
@Hﬂ?ﬁéﬁﬁﬁ erein e one’or

more micro-processing unlts are_capable of perform-
ing a second type of task when the number of first

type tasks posted on the bulletin board is below a

predetermined threshold.

13.

The apparatus of claim 9, wherein the one or

more micro-processing units are capable of entering

an idle mode when the number of first type tasks is
below a predetermined threshold.

14.

The apparatus of claim 13, wherein the one or

more micro-processing units are capable of entering

the idle mode for a predetermined period of time

after which the one or more micro-processing units

are again available to perform first type tasks.

1s5.

The apparatus of claim 9, wherein the one or

more micro-processing units are available to per-

form at least one logical function other than the
tasks posted on the bulletin board when the number
of first type tasks are beélow a predetermined

16.

.threshold. R

The apparatus of claim 15, wherein the other

logical function includes a personal computer ap-

plication software program.

17.

The apparatus of claim 1, whereig\the micro-

processing units are stand alone computers coupled

to a network.

18.

The apparatus of claim 17, wherein the stand

alone computers are personal computers or mainframe

computers.

e



(v) postlng whet her _one_or
shout d be executed.
claim 22, wherein

nor e condltlons nust be nmet before -the-task
' 24 The: nethod of
i-ng unjts execute tasks hqyrng a hi gher

7-
e
pri- ority before a lower priority. 25. The nethod of

claim 22, wherein a i cr o- processing unig. capabl e of perform ng a posted

task posts that

The nmet hod of claim 23, wherein a mcro-

the task is being executed on the bulle- tin board.

posted task posts that the task is conplete on the bulletin board.

19. The apparatus of claim 17, wherein the network
is an Ethernet or a Local Area Network.

20. The apparatus of claim 4, comprising an output
device for receiving the manipulated electronic
data and transforming the electronic data into a
predetermined data format for delivery to a user.

21. The apparatus of claim 20, wherein the output

device is a digital microfilm writer for producing

microfilm containing the manipulated electronic
data, or an optical disk writer for producing an
optical disk containing the manipulated electronic
data, or a database containing the manipulated
electronic data, the database being user accessi-
ble, or a facsimile machine for transmitting the
manipulated electronic data to the user, or an
electronic data transfer device for transmitting
the manipulated electronic data to an electronic
receiving device of the user.

22. A method for manipulating electronic data ac-
cording to one or more tasks, the method using a
plurality of networked micro-processing units each
operating under its own control program and being
capable of performing at least one of the posted
tasks, the method comprising the steps of:

receiving the electronic data into aq\input data

queue;

_surveying the electronic data and determining the

one or more tasks required to manipulate the elec-
tronic data;

26.

processing unit having perforned a



27. The et hod
el ectroni.c dat a.
Cro- processing
type of task.

m cr o- processin

pr edet er m ned

[imt.

of claim?22, wherein_ @ mcto- processing unit .havi-ng
performed a posted task_posts that 7ajnext tiask: nust be perforned *on.the
28. The net hod of qla|ﬁ122 Wher ei.h ong® or npfe.gi-

unmmﬁ"’mm&w d to be predis- posed to performa first

| ai m 28- wherein the one of nore
g units perfornlone or nore other types of tasks when the
nunber of tasks posted on the bulletin board of a certain type is outside a

nor e
m cro-processing units performa second type of task when the nunber of

first type taskgodRahgd (e {8fe PUL! Glokd RQAKE | Seqiifedetd miaREgher M ned

imt. 30. The nethod of claim?29, wherein the one

late the electronic data on an electronic bulletin
board;

one of the micro-processing units reading the
posted tasks of the bulletin board and determining
that it is capable of performing a posted task;

the one micro-processing unit executing the task on
the electronic data;

characterized in that the surveying step includes
at least one of the steps of:

(i) determining the type of task to be executed;
(ii) determining the priority of the task; and

(iii) determining whether one or more conditions
must be met before the task should be executed.

23. The method of claim 22, wherein the posting
step includes at least one of the steps of:

(i) posting the type of task to be executed;
(ii) posting the priority of the task;

(iii) posting whether the task is being executed by

N\

(iv) posting whether the task is complete; and

one of the micro-processing units;

" (v) posting whether one or more conditions must be

met before the task should be executed.

or



- 8- ,31. The method of claim 29, .wherei'n the one or nore

-

- -

m cro-processing units performa secpnd type daf task. whern the.punber of
first type tasks_posted on the bulletin bqardzis belpw a -predet®erpi ned

thresh- old. 3

| ai m 28, wherein the one or

nor e

m cr o- pr ocessi ng\‘!&mmm\‘ﬁm‘:dl e node when the nunber of first type
L

tasks i s bel ow

er mi néd t hreshol d. 33. The method of claim 32,

wherein the one or nore mcro-processing units enter the idle node for a
nore m cro- processi ng

predeterm ned period of tinme after which the one or

units are again available to performfirst type tasks.

one Togi tal' 1 undtion BEncPerian By FREIE BEEr CYBa-uTe. *ehE

one | ogical functi'on 0 SKS poste

e_

é@.

34. The met hod of

t | east
‘ﬁ board

when the nunber p3fodessing ypu s siwecdube tasks having a higher pri-
ority before other tasks having a lower priority.

25. The method of c¢laim 22, wherein a micro-
processing unit capable of performing a posted task
posts that the task is being executed on the bulle-

tin board.

26. The method of claim 23, wherein a micro-

processing unit having performed a posted task
posts that the task is complete on the bulletin

board.

27. The method of c¢laim 22, wherein a micro-
processing unit having performed a posted task
posts that a next task must be performed on the

electronic data.

28. The method of claim 22, wherein one or more mi-

cro-processing units are programmed to be predis-

posed to perform a first type ,of task.

" 29. The method of claim 28, wherein the one of more

micro-processing units perform one or more other
types of tasks when the number of tasks posted on
the bulletin board of a certain type is outside a

predetermined limit.

30. The method of claim 29, wherein thé\one or more

micro-processing units perform a second type of

task when the number of first type tasks posted on

the bulletin board is outside a predetermined

limit.



bel ow a_predet er mi ned t hreshol d.
| ogi -

ot her

cal

2 35; The'nethod of claim 34, wherein the
function includes a personal conputer apglica--iion

software.program 36. The n‘et hod of ~claim22,” further cOnprising-the step

of transform ng the electr

transformng the

a into a predeterm ned data fornmat

for

a *i ncl udes producing mcrofilmcontaining

delivery to a usew d of clgim 36, wherein the step of
t he mani pul at ed el rontc data or producing an optical disk containing

t he

mani pul ated el ectronic data, or storing the nmanipu-

31. The method of claim 29, wherein the one or more
micro-processing units perform a second type of
task when the number of first type tasks posted on
the bulletin board is below a predetermined thresh-
old.

32. The method of claim 28, wherein the one or more
micro-processing units enter an idle mode when the
number of first type tasks is below a predetermined
threshold.

33. The method of claim 32, wherein the one or more
micro-processing units enter the idle mode for a
predetermined period of time after which the one or
more micro-processing units are again available to
perform first type tasks.

34. The method of claim 28, wherein the one or more
micro-processing units perform at least one logical
function other than the tasks posted on the bulle-
tin board when the number of first type tasks is
below a predetermined thresholXd.

-

35. The method of claim 34, wherein the other logi-
cal function includes a personal computer applica-
tion software program.

36. The method of claim 22, further comprising the
step of transforming the electronic data into a
predetermined data format for delivery to a user.

37. The method of claim 36, wherein the step of

' transforming the electronic data includes producing

microfilm containing the manipulated electronic
data, or producing an optical disk containing the



Iatea'e{ectronic data in a database,;the database being user.accessible, or

£

produci ng an el ectronic—

e contaim ng the mani pul ated el ectranic data and

transmtting the fj ia a facsim |l e machipe, or,produci ng an
electronic file co m m“ meﬂgmpul ated el ectronic data and transmtting

the file to an el eckroail cc receisvi kg devi.ge of the user.

manipulated electronic data, or storing the manipu-

lated electronic data in a database, the database

being user accessible, or producing an electronic

file containing the manipulated electronic data and
transmitting the file to the user via a facsimile
machine, or producing an electronic file containing
the manipulated electronic data and transmitting
the file to an electronic receiving device of the
user.



