WO 2007/ 008814 PCT/ US2006/ 026755 1 | NFERENTI AL STATE MACHI NES FIELD OF
THE | NVENTI ON [ 00011 The present invention relates to a state nachine that
may operate on partial or disordered information, inferring internediate
states that have yet to be formally traversed. BACKGROUND [00021 The
behavi or waf 20mm0ey81¢onrmon i tens and situations can be moneses/oasshNg a Sinple
but powerful tool called a finite state nachine (FSM. Exanpl es of
functions that have been efficiently translated into state machi nes

i ncl ude vector control for signal processing algorithns, data encodi ng and
decodi ng, encryption and decryption, event nonitoring, and sinple nmachine
control functions. An FSMis usually represented in the formof a directed
graph that includes states interconnected by transitions. Many conputer
tools exist that enable designers to "draw' a representation of the system
bei ng nodel ed by defining states of a state nmachine and connecting those
states together with di re‘g‘i"ﬁwlﬂswl\iwsepresent state transitions.
Such a nodel is generally independent of the system being nodeled and can
be created before or after the physical systemis devel oped. [00031 An FSM

IS, ge%EEHdFﬁlﬁhg}/Eﬁh‘Ibﬂr soneti mes nmechani cal) device that traverses

t hrough a sequence states in an orderly fashion, with the transition

from oneoo1st at eTheprasantiieinti6eRI0S 86k btle niddRine EREMAPsIepile O pRHA Br NMor e
I nputs or occurrence of other ' events. In sone cases, state transitions are

augne ntdegdrdsredhnfpamatonsineringanteinesliatelfig e B hamayet ebeefohnallyedivaseda set  of
conput er-readabl e instructions that a conputer processor can read and
follow, and/or a collection of logic gates for inplenenting particular
operathﬁﬂ¢x gl A state machine will typically include two distinct
functi ona E'oc ST a next state decoder and an out put decoder. The next

state qdapeder OfidelhiGSruliBy BsthoPfi@hLar@lsithdions can be modeled using a
simple but powerful tool called a finite state machine (FSM). Examples of functions that
have been efficiently translated into state machines include vector control for signal
processing algorithms, data encoding and decoding, encryption and decryption, event
monitoring, and simple machine control functions. An FSM is usually represented in the
form of a directed graph that includes states interconnected by transitions. Many computer
tools exist that enable designers to "draw” a representation of the system being modeled by
defining states of a state machine; and connecting those states together with directional lines
that represent state transitions. Such a model is generally independent of the system being
modeled and can be created before or after the physical system is developed.

[0003] An FSM is, generally, a digital (or sometimes mechanical) device that
traverses through a sequence of states in an orderly fashion, with the transition from one
state to another representing the consumption of one or more inputs or occurrence of other
events. In some cases, state {ransitions are augmented with various activities. The FSM
may be embodied as a set of computer-readable instructions that a computer processor can
read and follow, and/or a collection of logic gates for implementing particular operations.
[0004] A state machine will typically include two distinct functional blocks: a next

state decoder and an output decoder. The next state decoder determines the next state of the




WO 2007/ 008814 PCT/ US2006/ 026755 2 state machine (i.e., based on the
current state and a set of inputs) while the output decoder generates the
actual outputs. It is the next state decoder that is responsible for
ensuring that the state nachine traverses an order of states, as directed
by the i W3087008#i| e t he out put decoder provi des seBCEBRB/03¢75Dut put
signal s based upon the state transitions. At tines, these outputs may be
returned as inputs to the FSM e.g., via one or nore feedback signals.

[ 00051 The di stinguishing characteristic of a state machine then is its
process- oriented nature. The state nmachi ne noves over tinme fromstate to
state, or put differently, frommlestone to mlestone, to an ultinate
goal or final state. State nachines are typically lossless in their
processing. That is, they consunme their input in order and w thout any

| osses. This assunption is reasonable in many domains, but not all. In
parti ceiptamaciipefi-cq based op éherpyapntsiateqnd aseftofinputs) whilé the ontpuidieceder t ens

provided b ltiple.systeny in a distrjbyted architecture, ordering may
be sub%eé‘F'E%ea %ef'l‘fh’p 1Ry tﬁgv%n ’8§fa?e q%ﬁo%ﬁgﬁt’§i“’tsﬂﬁ‘ls§’6‘hg’r RSYALEHEt onal state
machi n .t : r ' rree . S, L ons; each outcome

bei ng ﬁ‘%g@k’e‘%’?&gﬁ%é@’é ?:6%3? grdr%g?f;/s&%\(/gméﬁﬁ %egt@%é%gaggﬁpﬁgk ’ g“sl {zgl gu%tchi ne capabl e

of copietgderptdvides kdquarde® Boutput YiBhaldbaséiipon G RatdB¥nsiohd. e iplek, Of sequence
or not at all wthout experien??%g such errors. WO 2007/608§14

PCT/ UShe@auGRE 164y beZeiBuieiaRip@F tolthiEF S MYENT VidNnf 60f61e fdddbagirsigmant | nventi on
provi des, _in one enbodinment, a praocessing systemthat includes a state

machi n900%ef | ndhe distinguishimesharesferistic of nitas mepkinethemisiis@measent transiti ons
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from oRsRmYRLLAOS Wiflestone, to an ultimate goal or final state. State machines are typically

lossless in their processing. That is, they consume their input in order and without any
losses. This assumption is reasonable in many domains, but not all. In particular, when a
state machine's input is a series of data items provided by multiple systems in a distributed
architecture, ordering may be subverted, and data may be lost. In such situations
conventional state machines either stall or make incorrect state transitions; each outcome
being unacceptable. Accordingly, what is needed is a state machine capable of coping with
situations in which input data may arrive out of sequence or not at all without experiencing

such errors.




successful conpletions of one or nore other events out-of-order. The

i nference engine thus allows the state nachine to proceed fromits current
state to a new state associated with the conpletion of the out-of-order
event (s), even in the absence of m ssed event inputs. Wiere those m ssed

i nputs ar¥ P88 ecei ved, the inference engi ne may BET/ESMIGMEHSE] t o
validate its inferences (i.e., its3conputed state transitions) in
accordance therewith. [0007] The state machi ne nmay include tinmeout neans
associated with one or nore of its states, which tinmeout neans can cause
the state machine to transition to designated states upon expiration of a
tinmeframe defining the timeout prior to receipt of a specified event

i nput. The state machine may al so be configured with at |east one
transition function defined by one or nore event conditions, rather than
an explicit event occurrence. Such event conditions nmay have prioritized
transi SPYMARY OFFHE INVENTON at e nachine may be configured to transition

froma (ﬁ)‘dﬁjent tate tto Qne. or ngr e. subsegu nt states according to the

t ranst L°%Plinct i &% PFFA%A HE 39T RIRBEES: 15008 P S’fﬁ‘e“@.‘tg@?m?'ﬁ“&&%?%@r e nore than
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those missed inputs are later received, the inference engine may be configured to validate

its inferences (i.e., its computed state transitions) in accordance therewith.

[0007] The state machine may include timeout means associated with one or more of

its states, which timeout means can cause the state machine to transition to designated

states upon expiration of a timeframe defining the timeout prior to réceipt of a specified

event input. The state machine may also be configured with at least one transition function
defined by one or more event conditions, rather than an explicit event occurrence. Such
event conditions may have prioritized transition functions and the state machine may be
configured to transition from a current state to one or more subsequent states according to
the transfer function having a highest priority (e.g., in cases where more than one event

conditions is true at a time when a state transition is to occur).




processing in accordance with an enbodi nent of the present invention;
[0013] Figure 5 illustrates an exanple of a state machine configured with
transition functions to accept conditions, rather than explicit
characters, as inputs that notivate a state change in accordance with an
ermbodi neMO WP7B¥4present invention; [0014] Figure 6PETVER602¢765 an exanpl e
of a state nmachine having non-deterimnistic state transition functions
allowing for the use of prioritized state transitions in accordance wth
an' enbodi ment of the present invention; and [0015] Figure 7 illustrates and
exanpl e of a software architecture for a processing systemin which a
state machine is grounded in an inplenentation of an inference engine in
accordance with an enbodi nent of the present invention. WO 2007/008814
PCT/ US2006/ 026755 5 DETAI LED DESCRI PTI ON [ 00161 Descri bed herein is an
ext end t.9 ' of an inference engine as the
i nf ras?%@ﬂ @W&@&ég%ﬁw&%apabi lities to the state machine's
execut The [ . St i t oper.ate an partial or
i sor P T e iR Eh B RET e ol e P B RiBORSe et Co be
f or mal thg ﬂgﬁ@g@fﬁﬁdccoh@m@@&h\iv@@sinc@ﬁgﬁ;ol S such as state tineouts and
transition priorities allow for finer control of the state machine's
execut [09A9] par tRigurearnllystrates amexeppletofd conveativtal fdieste mAbing]l Al t hough t he
present invention wil|l be discussed with reference to various exanples and
embodi MO0k t hdigye 2 illystratenan exameleral ptrtsanasting psad to rackaand tranpthes are not
meant tg.vltien‘i()% tg]elscgsoet of the invention as defined by the clains
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ac i . .
acconpa ‘Bf’l on. Mboreover, various enbodi nents of the

pr esenjooh fivent igg %Xlglﬁﬂ'ﬁtiem&% reeo(#arméswmgn&o%gmoc{ftﬁ%m sfel' P! ement ed
processes or nethods (a.k.a. prograns or routines haet pe rendered in
any Cobghig Sonit@edwag theisRatd iisthing illwstrhiB@ i FikirbRt ati on, C#, C Ci+,

[0012] Figure 4 illustrates an example of a state machine configured with timeout
processing in accordance with an embodiment of the present invention;

[0013] Figure 5 illustrates an example of a state machine configured with transition
functions to accept conditions, rather than explicit characters, as inputs that motivate a state
change in accordance with an embodiment of the present invention;

[0014] Figure 6 illustrates an example of a state machine having non-deterministic
state transition functions allowing for the use of prio_ritized state transitions in accordance
with an embodiment of the present invention; and

[0015] Figure 7 illustrates and example of a software architecture for a processing
system in which a state machine is grounded in an implementation of an inference engine

in accordance with an embodiment of the present invention.




Fortran, COBOL, PASCAL, assenbly |anguage, markup | anguages (e.g., xm,
HTM., SGW., XM., VoXM.), and the like, as well as object-oriented

envi ronnments such as the Common (bject Request Broker Architecture
(CORBA), JavaTM and the like. In general, however, all of the

af or emenNQOMEUBHANE as used herein are meant to encbﬁﬁﬁ%@mﬂﬁﬁﬁéerles of

| ogi cal steps performed in a sequente to acconplish a given purpose and, in
the case of a state nachine, naintain state infornmation regarding a
nodel ed system (e.g., through the naintenance of state tables and the
like). [0018] In view of the above, it should be appreciated that sone
portions of the detailed description that follows are presented in terns
of algorithms and synmbolic representations of operations on data within a
conmputer nenory. These algorithmc descriptions and representations are

t he neans used b those skilled in the conputer science arts to nost
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quantiti es Usual 'y, though n t necessa hese les take the form

of el exdenii@aThofesilbignatateomsshihe das mapppdhte oﬁbmﬂ@udﬂals&tdefeed transferred,
conbi ned, conpared and otherw se manipulated. It has proven conveni ent at

tines, Hp’@rim@@mmamfﬁlsrmgcmem&é@tm@t@fthat bmhtowsafgmally Uavem‘eérhlt o these signals
as blts .val ues, el enents, synbols characters, nunbers or the
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meant to limit the scope of the invention as defined by the claims accompanying this
description. Moreover, various embodiments of the present invention may be implemented
with the aid of computer-implemented processes or methods (a.k.a. programs or routines)
that may be rendered in any computer language including, without limitation, C#, C/C++,
Fortran, COBOL, PASCAL, assembly language, markup languages (e.g., xmi, HTML,
SGML, XML, VoXML), and the like, as well as object-oriented environments such as the
Common Object Request Broker Architecture (CORBA), Java™ and the like. In general,
however, all of the aforementioned terms as used herein are meant to encompass any series
of logical steps performed in a sequence to accomplish a given purpose and, in the case of a
state machine, maintain state information regarding a modeled system (e.g., through the
maintenance of state tables and the like).

[0018] In view of the above, it should be appreciated that some portions of the

detailed description that follows are presented in terms of algorithms and symbolic
representations of operations on data within a computer memory. These algorithmic
descriptions and representations are the means used by those skilled in the computer

science arts to most effectively convey the substance of their work to- others skilled in the



the action and processes of a conputer system or simlar electronic
conputing device, that nmanipulates and transforns data represented as
physi cal (electronic) quantities within the conputer system s registers
and nenories into other data simlarly represented as physical quantities
wi t hin t REO287881dr system nenories or registers or BEHEF20626755 nf or mat i on
storage, transm ssion or display defices. [0019] The present invention can
be inplenmented with an apparatus to performthe operations described
herein. This apparatus may be specially constructed for the required
purposes, or it may conprise a general -purpose conputer, selectively
activated or reconfigured by a conputer programstored in the conputer
Such a conputer program nay be stored in a conputer readabl e storage
medi um such as, but not limted to, any type of disk including floppy
di sks, optical disks, CD-ROVs, and magnetic-optical disks, read- only
menor i 88 AREEThn iSleryprdeceallynsarseived tqwff;comvgqqua@mm magnet i ¢
or optical cards r__any e of dia suitable for, storing electronic
i nstru ?a?%g?agﬁyagéeei@ﬁ ptb PS 4reRS8 "B G E PRYSIG WAmRNIRHRNS of pr eover , t he
conput %ﬁgﬁ&@q@a{iﬁesl mghalgewoegﬁo\l\!?e‘,%g’s% 9&@%&%&% @@&%%&f&? 55 7 may be
stored at a server confi'gured to provide the instructions to a client in
I esponsiectridalar nfagnytie Signhl effbRiof b&ig flod, tReseséd, BBbia&T) BorMbAeBdhl
conventional communication path, for exanple, an ftp, http or https
r eques tothepyisomppulfted. oIt hasprovenrconegisnisat fimes, pripgigaltyr formersensef wor ks or
net wor ks of networks (e.g., .a | ocal area network, w de area network or the
| nt er nEPFINOR §ERBE) O THEF talﬂgeé? ?1?Pﬁ1FBaS§Hﬂ ValgT: slemgats sywbelstcharasieisei n are not
I nhere Q. any L cul ar ut er Jot.her, appgratus. Various
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apparatus to performthe required nethod.” For exanple, any
convenient labels applied to these quantities. Unless specifically stated otherwise, it will

be appreciated that throughout the description of the present invention, use of terms such as
“processing”, “computing”, “calculating”, “determining”, “displaying” or the like, refer to
the action and processes of a computer system, or similar electronic computing device, that
manipulates and transforms data represented as physical (electronic) quantities within the
computer system's registers and memories into other data similarly represented as physical
quantities within the computer system memories or registers or other such information
storage, transmission or display devices.

[0019] The present invention can be implemented with an apparatus to perform the
operations described herein. This apparatus may be specially constructed for the required
purposes, or it may comprise a general-purpose computer, selectively activated or
reconfigured by a computer program stored in the computer. Such a computer program
fnay be stored in a computer readable storage medium, such as, but not limited to, any type
of disk including floppy disks, optical disks, CD-ROMs, and magnetic-optical disks, read-
only memories (ROMs), random access memories (RAMs), EPROMs, EEPROMs,

magnetic or optical cards, or any type of media suitable for storing electronic instructions,

and each coupled to a computer system bus. Moreover, the computer-readable instructions



the nethods according to the present invention can be inplenented in
hard-wired circuitry, by programm ng a general - purpose processor or by any
conbi nati on of hardware and software. One of ordinary skill in the art

will imediately appreciate that the invention can be practiced with
conput er W20UMEEANT i gur ati ons ot her than those descP¢HERMREGH i ncl udi ng
hand- hel d devi ces, nultiprocessor systems, mnicroprocessor-based or
programuabl e consuner el ectronics, DSP devices, network PCs, m niconputers,
mai nfranme conputers, and the like. The invention can also be practiced in
distributed conputing environnments where tasks are perforned by renote
processi ng devices that are |inked through a communi cations network. The
required structure for a variety of these systens will appear fromthe
description below. [0021] As indicated above, finite-state machines are
often used as ma¥s to nodel the processing of data. That is, real-world

(i .e., WANPsisoEd)at § gasyespaniigwredctn peavidedhe insirustionsite  client éh rsponsartoal ve a number
of subs stﬁﬂ%%fna% ge abstracted and represented in a virtual sense by a
state NEERTAETIE Y ASERICE HasComeatd Ay aryeational coramumieation pghefoni shes to
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physi cal systemitself, often the virtual representation of that system
(i.e., Intbmeyt ate nmachine) can be used for such purposes. Alternatively, or
in addition, state machines may be used to track processing within the
physi c&#0281, st enhhe algerithmsagd progesgesnressrred hereip laeanoh inkerenthisrelated tespeci al | y
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sof t wakenstthétwiite ¢sitliaed apparatus to perform the required method. For example, any of
the methods according to the present invention can be implemented in hard-wired circuitry,
by programming a general-purpose processor or by any combination of hardware and
software. One of ordinary skill in the art will immediately appreciate that the invention can
be practiced with computer system configurations other than those described below,
including hand-held devices, multiprocessor systems, microprocessor-based or
programmable consumer electronics, DSP devices, network PCs, minicomputers,
mainframe computers, and the like. The invention can also be practiced in distributed
computing environments where tasks are performed by remote processing devices that are
linked through a communications network. The required structure for a variety of these
systems will appear from the description below. |
[0021] As indicated above, finite-state machines are often used as ways to model the
processing of data. That is, real-world (i.e., physical) systems (which are often complex
and can involve a number of subsystems) may be abstracted and represented in a virtual
sense by a state machine. Such models are useful where, for example, one wishes to
determine potential outcomes in the physical system for a given set of inputs. While it

would be impractical (ihdeed, sometimes impossible) to make such determinations using




[00221 A nore formal definition of a non-determnistic finite state nmachi ne
may be given by a 5-tuple (S, E, T, s, F), where: Sis a finite set of
states; Eis a finite input alphabet; T is a transition function mapping
stat e/ al phabet pairs to sets of states: S x (E u {s}) to 2s, where 2s

r epr esentVO 2RE08BIter set of S; s is an el enment of S, POBEFMMEREMSas t he
start state; and F is a subset of & designated as the final states. G ven
an input string x 1, x2, x3, ..., X,,, conprised of elenents of E u {s},
one says that a non-determnistic finite state nmachine accepts the string
If the state machine can run through a series of states so, sl1, s2, ...,
s" such that, so=s; si+i is a nenber of T(s;, xi), for i =0, 1, ..., n-1;
and s" is an elenment of F. Thus, the state machine is started in its start
state, and a transition is nmade for each elenment of the input string. The
string.is consiidered accepted if and only if the state nmachine is left in
a fi nafbephysical system ttsplf, ofgndhevirtual sepresertatignnithat systenyfi.hathe stisen pr ocessed.
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implementations are especially useful where the physical system is widely distributed over
a number of subsystems and/or where other forms of transaction monitoring are impractical
or difficult to implement. State machines may also be used as models for tracking states of
a computer-based system, such as a complex software-driven system.
[0022] A more formal definition of a non-deterministic finite state machine may be
given by a 5-tuple (S, X, T, s, F), where:

S is a finite set of states;

Y. is a finite input alphabet;

T is a transition function mapping state/alphabet pairs to sets of states:

S x (LU {&}) to 25, where 2° represents the power set of S;

s is an element of S, designated as the start state; and

F is a subset of S, designated as the final states.
Given an input string x;, X2, X3, . . ., X, comprised of elements of ¥, {&}, one says that a
non-deterministic finite state machine accepts the string if the state machine can run
through a series of states sp, 8, 83, - . ., S, such that,

So=S5;

 Sitl is a member of T(s;, x;), fori=0, 1, ..., n-1; and

sy is an element of F.
Thus, the state machine is started in i{s start state, and a transition is made for each element
of the input string. The string is considered accepted if and only if the state machine is left
in a final state after all elements of the input string have been processed.

[0023] For example, consider the state machine 10 illustrated in Figure 1, where:




T(C, 0) ={E}, T(D 0) _ {E}; s=A, and F={E}. As shown, this state
machi ne 10 can be represented pictorially as a directed graph, with the
nodes of the graph representing the allowable states (A, B, C, D and E) and
the | abel ed arcs of the graph representing the transitions between those
states. MO R7/488ldse, the | abels on the arcs represkat/Use/@éPshabet

el enents that are mapped in the trafsitions. Thus, state "A" is the
initial state, state "E" is the final state, and the accepted input strings
are "010", "00", and "10". In addition to naking transitions fromstate A
to state E, which transitions represent consunption of inputs at the
internedi ate states, sone or all of the transitions may be acconpani ed by
activities that are executed. Thus the consunption of an input not only
gui des a determ nation of acceptance of the input, but may al so drive
activities or outputs_as well. (00241 Conventional state nmachines are
limited in SHatAth&yDaEd, typically lossless in their processing - that

is, conventkggg%l tate machi nes consunme their input in order and w thout
any | osses. “Gu *nmodel is reasonable in many domains, but not all. In
particul ar, v te qggn » Syl Nput is a series of data itens

provi ded byTﬁu ﬁ% é§§§ét§ﬁ§’ r Qﬁgy’systens in a distributed architecture,
ordering may be subverted,rand-=dgdba may be lost. In such conditions,
conventional state nmachines often stall or otherw se mal function. WO

2007/ 008814 PCT/ US2006/ 0261851)=%0}{ 00251 In contrast, the present invention
provi des an extension to tréditi nal finite state nmachines that allows
state machines to cope wi thCr)Sorder ed or 1ost data. In one enbodi nent, an

i nference engine is used HQDghgghﬁt the path a state nachi ne woul d have

s=A; and

F={E}.
As shown, this state machine 10 can be represented pictorially as a directed graph, with the
nodes of the graph representing the allowable states (A, B, C, D and E) and the labeled arcs
of the graph representing the transitions between those states. In this case, the labels on the
arcs represent the alphabet elements that are mapped in the transitions. Thus, state “A” is
the initial state, state “E” is the final state, and the accepted input strings are “010”, “007,
and “10”. In addition to making transitions from state A to state E, which transitions
represent consumption of inputs at the intermediate states, some or all of the transitions
may be accompanied by activities that are executed. Thus the consuription of an input not
only guides a determination of acceptance of the input, but may also drive activities or
outputs as well.
[0024] Conventional state machines are limited in that they are typically lossless in
their processing - that is, conventional state machines consume their input in order and
without any losses. Such a model is reasonable in many domains, but not all. In particular,
when a state machine's input is a series of data items provided by multiple systems or sub-
systems in a distributed architecture, ordering may be subverted, and data may be lost. In

such conditions, conventional state machines often stall or otherwise malfunction.




taken had one or nore inputs not been corrupted. This inference nmechani sm
allows the state machine to continue conputing in situations where a
traditional state machine would either stall, or nmake incorrect
transitions. [00261 Although the remaining discussion focuses on

non- det ewo WoBwBRI4Sst at e machi nes, it applies equal | pC1/OS20@t0e6753 ni St i C
state machines. Determ nistic statd®machines (that is state nachines that
do not accept the null input character, s, and for which the transition
function maps state/input pairs to a single state rather than to a set of
states) are a subset of their non-determnistic counterparts. Further,
every non-determnistic state mnmachine can be transfornmed into a
determnistic state machine. [00271 To better understand the present

i nvention, consider a track and trace inplenentation in which a state
machine is used to nonitor a business process flow (e.g., insurance claim
handl i [9§25]nobi [recqplrastethe presstizvention pryides in extehsvate éditnabfinitec ont ent

submi ssion and publijcation, etc.) involving multiple, distributed systens
and/ or statg G%%%Séh% allqyiestptg paghingstie.cope it migerAerad og IQSttdétat fmene and trace the

b t | | h di d . b h
makes TR EHEe P R eI A B TR pelrohds PR SnERRE "out puts ¢ hat
si gnal také}nﬁa%ﬁéb%&e lﬁ’ﬁﬁs R BRhSbir@fS. TRRGh e lﬁ’écﬂﬁﬁs?ﬁb{l%so&et hese outputs

by the state machine allows for tracking the progress of the overall

syst emtatEi@ttiife @ dohtiniftcompetingdn bitationsexergd eaditfonbiide ROMHRPIoUD Wi ch a
state mnmachine 20 is utilized for tracking and tracing two subsystens 30a
and 30¢;the11®@281nfﬂq@ns@rmcttrwmoes 22, represents that neither of the

subsys 30a b has nal ed the conpletion of an event. State
24 t eptﬂﬁgént s ﬁ%@'&l‘g’t H‘%‘qgéﬂ‘iusﬁ\f’gﬁ’f’nfetegf“&’tsgc #@ter epr esent S
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transition function maps state/input pairs to a single state rather than to a set of states) are a

subset of their non-deterministic counterparts. Further, every non-deterministic state
machine can be transformed into a deterministic state machine.

[0027] To better understand the present invention, consider a track and trace
implementation in which a state machine is used to monitor a business process flow (e.g.,
insurance claim handling, mobile phone transaction request and satisfaction, content
submission and publication, etc.) involving multiple, distributed systems and/or
subsystems. The job of the state machine is to track and trace the business system's overall
progress. Each individual system/subsystem that makes up the overall business system
may generate one or more outputs that signal intermediate task completions, and the
processing of these outputs by the state machine allows for tracking the progress of the

overall system. Figure 2 illustrates a basic example of this concept in which a state

machine 20 is utilized for tracking and tracing two subsystems 30a and 30b.
[0028] The start state, 22, represents that neither of the subsystems 30a or 30b has yet

signaled the completion of an event. State 24 represents subsystem 30a having sent Event

1. State 26 represents subsystem 30a having sent Event 1 and subsystem 30b having sent



30b having sent Event 2, and subsystem 30b having sent Event 3. [0029] In
addition to tracking state transitions based on i nput events, state machi ne
20 may be augnmented to perform actions upon any particular transition. For
exanple, the transition function between states 24 and 26 may, in addition
to mappi WP 20hE008%1dat e transition upon the occurrencePCf/UR0@&M26785 | nvoke an
action (such as generating an outputl). Actions mght include storing data
in a database, signaling an event to another state nmachine, and so on.

[ 0030] So long as state nmachine 20 consunes its input in order, waiting at
internedi ate states 24 and 26 until additional input elenents (Events 2 and
3inthis exanple) are available for processing, the nonitoring of
activities with subsystens 30a and 30b can proceed. However in distributed
systens such as this, wherelhe inputs to a state machine nay be generated
dynam cally by a nunber of separate subsystens, there is the possibility

t hat sEWt¥r$@P§8 {the find state) reprepgeth Fubsystaay 3 tachadioR ag Event 1) sbsystemt i rel y.

Consi der,,, for l.e, the situation reflected in Figure 3, where the | oss
of theg@/@‘ﬂngie’ﬁﬁ'gﬁ@’Bﬁés‘@%%%rhaﬁ’@ﬁs?%gv%éurred. [0031] The loss of an
i nput as " | . I | .state chine to stall
i npst aﬂgﬁg‘& uﬁ%yagﬁtl%&g%%%ﬂf %)t?t\gvar ?‘gﬁagﬁﬁﬁﬁ%&’ﬁ@%@g@g% b fn)'/s track any

furt hepo plapBé Qgsnealed tderfbrmtactibistuoh SyPaftiPulat frarsitioh. BorleRBfpI¥EEe due to a
communication failure (e.g., a network outage or other event), rather than
a fail tramsitoh fervgombetwadn Satbs3dsdnd 26 niagj ingddition toanapgingtthesstaper at or of t he
system may end up spendi ng needl ess sunms on investigating a fault that
does nBensHionyaen e ggqustencendEyetel iInvalkpntactea(suahrag genegating 48 ovthut). ar e
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machine, and so on.
[0030] So long as state machine 20 consumes its input in order, waiting at

intermediate states 24 and 26 until additional input elements (Events 2 and 3 in this

example) are available for processing, the monitoring of activities with subsystems 30a and
30b can proceed. However in distributed systems such as this, where:the inputs to a state
machine may be generated dynamically by a number of separate subsystems, there is the
possibility that some inputs to the state machine may be delayed or lost entirely. Consider,
for example, the situation reflected in Figure 3, where the loss of the Event 2 output of
subsystem 30b has occurred.

[0031] The loss of an input such as Event 2 may well cause a conventional state
machine to stall in state 24, unable to move forward and unable to successfully track any
further progress of the distributed system. If such a loss were due to a communication
failure (e.g., a network outage or other event), rather than a failure of the actual subsystem

being monitored, the operator of the system may end up spending needless sums on

investigating a fault that does not actually exist. Moreover, additional transactions that are

processed by the physical system might go unrecorded, resulting in lost revenue

opportunities or other business.



[ 0032] The reason conventional state machines stall in situations such as
that depicted in Figure 3 is because such state machines are typically

i npl enented in conputer readable instructions (i.e., software) to operate
in the static manner of their formal definition. In contrast, state

machi nes W90 1/¢98%1¢d i n accordance w th enbodi nents oPCT/URR006RESENT
invention are inplenented within tHé context of an inference engine. An
inference engine is a conputer-inplenmented process that can verify or
generate an "inference step”, 1i.e., an expression of an inference from one
or nore premses. By this we nmean the kind of data typically intended to
express a logical inference fromone or nore premses to a conclusion. By
grounding a state nmachine in the context of the inference engine, the
present invention allows for inferred transitions between states. O her
operational extensions to conventional state nmachines provided by the

pr esend083g) ent i B¢ rpasen capventipnalatemadhinspsield insitdatipng euchtas thatl t r ansi ti ons.
Each of theéleq%lefi es, an extension to fornmal _state machjnes that all ows

such d éleﬁ’iﬁté WS pds bicRse SRR stats machines e @ﬁ’ﬂ‘ia_gﬁ _é{'PPIE‘?‘PQfEﬁLr'é*_tCQH’@B@r present ed
in di S%a'd?lﬂ% ﬁgtrééﬁ%bﬁ;%, sagnfgxoa?éé]to L%&é [n56 SRS O Sheir Q6 di P! ement at i on of

a state nachine w f'erenceé engi ne provi des an opportunity to
cont i nuefisfBkh. M cGiabOstdté MAihds QOB gubedtif Secoflb AR eNELenodiniid ofdhS OF der or

l oss. In particular, inferences can be nade about possible (or certain)

f ut ur e petsait asveniidrime implendntgl withip the tantert bHdrainfeedicatrina, 2asinfarars. For
exanpl e, ~consider again the state machine illustrated in Figure 3. |If one
assunme$§nginats appEputepippementsdamecess thatcans asifiepr gearrateanyinferencessignt. Event 3
cannot .occur_unt. | ﬁft.g} Evegt 2 has occurr.ed t hen one, can.infer from

he. pr 8o bt afn iSergrds oD ORE oomRaSFUEE B THAFUCRE Al e machi ne
20 | i d t hi
by oA B e o o o PR E R rmy b

di sor desgusiin. B9$toundifg Batateitdehin€ in théeontdit ef thoigereitgiengind)@eed state
machine is configured to keep track of a set of possible internediate
st at es ptdsert imwefitiacallows for inferred transitions between states. Other operational

extensions to conventional state machines provided by the present invention include
machine timeouts and prioritized transitions. Each of these defines an extension to formal

state machines that allows such devices to cope with the sort of exceptional circumstances

presented in distributed systems.

[0033] Inferred Transitions: The implementation of a state machine within an
inference engine provides an opportunity to continue making state transitions in the
presence of input disorder or loss. In particular, inferences can be made about possible (or
certain) future states without having to perform intermediate transitions. For example,
consider again the state machine illustrated in Figure 3. If one assumies that Event 2 and
Event 3 are sequential (that is, that Event 3 cannot occur until after Event 2 has occurred),

then one can infer from the presence of Event 3 that Event 2 was lost, and that the state

machine 20 could progress to State 28.

[0034] The present state machine does this by means for making inferences in

situations in which data may be disordered or lost. In particular, the inference engine-based

state machine is configured to keep track of a set of possible intermediate states that reflect
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order, or may have arrived after other input was |ost. The inference

engine is configured to iteratively produce a new set of possible

internediate states fromthe current set, based on additional input. In

ot her ca¥x2007/00881HNnf er ences may be arrived at accorBETGS200/02676% - def | ned

criteria that define one or nore padhs. Mreover, in sonme enbodi ments of

the invention the occurrence of future states may be inferred from the

occurrence of present states and vice-versa. [0035] In addition to

inferring progress in situations with disordered or |ost input, the

present state machine can validate its inferences should data arrive

out-of-order. For exanple, in the state machine illustrated in Figure 3,

input that arrives as {1, 3, 2} can be handled by inferring the transition

to state 28 (fromstate 24), and then subsequently validating the

transi t9RSHIOETBRY Vata@"zﬁowc?f%ieaﬁbwaahwe\ﬁmvedfaﬁm@qwmubwmmer Event 2.

[ 0036] segon ani sm f or th exceptional
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condi tions such i SOT e

this cageskm B alrfenlRE 'Mé@ oﬁabfdlkéd%ﬂnpgte th b{EEP%IEe% A RRGLRL ed Wgt h any

particul ar state such that a | a nput w't Y3Fe will
cause arrbpéael dcc@dingtansi-téfinad ChiteGa that fidd o drQors paALE Moré:d?/ anpl e,
consider the state machine 40 illustrated in Figure 4. 3GT Subsyst ens
30a an&moembgdiments ofshoinvention thej oscurtehcnscbfrfamlrmtateshmyémenferrém&omt ate
tranmhﬁons 1, %ta nd 3 are illustrated between states 22 and 24, 24 and,
26, anieP5CHRIcOY PreseRiSHES AP WICyVersas hefore. State nmachi ne 40 has been

th d 34 d.t t tat
22 2a OBRH 56 IFARAP Tt Th hrsd 8 B Vi APk or B, hependent - 11

execut pregert Kb ndching cAPFITHASits AferbdeBidhohid@htaSRe! oﬁtﬁft orddr?k & 22 for nore
than 30 seconds will cause a transition to state to occur. Likew se; an
i nput  treaipls trathe statetmachina tlnsRated @IFigme & m;lsmmamns@@@ U3, 8} kdn KeaUSE A

transition to state 32 to occur. Simlarly, an
handled by inferring the transition to state 28 (from state 24), and then subsequently

In

validating the transition from state 24 to 26 upon arrival of the out-of-order Event 2.
[0036] State Timeouts: A second mechanism for coping with exceptional conditions
such as disordered or lost input is a timeout mechanism. In this case the state machine may
include timeouts associated with any particular state such that a lack of input within that
timeframe will cause a specified transition (e.g., to an error state). For example, consider
the state machine 40 illustrated in Figure 4.

[0037] Subsystems 30a and 30b are not shown in this illustration, however, the state
transitions 1, 2 and 3 are illustrated between states 22 and 24, 24 and: 26, and 26 and 26,
respectively, as before. State machine 40 has been augmented with additional states, 32
and 34, and transitions from states 22, 24, and 26 that are timeout dependent, rather than
input dependent. In executing this state machine, an input that stalls at state 22 for more
than 30 seconds will cause a transition to state 32 to occur. Likewise; an input that stalls at
state 24 for more than 20 seconds will cause a transition to state 32 to occur. Similarly, an
input that stalls in state 26 for more than 30 seconds will cause a transition to state 34 to

occur, and a subsequent input of “3,” would cause a transition to the final state, 28. Thus in




input that stalls in state 26 for nore than 30 seconds will cause a
transition to state 34 to occur, and a subsequent input of "3," would
cause a transition to the final state, 28. Thus in WO 2007/008814

PCT/ US2006/ 026755 14 the latter case it is shown that error transitions
need not V200798814 but nay be used as an exception PEHUS200P26ASEhani sm f or
del ayed input. In general the presedt invention contenplates and provides
the use of state nachines having many different tineout actions, including
transitions without reading input, transitions to an explicit state, or
transitions to "all states”. [0038] Prioritized Transitions: A further
enbodi nent of the present invention allows a state machine's transition
function to accept conditions, rather than explicit characters, as the
input that notivates a state change. For exanple, consider the state

machi ne, 50 shown, .i#oFi ure 5. In this case, _the condition of a sensed
t enper dpglptergaseit is showp that qriox fransitiogs peed nppbe fyml, byt may by wsad agant han 32) wi |l |

cause t : ach make. a transition fromthe, initial state 52,
to the egg%r%gh&gtﬁggpl S F?ag\%%oftﬁp%etlgf ‘gm_gﬁt' geggr.al '?‘66‘?@‘1’“ RYU8wn in Figure 6,
the pregglinplaféand pRRidesihe @&éﬂ_sﬁfe%dcﬁﬁe@h%ﬁ'mﬂxyﬁé}&ﬂ 'tifhtel)\gt 2fidlse machine
for which a particular transition is unclear. For exanple, in state

machi nen@@itgtrimsitionslivithan seatiny idpet, transitichls FLdr XPRELSALY, .or Thiitions to t he
transition condition frominitial state 62 to state 64 (T greater than
100) mapllp@tefue at the same tinme that the transition condition from

initial te 62.t0.state .66 (hum.dity ( reater than 85% is also true.
To hanolf)@@uch é‘i“ﬂ}&?ﬁs iﬁé‘?lt‘?‘ﬁ'eﬂgfrg@éﬂgb%%@gf’(f@ﬁ PESFO W eRtins AllpWhsi ti on
functi L : t it .SCr L1ofiti uch that an
Ssi t uat ?dg F\attﬁ\l %I?éégh&&tgi\%ﬁg?ﬂ%rtgg%gﬁ& ??c?{cl)ﬁfsé %?hgr {s?)iaﬁrr%{ptl lélltl g%ﬁu@scl%rs’ta? ue can )l;e

det er mthd igputGRat yotiveeoOh wed chanBe. LFMR ex S RBhsidRY BiFRLE midAfhels0ARSIA I On from
state 62 to 64 could be given the higher priority, while the transition

f r om stimFiguse@St b thisaase, 86 comiition of e sgpisedtempératutaiive. T bast than byyequahoul d t he
state 32° or T greater than 32°) will cause the state machine 50 to make a transition from the
initial state 52, to‘the appropriate follow-on state 54 or 56.
[0039] As shown in Figure 6, the present invention can also provide a non-
deterministic state machine for which a particular transition is unclear. For example, in
state machine 60 both conditions may be true simultaneously. That is, the transition
condition from initial state 62 to state 64 (T greater than 100°) may be true at the same time
that the transition condition from initial state 62 to state 66 (humidity (H) greater than
85%) is also true. To handle such situations, the present invention allows the transition
function to be further augmented with discrete priorities, such that any situation in which
two or more conditions are simultaneously true can be deterministically resolved. In the
present example, the transition from state 62 to 64 could be given the higher priority, while
the transition from state 62 to state 66 could be given the lower priority. Should the state
machine 60 arrive at state 62 with both conditions true, it would transition to state 62 based
on the higher priority.
[0040] Thus the present invention provides a processing system that includes a state

machine, defined by a plurality of states and event-dependent transitions therebetween, and




machi ne 60 arrive at state 62 with both conditions true, it would
transition to state 62 based on the higher priority. [0040] Thus the
present invention provides a processing systemthat includes a state

machi ne, defined by a plurality of states and event-dependent transitions

t her ebet Wee2907/@8814 WO 2007/ 008814 PCTI US2006/ 026755 RGI/6s20061026958NCE engi ne
configured to permt inference of tlhe likely conpletion of one or nore

m ssed event inputs to the state nachine from observations of successful
conpl etions of one or nore other events out-of-order. The inference engine
thus allows the state machine to proceed fromits current state to a new
state associated with the conpletion of the out-of- order event(s), even in
t he absence of m ssed event inputs. Wiere those m ssed inputs are |ater
received t he inference engi ne may be configured to vaIidate its inferences

. e. d h 0041
Ref er rf néﬁtmn%ge“r tee&?%%&%{eﬂﬁ,? intf glhg h% OB'&P ?f’f? %gw%ﬁ’?hl 'E ect u]r e
for a REOCEIR iRtSHIhERE %Em%&ﬂ ob&r@ﬁ&%r&%t% smﬁc Er?ong 'agse”t

invention, the inference engine 70 and state MBChI Ne e defined

t hr ougbneanrmm othat et o6t-oftbrded. The infarendl cARE @ik alk@y the sthie rfamay t hat
permts a system designed to specify the various states, transition
event sto rirerieed Bormatscutreny statette a ngw etatstasgoeiated otithrike Gnphaipn iofithe wueoft i meout
means SSOCi ed vvlttH%one or mpre of its states, which tinmeout nmeans can

cause PHE SF absprpeof missed VG 1BRILS GWhere hosg missed i BT pi ration of
a timef afleﬁpé%eiggc{ Iy 19@:55119&%\{&? bebi %}téﬁov el 1[%t reP%esz eC} fied event

i nput . € nac al’'so be con ure east one
transi tdngputddsntd iraRitdas) iR et oRMnd@ MRer&ithIor € event conditions, rather than an
explicit ‘event occurrence. Such event conditions nay have prioritized

t ransi f00é1l f un®Refenmsg todtighre Mewhitiatllastratesh pagialrsofivaes adnfectgrerfeda t o transiti on
froma current state to one or nore subsequent states according to the

t r ansf BOCTSEIAS BYSLID ernfigigd in acemrwnse Withitls prespnt iavegtion, ithe ipfszrace
engine 70 and state machine 72 may be defined through a user interface 74 (e.g., a

graphical user interface) that permits a system designed to specify the various states,
transition events, inference rules, etc. The state machine 72 may include timeout means
associated with one or more of its states, which timeout means can cause the state machine
to transition designated states upon expiration of a timeframe defining the timeout prior to
receipt of a specified event input. The state machine 72 may also be configured with at
least one transition function defined by one or more event conditions, rather than an
explicit event occurrence. Such event conditions may have prioritized transition functions
and the state machine may be configured to transition from a current state to one or more
subsequent states according to the transfer function having a highest priority (e.g., in cases
where more than one event conditions is true at a time when a state transition is to occur).

[0042] Thus, an extended state machine that makes use of an inference engine as the

infrastructure for adding inferential capabilities to the state machine's execution has been
described. Although discussed with reference to certain illustrated examples, however, the

scope of this invention should only be measured in terms of the following claims.




where nore than one event conditions is true at a tinme when a state
transition is to occur). [00421 Thus, an extended state machi ne that makes
use of an inference engine as the infrastructure for adding inferenti al
capabilities to the state nmachine's exaeuti on has been described. Although
di scussed vithhjeference to certain illustrated exanples, however, the
scope of this invention should only be neasured in terns of the follow ng
claims. 16 wCLAINR.Mhat is claimed is: 1. A processing systemfor providing
| ogi ¢ states, conprising: one or nore subsystens for providing input data
derived fromcorr, LK e L..conponents; a conputer in
connunicat?bn mﬁfﬁﬁgﬁgggﬁgw%?aﬁgﬁgh@%%§V§%%ﬁ%B§%g&bonfigured to provide
ordered initial, internmediate, and later |logic states based on

correspondi ng i Nighd & more 's%%ﬁeﬂﬁ%@ﬁr@vidiﬁ’%]gp&t%ﬁrdelli\r@:_g%np%@spkﬂir%eonre%?e' ved
in order fromthe subsystens; and an I ntference engine in comunication with
t he conput gforé@dkebnGoshipgiehe@d t 0 cause the conputer to directly transition
fromproviding the initial logic state to providing the later logic state
in the absence of the internediate i nput datum being received by the
conputer. 2. A paaospsérng Smsgtatiac oehdhdgnet @ @braistbsgstemshimti ebiifigfee to
inference engine is further configured to validate its inference upon

| at er receippdvidsforfdial infitakrinrerdiedibtte andplater thgic ustates 3.baskd pmo@eswpmiiingsingiabm
according to claim1l, wherein the conputer is further configured wth at

| east one tintpsditeradlater Bay deth iatbe eeosiied ip ¢rdes fipmthesvhsiteaseanfiogi ¢ state, the
ti meout neans configured to cause the conputer to directly transition from
providing the initial logic state to providing the later |logic state upon
expi ration of a R FEFFISFHENSHSTT AYRBRO{CAEONt Withe!Bh comprighandfapfiguisd ¢ pasateence of

the internedi ate i ut. dat um hei ng recej ved. the conputer. ) i
e cbost g Rt ARty SR Bopm i thy reeEbet e C BT e e g s

confi gured sEa?e in the absence of the intermediate input datum being received by the computer.

2. A processing system according to claim 1, wherein the inference engine is further

configured to validate its inference upon later receipt of the intermediate input datum.

3. A processing system according to claim 1, wherein the computer is further configured
with at least one timeout means associated with its intermediate logic state, the timeout means
configured to cause the computer to directly transition from providing the initial logic state to
providing the later logic state upon expiration of a timeframe defining the timeout means and in

the absence of the intermediate input datum being received by the computer.

4. A processing system according to claim 1, wherein the computer is further configured to
provide one or more of the initial, intermediate, and later logic states based on one or more

conditions.

5. A processing system according to claim 4, wherein the conditions comprise event

occurrences.




provi de one or nore of the initial, internediate, and later |ogic states

based on one or nore conditions. 5. A processing systemaccording to claim

4, wherein the conditions conprise event occurrences. 17 6. A processing

system according to claim4, wherein aiplurality of conditions exist, and

the plurality of ,conditions are Bri ritized in grper ta dq}ernin@ t he | ogic
p ot conditions exis

state provided by FHESTESHKTT arordipe oyclaiin 3. whergin, & PRUALLYCLOMNODHPG S ¢l ai m

1, wherein i L engl auses ook O Al - nsition
From pr ovi gt o SR af L BRIl R el e Toak ol pEF ot 88731 ot e
using an itghald;ve process based on the inference engine nonitoring the
received initiral input data and the received |later input data. 8 A
processi ng system according to claim1, wherein the inference engine is

configured 10 causBcckdty Ghtbi GbcobdidNs i dai@N, Qhertih @heCRIFRMELENgIE QBAsEY BV di Ng
the initial logic state to providing the later logic state in response to
a query by campli¢ran dir¢veg lrbis@ion from @rRavitixigtad indial kit ktate he poriding sigi 1ngr logiy st em

9. A processing systemaccording to claim@8, wherein the inference engi ne

i s confi gursat wing ac pargee ploeesdbasalon theriafrsnde ienginegfonttdring dlerrpagived initigl ingpt

conput er-readabl e instructions provided to the client nmachine in response
to t he querdptaandyhe weanied fp¢seinpt dpfp-ovi di ng | ogi ¢ states, the method
conprising: providing one or nore external conponents configured to orderly
generate initial, internediate, and later input data corresponding to
ordered firlst, sECBHESHASIRAcePrdingip claist hinbereighednferensrngingris copfiguesdjp ng t he

initial input qgt by the c uter; providin first logic state with the
comput or - DASER i EREU0Bio) Bl e B Pt i Tosic JAE fo SOk e
later logic state in response to a query by a client machine in communication with the processing

system.

9. A processing system according to claim 8, wherein the inference engine is configured to
cause the direct transition of the computer using computer-readable instructions provided to the

client machine in response to the query.
10. A method of providing logic states, the method comprising:

providing one or more external components configured to orderly generate initial,
intermediate, and later input data corresponding to ordered first, second and third logic states of a

computer;
receiving the initial input data by the computer;

providing a first logic state with the computer based on the received initial input data;

receiving the later input data by the computer;




receiving the later input data by the conputer; 18 inferring the third

| ogic state froman out-or-order receipt of the later input data follow ng
the receipt of the initial input data by the conputer, and in the absence
of the internediate input datum beinggeceived by the conputer; and
providing the third logic sfate with the conputer by directly .transitionin
fromthe first (Hgiee g’f’atf“édt ﬁ’é‘ct Ye {Rinr ?‘5’3}? rdey rﬁf%’t t?ﬁsdéedEab% ‘?ﬂ‘fégata ]
i nf erence. A nethod aecordi.ng. t i 0, further.c (.si.n

val dat§ ng Theife FE SR, 86 S8 MalPibR GLOB b Copbile, B CREREISICS me
datum by t s . e - i o claim10, wherein

provi di ng Pﬁ%‘%’?ﬁ?gﬁl‘(‘:’ﬁé‘@?’% bgflga{ggé%g?){ ﬁggﬂ"g{éﬁg?‘% ses providing the third

|l ogic state by directly transitioning fromthe first logic state to the
third logic stat ﬁmbgaﬁ,@%eqmré]bﬁc Lt QAR e Rompifikr by a8y «RASSHEn LR the Ii@AST ONE
ti meout neans associated wth the conputer's second |logic state, the

ti meout neapsc GedbingukiRdodiOstRaBaSA oh bR if@t er to directly transition from
providing the initial logic state to providing the |ater |ogic state upon
expiration of a tinmeframe defining the tineout neans and in the absence of
t he i nternadi at e Al A@ktd ac@ading o bleiny, fueibe icotedisiay villdeting chepinferetice upd lafer met hod
according to claim 10, the nethod further conprising providing one or nore
of the fir steeipsefcionaemmediathinpd drtoygibg tscapmer.based on one or nore conditions.
14. A nmethod according to claim13, wherein the conditions conprise event
occurrences. 15. A nethod according to claim13, wherein a plurality of
condi tions 1@xi st A antiod decordinghiodelaimyl®; heremoprpyifiisg shepthirg rlpgi¢ statggfugthes
plurality of conditions to determ ne which of the one or nore first,
second or tRMPERes ygYiding thy thind logic satoby desetly trpsitioningdiopghe ECigsieMAE 12 Becl ai m
10, wherein provi di ng the hhj fd | og gl Ft%te b{g gi rectly transitioning from
the first |“65‘Ef1r loei plafp Basp,on HeM{erfned ™S BPE arL LAt iRY o WheorHB P htrElft e
conpri ses  &fphoul AN LL 8L Y&e AROREST: RAREthoRRurlPB! GRE iohPfie §CCI Ved
initial inpu at@hana” t1er ederve

directly transition from providing the initial logic state to providing the later logic state upon
expiration of a timeframe defining the timeout means and in the absence of the intermediate input

datum being received by the computer.

13. A method according to claim 10, the method further comprising providing one or more

of the first, second or third logic states based on one or more conditions.
14. A method according to claim 13, wherein the conditions comprise event occurrences.

15. A method according to claim 13, wherein a plurality of conditions exist, and the method
further comprises prioritizing the plurality of conditions to determine which of the one or more

first, second or third logic states is provided.

16. A method according to claim 10, wherein providing the third logic state by directly

transitioning from the first logic state to the third logic state based on the inference comprises

employing an iterative process based on monitoring the received initial input date and the received

later input data.
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third logic state occurs in response to a query by a client machine.

18. A method according to claim 17, wherein inferring the third logic state and providing the
third logic state occurs using computer-readable instructions provided to the client machine in

response to the query.




