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and nethod of operation. 5 BACKGROUND CF THE .| NVENTI ON Pl anning is

essential to al nost any endeavor. 1In a net wor k conprising a nunber of

el enents, proper planning can optim ze the operation of the el enents, -both
on an 10 i ndi vi dual basis and a collective (i.e, network) basis. In the
past, the process for deriving a suitable network plan could be

pai nstakingly difficult. I n nost cases, certain restrictions,
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electronic systems, and more particularly to a system for
optimizing a network plan and method of operation.
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Planning is essential to almost any endeavor. In a
network comprising a number of elements, proper planning
can optimize the operation of the elements, bbth on an

10 . individual basis and a collective (i.e, network) basis.

In the past, the process for deriving a suitable
network plan could be painstakingly difficult. In most
cases, certain restrictions, limitations, or other
constraints on the operation or function of a network had

15 to be taken into account. When a version of a network plan
violated one or more of such constraints, that version was
generally modified or chanéed in order to eliminate or
resolve the violations. However, if the elements within a
network interacted, any resolution taken to remedy the

20 violation of one constraint could cause another constraint
to be violated. Because it was difficult to determine how
a specific change would impact or effect a version of a
network plan, a network plan often had to be modified a
great number of times before a suitable version was

25 . derived.

Furthermore, when a network is opérated, ‘bottlenecks”
may arise such that optimized operation is not realized.



network that hinders. or inpedes other parts of the network. A though it is
desirable to identify these bottl enecks, previous systens and techni ques

were not -.able to do so in 5 a satisfactory manner. SUMVMARY OF THE
| NVENTI ONW® 983636t dance with the present invention, a’syst FVe¥BEHPni zi ng
a network plan and nethod of operation are 10 provi ded t hat

substantially reduce or elimnate problens and di sadvant ages associ at ed
with prior techniques. According to one enBodi nent of the present -
i nvention, a systemis provided for optim zing a network pl aP. ~ The syftemk
I ncludes a nenor which _,stores information 15 speci fyi ng -a networ
plan, a pluralitP §Bﬁ§1’-ﬁéFﬁf‘-§,}’fan§| &’%tdredleiqky 6ANi nber &Y opart of a
coefficients. Earftworketaati ﬁﬂnﬁ@?%f%ﬁlﬂﬁ%ehdé&rd&ﬁo%%ﬁ]st ®f (r)&gl(rgt ELO%IEEIu?JSrk.
constraint. LOCessor. i s co ed 1t he nenory. e pr S
operabl e to det érlgﬁkf?@%efﬁer"st h‘gg?ﬁe‘f % EPar?-‘i;lDrtﬁ/’aftYestEﬁ%_z@Ott_le@F%
constraints, nogirfeyicve rmtstens FEHah teclutilpies oveLEOhYE ab¥eokat don sef igny
constraintg, andupdate &@Hf%&%@@;{‘g interaction coefficient in order to
f%he net wor k pl-

reflect an inpact upon 't an caused by the resolution of a
violation. 25 According ‘to another enbodinent of the present

invention, a sy$iuMMaRY g@ﬂﬁgﬁ&rﬁm m zi ng a network pl an. The system
includes a nenory operable tQ store rnformation specifying a network plan,
a plurality of constr& AESOTERRCE Witk aFhe prssant empenitdoncosr Bysitem £0r30
each int eracLi oEpctqafﬂzinigenh Criétf@ﬁ:ﬂ@l ngﬂ'&% t@ncﬂ’arn%éﬁ:gi&cﬁ;ﬁg?;@éé@éﬂ%%eaée
constrai checker i s operaple to.acces . _

const r ai ?%E) chegfgﬁrr{%%:)&daléa%eglég’ﬁpﬁﬂgl%i?h@te%f‘ﬁ@ r%’fm%?kmbPaFl_evPé'Pétlé@s
any of the consend disadkantsglesersmudilateds wdpdy gtior aaiigicat e 35

with the constraint gheckas o0yl §ne dB8aiREQLVEE ER%“%%esen i%%é%gig%,
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a system is provided for optimizing a network plan. The
system includes a memory which stores information

15 specifying a network plan, a plurality of constraints, and
a plurality of interaction coefficients. Each interaction
coefficient corresponds to particular constraint. A
processor is coupled to the memory. The processor is

operable to determine whether the network plan violates any

20 of the constraints, modify the network plan in order to
resolve a violation of any constraint, and update a
corresponding interaction coefficient in order to reflect
an impact upon the network plan caused by the resolution of
a violation.

25 According to another .embodiment of the present
invention, a system is provided for optimizing a network
plan. The system includes a memory operable to store
information specifying a network plan, a plurality of
constraints, and a plurality of interaction coefficients,

30 . each interaction coefficient corresponding to particular
constraint. A constraint checker wmodule is operable to
access the memory. The - constraint checker module

determines whether the network plan violates any of the
constraints. A resolver module is operable to communicate
35 with the constraint checker module. The resolver module



3 can nodify the network plan in order to resolve a violation of any
constraint. The resolver nodule is also operable to update a cor respondi ng

i nteracti- q,pﬂgg,gg ocient in order to reflect an inpact upon pé&guRsE®K pl an
caused by -t resolution of a violation. According to yet another

enbodi nent of the present invention, a nethod is provided for optimzing a
network plan. The nethod includes the follqQwi ng steps: receiving

i nformati on specifying a network plan, a plurality of 10 constraints,
and a plurality of interaction coefficients, each i nt eraction coefficient

correspond g ! &Pl AL NEORSLRBER" p1 88! .ngl”ﬁ% e m%%w & NPLYPLE; ion

plan viol ates any o constraints an in or
to resolve a vi ¢fa@ngn C@Fls’écﬁ?lé'énst'rbﬁn’{es@ eex peedu ey is 165180 operable- tO

correspondi Ng i RiRAaRE! i20RceRsbonida Ry 'ﬂhﬂ@ﬁkﬂtfdhrégéfficfghﬁr@@Q$r&@Pnto
t he network plan Cﬁused %t he resol ution of a violation. A techni cal

advantage of thé& VEPRRSN |u|P(9%dE§eprrkﬁF"fﬂ§’\‘g Bhenorcakfed by the

i nteracti en coefddsylerdion HF a vildkeseidmi eraction coeffi ci ents are each

associated with a partlculcilr co straltnt uggg the at| n ctlon of a
network. Each interaftq%H 8| ettt c&h eﬁmﬁ C{’p ea PESSTRE
of past experi engeentsion esal mengod visolmtowided foe optﬁ.mipdm@ g network

constraint in a Wor 5 I ther r t he i nt i.on
coefficients ref{lgt& tﬁgél gg}:rl?gg g"ecél\‘/ldoe% %e \/\/efg#irog"glo tsti];o sS of 1%:?&% i
constrai nt 'vi ol dmifermatiocrhe specdfydniconac ot twerlentslam.e asenluuaﬂmtyal ofe

the consiy@erati QpfHMeN dts Vaéﬁc@ué meka&aeps off ﬁ%&lar@alraﬁ dhefe [CIUREK

pl an. In this.30 manner vi.ol ations variopus constraints

can be af f or ded S&5H ob??%’c’%c‘&b‘ﬂ’él &&%tﬂ%%$%$m%@l{lﬁe ERe tRIF ki G bt
so that progressdrstmdmt Oovddte Aii0Phd Rhephag. theFWettWrﬂ@r;ﬂan a@léi’@tes

ot erect! on ooLLP LRt BoPARL LS, BarEBlhs ine LT BELRV seaer
i ncr ease. to resolve a violation of any constraint; and updating a
15 corresponding interaction coefficient in order to reflect
an impact upon the network plan caused by the resolution of

a violation.
A technical advantage of the present invention
includes providing one or more interaction coefficients.
20 These interaction coefficients are each associated with a
particular constraint upon the operation or function of a
network. Each interaction coefficient can be modified to
provide a measure of past experience when resolving a
violation of the corresponding constraint in a network
25 plan. In other words, these interaction coefficients
reflect the learned behavior between resolutions of various
constraint violations. The interaction coefficients are
used to normalize the consideration given to wvarious
violations of constraints in a network plan. In this
30 - manner, the' violations of various constraints can be
afforded appropriate consideration when wmodifying the
network plan so that progress is made toward an optimal
plan. Furthermore, as the interaction coefficients are
modified to reflect 1learned behavior, coefficients
35 associated with bottlenecks in the network will increase.
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bottleneck in the operation of a network may be identified by a i
particularly large interaction coefficient. CQther inportant technical

advant ageé’vé%‘"@ dily apparent to one skilled in the-art fRGHI¥HE2779
following figures, 5 description, and clainms. BRI EF DESCR PTI ON OF THE
DRAW NGS For a nore conpl ete understandi ng of, the present invention and for
further features and advantages, 10 refderence is now nade to the _
foll owi ng description taken in conjunction with the acconpanyi ng draw ngs,
in which: FIGURE 1 illustrates a block diagramof a network and a -plan for

its operation; Rl GoREtieneckst iat eshe nopesatdbngr ofpi ags neftwbrk may be

constraints that ; HNPKS. r.atj.o .net wor ewn.in
FIGURE 1: FI GJRI%dEBi!IlIE_SS?ra efq% P bc‘il%lgflg?hlgjgf @Eﬁggégﬁﬁ@r Q\&%segjsﬁig%]e%r
optimzing a ne F HRertadtortfshpicrhradvantigent ave raadplysepparent

I nvention; and 28 one kSkilll.SLleaJRE'lélﬁg& aa{_»{:ovhcg}@mr)gggf @c{!l. Lt eagrxgggtﬁ?9d
for optinkzing net wo an, .accordi ng to an enbodi ment o

nvention> DETAPEEBTDRECRPPTRER EREHIE | \VENTI O 25 The preferred
enbodi ment. .of the present invention and its advantages are best understood
by referring togkhk&k L4 R Ohh dr.aw ngs ke nuneral s used for |ike
and correspondi ng parts G e various d > Turni ng first to t he
nomencl ature  of Fhe 3@ morespeompilesei onndehstardingedofiestrd ppresent
whi ch fol | ows | gnyeRtessnt ehd argely Ef1REI Godiignesses,@nd aynbelic,,
representations_of operatjons performed by conventional coipute .
component®, suckeierancents 1o mades fionghenifeliowbny) descpiptaesotaken in
associ ated w t hcenganet fbnpwiPRASehd5accompAAPHHE’ dS¥Sh &ds , MBID kA 1HQAr age

devices for the ProcePalke 1 illustrates a block diagram of a network and
' a plan for its operation; '

FIGURE 2 illustrates a number of groupings of
15 constraints that may be imposed upon the operation of the
network shown in FIGURE 1;

FIGURE 3 illustrates a block diagram of an exemplary
system for optimizing a network plan, according to an
embodiment of the present invention; and )

20 FIGURE 4 is a flow chart of an exemplary method for
optimizing a network plan, according to an embodiment of
the present invention. '

DETAILED DESCRIPTION OF THE INVENTION

25 _ The preferred embodiment. of the present invention and
| its advéntages are best understood by referring to FIGURES
1-4 of the drawings, like numerals used for 1like and
corresponding parts of the various drawings.
Turning first to the nomenclature of the
30 specification, the detailed description which follows is
represented largely in terms of processes and symbolic
representations of operations performed by conventional
computer components, such as a central processing unit
(“CPU") or processor associated with- a generdl purpose
35 computer system, memory storage de_vices for the processor,
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connected pixel-oriented display devices. These operations include
the manip f data bits by the processor and the mai neRaResPhet hese
bits mnthﬁhﬁﬂgggygtructures resident in one or nore of the nmenory gtorage 5
devi ces. Such data structures inpose a physical organization upon
the collection of data bits stored within conputer nmenory and represent
specific electrical or nagnetic el enents. these synbolic representat|0ﬂs
are the neans used by those skilled in the art of conputer 10

progranm ng and conputer ruction to,nost .effectively.conve teac

and di scoveries &9 otﬁ@?gegg?%le81¥ﬁTtﬁ515PEEdFoﬁ158h ¥seSEE L CFR- Thate

di scussi on, a progesatiomshdecluas |tiee maniphlaamumnbfsdgeaemﬂda/by the
const dered tP, "pPodgagor, BRSNS RhiBOIRULEL APCUAEDL SRS, |GAdIY. K8
desired result. egse steps genera require mani &tions o

quantities. Ussnaruytuaeshm@@;dwt rvete@@tarbrymomazesef oﬂmtmem@wt akerabe
formof elgctri C&Jmealnet | C, 59EH OPda¢3l Sétgf@ééufé‘é’abh% %fsebe'£'9 §h9§§@al
transferred, 20 nmbi ned, conpared, . or otherw.se

i s conventi onal @€$a$¥%ﬁﬁ9Qﬂ04HQ§th¢ el 1ect ipy Péf@Ftﬁob%ﬁés§t§F§ﬁaW§tH§n

‘bits, values, e'@HHﬁhﬁerSWﬂEﬂb?zy caaaact:epseséﬁxgt shBEREicnuBheESrical or
records flles or the Ii in mnd, however, that

f sﬂguld be keg
these and sone OPREREDEC elements RF SPEOoLiSoERRYEFenRFRONS are the
appropri ate physeaak quaetil tbes tﬂmsseorajmblecbpexrrat ithes, aand lfat cbhpaeer
terns ar rely. t a | q
exist wt ?ﬁ andpgﬁg ng&g ra Fo% %ﬁnﬁ%@lg%%g%ﬁgﬁﬂ%gﬁ?aéo H8§E %F%gﬁk
al so be under stomlnvm t#anihpug@t iaavds ddisduvenies conpothersrekdlied in the
referred to in tgeps such as adding, conparing, noving, or the like, which
are often associ ated . ) _

For purposes of this discussion, a process, method,

routine, or sub-routine is generally considered to be a

15 sequence of computer-executed steps leading to a desired
result. These steps generally require manipulations of
physical quantities. Usually, although not necessarily,

these quantities take the form of electrical, magnetic, or
optical signals capable of being stored, transferred,

20 combined, compared, or otherwise manipulated. It is

' conventional for those skilled in the art to refer to these
signals as bits, wvalues, elements, symbols, characters,
text, terms, numbers, records, files, or the like. It
should be kept in mind, however, that these and some other

25 terms should be associated with appropriate physical
quantities for computer operations, and that these terms
are merely conventional labels applied to physical
quantities that exist within and during operation of the
computer. .

30 It should also be understood that manipulations within
the computer are often referred to in terms such as adding,
comparing, moving, or the like, which are often associated
with manual operations performed by a human operator. It
must be wunderstood that no involvement of "the human

35 operator may be necessary, or even desirable, in the



wi th manual operations perfornmed by a human operator. It nust be understood
that no invol venent of the human 35 operator may be necessary, or even
desirable, in the WO 98/ 36369

PCT/ US98/ WOBBS6®9pr esent i nvention.  The operations ‘descr PEEYSHRET, are
machi ne operations perfornmed in conjunction with a human operator or user
that interacts with the conputer or conputers. 5 In addition, it
should be understood that the progranss processes, nethods, and the

| i ke, described herein are but an exanple of one inplenentation of the
present invention and are not related or limted to any particul ar

conput er, appar presensr ognition| anfheyeopevationRadiescribed dwereipesrsf

general purposenCappibl RHSTBIRINES HKredaedesn TRRIuRe L6 Arith 18 human
prograns constructed in accordance wth the teachi'ngs descri bed herein.

Simlarly, it nBPepREPE agfartsReofdiato 4BRSERGEE avkblciHhe z &P BYT&ETat 8
to performthe gBipadegkeps described herein by 15 way of dedicated

conput er systens wth hardw.red | ogi,c praqgr tored in non-volati|e
nenory, sgch as readEBnI ?g%ﬁﬁl"f/"( . %&P&El ?FgenoW‘#%rf‘ﬁ%O%r ag}‘ﬁbs, the
FIGURE 1 ill ust pabgzraamsnet ppokeibeand mephads2? dmd tdiee | ldkeper desoribed
Network 10 20 ri.ses pl_yral I S.12- l;ch

oper at ed i ndi vi gﬁgﬁﬁ?/&paénzs i%ﬁt(::or%{ n%%léaé%% %I'f‘gpg@%(arlréﬁé,%’%ﬁe t%rl% O&Qagﬁge
a power - gener at prgseati linventiipnhard sxse msitenestatdd- 0@ neyniderigeany
various machi nepLesqu,883 éeﬁ{aué;\@rpowsgﬁg%a%@t,orar heaaggaér PeWREubbEeS,

mechani cal 25 controls, etc., and h n resources, su as operators
for the LfcilitRathABt hERreREPTERSE Rft WSNETEd RHFPBECaCOURRLy NEhBRFNEES
delivering prodget sdé9ideBUnhgy Obe CANSSHERMELH N pPridigs-a@ids € coplstriicedl 2130
can be one or ot Laeh oLl £ Ynd WA M oLDSHRACHEEES h A i tar 1y,
it may prove advantageous to construct a specialized
apparatus to perform the method steps described herein by
15 way of dedicated computer systems with hardwired 1logic
programs stored in non-volatile memory, such as read-only
‘memory (ROM) .
Referring now to the drawings, FIGURE 1 illustrates a
network 10 and a plan 22 for the its operation. Network 10
20 comprises a plurality of elements 12-20, which can be
operated individually and in combination. For example,
network 10 can be a power-generating facility, in which
case elements 12-20 may comprise various machine resources,
such as power generators, housings, power lines, mechanical
25 controls, étc., and human resources, such as operators for
the facility. Another exemplary network 10 may be a supply
chain for delivering products to a number of consumers. In
this case, elements 12-20 can be one or more factories for
manufacturing the products, ény manufacturing equipment
30 ' within such factories, warehouse facilities for sﬁoring
finished products, distribution facilities, and human
resources working in any of the above.
Elements 12-20 interact during the operation of
network 10. Interaction is generally defined as any type
35 of action which may be taken within, on, or with respect to



30 within such factories, warehouse facilities for storing finished
products, .distribution facilities, Snd hunaﬂ resources mn;king I n any of

t he above s 12-20 interact during the operatiaon o

I nteracti (%glbglgggsner ally defined as any type 3.5 of action IQE d’% may be
taken within, on, or with respect to WD 98/ 36369 _ _
PCT/ US98/ 02779 7 one el enent 12-20 that creates sone type of reaction in at
| east one other elenment 12-20. An exanple of interaction can be the -
creation of additional electromagnetic energy in one or more power |ines

when the speed Qﬁx}é‘ é’.l.%ntﬂ%ﬂ?—rzl? %‘3@ credtied NG c%rﬁé?‘s &8 reaclt:etan §7n at

power -generating facility i Nt eract | on represen
arrows between i %?%C?Pﬁgoéhéﬁeﬁt]@mel}ﬂ 2@-@0 -netAoréxanple ¢f ishewaction

el ement 12 i nt e¥acise WHe cleRFBBHS o¥.4adé§t16ﬂgl 1§leét:!‘5’di‘é et £& egﬁgi'%%d'ln

interacts with elenents 12, 16, lg é El ement I nt
with el enents 1278 PT FQFSFOWeE PrBﬁF yhex, EBel ?ﬂ?%?%c‘?% av@@%eél%aﬁrgtor

12, 14, =mnd ZQ.S irfdrenmeid 120 & rpcﬁ{aag%mﬁatmg:mﬂﬂéyl 161n?PﬂGﬁ1?E 1'}1
can be seen, v, n el enent necessarl interact wi
all other el erre teéﬁaé'g%n E% "SEARNES éf ekPPénFrfgwa etwefdbsiRberacting
interact with elsismnts, lhdel @rfenheﬁ@om‘keslﬂot | (Heer abiown, t heebﬁngﬁlﬁt i2.
Net wor k pl an 22 t 2n r et wo

Typi cal | 5 it |2{ |rab%ﬁh{ %tlcon |gufie ne]1 %chlgé gL'QBeYJr\%? c%]r?‘a?ﬂt
goals for the 234 lnt@f?é\catﬁ o oY edemante 1@ arks net8, dwi 2XanpEkemene 16
goal in agproduGtintdatdites YwstRPEYemBALE ABY be mé‘x? 2bN9 tliﬂ‘aen{er}.t ’Eé’ré(lso

stored in various warehouses, .whil e naintaining i clent 1 nven
meet unexpect ed ‘JErRARETS THGER 2 ehemfBte plan 2§4fora%@|ct¥°suppl ‘§1§manﬁ 20

shoul d specify mnt&actsowitnablaméhe@ afs ,priglucdsdt esbe war eheissd. sedf,

addi tion, net\/\orhlgv%vaer} 221:1{313 tnb@xg k e e%g%gunt V%rol Onuescecsosnaszt{ﬂl' nJt.r?teract

with all other elements 12-20. For example, element 18

15 does not interact with element 16, and element 20 does not
interact with element 12. |

Network plan 22 provides a strategy or plan for

operating network 10. Typically, it is desirable to

configure network plan 22 so that certain goals for the

20 operation of network 10 are met. For example, one goal in

a product delivery supply chain may be minimizing the

inventory stored in various warehouses, while maintaining

sufficient inventory to meet unexpected demand. Thus, a

network plan 22 for such supply chain should specify an

25 optimal number of products to be warehoused. In addition,

network plan 22 must take into account various constraints

to which the operation or function of network 10 may be

subject. In a supply chain, constraints include such
things as limitations of capacity, material availability,
30 'equipment operation; and due date of shipments. For

example, a constraint may require that products be shipped
within seven working days after an order for such products
is received. As another example, a constraint may provide
that a particular piece of equipment, such as' a boiler,
35 cannot be operated at a temperature higher than 500°C. As



to which the operation or function of network 10 nmay be subj ect. In a
supply chain, constraints include such things as limtations of capacity,
mat eri.al. availability, 30 equi prent  operation, and due dat

shi pment sWO98/363¢2 exanpl e, a constraint may require that MSEG@%"@“’%’

shi pped within seven working days after an order for such products is
received. As another exanple, a constraint nmay provide that a particul ar
pi ece .of equi pment, such as a boiler, 35 8 cannot be operated at a _
tenperature higher than 500[err]C  As W98/ 36369

PCT/ US98/ 02779 8 yet another exa a constraint, may provide t
operators of he¥ey nBBREREFy §Féggﬁﬁy aﬂ<mﬁ9?%§¥4&ﬂQ<zﬂ?YmnF§°$%$ e wokhat

week. Accor di ngopérblﬁarﬁrQifeﬂieav‘})rlaﬁ&dﬁnef}heaﬁ@n&hﬂgl I&U.S.dw‘ﬁﬂ)aﬁd Wl 40
network 10 nmay be separate

g w %Eyarl us %Bh as d#scgssg . bel ow
in nore detail Pﬁsrgﬁgrgﬁf 8%5 Bt RBFREPE ah™ B bl o

be confi gured tbhaeebnstkaahtshammﬂﬁedfupomhaebwerhta®nmﬁyrhﬁwsepaiﬁted

whi | e not V|oIa i 0L s u

operatlon %h@g %@%1%55 gﬁnﬁﬁﬂbéég & gagpagsgdvg@ggﬁgqg%ﬁg ?%jﬁ?taé%d

goal s may be atwgubsrﬁﬁ@heéﬁé 8A0FREPREs@ch an ideal network pl an cannot be
achi eved. For these Qééﬁily'tnb%w%%ﬂ'ﬁ¥¥ﬁ3§2)wBﬁﬁd“E§ Les DyaPes 9& feats

met by network plan 22 while mnimzing the nupber of constraints

violated. The P+ocREstRR R31TikRr stRE PR PR %ﬁaﬁngoﬁErépnﬁh%%? not

referred to aeloiabinm Zahyonof th# dd&gdxraitnﬁlojrmﬁés@dl ofboR1 ZaheRANn
process, . petwork y Eonpr se a

| a ma et wor Kk %0 t hat can_be
i mproved*Po redﬁegrﬁﬁéOHUWber Bf @8ﬂ¥trggﬁ?§ V|%?3?¥8rand BF2PREr e¥8E19HS
t he nunber of goehstrnaints |and pmadrbodiynrbet att bddpreijteseneoanothean, optichal

notwork P AN 22a830abe) (SAGKRS, W1 J0UackalBS n£R20,08%! ¥aLUEDELWaRes

nuneri cal representatlon art ar version o
22 achi eves it is desirable to max1mlze the number of goals met by
network plan 22 while minimizing the number of constraints
15 violated. The process of deriving such a network plan is
hereinafter referred to as ‘“optimization.” At the

initiation of an optimization process, network plan 22 may
comprise a plan for network 10 that can be improved to
reduce the number of constraints violated and/or increase |

20 the number of goals met. In one embodiment, the progress
toward an optimal network plan 22 can be tracked by goal
values, each goal value being a numerical representation of
how well a particular version of network plan 22 achieves
the desired goals.

25 For network 10 comprising the plurality of interacting
elements 12-20, the process of optimization is complicated
by the interaction between these various elements. More
specifically, if network plan 22 is modified to eliminate
the violation of some constraint in one element 12~-20, this

30 - wmodification may cause some other constraint to be violated
in another element 12-20. For example, one version of a
network plan may specify that  a turbine should operate at
a particularly high speed in order to deliver the proper
amount of power to users. The specified speed; however,

35 may be in violation of a constraint regarding how fast the



t he desired goals. 25 For network 10 conprising the plurality of
interacting elements 12-20, the process of optinization is conplicated by
the inter tween these various elenents. Mre specijifakésiozrid

net wor k pl éubggﬁpi nodified to elimnate the violation of si(;)dr:re constrai nt
in one element 12-20, this 30 nodi fication may cause sone. ot her
constraint to be violated in another el emer; 12-20. For exanple, one
version of a network plan may specify that “a turbi ne should operate at-a
particularly high speed in order to deliver the proper amount of power-to
users. The spegl p o] el | at f
constraint regar llr%lq'hé 8% SFQ ﬁ%\é%rat\ﬁgs%/%%g%ﬁél veQ's\.{ of %f the néework
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the violation of | RWeT YRR vi ol ati ons are 10
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net-wor k an 22 so that prog ress 1S Ta oward an opti nal network plan
Duri ng the opt i HERTRFE B cste i il e étﬁﬁtdrﬁlddéf Bediias sg@&rlsbefor a
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network plan wil| rease t oal value. . Al 1S
P esdluéions o} J%rlous constraint V1J5atlons Through the

use of interaction coefficients, the violations of various

15 constraints can be afforded appropriate consideration when

modifying network plan 22 so that progress is made toward

an optimal network plan 22. During the optimization

process, the interaction coefficients can be modified so

that the goals are refined and, accordingly, changes to a

20 . network plan will increase the goal value. All of this is
described below in more detail.

FIGURE 2 illustrates a plurality of constrairts 24-38

which may apply to the operation or function of network 10

shown in FIGURE 1. Each constraint 24-38 may be any
25 constraint which is imposed upon or mandated by the
operation or function of network 10. According to the

present invention, each of constraints 24-38 may be grouped

or associated with other constraints 24-38 in .one or more

groupings 40-42. A single constraint can belong to more

30 than one grouping. As shown, grouping 40 comprises

constraints 24, 26, and 28; grouping 42 comprises

~constraints 30 and 32; . and grouping 44 comprises
constraints 28, 34, 36, and 38.

Essentially, each grouping 40-44 is deflned to be any

35 number of constraints 24-38 wherein experiences with one



described below in nore detail. FIGURE 2 illustrates a plurality of
constraints 24-38 which may apply to the operation or function of network
10 shown in FI GURE 1. Each constraint 24-38 nay be any 25 const'rai nt
which " i Swoopaaed upon or nmandated by the operation orpdvsBOZNTY Of

net wor k 10. According to the present invention, each of constraints 24-38
may be grouped or associated with other constraints 24-38 in .one or nore
groupi ngs 40-42. A single constraint canjelong to nore 30 than one
gr oupi ng. As shown, grouping 40 conprises constraints 24, 26, and
28; grouping 42 conprises constraints 30 and 32; and grouping 44

conprises constéghddfaiddt wihhidf i) Grhp H55 f&ém G 16 OrhPA RN 40s44
is defined to be any 35 nunber of constrghnts 24- 38 wherein e&ger|ences

with one WO 68/ 36]Bker constraints the same uping
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translated to oth
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Accor di ngly, ad§°%%§5$%8§ ?ﬁa? P ?eSPﬁ%E 538 l@ﬁécfghggéeﬁéhlﬁ%?r%% the
particul & gr ouq:xbngempnd:ﬂe'lgaplpmasmac{nqrhe:cseff1cmtrssifmnohlﬂg ¢constaainos
coefficients fqp; @*inCQHét §nth|n the grouping. .In one enbodi nent,
all constraints relating t 2 particul ar el enent 12-20 within netwrk 10
may be put into the Fan®nf ogpPRgimedt exahpl constemintenmalatdig i os a

10 boi |l er, part ShilH®e eHWRHHYH N - mmmrﬂé@mmelofrﬁw% NSut into
constraints: the boiler . cannat éﬁﬁgéiﬁﬁbﬁ a tenperature

hi gher than 500FR% rfa™e (HOUWRIA%r hRY 9383 1 o ‘?fﬁ?‘?ﬁ eTIRIPRE 2SR Y
twenty deys, thsoboéter a:ars:mg];e bereagdny t hayet ebmpetee 'éﬁeanﬂthdSw:Lng
exanple, if an elenent.1 r| es; iuman o s at_a

38
generation fam?o?s raln?%upl ng y co ]p i5e The" gll Wi né’p ﬁ%ﬁl fts:
operators are pnﬂmpeﬁaquﬁnhmghnag@hahoﬁOﬂﬁ@ fihstbdkey must be shut down

for maintenance every twenty days, the boiler can only be
used with water, etc. As another ekample, if an element
15 comprises human operators at a power generation facility,
a grouping may comprise the following constraints:
operators are paid at regular wages for the first forty
hours of each week and at overtime wages thereafter, under
no circumstances should an operator work more than a total
20 of sixty hours in a given seven day period, operators must
be supplied with proper safety equipment, etc.
In another embodiment, a grouping may comprise all
constraints relating to a particular kind of problem (e.g.,
shortage, lateness, 'overload, etc.). For example, a
25 grouping in a supply chain, may include the following
constraints: raw materials are considered to be late if
not received within twenty days after they were ordered, a
final product is considered to be late if not shipped
within five days after ordering, etc.
30 ' Other groupings can be defined in addition to, or as
' alternatives £for, the constraints 26-38 imposed upon
network 10, each grouping 'defined as any number of
constraints wherein experiences with one constraint may be
translated to other constraints.



hours of each week and at overtinme wages thereafter, under no circunstances
shoul,d an operator work nore than a total 20 of sixty hours in a given

seven dayﬁ@?%%&gg operators nust be supplied with proper sa%&bglﬁﬁgyﬂﬁent

.etc. In a nbodlnent a grouping may conprise all cons
relating to a particul ar klnd of problem(e.g., shortage, |ateness,
overload, etc.). For exanple, a 25 ., grouping in a supply chain

may include the follow ng constraints: }aw materials are consi dered-to
be late if not received within tmenty days after they were ordered, a final
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Gbnerally FIGURE 3 illustrates a block diagram of a system 50
for optimizing a network plan 22, according to an
15 embodiment of the ©present invention. Generally, .
optimization system 50 can be used to modify an initial
network plan 22 over one or more iterations in order to
generate an optimal network plan 22 with a minimum number
- of constraints violated and a maximum number of goals met.
20 Optimization system 50 can be incorporated in a strategy
driven planning system such as that described in U.S.
Patent Application Serial No. 08/491,168, entitled "Strategy
Driven Planning System and Method of Operation,” the entire
disclosure of which is incorporated herein by reference.
25 Optimization system 50 includes a network plan memory
52. Network plan memory 52 may reside in a suitable
storage medium, such as random access memory (RAM), read
only memory (ROM), disk, tape storage, or other suitable
volatilg and/or non-volatile data storage system. Network
30 " plan memory 52 can be a relational database. Network plan
memory 52 receives, stores, and forwards information for
network plan 22, such as provided for network 10 shown in
FIGURE 1. As described above, network plan 22 may provide
a plan or strategy for operation for network 10, including



optim zation system 50 can be used to nodify an initial network plan 22
over one or nore iterations in order to generate an optinmal network plan 22
wi th a.m.ni mum nunber of constraints violated and a nmaxi mrum nunber of goal s
nmet. 20 - WO®BBFIPzati on system 50 can be incorporated in aPSTUEBEYdri ven
pl anni ng system such as that described in U S. Patent Application Serial
No. 08/491, 168, entitled "Strategy Driven Planning System and Met hod of

Operation,” the entire disclosure of whichil2s incorporated herein by _
reference. 25 Optim zation system 50 includes a network plan .
menory 52. Net work plan nenory 52 nmay reside in a suitable storage

medi um such as ¢@svail acpesatieroprpd( RAR) cpegadionl wimsagly §Rognt di2+20

tape storage, ory,pthesr swétaddwomel pgil e and/ or non-vol atile data storage
system Network 30 plan menory 52 can be a rel ational database.

Network plan nenmory 52 r EORSFER1Nt or BEMORNd f3f wait8s idP midnGAvAgde in
network pl an 22, optioil A ipno siygedn§ 60 . netvhskrd Dns hubip 54 G des#be in

descri bed above,_ networ | an 22 may pvide a plan o tr gy f.or
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st or age f%'ﬁt em can_ be , the sane or Separate fromthe data st age system

h
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rel ati onal dat aheefeive Cortior Nt af@NMBorwd-d UPCh&EORASIHE LTIVt iBn0rss .
and forward consérai nt &form&tign 56. Gene%al I% ; co?qt)rai nt , :
information 56 CTUNHITTSEs SNPSAPdPTat i BREPEFEEIRY t @ oneCOPPRSSES  any

constraints thatimfermation relating to one or more constraints that are
' imposed upon the operation or function of network 10 for
15 which network plan 22 is provided. For each constraint,
constraint information 56 may include a ‘“"size” for a
violation of the constraint. The size of a violation may
be a numerical value specified by a user and provides a
measure of the impact of the violation in isolation from
20 network 10. Within constraint information 56, the
constraints may be grouped into various groupings, such as
groupings 40-44 shown in FIGURE 2. Each grouping is
defined to be any number of constraints wherein experiences
with one constraint within the grouping can be translated

25 to other constraints within the same grouping.

A constraint checker module 62 is operable to access
network plan memory 52 and constraint memory 54. The
functionality of constraint checker module 62 as described
herein may be performed by' a processor, such as a

30 ~ mainframe, file server, workstation, or other suitable data
processing facility running appropriate software.
Constraint checker module 62 receives network plan 22 and
constraint information 56 from network plan memory 52 and
constraint memory 54, respectively. Generally, ‘constraint

35 checker module 62 is operable to determine whether any



| nposed upon the operation or function of network 10 for 15 whi ch

network plan 22 is provided. For each constraint, constraint information
56 may "i nc i ze" for a violation of the constraint. ' a
violation-ﬁggﬁ%ﬁsgfnunerlcal val ue specified by a user and prOVI&%S a
measure of the inpact of the violation in isolation from 20 net wor k

10. Wthin constraint information 56, _the constraints may be grouped
i nto various groupings, such as groupings A8- 44 shown in FI GURE 2. Each
grouping is defined to be any nunber of constraints wherein experlences
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val ue to each co%%tralnt viol ati on, such nunerlcal value representing the.

"size" of the violatigngolvly 4&‘&&&1@6@413%50%#8::58&8 %t aéémmﬁﬂfcétéewqftha
vi ol ation can be used 10 | calculatlng how t he vi ol ation | npacts
network plan constraint checker module 62. The functlonallty of solver

module 64 can be performed by a processor, such as a

15 mainframe, file sexrver, workstation, or other suitable data
processing facility running appropriate software. This
processor may be the same or separate from that processor
which performs the functionality for constraint checker
module 62. Solver module 64 may receive alert signals from

20 constraint checker module 62. In response to receiving an
alert signal, solver module 64 functions primarily to
invoke or select one or more of a plurality of resolver
modules 70-74 to resolve the violations of constraints
identified by constraint checker module 62. 1In selecting

25 a particular resolver module 70-74, solver module 64 may
utilize interaction coefficient (IC) information 68. 1In
one embodiment, ‘solver module 64 may perform a local search
algorithm designed to optimize the goal value for network
plan 22. _ .

30 Interaction coefficient information 68 specifies one
or more interaction coefficients. Generally, interaction
coefficients characterize, delineate, or otherwise define
the interaction between various elements 12-20 in network
10. Interaction coefficients, each of whi¢h can be

- 35 assigned a numerical wvalue, are used to normalize the



22. A solver nodule 64 is operable to comunicate with constraint checker
nodul e 62. The functionality of solver nodule 64 can be perforned by a
processaqr, such as a 15 mai nfrane, file server, workstation er
sui t abl e WEX9%B3E¥8cessing facility running appropriate sof t REFUSS S6802 Tﬁ’s
processor may be the sane or separate fromthat processor which perforns
the functionality for constraint checker nodule 62. Solver nodule 64 may
receive alert signals from 20 constraist checker nodule 62. In _
response to receiving an alert signal, solver nodule 64 functions primarily
to invoke or select one or nore of a Elurallty of resolver nodules 70-74 to
resol ve the vi dizgaErNbfo¥oRRPARATati@BNOLVERd thy VEGHSUEi o latdans of
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for an interaCt'§EE&f§%é&CE§8& t@@(¥¥5¥%élon s size and the interaction

coefficient corresponding to the violated constraint. 1In

particular, the interaction of a constraint violation is

15 defined as the product of the violation's size and the

interaction coefficient corresponding to constraint. If a

constraint is contained within multiple constraint

groupings (e.g., constraint 28 shown in FIGURE 2), the

interaction of a constraint violation is defined as the

20 product of the violation's size and the sum of the
interaction coefficient for each grouping.

The present invention contemplates that these
interaction coefficients can be “learned” as optimization
system 10 performs the process of optimization to derive an

25 optimal network plan 22 for network 10. More specifically,
interaction coefficients are associated with or “live on"
each constraint or group . .of constraints and measure the
past experience with resolving violations of that
constraint. If past resoclutions of violations for a

30 "~ particular constraint have caused other constraints to be
violated and/or radically changed the goal function of
network plan 22, this should be reflected in the
interaction coefficient for such constraint. Accordingly,
during the operation of optimization system 10, interaction

35 coefficients are modified or updated.



previous attenpts to resolve a constraint violation have been relatively
successful.. The inpact of a constraint 10 violation upon network

plan 22- W”ngﬁg nunerically represented, such represejEihdBe2As N9
derived or calculated fromthe violation's size and the interaction

coefficient corresponding to the violated constraint. In particular, the
I nteraction of a constraint violation is - defined as the product of
the violation's size and the interaction coefficient corresponding to -

constraint. If a constraint is contained within nultiple constraint
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| modules 70-74 can be performed by any suitable processor,

15 . such as a mainframe, file server, or workstation, running

appropriate software. Such processor can be the same or

separate from the processor or p.rocessors performing the

functionality of constfaint checker module 62 and solver

-module 64. Resolver module 70-74 can be invoked by solver

20 module 64. Each resolver modules 70-74 functions to

resolve the violation of a particular constraint within

network plan 22, such violation having been detected by

constraint checker module 62. For example, in a supply

chain environment, if it is determined that a factory has

25 violated a constraint by not outputting enough units of a

finished product, a resolver module 70-74 may function to
increase raw materials being received at such factory.

Each resolver module 70-74 also functions to update or

modify an interaction coefficient associated with the

30 constraint for which that resolver module is provided to

address. 1In particular, because of the interaction of

elements 12-20 in network 10, each action specified or

recommended by a resolver module 70-74 does not work in

isolation. Rather, each action starts a ‘ripple” which

35 causes other things to happen in network 10. These other



5 vol atil e data storage system which can be the sane or separate from
the data storage systen(s) supporting the other nenories described herein.
This menory can be a rel ational database. Interaction coefficgi menory
66 may re?é?ﬁé’,“@t ore, and forward interaction coefficient P%’dsgkfgﬂ%

i nformation 68 utilized by solver nodule 64. Each of resolver nodules
70-74 is operable to comrunicate with sol ver nodul e 64 and access

i nteraction coefficient nenory 66. Theléfunctionality of resolver -
nodul es 70-74 can be perfornmed by any suitable processor, 15 such-as a
mai nframe, file server, or workstation, running appropriate software.
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happen in netwo % lﬁ.. These o;@er WO 98/ 36369 . . '
PCT/ USo8/ 02779 45 T FRBsORBYTRAVE FSIRIBESE: Ada i1 hRFRAt iRy pigh can be
detri nent al used to update the interaction coefficients. This
calculation information 76 way specify a goal function,
15 goal weights, and sets of constraints defined in terms of
goal function. A goal function can be a mathematical
equation representing a goal for which it is desirable to
maximize (e.g., maximize power output by a particular
turbine in a power-generating facility). A goal function
20 may be defined as a sum of terms, such terms being derived
from wvarious interactions of constraint violations, goal
weights, the sets of constraints, and a “catchall” value.
As described above, an interaction of a constraint
violation is defined as the product of the size of the
25 violation and the appropriate. interaction coefficient. 1In
one embodiment, if a constraint is satisfied, its size will
have a value of zero (“0"); otherwise, the size of the
constraint will have a value specified by a user. Goal
weights  represent the importahce or “"weight” given to a
30 - particular goal. If a constraint within the set of
constraints is related to the goal function, it will have
a value of one (“1"); otherwise, the constraint will have a
value of zero (“0"). The “catchall" value provides a
numerical value for the part of a goal function that does
35 not relate to interaction.



| npact on network 10. Such detrinmental inpact includes causing the
viol ation of another constraint inposed upon network 10. By nodifying

or updati{g,@ s}Pg.gﬁgr action 5 coefficients specified ipgrusogibBfaction
coefficient i'nformati on 68, the present invention nornalizes the anount of
consideration that is afforded to resolving between viol ations of one
constraint and violations of sone other copstraint. 10 To update
or nodify interaction coefficients, each tésol ver nodul e 70- 74 may uttlize
cal cul ation information® 76 which generally conprises any information which

can be used to updaje ec.. ctLon. efficient .Thi s .
cal cul ation i nformt ?%ng(?%i]rr%}hg%géﬁf %gaggjjgég %Xn%heoféli‘gm'ng &(%"Iatlon’
wei ghts, and sets of constraints defined in ternms of goal function. A
goal function can be a mathematical equation representing a goal for which
It is desirable to maxim ze (e.qg., Ximze mower output by a particular
turbine in a power-generati E9aEi E"E?)QW, A ﬁal C,(@ﬁ@&(ﬁ) 20G may be (1)
defined as a sumof terns, such térifs beingc terived from various
interactions of constraint violations, goal weights, the sets of
constraints, and a "catchall" value. As described above, an interaction of
a constraint vi obha¢ren*tw,"dekpredent st theprgshtweighbersirza @oatlgg’i?in a
violation and th ppfopriate, . id tion coefficient. . |In, one, enbodi nent,
if a constraint ?%@s% i’gf#cgaafs’l tsig{zgﬁ Ilvﬁqﬁesh%ﬂ}és £ VAP er § P02 Set
ot herwi se,5 the of ze efnstraighisstidaient, Wil IChave .a.valye repdidriedd iy taxrms
user. Goal wei S r t ' (ta or el e | tQ.a 30
particul ar goal g@f tﬁaeoagéggsx %gﬁﬁ%% t‘hlg(l’zlg)t her%% 0 tcsgn‘sé?‘rgai% %ei sof a
related to the (@eBStEREREoVigkatgon;: hal€ (g) Valuspussants ('an) apprhpriate,

the constraint wWhtePa¥eidnVabeefebieqko fdr ®he corddterafit CPEblaty¥8hY€ana
provi des a nunerjgal value for the par (?Lf a goal function' that does 35
not relate to i ner E8PFGFents the catchall value for the part of the goal

10 function that does not relate to interaction.

' With a few assumptions, an equation for updating or
-modifying'interaction coefficients can be derived from
equation (1) above. To begin, assume that a goal function
should be maximized. Also, assume that solver module 64

15 elects to resolve a violation of constraint “c¢”". This will
reduce or eliminate the violation, and may cause violations
on other constraints. The premise for an update equation
is as follows: the “new texrm” for an interaction coefficient
should be chosen such that if the interaction coefficient

20 for constraint ¢ was set to be the new term, then undoing
the resolution of the. constraint violation would not change
the value of the goal function. 1In other words, the fact
that the constraint violation may be resolved on constraint
¢ means that these two states are locally equivalent. The

25 new term for constraint c's interaction coefficient is
chosen to reflect this equivalence. This new term for
constraint ¢ is then averaged into constraint c's old
interaction coefficient to give the updated value.

From the premise and equation (1) given above, an

30 ° equation for updating an interaction coefficient is as
follows:
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function is given by the follow ng equation: n m[err] where "GN .
represents the goal weight for a goal "i" in a set of n goals. . ](c)"
represent WOI8IA raint "c" in a set 5 of m constraint ?C?‘fvsgg&ﬁa err],
derr], . . ., (err],) mentioned in terns of the goal function; "S(c)"
represents the size of a constraint violation; "IC(c)" represents an
appropriate interaction coefficient for tife constraint violation; and."G'
represents the catchall value for the part of the goal 10 function that

does not relate to interaction. Wth a few assunptions, an equation for
updating or nodifying interaction,coefficients can be derived from equation
(1) above. To begin, assune that ogwr f Ui @rye b Fxim zed. Al so,
assune that solver nodule 64 15 ,zo el éctsggq ?JSZ:A\(/SS )gcé\%?ol ation of
constraint "c'. This wi 4" /€8uCeor ey mnate the vioration, and may d&lse
viol ati ons on other constraints. Theager(i;we of ag"(mg'\aé)e equation is as

follows: the."new term for an inter d on coeffkcient should be chosen

such that if the interaction coefficient 20 for constraint ¢ was set to
be the new term then undoing the resolution of the constraint violation
woul d not change the val ue of the goal function. In other words, the fact
that the constraint violation nay be resol ved on constraint ¢ neans that
these two stat ethewre OFalyeprepanid cdiffgrenog betwgew ttdrem Yalueonst &l nt

c's interaction,gaeffifgeentrelsd10Ra%8N hAAr fh&ClvdiNesS BGUI 4ol epsEordhighdew
termfor constraint. c is then averaged into cqonstrajnt c's qgld interaction
coefficient toXASRUHSupdat O8I Fatherom (He Prerffse BqUERRTHPYANS
given abave, ancid setequli ofohetrapAtsi nghait | Ndedpet | an caaitfedction S
as follows: coefficient with “c". From here, a running average of each
of the numerator and the denominator can be maintained, and
the interaction coefficient set to be the quotient of these
two terms.

10 As stated above, the constraints imposed upon the
operation of network 10 can be separated into various
groupings, such as groupings 40-44 shown in FIGURE 2. Each
Qrouping is defined to be a number of constraints wherein
the experiences with one constraint in the grouping can be

15 translated to other constraints in the grouping.
Accordingly, the behavior learned for the violation of one
constraint in the grouping may be imparted to violations of
other constraints in the grouping. Thus, the interaction
coefficients for all constraints within a grouping may be

20 changedlbr modified at the same time.

Learned interaction coefficients are used to normalize
the amount of consideration afforded to a particular
constraint violation when resdlving between constraints. -
Thus, when changes are made to a version of network plan

25 22, the present invention ensures that progress will be
made toward an optimal plan'. In particular, resolver
modules 70-74 can use the learned interaction coefficients
to select between resolutions--i.e., a resolver module 70-

74 will elec_:t to resolve the vioclation of a constraint
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[err] where "AX" represents difference between the value of "X' after the
resol ”“OW@% e value of "X' before the resolution, "X' gepyichspbifoer
"S(c)" or and "A" represents 5 the set of constraints that

share an interaction coefficient wwth "c". From here, a running average
of each of the nunerator and the denom nat -can be maintained, and the
i nteraction coefficient set to be the quot:‘1 ent of these two ternms. 10-
As stated above, the constrai nts |rrposed upon the operatlon of network 10

FTOURE 5 Ehen SPTISRe iU PHARHI o8 AR BE S RHE TR R At o B,

t he experiencesaw rélanevebystioai ninteradeignoggieff icderte 18dicates that
translated to H%%'Eerr £813t£8hB! of  blch! NEon K LYPANY haf%%coﬁgéﬂglﬁélééfrebe

behavi or | ear ne or t e violation of one constraint in the oupi n
i mparted to vi oSHECESS TN -0t HRITERAISRPEE Nt 35| ANEREAGESOPI FeeTHigd ey Are

interactign coefikaeheatb f@ptainhzaem&hr %lyBEémW'Sbhl RoR FEHQURING '%és&ﬁ.aa;Qed
changed or nodifi.e ime. Le rned E;eractlon coefficients are

used to normnal i Z’ét?‘hgoﬁ ﬁ’ﬂ?g]ﬁ POt rAEFeBFSa pdias ’aﬂ'g Y.
constrai nt V|olahmonpﬂuﬁemesohnwa@ﬂﬁmMeqmmMﬂaésa|atswd%ustowhaﬁsﬁﬁmgps
are made to a vg) ? getwork pl an 25 22, the present invention
ensures that pr 8 &&§ be made toward an optinmal plan. In particular,
resol ver nodul es 70- Mcmrthfsanwa@iaxmdcmafélamenba bewkfl beleantpdated,

sel ect b?EV\/een LfR0! g ?Qﬁlngnerescﬁxfé%:so%ﬁ&go% 74 0stbtel | tné! ffadtRa

resol ve the violation stral nt / 36369
PCT/ US98/ 02779 ¢9efficient into interaction coefficient memory 66. The

changes to a network plan 22 are incorporated into the

network plan information within network plan memory 52,

where it can be accessed by constraint checker module 62 to
15 determine violations of one or more constraints.

A calculation memory 82 is accessible by resolver
modules 70-74. Calculation memory 82 may receive, store,
and forward calculation information 76, including goal
information 78 and weighting information 80, utilized by

20 resolver modules 70-74 to update ‘the interaction
coefficients. Calculation merﬁory 82 can reside in a
suitable storage medium, such as RAM, ROM, disk, tape
storage, or other suitable volatile or non-volatile data
storage system, which can be the same or separate from the

25 data - storage system(s) supporting network memory 52,
constraint memory 54, and interaction coefficient memory 66
described herein. Like the other memories, calculation
memory 82 can be a relational database.

Optimization system 50 may operate on one or more

30 cdmputers, shown generally as computer 84. Computer 84
maintains and executes the instructions to perform the
determination of constraint violations, selection/
invocation of various resolver modules, the resolution of
constraint wviolations, and the updating of interaction

35_ coefficients, as described above. Computer 84 includes an



having a l'ower interaction coefficient. As stated above, a relatively | ow
I nteraction coefficient indicates that past resolutions of such constraint
have been rel ative successful. Furthernore, as interaction coeff%é,’?gts are

5 | eaMRWBAN%pt i ni zati on system 50, coefficients assofCAEd

bottl enecks in network 10 will increase. Accordingly, the present

I nvention provides a way to identify bottlenecks. Once the interaction
coefficients have been updated, 10 t hé0operating resol ver nodul e 70- 74

stores the updated coefficient into interaction coefficient nmenory 66. The

changes to a nefwork plan 22 are incorporated info the network plan

i nf ormation wi thﬁ‘ﬂuﬁeaﬁﬁf"ﬁeppgn fEfor S5 2 Sﬁﬁryaaé}'i (tUER RERes s Bhher
constraint checfievigeduhat6zan ddcept iefermateoNni ol Al kit adevide N®g e
constraints. A calculation 2 Ls.accessibl e, resol ver les
70-74. Cal cul at?%ﬂvﬁggorgngg‘g%@?gce?vg? %‘?g?g, ‘ﬁﬁgxf o] rdoeg?%g#%?i o%f

i nformation 76, cophéhidahgogosysbdmr 5@ obnZBudhdgwalighttialy dafter, maviswalo,
utilized 9y 20 jneot@Sidelor MM Sypedinddiond PRI Sout NeviOLoEackiaN
coefficients. cul atton nenory 82 can reside 1n a sultable storage
nmedi um such asOWARRERAAViges|G8 tBp¥ dfvHagle bBixedher siamamAkls osberageor

non-vol atile dahaqshor agecBY d€Mmatiedt Cardipits saiRkOr sppacale AisK)
t he 25 dat a_storage Stﬁ'{e S), S'EPLipportl'ng net wor k mam)ré 52

constraint menofy/BM, 7 eé’rgf’ézﬁ't EoBefia) ER P SCRBV QR FPYEgErom
her ei n. Li ke &h@ pibeideetnpues tocaptidizarictemmfgted? Smn bené or more
relatio dat abase. O§ti m gst i %ﬂdsy%them 50 an%% operate on one or Erzmreu’éo
conput ers; shovﬁra‘éﬁgf FFy S conput er 7 ?ﬁ)llﬁ $° s A" AEP T BT nsSARGH S
execut es t he i nsnstredtoheng aptmanipulatecinformation inoficcordasceavith
violations, — SEhECldiuial MoCRld OBhE! HSEIRISALESE! WetBHIUISES, dLDErpea

resol ution of constraint violations, an e updating “of Interaction 3
coefficients, aBe883Bribed above. Conputer 84 includes an

FIGURE 4 is a flow chart of an exemplary method 100
15 for optimizing network plan 22, according to an embodiment
of the present invention. In one embodiment, method 100
corresponds to the operation of optimization system 50. In
such case, during the steps of method 100, a user of
optimization system 50 may interact with the system,

20 preferably via a suitable interface.

Method 100 begins at step 102 where constraint checker
module 62 retrieves constraint information 56 from
constraint memory 54. At step 104, constraint checker
module 62 retrieves a current version of network plan 22

25 from network plan memory 52. At the beginning of method
100, it is contemplated that network plan 22 may comprise
a plan for network 10 that can be improved to reduce the
number of constraints violated.

At step 106, constraint checker module 62 determines

30 ° whether any constraints specified in constraint information
56 are violated within network plan 22. If no constraints
are violated, method 100 ends; network plan 22 in its

_current form can be used as a strategy or plan for network
10. On the other hand, if it is determined that one or
35 more constraints are violated within the current version of
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devi ce 86,. such as a keypad, touch screen, or other device that can accept

i nf or mat i oRo 93Ut put device 88 conveys information associgt@gsedloset e
operation -of optimzation system50, including digital data, visual 5

i nformati on or audio information. The input device 86 and output device 88
may include fixed or renovable storage medi3, 'such as nagnetic conputer

di sk, optical disk, COYROM or other suitable nmedia to both receive out-put
fromand provide input to optim zation system50. One or nore 10 -

processors 90 aB@wokReiglardsensi dbadt B | &fecRXFCHER h@Stéélcéégﬂén?D%
mani pul ate i nformation in . accardance with the operation OP the optim Zation
syst em 50 descri BEGTAEP&ECHEL REMELICA) |Rd-Whar O of tha eXéRpREAPINEEMSH
100 15 for ogenerateganetberk.pl an 22, according to an enbodi nent of
t he present invention I n nbodj] nent , .nmeth 10Q, corresponds to the
operation of optiniza??%xegyscb% .é%nrgﬁgﬁV8353%QMﬁ ?Eftﬁ€8§t€8§s5F§1nt
met hod 1005 a useheckeppnodulkatédn s§sleerSlodajei Bieractieves bhe DYShRAe
20 pr ef er abl ' .t able A I . od, begins at step 102
My o i L LR S S T e S P

where constrai nt chec retrieves constrarn
constrai nt menor§eB2ry @6, stapl 104t c8RSPral 88, chipdatesndiice 62techcitdves

a current versi ogogErnetivakk FHan iatdr @ pl an i 2.
At the beginning¥g; Egthod_loo, Ltgﬁggg%ﬁ%%npla?gg%%%g?%ﬁetmo%ﬁFg?é%lg2 ﬁ%y

conprise a plan ERbEr REEF AN c &l ntfasietPn coefiftelent Hawbeach
constrai nt& vi ol ebestraintstem W6 set0ry GanlncgieaheralRdube Sre deten i ngs

Vol ated wi thin AUEABPRCBEattasH FoT ISR kBer Fhes” iR HHoF od LRAEERSA 680
ends; network plepeffirhnents carr de dpdatednubénysednas idrst (2 egyt OF oplaN

for network 10. yotbe other hand, .if it is determned that one or
| At step 110, solver module 64 selects one of the
15 constraints which has been vioclated (as determined by
constraint checker module 62). When selecting a violated
constraint in later iteratiohs, solver module 64 may
consider the value of the interaction coefficient
corresponding to each violated constraint. . At step 112;
20 solver module 64 invokes an appropriate resolver module 70-

74 .

At step 114, the invoked resolver module 70-74
modifies network plan 22 to remedy the violated constraint
that was selected. The modified network plan is stored

25 - into network plan memory 52. '

At- step 116, optimization system 50 queries a user
whether processing should be terminated. If a user does
not wish to terminate processing, then method 100 returns
to step 104 where constraint checker module 62 retrieves

30 ° the modified network plan 22 from network plan memory 52.

Method 100 repeats steps 104-116 until such time as it
is determined at step 106 that no constraints have been
violated or, alternatively, that a user wishes to terminate
processing at step 116.



35 nore constraints are violated within the current version of WO
98/ 36369 _ PCT/ US98/ 02779 21 networ k.
pl an 22,0 constraint checker nodul e 62 assigns a user-speci é’@ﬂSW&ii cal

val ue to VRE8563Pati on and generate an alert. Sol ver ‘nodul recelves the
alert fromconstraint 5 checker nodule 62. Sol ver nodule 64 retrieves
one or nore i-nteraction coefficients frominteraction coefficient nenory
66, and, at step 108, updates the interact on coefficients for appropriate

constraints. Initially, at the first iteration, the interaction
coefficient for each 10, constraint_ can b% set t.o a_nunerical val ue of
one ("1") . In iter ORI WAREH fHIFOW IR AEESE i tR7 afEF /i nteFESRTEE

coefficients cadicleipdated umiynquedpiae i che( Anteatadtordrh abefficAenssemt
110, solver nodul e l,ect . t nstrajints '
been viol ated &% a‘g%e?l%nl%édg Qgég’ét r(gﬁnégghéf&r%?l %%’(ﬁjlee' 65)‘ ilﬂ%qrgﬁ%g
sel ecting a vi clatupiaving rehet ihheractiont epetEdndenss| vornespondisy ey
consider g the Mal g Qlus tEonst PLERAETT PRe HOBEELET SR ERRLES PRAMAG Ay
each violated constraint. At step_112, 20 solver. modul e 64 i nvokes an
appropri ate reddie ameRfy| @f 7oengudepatierpthal ishafifprered e FMSRving
{nﬁd;ﬂ e 70- 7|4 n][!i@tfvde%%_rﬁﬁbmgﬁ?ﬁbgﬁf 2§né 0T<6r€§w| .rith%:[n‘d Gb'g.@'[zl%ftiw_ Tc{ﬁiéﬁme
at was sel ect eq. e nodifie WOT, an is staore into
notwor k- pi an MBSy EPRSAESSRE,” s THL Sup i Ei T o EE O ES § e SIS (e
whet her processiengiwihagl caibe dprimaiat atetwdrk a plsat d@es-ina. Wi 'Ind 0 that
term na processi.ng, . t he t eLur tQ.step. A0 straint
checker dul eoég}lrngjtz}%sevgggg(?%%qrajttq%er{ mé)%l 12?"515 e V\D?é %F\g%%%g %‘m !
network pl an mpaxrtidlanket regolven epedutest s 7804cans usst i theudiearnes as

it interaction coefficients to select between resolutions--

i.e.,.a resolver module 70-74 will elect to resolve the

violation of a constraint having a lower interaction

15  coefficient. Furthermore, as the various interaction

coefficients are modified to reflect learned behavior, any

interaction <coefficients associated with constraint

violations which cause bottlenecks will increase. Thus,

these bottlenecks can be readily identified in network 10.

20 Although the present invention and its advantages have

been described in detail, it should be understood that

various changes, substitutions, and alterations can be made

therein without departing from the spirit and scope of the
invention as defined by the appended claims.
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\
Is determ ned at step 106 that no constraints have been violated or,

o 557 Sosea o IIRPRIARNIID ™ "' ™ °°555) e haRepastr

each iteration after the flrst a’ refsol ver nodul e 70-74 may update the

I nteraction coefficients at step 108 using equation (2) set forth above. By
nodi fying or updating the interaction coeggicients corresponding to 5

the various constraints, the present invention nornalizes the anount of.
consideration that is afforded to resol ving between violations of one-
constraint and ﬂ%&%ﬂi&QﬁEAﬁﬁEEQﬂE+°ther constraint. This, is turn, speeds
up the process o eritving an optimal network plan 22--i.e., one that 10

optim zes the operatton og RS BN SO nePhdME 2109 aIrP?EW?? ulkd@an, the
resol ver nDduIegygaea4c§aprﬂ§en§he | earned interaction coefficients to

sel ect between resol utions ol ver 70-74 w ||

resol ve.the viol ati of HFmﬁrXbﬁﬁﬁﬁﬁﬁleh Qi RFCES &ﬁS%HWﬂ%ﬁ%Rn?%ﬁcigylng a
coetf!0|eht. néuwohkr piea, aaplurad ity iolisconsiteaints pnandebdf pdueailitar e
modi fied to r?f%ECEnEE?EBEQOHeE%%E%&c ?ﬁﬁg'“éﬁéﬁ*iﬁ%o¥?§eféﬁ'8bEEF§cient

associated wt constraint violation I‘'ch cause enecks w
i ncr ease. Thus?ornespobdtngeh@ckéreaﬁuﬁérrQaustyanaémtaﬁded in network 10.

20 Al t houghyt \Ugﬂté&)nt%ndthés RN agehayecbess
descri bed in detail, |Bﬁéhould be under st ood t hat varf%ﬂé chang eiS © ox

substitutions, ePeFablertR idRrermine,whether: ﬁ@?epﬁtW¥hoﬁt~aﬂeﬁ&Pﬂ-?ﬁ33f 20
the spirid and SEORBeOfcdi dalied j Ofods £gefdmethdywdiie ppaandetf 6+aéfsto

23 WAT IS QA %’Egoi\“f’é a vioclation of any constraint, and update a
corresponding interaction coefficient in oxder to reflect
an impact upon the network plan caused by the resolution of
a violation.

15
2. The system of Claim 1, wherein the constraints
are separated into at least one grouping, the processor
further operable to update the corresponding interaction
coefficients for each constraint within the grouping in
20 order to reflect an impact upon the network plan caused by
the resolution of a violation of one constraint in the
grouping. |

3. The system of Claim 2, wherein the network pian
25 is provided for a network comprising a plurality of
interacting elements, and wherein the constraints are
grouped according to association with a particular element

of the network.

30 - 4. The system of Claim 2, wherein the constraints
are grouped according to association with a particular type
of problem.
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1. A conputer-inplenented system for solving a network planning
probl em the system iwuﬂ ﬁl{l\ Hury operable to store information .
specifying a 5 n ,_ ! urality of constraints gg(g
pl ural it yW8P8ReHE_r acti’on coefficients, each interaction co’écrv'f’ﬁ | @%(79
corresponding to particular constraint, and at |east one goal; and a
processor coupled to the nenory, the processor 10 operabl e to nodel

sai d network, said constraints, and said%& |east one goal as a constraint
satisfaction problem to initialize said interaction coefficients for. each

solution to said praoblem_,and to provi.de _said solution,by iteratively,
repeating the fol |l owdng sq{réepssy?'bg[aef’gr %]T?é“'ELSZ" Whﬁ\iﬁ%%ﬂefaacg ;ﬁ%&%&nt
network plan \Had ad esoraeypondinghsizensandi shereih the tcongrdatimtan are

i nteraction coefxfoi ieegta&é)&rﬁ%%orkdoi ng o each violated constraint, said
coefficient refA7ecting an 1 npa upon Said at | east one goal caused by the
resolution of. a violation, to select a constraint 20 violation to be

resol ved on the basig, of gal ds&%?:%ﬁ@%f 0B GG }‘i,ci §§Erei‘ﬂd die gﬁeasggteiigsn_

new plan in accordance with reSolution of a selected constraint vio

said processorPgRAR}RItC oPePED| tnfepmapieyi gpecdiyandepr 6984t MeGE I, a

di spl ay pertai ik tfpsal drilldiic). o2% ZonsthRei Sy st£netcka Bl iwdiugherein
the constraints are separated into at |east one grouping, the processor
further operable to update the corresponding interaction coefficients for
~each constraint within t Ehgropptey 66 Blaim 6Qr Gheredn ehleegrémedsmadis

conat raitl i n RS APk ok N SARRDLS SRRt rectilh TenfhOliai Jhetl che

goal weight, the size for a violation of a constraint, and

the catchall wvalue,.

8. The system of Claim 1, wherein the processor is
15 further operable to modify the network plan using the
' updated interaction coefficient. '

—_—
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3. The syst em of C’J wherein the network plan is provided for a
ar

network conprising Lﬂllumu ,m interacting elenents, and wherein
t he CO”SWsﬁs?G ng to association wt tpcq-,mgmﬁyl ar
th

el ement e netvvork "4. The systemof Caim2, wherein the
constraints are grouped according to association with a partlcul ar type of
problem 10 5. The system of Caim 2, rein each constraint has a
correspondi ng size, and wherein the constraints are grouped accordi ng-to
size. 15 6. ~ The systemof Caim1l, wherein the nenory is
operabl e to store informeyi QysRAReI ff&ngoetm%mgl tht netwiide B9hn2 the
violation of a constraint, a“catchall value. 7. he system of "Cl aim 6,

wherein the proﬁﬁé%t'sﬁj? q’%‘“%lSlngoperabl eto update an interaction

coefficient using the ﬂ@ﬁbr‘r&beb@étraﬂlfée 50 Z6tbPe "aAnfoetraliioh cépeacufylng a
constrai nt, and the catc

stem of O ai n_the
processor is 251€tWO¥l p %P'oﬁeP;BFéﬁf-SYnﬁ’%e rKarg% ah \é\gtlﬁa th¥
updat ed it er acif olmcoedéttonntoeffiti€nts, Leacﬁwlntéiéﬁtfbn cdefficient

conput er -i npl erEe&treespgry&t_re té%%téf%%i%?o?gnggg%g pl anni ng problem the

system conpri sing:  a menor y- oper g rntfornmati on specifying a
network plan, a plural cpylseﬁ:‘mmstcrmq:k%r madudeplaperdkle 5to aggess the

i nteraction coefd tﬁ&hﬁmﬂ'xe %&Et&&&ﬁ&aﬁhéeﬂe %‘é&ﬁfé %ge%t@sesnééeenh@?e

particul ar constra | east one con al nt_ checker
operabl e to acothethes ﬁhﬁnﬂ?twﬁ’ﬁb A%t W&Pﬂtat@fvecﬁ(ét dodihe epRERERENES;
determ ng 10 gnghether the network plan violates any of the constraints;

a resolver module operable to communicate with the
constraint checker module, the resolver module operable to
modify the network plan in order to resolve a violation of
any constraint, the resolver module further operable to

15 update a corresponding interaction coefficient in order to
reflect an impact upon the network plan caused by the
resolution of a violation.

10. The sYstem of Claim 9, further comprising a

20 solver module operable to communicate with the constraint

checker module, the solver module operable to invoke the

resolver module if it is determined that the network plan
violates any of the constraints.

25 ' 11. The system of Clé.i_m 9, wherein the constraints
are separated into at least one grouping, the constraint
checker module further operable to update the corresponding
interaction coefficients for each constraint within the
'grouping in order to reflect an impact upon the network

30 " plan caused by the resolution of a violation of one
constraint in the grouping.
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and a resol ver nodul e nlcate with the constraint checker
modul e, the resol ver m,mmu‘l!@ﬂi | nitialize said interaction .
coeffi-cients.for each Sol étion said problem OV|de
said sol QPR iteratively repeati ng the fol |l owi ng ste%g:qugag’% %te an
interaction coefficient corresponding to each violated constraint, said
coefficient reflecting an inpact upon the at .| east one goal caused by t he
resol ution of a violation, 20 to sel e@® a constraint violation to-be
resol ved on the basis of said interaction coefficient, to generate a nRew
pl an in accordance mnth rgigbutlon of. a selected %onstral vi ol at |
network plan nenory FYStER ofr GIRAE Lldat ¥hezein the,netyor glgn
di spl ay pert ai niirg mosraldédsofurl oa. dAétwordke sygdeieinig Cai rp]ﬁ;ra]fntryt hef
conprising a sol,yer oper. ate wit,h the ¢

checker nodul e, 1’tnhéarsao f‘g eg‘eﬁ‘gh%pér a%ﬁg]m"%f&ﬁ%% e 1?1e {0 rler%osi v8Fe
modul e if it |sgaemaedlaedorﬁangthe pesaoiktpbanwiithl at paraiyudfrt ledement
constraintgs. AMJYDERSHEEL,ork .26 11.  The systemof Claim9, wherein the
constraints are separate |nto at | east one grouping, the constraint
checker nodule further operable to update the corresponding interaction

coefficients for eacﬁﬁonqq{ealdilst\@r& b engim 11 $hey¥ei A tha Qfdil%rtrta@.nts

reflect an inpact upon th netmoéﬁn | an caused t he esoluthnu;
violation of on@teoRZPRRER AFFOT ﬁr%%p%%f@%;_n%@ng%seemaaﬁle A £Ype
wherei n the netwﬂlpr[dbamanﬂ.o ~ is provided for a network conprising ‘a

pluralit interacting elenents. and wherein the constraints are

gr ouped ﬁ'ccordl ng to associ ation with a particul ar el enent of the network.
14. The system of Claim 11, wherein each constraint

has a corresponding size, and wherein the constraints are .
grouped according to size.
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15 The m 11, wherein the constraints are
gr ouped accordl ng to 3m[’ﬁr”” !ﬂﬁ”@l}ﬂg”a particular type of problem 14. The
syst em of wg qi3gsehl, Wherern raint 20 has a ceoTamssnzi?ag
size, and wherein the constraints are grouped according to size.

PCT/ US98/ 002779 .27 15. - A conputer-inplenmented nethod for solving a
net wor k pl anni ng probl em the nethod conpsgdsing the steps of: receiving

i nformati on specifying a network plan, a 5 plurality of constraints,
and a plurality of interaction coefficients, each interaction coefficient

corresponding to paris culgr rerrdd aifbi a@ﬁt@ﬁub@ﬁgt Hnaedirk dpleny ntne
whet her the networ | an vipl ates_any of the_.constraints; 10

one or nore coﬁ%?‘?ré‘?‘ﬁt%orf‘%rww%t‘é%e ?L°PRi Pfal i ze said interaction
coefficients for eacteseivingn ind ceaiat imrobsperifandgt @ pnetzwdek gdizch, a

sol ution by &45%;%% B?p%%ﬂéa éﬁ%ﬁg(ﬂéﬁag gﬁg?%§1t§ﬁ3$¢a|n¥ aCtéOES

i nteraction CO I Clen correspondl ng td eac sal
coeffici ént ref¢eefifiinjents,meach dpsarapnbian t@aﬁflmgmrmﬁp@ndbygt he

resol ution of ¥t ALl P cosst &iﬁ@? a constraint violation to be resolved
on the basis of saird_interaction coefficient, and generating a new plan in

accordance with rescleEeBHRieing whekhesdthenaets rdan viplakes oRdY and

provi di ng dat a ¢1epresest +4Hhes fi spl ay pertaining to said solution. 16. The
met hod of C ai m 15, fut er_co |singth§n steE 8f modi fyi ng .t
RHRRS | 3

he -
network pl'an using WH@&* ﬁﬂ’é’@e ht BFE¥EF 14 eRFAeE7 EO THESRMFodRof
C ai m 15,0 wher erioldaeiconst ramyt sonstraint; and

updating a corresponding interaction coefficient in
order to reflect an impact upon the network plan caused by
the resolution of a violation.

15 16. The method of Claim 15, further comprising the
step of wodifying the netwdérk plan using the updated
interaction coefficient.

17. The method of Claim 15, wherein the constraints
20 are separated into at least one grouping, and further
comprising the step of updating' the corresponding
interaction coefficients for each constraint within the
groupiné; in order to reflect an impact upon the network
~ plan caused by the resolution of a violation of one

25 constraint in the grouping.

18. The method of Claim 17, wherein the network plan
is provided for a network comprising a plurélity of
interacting elements, and wherein the constraints are

30 ' grouped according to association with a particular element
of the network.

19. The method of Claim 17, wherein the constraints
are grouped according to association with a particular type

35 of problem.
-
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are separated into at |east one grouping, and further 30 conpri sing
the step of updati nguwng Iutlm HWHM| ng interaction coefficients for
each constraint within rder to reflect an inpact upon the
net wor k “piveypsigsseed by the “résolfutfon* of a violation of powUSSEARITSAI Nt N
t he grouping. 35 PCT/ US98/ 02779 28 18. The nmethod of Claim 17, wherein
the network plan is provided for a network conprising a pIuraIity of
interacting elenments, and wherein the ggnstraints are grouped according
to association with a particul ar el enent of the network. 19. The

met hod of Claim17, wherein the constraints are grouped according.to -
association with a particular type of problem 10 20. The nethod of C aim

17, wherein each constraint has _a correspondi ng size, and wherein the
constraints are grodfed ZBEoMEtHPS @LiGkaim 17, wherein each constraint

has a corresponding size, and where:.n the constraints are
grouped according to size.
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