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alleviated by using appropriate chemical treatment solutions.

Linear programming systems have also been implemented which focus on defining
crude cut and the corresponding cut yield, but these systems do not address the use of
treatment chemicals in the crude selection mode. These methods cannot tell refiners

how the crude blends will affect operations and equipment. Therefore, refiners lack
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accordance with a function combining the degree of membership value for each

respective search parameter.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an illustrative embodiment of a system for accessing and

optimizing crude refinement processes in accordance with the present invention;

FIG. 2 is a block diagram of a fuzzy search engine in accordance with the present

invention;

FIG. 3 is a flowchart of the steps performed by the fuzzy search engine shown in

FIG. 2; and
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slates, operating conditions in crude refineries, problem report contents for problems

encountered (actually or theoretically) during refining processes, and chemicals used
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requested. The fuzzy search engine 104 accesses the database 102 in accordance with

the search request, and intelligently searches for the data requested.

FIG. 2 is an exemplary block diagram of the fuzzy search engine 104. The fuzzy
search engine 104 includes a user interface (UI) module 202 for receiving entered
data and interfacing with UID 106, and at least one sub-search module, including

crude sub-search module 221, crude slate sub-search module 222, operating condition
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With continued reference to FIG. 2, the Ul module 202 receives the user entered
information. Alternatively, information provided to the Ul module 202 may be
provided by other means, such as a processor which may be included in or separate
from the fuzzy search engine 104, The Ul module 202 provides received information
to the appropriate sub-module 221-225. Each of the sub-modules 221-225 is provided

with access to a respective sub-database 121-125 for searching the sub-database and

retrieving information therefrom.
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crude sub-database 121 is being searched, the
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The search criteria includes at least one search parameter, a search criteria type,
corresponding to each respective search parameter, a fuzzy search request flag and
optionally a fuzzy parameter and/or a weight value corresponding to each respective
search parameter. Each search parameter specifies a field holding data values to be
searched in the database 102. For example, when the crude sub-database 121 is being

searched, the parameter typically relates to chemical and/or physical characteristics of
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a cruded.€NpH, Poer psiatl spIfescontat, dvassheadc. PMherethe. criffeslate Rab-

chem cal s dat abase is belng sear ched,_the aranEters
databagpi 128l 15y beire seRscligde e Aparppeisertypigd]ly delaks 49 popRosition

| o freq S

quah?igf glgﬁfe d gdnet %falteo Q: C{’ ﬁ%él’ﬁ) rbtf ﬁl eIS g@?ﬁeéégéfgfg{egsl?ﬁy WHEn the
operdtihi Ctbmiglqms oselsdatabdyedHla bﬁ%emeEearcﬁw&heﬂmgpammeteh ggpically

the paraneters typically i clude robl em val ues, such
relatggs g GBS CF 2166 WITER oFe 115BAL-6n [OIG: 4P HaTEsTatize, Wash
watel ¢ol rEWULSIcBRta g€ Basic IRIIHRERT &1 Wa'térQB'SQV)t M‘Qﬁ cmde salt
specifiés a target value and a relationship to the
cont¢ray ge¢rhval presswuchdveslsead plarege Wbblathe\péaem@aish@tﬂasgwtbemg

alue for definin ra f val.ues bein earc
sear e gereaiedins) whe e HELEE eal By dF e i auhags B nsae
inj ec%éﬁ‘%ca'ﬂi@ﬁ Che E]h effvy: (cBARAlduk Yor (imekmit@it)d efcd NGBeABAE Broblems
e., bounded conditions having at |'east one of a

relatccbm rrefinighg upp@eSb cuhdigfapases i@h s bang >searched, wien parameters
typlcgg(yﬂulc]l]uqe éar?‘%geénéﬁ sear i fh id cg()g%og?o?%rééts,nénw?gca%og ! gglglnates
foulihg @muléib@tetd.he fuzzy search algorlthn1nodule 206 wi ||

be used for processing the search for the

correspondi ng paraneter The fuzzy parangter ecifie
The geagh gritea RTUIPCCLES f (Breehtwbe chi a rejptiopsp w)top}ﬁg Tt aplue,
suchZas?d qﬁl?ge( felatid ARLE ‘ie%rggt W84 £ dELRhHNC Pa‘n@@ W $dhudseing

search Triteria type defining a degree of
searciedifer.shirpexfamplei ¢l sesscliesitariabbgbefmay Merarbekanty. mathle (i.e.,

—fuz a t f f first
cquaiFh. B are Bt bhab SR SVEDT e Tt Tl OF ofadoyer
and WPB&lﬂdﬁﬁggu@ﬁ ayal tepepxdpneicng bel ow the target

val ue for deflnlng t he rel ationship to the target

val ue, and wherein the search criteria are net for
They d#agtis ssarathi flag hisdicpiest Whar 3ebiond feardeds 'aArsiade for the

corréjsggll;(ﬁﬁ"g .Pﬁl%ﬁ’?gae% e]c Offy %’ ﬁle.u z§|58a°fgﬁ rftﬁ}ﬁ heiHELO06 will be

wel ght vafue i ndiCat es nportance of
usedtfbeprooessiag ploadedargh ﬁ&nbmedrearspbmimgpammetehed In the
exanple provi ded a meight value is selected from
Medi um=3,. and e the default

The gy PG GREGHS F P IBINE RGP e g o RS harigier 2
and ¥ @) L}Bﬁra%yerk%@ asediah! c@ﬁjuﬁcﬁ&{ aheRe §dafin @it&®4 typk for defining a
possi bl e val ues, wher'e a function is conputed using
degred @f viagrlzenhap functlon as described further below. The fuzzy parameter
specifies at least one of a first range of values extending above the target value and a
second range of values extending below the target value for defining the relationship
to the target value, and wherein the search criteria are met for values within the first

and second ranges, and the degree increases for values closer to the target value.

The weight value indicates the importance of the corresponding parameter being

searched. In the example provided a weight value is selected from High=5,



At step 306, the appropriate sub-nodul e 221-225
correspondi ng to the sub-database 121-125 specified in
W b@sperasth request is selected. At step 314, PEEUS2004/033510

sel ected subnodul e determines if the fuzzy search flag
is set, indicating that a broad search is requested.

Medubn=80 %n@ loRv=1, ReHek @ thel R FAUNGS oné,Ney) werighedd. Peis $ebtetPlated
step 318. At st ep 318, the selected sub-nodule 2 -225

that the areigletsvalusy man bh arV@@@bla s¢lpctedh &oany ?%@ﬁa%i%values where a

ﬁnmé%]g%k%]ngium%%&%qm gh has values in fields

rres 1 east one search paraneter
t hat neet the correspondi ng search criteria type. At
At sepep6 3116 approptise rubaiddaie 23] -2 eoriréspohding né drenstb-database

request ed was properly found YES" I
121485 Sresghaaan Y SHRcbrpeS1 Tl e ririh A ol e oo R
mod@e RRALG L ISE GRS/ E@arcmné?éy%t' ?ndﬂﬁﬂﬁ% WR% fn‘?)%d se?rch is

play to the user and co passes tTo step
requesambilﬁlt}ragdammpatm@m “DO’% dhranexnird] pasaesco s@q&ﬂéstAt step 318,

the si35efl e BPARE A <. WOMFD S 210 s B UL Lk PHeoudpie-

data&fsé henimsaRdichNfisShredat AbRIS@oked éﬁ)ﬂdi@gQS g5k Tessttone search
fuzzy search al gorithm nodul e 206. The fuzzy search

paragtgor thatnmesduhe coeeseseding essarchf rigyias dtec hAk| Ho | 319m 2

h 2
detel il s SRRt WAS bk BEht enaay
contfBR HASE&N i stepn814.0lF, atastép!|3e 0 afpl cﬂeﬁcﬁmuhatioyl fsurOr 0a,“search

and a defu22|f|cat|on functi on.

unsuceesFE o iﬂmﬁfﬂ}g@ﬁf generaler fax display &hétei WRT aRgh ol Pagrestp step
3ozgpgtréc%n91 @851%8'#@? cjft&fjée\éfcﬂl%@tb} garch paraneters by

termn correspo ng to an individua
search the fleld S expected data range, converting the
If the deigemimatip ,al pteprd 4rmq5|61§f@”p tlmpcart siep 3L ¢heysedentdd am@q}ule
aneter val u a ue_ bet
221 336 BiS5eRhe St Rbieriarodghe s gh PpRe R ad B8 30 o ey
searéh h@BgRhAf mBdte Job. 9e ﬂuE,@y k215 hoin ARoduld QDb GRecutes a
woul'd convert specific pH search paraneter value of 7

fuzzy osdpecly. BgorithansFieriey aritaien vangefous Smcipry dpepding a
tran%r 1?31‘%10n61]c?rm ?t‘i di fﬁltl IJORUt I %Q%‘ eéj n&t h}%ﬂﬁ)efsﬁg) t}ﬁncq{())pl I eg,lle

dat'a rang

applidaBillity @bﬂ@m, anﬁlzeddﬁgmﬁ&tmh ftmaﬁmershl p function is a
distribution function that determ nes how well an

accessed field val ue ets the_search criteria type. ..
The Db BBHUOB XA BERHO9n HGHER | BRED i Upel gelionally, rorinalizes

indiVi@R{1E$E4 R t hﬁar%%ie‘ise%yd@%ﬁﬁmﬁfg ehRershi Rofrépehli@R, to an
individual search the field’s expected data range, converting the range to [0,1] and
mapping proportionately each search parameter value or field value to a value
between 0 and 1. For example, the pH field for a crude record has a range of 0 to 14,
so the transformation function would convert specific pH search parameter value of 7
to be 0.5. Transforming a data range is an optional step, since most distribution
functions can be applied to the original data range, as shown in the example that

follows..



dependi ng on the sel ected search criteria type and

fuzzy paraneter. For exanple, the user may choose for
Wor@seeaBTh paraneter to have a distribution fRCUSIN/033510

whi ch determnes field values that are as close to a

sel ected value as possible, while for another search

The Béfra¢ref @{e@behBip fuBblidrOnl 4 Witibaibn finds@f tHah@etermines how
determines mninmumfield values. The distribution

well fapneacpssed | el ucrdee arcefsetist searrdl ewdlitip e SO¥ g | dbviribution
ﬁmcttlclgn%t can>be Al dngo re ?@SP RO agels 284 %e&reé e(%fe ﬁ% nb%}%ﬁﬂp lflﬁ?btlon

df €t PFbuti‘on f i'ons. forl respect
depefdifsD.on4hel $elebled tsE:zlubhl ictiteniaftygme ﬁmcbﬁ&zja per anﬁ:terl Fori dxenhpleg the
the functions shown, and other functions nmay g@ vg
user pgRy ERRORE dfo 1 MMepERATSh PRTARELST JR, hays & Restighation Ftlfgn ich
) 20 |
BT ILLILD 0% IRSE G5 0Ly OSIPESRE LR RVl o
anotlidnseaely pegamttemantsiriiutipn fﬁhd’ﬁon4lssﬂmed/5tha @ﬂt@mlmmlfmmum

an ex l ary. Ran Distribution functi
Feld g e dBRt Qo KITABGH Gursn s ahl B Vaie e fatbes epa hat i
vary glterla type [field value=x], and the fuzzy paraneter
?l where a detern1nat|on is made for field

values to determne if they are between the ran P
An eapldnafjon mﬁswm examptes wh élﬂ%rﬂttﬁ@ndf@gfﬁws éﬂllm‘d@&slﬁmﬁc to

F IG$ a%ggéﬁes ag ion 11 fe 13&?(')11%6211‘@ ? Eé PI\%lthg o Eﬁ%efu%gpén%rshggvnmgﬁqother

Ses as

funcG@idt efay ber u§edf | Bdrd eyl destiibutionWiiirehioh,s a@Xtaé:t\lfayue for y is
between p a the degree of nenbershlp al ong the Y

propesiogalj with thfSId%rP% ef 9’6“1‘3?“@}19@ apd glrangealhgiesn (.1 pghe closer y
s ShRR Ry RRPIGE 90, DRSSP UM kel
Rangds Disgrittuteik ﬁmmOp,othtch xamésetﬂnaa afdﬁgm'a «n‘fnnymimrﬁbip vadue & a

ute a vy e l i e t th d f
searqho pHgtig éVRFnﬁ/WE;éJ d/é&ﬁeé]g A Hih zwﬁfaen%“’tte °C Pl gheyhdte a

deteARAEIAL #h&& fhdeld PRUdUB 2K PRI LR aﬁ‘@MetW%En BR range of p
symmetric, such as [+zl, -z2], where'is not equal to

and zR.inTlhjive diagtlr wbglte| dre flegree |anm¢mbesﬂhsb lmeaig%dlefbﬁ walue
sear

apprgzbc218§ H)'e ec&qt%rv\%‘rh ths rralugﬁp%r} EGCI %a&es %%ﬁ t\yaEue[lpl eefs Oa%a f?om the

centér= FoRla0gkld van@ bfxzywhiar dnedaetly [betdeenSp need @ {heV@dgtd&S of
will be less than the target value, the right half of
menmpbreshi aleng Mg Y@ﬁlsflaﬁcSm@}arhySlfﬁb% figldetglue qfRanbeEeen X 2ad .

C al L 95 +
the cfeg'?%eec{}] ang%sﬁﬁggvgglgr%nfg?ge ea%._l_ {)y ﬁ’te{]o[llfcﬂv@ ftﬁjat\rﬁ) Lkef hxe Z.
Usingi ts/or linbwitrd pointssand the function y=mx+b, we can compute a y value along
the lines to either side of x for determining degree of membership. It is further
contemplated that the fuzzy parameter may not be symmetric, such as [+z], -z2],

where z1 is not equal to z2.

This distribution function may also be used for a search in which the search criteria
type includes a specified lower or upper bound, such as [field value <= target], and
fuzzy parameter [-z]. Since all values will be less than the target value, the right half

of the distribution function is not used. Likewise for a search using search criteria
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unused. An exenplary Range wi th Deadzone Distribution
function is shown by curve 500 in FIG 5, which
whewsvea3sinmlarly to the distribution functi oPCEHOSN4/033510
in FIG 4, but includes a "dead zone" 501 where any
value within a specified range has the sane degree of
type eI aradle>p- tafyet] @ldduxal preametbnf+zarthe bedtt abof the distitfution is
have a degree of nmenbership of 1. Field val ues that
unusgd.e petween p and e (e.g., d), or between f and g have
a |l ower degree of nenbership, in accordance with the

An e?leﬁg?arngJng@ vln'tl{‘%ac'lsz%%e [ﬁgﬂbutﬁcﬁxsﬁ%%bﬁl || sbhow]imyscurve 500 in
unttion I $ used

for search criteria type [e<=field
F1G.val whichf behased smnutaz}y paﬂaandastebuf eaAfl}nctlm shewpe-FAG. 4, but

. =f +z, degr er.s s dete ned i rst

inchie 1 g E6 S e8| PIERET S VIR o Do heae dea i Sme

degrbe of 3REMbrsNpt ABPREMI VludshBaf MBCHdrOBeny &@Xd T hahB a degree of
exenplary M nimze Bel ow Target Distribution function

membsrsbmmﬁ 1b§le&,dJWarle_e$@1@t g tRh@eng; anthe ¢hei &), s dgtwearf apd g

havebabﬁon et éagzl%g% Ble 1bersm1% \&/relra%g%ﬁl% OA Ot %ﬂ% %‘lgﬁ%gp Pﬁrlines 502,

504 %@ipé%tlfv@lly "This, fuhbgorhisglzed fblhﬁeadegérﬁerlaofyﬁéqﬁb@ﬁaﬂlvﬁlue<—ﬂ
The function ¥ (U-x) /(U—L) can be used to determ ne

and fweyd @grasestet (el eYhars prrve i a=The degige ok magpbership is

detefé%;%ﬁ'g Ib;f’{‘uﬁt checlkﬁ@etodfeg ¢ %%elﬁ%ﬁfe 1S WeRvded 2Antey,; SarRlni? not

( egree of menber’shi p
applyiagahediystiveryen(xdp. An exenplary M ninize Above Tar get
Di stribution function is shown by curve 700 in FIG. 7,

an S N By LA o o RGO R AU oA
FIG ”@n@ﬁﬁcﬁmspudeﬁ VMY SeZEh PafdeterUBREIMIBREM eldw & given upper
val ue above whi ch the degree of menbership is always

boumﬂeldo and)abovha fowiee tbovnd gL_(Tue%))wpl( the- va)luq:&ﬁ ‘Bé tk@éaglﬂf‘é the
degrg% og 11é%$%{%h1pmx%£nﬁ§88 e%% ge?) \&éﬁgﬁe:‘%seg it?)( dSfertfine the

degrb&I BETmemMbeshiphaven By <eux ve- 80Qf itlie FhIGe “8Y <whi[)chlha degree of
used when a search paraneter is maximnmzed up

memhSHERP B aheye. ongHd)- fléﬁle:ft veJHe yx( xLYr ¢ (Leﬁre@aﬁ IB%mB%félap 15
ahmﬁ@; ﬁfn1ne t he degree of nenbershlp Al'l val ues of
al ways yield a degree of nenbership of zero
(O) AII values of "x" <= L always yield a degree of
An exemipdayHVipinfzezabave(Tirget Distribution function is shown by curve 700 in

FIG. 7, which is used when minimizing a search parameter above a lower bound L. If
value “x” < L, the degree of membership is always zero (0). Upper bound U is a value
above which the degree of membership is always zero (0). The function y=(U-x) /(U —

L) can be used to determine the degree of membership when L <=x <=U.

An exemplary Maximize Below Target Distribution function is shown by curve 800
in FIG. 8, which is used when a search parameter is maximized up to an upper bound
U. The function y=(x-L)/(U-L) can be used to determine the degree of membership.

All values of “x” > U always yield a degree of membership of zero (0). All values of

€i, 02

x” <=L always yield a degree of membership of zero (0).
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11An exenpl ary Maxi m ze Above Target Distribution
function is shown by curve 900 in FIG 9, which is
W@ 2@®d/0§8185 maxi m zi ng a search paraneter above BCT/U8204/033510
bound L and bel ow an upper bound U. Any val ue of "x"
<=L always has a degree of nenbership of zero (0). Any
ar@fMa%nm?e-AUo% Tayest Dagrivutidegheaionf is xBobe Tb§rhiupve0900
one W% The function y=(x-L)/(UL) can be used
in Fifat Bryiigh 18 Heedgoy maaxiipizinm frbet <th PHastss @bﬂveelqwezbowd L
h y4 rgme S at,»S [ r.t
and Qo e R 0SB o VBl gl e of
melﬁlﬁﬂ!slﬁ}e af gbroi (8). xipadal(€ v 2y) >adJ tlveyd gy edegbe of membershlp

nmbership varies in rdance with the a
of GanEIIN. RraoR REELOUHGE] Gt OF Fiee o955 088, ok detee of

eggﬁénmg}&g_r;&xw e applicability function, V\,hl ch
eterm nes the degree to which a rule (or dlstrlbutlon

function) fires for a specific search parameter. In
Altlgegkfedzy perasercharp aloaﬂmce‘iednﬁfy thea fincgencedestribing the curves

ol ELEY LB SB5L) 0 s B AL e ety o

acuﬁhﬁuﬂwgﬁﬁ@kaﬁﬁ@ﬂﬁh@jﬁ@ﬂkﬁ one dlstrlbutlon functlon |s
provi ded per paraneter, so t he ruIe appllcablllty
function is not needed. ver Is conte

Thet thiel fypetéon phtheofigzyiseareh @Eﬁqﬂéﬁﬁfla B¢ reR aﬁa&}g@élty function,
whlgljé %%freg‘\ﬁlﬁlgégﬁ% QeitG RyiRa{ g%fe {or cﬂﬁﬂbﬁ\@drghﬁqcﬁf gu SiedTRE a

or-correspondi ng e respectiv
spedfist sdabuli iparaniatact Ino @néﬂak as geavdie rpadenateminmyn iage  several

degree_of nenbershi ourth. f t f t f
st RN BRI Her PP §5 2P R RS G Vg o SiFeten
app@@ﬂs ny%@&%uilﬁtth%% Sefit é?c%ﬁ{b?eg %n)’}ﬁd)ﬁéedlgt‘?]‘buﬁ@? ﬂnf:ﬁ‘@r@fs%rowded

ed’on the su tion of e ree of nmenbership values
per frorameetel {d elhedmlal wlmhlahtycémlrcegpoﬁdsott oeeded eHowgver, it is

the ec val ues,
conBTIR: Fit ahelt b5 BRCORER N g euP bt BBl dor a searh
pardh&é0 ranw@jgﬁt Vzﬂbéﬁeﬁla? rbetﬁbﬁﬁéd tfdsxeécﬁeés pRTiEE tovel Megkctive
in the scoring. For exanple, a High melght val ue

disttibeti erafestiorseor wisovheardetermining a degrier e5pSAEFEPdegr ee
of menbershi p val ue when cal culating the fina

The, %o%%ngﬁ?tléf@ Wehe HMS: f@a%%%]g?rﬁ%ﬁ‘?@'ﬂ%r fﬁﬂ‘?@dﬂ%ﬂ fafi€tion,

use etern1n|ng t oseness va or each
whitk calcalafes haslbsegess vdbgrfee eafh neeord drasdi g thalsumnfadion @ dbgree
f|eId corres ndlnﬁ@@ a.search ara ter

of ETRE D AP 6L SR Rde Lo Wik GeFaeeit & b aifhpariielr, the
resgRRliRERNt $Rues for each search parameter, and how many search parameters

and/or weight values or totals thereof were involved in the scoring. For example, a
High weight value increases the importance of the corresponding degree of
membership value when calculating the final closeness value. The following
exemplary function can be used for determining the closeness value for each record R
having a degree of membership value o; for each field corresponding to a search

parameter sp;, for a weight value W; applied to each respective search parameter sp;

Equation (1): Closeness Value (CV) =
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Equation ( ): Coseness Value (CV) =12a a =1/ =1
In the follow ng exanple use of the fuzzy search
w@b@onigibin i s denonstrated. A user wants to fiPaI/ak1004/033510
crude oils where the pH=6, +1-2, and the Total Acid
Nurmber (TAN) =4+/-1. The user further assigns a weight
val ue of Hi gh,to the pH search paranmeter, and a Medi um
wei ght val ue gf the TAN search paraneter. The search
paraneters ar 6 'and TAN. The search criteria for pH
is [field valpe;= 6], the fuzzy search flag is set,
the fuzzy paraﬁe%e% is [+/-2], the weight value is W
5. The search Eriteria for TANis [field value=4], the
fuzzy search f gzls set; the fuzzy paraneter is
[+-1], the weifght value is W3. The fuzzy search
conS|ders the; foll owi ng three database records: Crude
A. pH=5.0, TANE4. 5 Crude B: pH=5.5, TAN=5.0 Crude C
pH=6. 0, TAN=5.0 To determ ne the degree of nenbership
In theafallewing exdreplpisv af tiesfuzgh ecalels bligpbtn sndemonstrated. A user

sho curyve.1000 i FI.G i's ed. To d n
wangand AL EEF SHE erRE BECG 62amenEE Thiel SeBNERBy T AN)
=4-+flgt ?ﬁ@hE@tﬂjﬁﬂer‘ és@ﬁgg vasglit & anResf1giah tth ehePi \4BAIE patfabieter,

each crude record lie on [ ine 1002 or on 1ine 1004.

and 7ide@imvwedigletsval ysy tothar8aY saarcB pariane®r(5. 0, 5.5, 6.0,
respectively) lie on line 1002. Line 1002 is described

Thebs\é 1\/(\:/216 AL r%laré ﬁ%n ,6§[0ﬁ“h£ Q%aé!:lﬁ?ﬁteﬂlgqgr Iﬁ%g%@g'alue =

n coor

6], ﬁhﬁ&’ﬁ@zy}’seaﬁhtﬂ@ id egtr ae mﬁzyrpm‘blﬁé’&hlsqw-aﬂ ke wmghs vhloe is W=
pe of the line, and b is the y |nterclﬁh of th

5. Thr« ﬁ@arch eritsriaider TANdnlfield é‘%léeT‘Heth? fizzy searcidlag i Sst zzy

ti be jdet et pedudR3Ness! ope of a line is defined
panégﬁﬁﬂfﬁzliyb§ /g¥&2ay Plugging in the line end
points, m(1 - 0) / (6 - 4) or nel /2. Plugging in
Thegozap searbh@pnsi@ess the f2)lawing, thiglaidgtabase records:

Crude A: pH=5.0, TAN=4.5
Crude B: pH=5.5, TAN=5.0
Crude C: pH=6.0, TAN=5.0

To determine the degree of membership value for the pH values, the distribution
function shown by curve 1000 in FIG. 10 is used. To determine the degree of
membership value along the Y axis, a determination is made as to whether the pH
values for each crude record lie on line 1002 or on line 1004. The pH values for
Crudes A, B and C (5.0, 5.5, 6.0, respectively) lie on line 1002. Line 1002 is
described by the general function for the line 1002 extending between coordinates
(4,0) and (6,1), i.e., y=mx+b, where y is the degree of membership value, m is the
slope of the line, and b is the y intercept of the line. In order to calculate the y value,

m and b must first be determined.
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reduces to b= -2. The degree of nenbership value (y)

is calculated for each of the pH val ues for crudes A,
w®200a/048185 as fol |l ows: For crude A, y=(l /2)5. 0peT/SDP4/033510

or y=0.50. For crude B, y=(1/2)5.5 + (-2), or y=0.75.

For crude C, y=(1/2)6.0 + (-2), or y=1.00. If a pH

The/abpeoDi At ef défira £ ﬂi\la-sﬂyQOI}&lD dexed x13.heldgpigLihahd nﬁe end
i ne 2004 woul d be cal cul ated by determ ning the s
poinadmy-ilnt 8 ¢&pt Dforthsl/R Bblgéwgelﬁdqomj () v&sgﬂﬁ% + b “Which
red$Q g dbnaﬁes (6,1) and (8,0), which would be used to
eterm né the degree of nenbership value. To determ ne
t he degree of nenbership value for the TAN val ues, the
Thelllef¢d dfuhéraberfhip shlverfysis @aleulayeddor eaeh bHthe pH FhlGes fos crudes
used. To_determ ne the degree of nenbership value

A, Ei%ﬁﬁjﬁﬁBYW“§X|s a deternmination is nade as to
whet her the TAN val ues for each crude record lie on

Foﬂ&ﬁ&,@ @q19ﬁ5bun@%pggyﬁig¢ TAN val ues for Crudes A B

respectively) lie on line 104.
Llne 104 is descri bed by the general function for the
Forl drmde BOZ=(&0 DA di (WY, bey¥keén coordi nates (4,1) and
(5,0). The slope m= (0-1)/(5-4) = -1. The y intercept

Fol B VO B L EL A PR 31 tegree of rermber shi p

value (y) is calculated for each of the TAN val ues for
If ©phidesud\ grddferathdn @ &ss fcoxllslidmsd thé efomgil der bhe 2004 would be

T . e
cod(fdl()aﬂeg 463 ) +ar(cf5)(8 05’ I Which- %uldl‘ﬂ)goﬁse@ r fd)d @et@rmﬂle (the) &egPect of

For crude C, y=(-1)5 + (5), or
nwybewbm\Mﬁhe ruIe of appllcablllty functlon i's not
applied at this stage as one distribution function is

To e(%geggf E acf’e%r%%to 1] emggts}ggf&ﬁtfel Qﬁé 'Tgﬁll (Iéﬂlﬂ&t ' g sﬁ%bg}ion

conpu overa closeness’va
function shown by curve 1100 in FIG. 11 is used.

To determine the degree of membership value along the Y axis, a determination is
made as to whether the TAN values for each crude record lie on line 1102 or on line
1104. The TAN values for Crudes A, B and C (4.5, 5.0, 5.0, respectively) lie on line
1104. Line 1104 is described by the general function for the line 1102 extending
between coordinates (4,1) and (5,0). The slope m = (0-1)/(5-4) = -1. The y intercept is
calculated using point (5,0), which give 0=(-1)(5) +b, which reduces to b= 5.

The degree of membership value (y) is calculated for each of the TAN values for

crudes A, B, and C as follows:

The degree of membership value (y) is calculated for each of the TAN values for

crudes A, B, and C as follows:

For crude A, y=(-1)4.5 + (5), or y=0.50.

14



each of crudes A, B, and C. Using equation (1): For
Crude A: CV = ( (0.50)(5) + (0.50)(3) ) / (5 + 3) =
w@288/088185 Crude B: CV = ( (0.75)(5) + (0)(3) )PCT/[1S2084/033510
3) = 0.468 For Ctude C. CV = ( (1.00)(5) + (0)(3) ) [/
(5 + 3) = 0.625 Due to the Hi gh weighting of p in
For 3a&RIBlaACe )M 5y, e yH8.00. s wei ght val ue assi gnnments,
crude has a hi gher C oseness Val ue than crude A,
ven though crude C TAN val ue had a nuch | ower degree

e
For gfudgeyst Si-p + (TheT #58-29- search al gorithm nodul e 206
outputs a result list including a |ist of closeness

TheVAl1¢ iy CRROH | AT BIREELRs TRE distributi
mrecoﬁggﬁﬁgsgﬁg&vgpues ?ﬂn§fg@g§dcorré§po%di%é)toliﬁeUIM]
funetearis bsquigreapetaerctedrhat net the broad search criteria.

The output record information is ranked in accordance
oo SR SRR SR e o ab AP B AR IR fr
caclagfléduional Bl saar mdinoeuaitiefn)as field values. At step

326, the result list is processed. If the result I|ist

is enpty a ness%&g is disgléagd to the user indicating
For{Gsude o ¢ ¥cor @sS0NSy & (PSAKA) Y HatT tst 09Re search

criteria, and the user is given the option to nodify
For(}RdSBAr €Y L (ot Bhisq-+ kar g t hepgear ch again, or
mfo ex?t ?Ré %gggmgzl§ggﬁﬁgares | t IPst havi ng one or
nore record entries, the information in the result
For|Grade Cs @Vsp( dydd(S) o (0}3) usért. 3)Addt 0i6dhal i nf or mati on
may be di splayed to the user, such as additional field
S nf ion for.each record included.in the result
Dug g e GG it B8 B, Eecbs it Yo Sl S vae

assibR@eREScridO M e KigsdlGlodensds. VAhe tHaa ki degA OévehiBough crude
result |list may assist the user in_nmaking selections.

C’s fiAN valebod pynuchdewer degeagiaf menhershiyy be anal yzed by

executing an algorithmfor selecting records fromthe

ARy Rt a1 WHBRE nRIRC OO DututddS ist Ut gk of
Tmi osgngégﬁvgﬁué. Afﬁgkep 334?Iﬁﬁgasgﬁgg?ggqggggﬁgs agéo
clossutgsutales andarociespoadnigtrsgord usforastidyy fayut@uds hagng Walues in

earch results to a | generated the U 202, .ta
fel g T ePO BT BB L IS RO ETE ot mat fisckined Seithonily, The
outPRALLSdt RBSmRELA G MEkad ah YaRtSrdbRRMwith @hé @RJsEbst &aMles. SThe
and/ or uses the search results for generating other

recqrds infermatigndmay  melude beifly eidetifferstfor jeagh traecrde &f cidlditional

. ~results. .The rch results may include all or sone of
iR Rgshlt P20 e i i el s

At step 326, the result list is processed. If the result list is empty a message is
displayed to the user indicating that no records were found that met the search criteria,
and the user is given the option to modify the search criteria and perform the search
again, or to exit the program. For a result list having one or more record entries, the
information in the result list is displayed to the user. Additional information may be
displayed to the user, such as additional field information for each record included in
the results list. The user is given the opportunity to select records from the result list.

The ranking of the result list may assist the user in making selections. Alternatively,
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corresponding to the selected records, or only an
identifier for the selected records. At step 338, a
waledosomiaat i on is nade if the processi ng of theCEHES0041033510
request(s) is done. If "NO', control passes to step
302, and if "YES', then an end step is processed at
the REIP 1130 May bk an8ly8sl by eQaReng Btal gokittinh Pbiesdl RUHE FESordRfom
be processed at "one tinme b u5|ng(farallel rocessi ng
the resulhbefs Wharh eelsetimcif bpsedianttBe eneptied ¢lgsennes alezy . sear ch
engi ne 104 nmay be anal yzed for determ ning
esj1,ahi l i f_at:l ' ' o
A S Bl st et SE P 0E ERNAThL Aipe I Byputting the
searcinédsuls 1voh GUIIgeashted Dy thé UEE IS hnghérrpratassing noplule)ng., a
: stored wthin the database suitable for o tinizing
modyde, fsBetane @sinle that pafqrps agalysis dReR thesptcy rRgis gnd/or uses
[ . [ ' :
e Gt e e Rl PR o oo the search
resubts Obheegearoliursuly mdeinckie nll g spne of §&; inforchatiore storeeinin fields
analysis. U S Patent Application _ Serjial. No
cony GBI e fEleciNpEreé ) SpE A AR o dheselssted Thipres
predictive engine for predicting performance,

At 8V 1387 FldB@rRRLTiOf BRLR BRI YSdeSsiAd 6f U JEREH tdadeA®Ylis done.
anal yzing treatnments, the contents of which are

If “NeXoerorodmesseh &a siep 39, ansk iér ENBY, ithent dreend eap is E‘W‘?Ssed at
rch results, fromqt.he fuz C ' .
ser £ iy PRRORD ARG e A RSB ot Dl ine

pardllel p®cesditigsh&@hedk. t hat the predictive engine enter
search requests to the fuzzy search engine 4 for .
anal ysis thereof. The descri bed enbodinents of th

Thep pesdnespits OLEry e ey crlc 8Te (1 Mt Paangzed for

deterrﬁ‘ﬁﬁlﬁ% dEhABiAPSE £ 1645t ¥he cARGnAIR e S ERORES for at least

represent every enbodi nent of the present disclosure.

one \aarch vsjuegidintiudlatg aneashont ofaceesing tisatnzamt bptionsdtored within
i thout departing fromthe spirit.or scope of the

the BHBRBACU LS o5 BB 488 Do PBPLS o) O TSP B o formnce
Al RPN prédigndl Ipgrfenthncd AQUdvRhehik HeEqesbaaadyi fhd

al_’aﬁgw.' RLoRI predigt I PED TS sy stom ( 00y for o
distebutéers phgraierde dueng iberaefining PEACES$; ianf drerEPF nangiysis. &f-S.

to at.l t a . ' o
ro AR SN TR Bl PERERT MBI pricing o
predid) engitd fishi rediating pedbiniancqfperfoeaingspeafirmends aellysis and

storing data related to_at | east one of a plurali of

suggesine 8nd analyeng raatasnisnthe capiehis Of “Whirdrae iﬂ}?glporated héreth by

refetMiih Qs a%%tﬁétgﬂ géﬁgﬁ) rduhaybRogmetulSashrcA gk alod could be

storing
provided to the predictive engine, and furthermore, it is envisioned that the predictive

-engine enter search requests to the fuzzy search engine 104 for analysis thereof.

The described embodiments of the present disclosure are intended to be illustrative
rather than restrictive, and are not intended to represent every embodiment of the
present disclosure. Various modifications and variations can be made without
departing from the spirit or scope of the present disclosure as set forth in the

following claims both literally and in equivalents recognized in law.
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a fuzzy search engine (104) havi ng programrabl e
instructions configured for execution by at |east one
wEe@sesHss for receiving and processing at | eaBCT/U8904/033510
search request, respective search requests including
search criteria including at | east one search
WHpar BeLamvEpast fying a field of the at |east one field
and a search criteria type corresponding to each

search par er specifyin target value and a .
L 7 el mb e RO f6 e masaFHEE Todiensnt il rbos Saulpr o
at leaStne I?arg&wam% ol 223ssHRHRE bp R ARy &hBe FefinBiMeAtUomprising:
comput 1 g for each respective search paranmeter of the

at | east one search paraneter a degree of menbership
a datediasee(103) includingiadhiarialityerd aeapsdsofollepievedy sipang dafa gflated to at

iy ] » .
GRS T A
recc¥@ Bk g 61 leds bhafitMporagidaspendi ng to the respective

search paraneter by data stored in the field specified
by the respective search paraneter; and an_al gorithm

a fupy segesisueing §1 OF) Bpyas Rengsaympble mruchonsiconfigis &ral

exeéc].glg)?lgb a%&aﬁté%% ré)g@éggs%l ‘f\@rtrgc:e:‘?«/l'lcl%J Red % ReSAFRt Rhii%nkREarch

rship value for each respective search
requeat, acvptaive searcieguesysinelmd{ngGojrch nritecie andiahogatdeash one

aim, wherein th at.abas 02 rther includes a
Sear,cs:ii BATRfetsy Segel &g&fg@g&.%ﬁﬁeé&f%agfeqnﬁ)fgﬁﬁcﬂ?ﬂdﬁgsea%&?“?eé}aa%%
corfehRlding@8 8hchARErcR haAnkkdispddifyhgof taedreMiGahad 4 Alatléhhip to

during refining of crudes and a plurality of problens

the taegeitvelies whareihithd figzpseacdhuapaine (302)Rempsigestasralgorgbin fion

“accordance with .G aim, wherei he al gor i for
confiiiBe i g e Sl g 8, by B B Bld St Bty
degRe dfh@nibRedhy clad foi @evideal réddfédof the pluetdity bfirecords in

accordance with the cl oseness val ue correspondi ng to
accerglapreegyith #idedst enepnfiBesaarying nctrpi desgubiaga degtss of n

0 | o
medfiEERREE oGP HpolthE] €L B AR MBS 4 FeteFoy
datd @sfeddi theeicddgreciicp dy alnetespestiod sdaheh @rarh@ears tndne

search paraneter, and wherein the cl oseness val ue for

ach individual record is conputed.by .weighti
on b Tor OB ar et Gair on g ind ul L AL AE dance
witP 2 FHPBHE o PinBECE daRe€olhbbeREipGRATeTS PR rddgedBleGbirch
value. 5. The system ( 00) in accordance with Caim,

pargghefeei n t he progranmabl e

2. The system (100) in accordance with Claim 1, wherein the database (102)
further includes a plurality of records collectively storing data related to at least one of
a plurality of chemicals for use during refining of crudes and a plurality of problems

related to refining of crudes.

3. The system (100) in accordance with Claim 1, wherein the algorithm for
computing a closeness value outputs a list of records of the individual records ranked
in order in accordance with the closeness value corresponding to each of the listed

records.
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instructions or a portion thereof are stored on a
conput er readable nediumor included in a conputer

wa@l2108/0¢81hal enbodied in a transm ssi on nedi unPCBUSZNE033510
system ( 00) in accordance with Claim, wherein the
relationship to a target value x specified by the

4. SETREH sl L1O0) g dxpRahdRoliddeRin 1Dohsadtheyeath barsh
one of an upper and a |ower bound. 7. The system ( %qp

fur ﬂlﬁl‘ﬂmﬁ]@é@? Ywetdt albe careaperding (RHEsREFvE rrér%ly@raé%trrio

at leallsltJ & searc% r{gﬁarmag S|a t §3%ho Ql%s gsrvdlﬁbofotr th'r i 1<fu9f

east one sear request

recoRYis b@rﬁplﬂte@ 0y weiglameg @Edﬂﬂﬁg@eevmftﬂimﬂ)asl’np Valuwﬁﬁ‘reeaclm t he
algorithmfor conputing a closeness val ue out a

respectiye Sepfcly RREHNEST BY aCP‘Pféalil%d’i”@} G&PTPROBIIE Vi tVﬁEl
respective corresponding conputed cl oseness val ue, and

5. Whepet \ﬁtetnli‘ €1 (R il &R8TdaRREWHES €Taim P WhetlEY tieSrd g&ﬁfnﬂﬁﬂble
recei ves user input for selecting records fromthe

instrhétatns of a pedondbere® ard steredymtaecmn(plmﬂ)l ejdablgguotivamte
‘ﬁ% h daim]il,  wherein h crlterladfor a search

inciilef g p i ke SRS AT 5 5 oppisnigh bRahit
corresponding to respective search paraneters of the

6. at Theafster@ (F(5 @REcBrdansawih elaifnol, vapedh the eatiabshie st
one of a first range of val ues extendlng abo

targqtam@etx spegitied b dheascaieh sFilsrip AYRsENEIPdSrat bendeg by ﬁbrfﬁﬁ one
of at: aﬁxygﬁyg(gggq)kngalue wherein the first and second

es de ne the relationship to the target val ue,
and wherein the search criteria are net for val ues
7. Wi The systdre (00) st acodiasexwithl Glaimgk syhesgil thehrysigan(le) of
nenbership varies mrth respect to a difference between
and the tar el
ford s b seS b aSliing A e s [ decs gt 1o ot paths
reque@nfigured 18for execution by at |east one processor

for performng the steps of: accessing a database

(102) for obtaining data related to at |east one P
8. pl dihasystgm 6t 0Qrinaecordappgweh Glaimed viirgeip dhs 3lgeythm

operating conditions, stored in a plurality of

com@ﬁﬁl‘gg Q&os&%%aﬁ@&&ftﬂn? ﬁ\ﬁhm r8dor Jise@lsthe ﬁﬁl@vlfiﬁeﬂ 6k o$d sl ik

andexecuti ng at [east one fuzzy search
respeﬂrmrdosesrg)nﬂhg ohppedafasenas value,mgd atheran the ajrlr@ss‘elﬁ:rv@ﬁ

respective sea uests in
impus S M b R P s b o S e e iy s B Fbonas
specifying a field of the at | east one field and a
9. The system (100) in accordance with Claim 1, wherein the search criteria

for a search request includes a unique fuzzy parameter corresponding to respective

. search parameters of the at least one search parameter for specifying at least one of a
first range of values extending above the target value and a second range of values
extending below the target value, wherein the first and second ranges define the
relationship to the target value, and wherein the search criteria are met for values
within the first and second ranges, and the degree of membership varies with respect

to a difference between a value within the range and the target value.

10. A computer readable medium storing a set of instructions configured
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search criteria type corresponding to each search
paraneter specifying a target value and a relationship

W eooshes1sar get val ue; conputing for each respeRCT/U82004/033510
search paraneter of the at |east one search paraneter
a degree of nenbership value for individual records of

for ek&&utioh @?{at jehdt Bk pfRe@beforiparfaaaRp demeeswift h at | east
one continuous varying function describing a degree of

nmeeting the search criteria type corresponding to th
accepsirmpetnkase Sk & gptnine date relpted ¢ & 161 PR ATy Of
[ ' ;
erud B ol P o B RN SRRl A oo
eachrree@d Having acieast dan fieldwtdringalatayanddxecutmgrableastrge thwery
degr ee, of nenber%hip val ue for each respective search

searﬁm{sg]g_ thq gteps of:

receiving at least one search request, respective search requests include search criteria
including at least one search parameter specifying a field of the at least one field and a
search criteria type corresponding to each search parameter specifying a target value

and a relationship to the target value;

computing for each respective search parameter of the at least one search parameter a
degree of membership value for individual records of the plurality of records in
accordance with at least one continuous varying function describing a degree of
meeting the search criteria type corresponding to the respective search parameter by

data stored in the field specified by the respective search parameter; and

computing a closeness value for each individual record in accordance with a function

combining the degree of membership value for each respective search parameter.
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