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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
treatiment 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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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I 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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data, related to different types of crudes, their
With reference to FIG. [, there is shown a block diagram of a system for assessing

and optimizing crude selection and operating conditions of refineries designated
generally by reference numeral 100. The system 100 includes a database 102 storing
a massive amount of crude data, including sub-databases, such as crudes, crude
slates, operating conditions in crude refineries, problem report contents for problems

encountered (actually or theoretically) during refining processes, and chemicals used



test characterizations, refineries and their operating
condi ti ons under which the crudes were processed
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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 approptiate 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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search.criteria type correspondi ng t.o ch
The sPE8h Ge e E Rt MBS uaR R GOP DA IR petntabare 121-
125 thlRgsétheddRiepn@d duibaddialagy imBEARLGEY 3BH Hpasatiiddblof
val ue corresponding to each respective search

informuaticaminadydedaaictie gl wHUpHr Sither dritigiheer i eespanys el lprompt
from ﬁ’]%llgj %dqﬁ-‘:tfm\,/ 81l Ilﬂgﬁ bé ﬂxc%ed in the search criteria.

The search criteria includes at least one search parameter, a scarch 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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searched in the database 102. For exanple, when the
crude sub-database 121 is being searched, the
WORMISHBI3r typically relates to chenical and/ 8ET/US2004033510
physi cal characteristics of 7 WO 2005/048135
PCT/ US2004/ 033510 a crude, e.g., pH, _pour point,
a cxu@ub{gumfbwnuenvpmt,vaté@osbwnt 6118@031%éﬁﬁ ien dhauerade Slateesub-

datab?%;p}%gllf %}lzg(? A chf:% (E}e n,Bgl S?.;m[e %n yp c’al] fr hl%lagegr ?n%tf)ﬁirgosmon
ualitis WiehS LAl slfe Je.g., PEFceBNST OhadicRRK bn@uhﬂrths:marséewm the
9

the slate. \hen the Ber ation conditions sub-database
operatiorg cpadif@isn gubelatabpsd 1 28 He pransearetied; yis gagampter typically

1elateE % %BS?IUE)}?S %Sﬂs%' E;' \91nl§1ne%< réﬁlllé?\%a\é\”ﬁt qb&el tor}:)]c Fe'na;%?%%uéa,’ wash

waterrfayw PRECRmt q;@eceBa@b cBaSﬁﬂ Bedintenannk \Mttar (RBBYY 1,awr awde salt
crude salt content overheadgﬁressure erhe F%,

contegly OverRsah PEREUTSh aKtheakPiatishidenithe geie IS dalabrenaxbeing

searc!‘ielae Iﬁgga‘%]ﬁét%gé J@Yo%'llgéﬂnl:lﬁdé RAd s fﬂ%g&h@@'sua{ PRI | BRage,

sage, 1injection at1on, frequency

1113ect(omolntatmmo lﬁ&cplenq:}n(c&mmmdnan o)) mtaﬁmttent)Nm Wienpthe b:lr@ﬂsms
related.to refinin rqcess at abase ,125 i s

related gy &q?gﬂalg ﬂ{@cifar%maé% o %eylg. NEFGEe S omF PG ers

typicalB! 1H&§de ?ﬂé‘éﬁbrﬁsfaﬁ@ﬁ r{sh ag c6@&§§m ra3@N§@kor 186/IonWdordinates,
coordi na fouling, enulsion, etc. The search

ﬁnﬂﬁﬁrmndswm,@ype specifies a target value and a
relationship to the target value, such as a range
rel.ati. el .val I

Th§ sedl F]ﬁél §%§% Ittbg%é ngeé:z\f?éé%e%l %’eg rv%iﬁx,goa?id ea)c(ilgfaltlphg]l%i E) ﬁl@qggetqralue

such @f iat @npa rdlyee mayhbaagst exhet foﬂB;Ieﬁhm@ a eange ejuabiés peing

or a range-match (i.e., bounded conditions
Seam]?@v%oﬁg Fa Cxamite. dhe 61 C§\ FOHsE YRR dsen SSaTaRAD (..
equaiﬂfI gk)%%? aTan f?eumal?ﬁt eRoufde&t c)ondl-mﬁs flé@ﬁ%’ aﬁ@@s‘f %‘e &* Pdwer

‘at es when a search i s reques
andupmmbeamhmdmmghpaﬁaheﬂaﬁwemlek{Lthat t he fuzzy search
al gorithm rmdul e 206 will be wused for pr ocessi ng the
arch f n ar.amet er
The JEPATSpuft o BaE; FRLGRS" NG S, PRAUREY " Gab iR dor e
corresponding PhrRaERABLE! thal thame: -8 s(eabchpﬁg@rmﬁaemoaae UEIBCwiin be
conj uncti on with the search crijteria type for defining

used @1 PIPSEER tHE sewivhdorsthe goramening paggeiidscri bed furt her
bel ow. The fuzzy paraneter speC|f|es at | east one of

e Gl PR O, BT PRt (e
and at(lr)qaatzan@@tzz/ abedeinfconjubefion wngl ﬂhh seardl atieoasiyepfor defitiga
degr ef*:d)[f eglplﬁélglg\% lfwcﬂomqgsr %F?Cé{. es f%rt?crﬂcgelg\gvl tT?l f%zzayr }eaarg%teter
specifies at least one of a first range of values extending above the target value and a
second range of vaJues 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,



and second ranges, and the degree increases for val ues
closer to the target value. The wei ght val ue indicates
WOHRS/Q48H8r t ance of the correspondi ng par amet e PCHAISA4/033510
searched. In the exanple provided a weight value is
selected fromH gh=5, 8 WD 2005/048135
Meduﬁﬁfﬁl ,USRDDEWwE 3366 tMedhfanuitB onande. Lowedightafdt é ¢dntemplated
I.S one, |t )
T R N PR ch ke R S R
functidn $&&o:8huea %Skl te VAlWRS, where a function is
conputed using the variable. At step 306, the
pﬁmgprl ate sub-nodul e 221-225 corresponding to the
At st dhaapwp! mms@zso@%@@?fﬂéa cPHetvadingdpdhe peydeighase
, |O € .
121-168 BETRRCH, sl iR 261 TS S RE e v

moduld@dteAnhicodtl tigeareh skdch flag ueséteﬁhdl&eftmghﬁat a broad search is
deternmnation is "NO, then control passes o st

requegied IfAhe detepmimgon iy ﬁé el 6areb GBS HLTED 355 pbep 318,
t d .
the s e R et T L SO P ARG RsBRing sub
databmrlr?dsp)m ahigh has vehmasah flebsstorenmnslery ohthe pateasﬁsmmrsearch
et the corres 3 ng search.criteria,t ? ?%
paraiet Yo el g GPHFRADBE P Ie (H | AoFRL Pifh o
detexﬁlﬁxgﬁéﬁtl@qnﬁﬂslfpﬂh@Qﬁfdniﬁatfl&y ﬁg:luesltéd wﬁg%m)pelp_,pﬂiu'h@' If “YES”,
passes to step 3 I'f at step 310 the determ nation
contrglspdsNEy to asterséa#clﬁf am@adﬂ@s@fwﬁﬁemﬁawa@em SNg€ner Heagh
i,S 0 the nt r ol t
unsucsGifl St B4t Suibu ARERS 3P L AT 0Ll BRS o s
302 f6e888Stng 4 uidaeddatorbibaidagih @ust.ep 314 was " YES',
then at step 322 the sel ected sub-nodule 221-225
passes the search criteria and the sub-database hei ng
If tlleaﬁ@@eagwiqlbattsﬁf@ Fifoyes RN dhenat gl YR eeelpgted sgpmodule
I
221- 2}? %atéyisé%’lreisﬁgl ﬁ%gﬁ%rgﬁédé plg sggngrd éi%a%?L?et} g:;é%&éist?ntge fuzzy
searcl (algoﬁthrmcmac]nk: E@ﬁl’ﬂtﬁ ﬁgzya seaxch algouthm module 206 executes a
trans ti.on/ mal i zation functi degree. of ..
fuzzy e s PLERUHTR C LT RERTdl iaie) isiiee g FoRFiPn cieing 2
transfBPGa R0 RENEA zﬁil&éltfuﬁﬁlcﬁlurhc@bgl@e Jiheembership function, a rule
transformation/ normal i zation function, which is used.
appll@fgthi]sjn” ahdtion, aed adeiuizagcationdunétihal search paraneters
by determining for a field corresponding to an
The 1 361r11?§{?0n/1 g{a?lgat Cble {II] ﬁBg’l] h?(?flp & tugrgd %ﬁhgneﬁgngx%maahzes
mdlviﬂbﬂp@éﬁﬂchnapﬁdayheﬁQ fbﬁelareahmmg a“metaelﬁcichlctjfreq:ronﬁmgl ¢b an

ue to a value between 0 and 1. For exanple, the .pH
mdwudiu@ A e drelie rpedididaaganger awaféltmg @?etrangﬂto{b 11 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 trans formation 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.,



so the transformation function would convert specific
pH search paraneter value of 7 to be 0.5.

WOREMEEB8ni ng a data range is an optional steBCTHiSAk/033510
nost distribution functions can be applied to the
original data range, as shown in the exanple that

The degtdeomian enHeiabi? 605104 84 35diROBUtIS2 FOtios 3BdtOdetcFménes how

degr ee qf rs nction is a.djistributign, . .
well S AT PG VaUE dPRth LB R ik e P Datet Wirtbgtion
functi¥d Uen MRefiged N6 RBALEN Skl §&5LA P& oPIhdiBE8Mip function,

distribution functions can be used to represent the

depende@ melfe chedpctes sshrofemieniahipp ahddezdyariramadepEatedignden the

user IE%¥ E?(Ogﬁp&@dm?(ﬁggﬁCég)rra{atﬁ]ggféla tg \?C %gcgstgﬁ tZ% @J 1cﬁ0n V\%llch
deterrRidbafeldes alu@s Miguenra adicsdsel tBud ls@lectte@ RElue QR P66, while for
deternmines field values that are as close to a

anothglesearoheRPRagIoNE @ slishoRiEion] Bnctigi e usesy thab efereipess BapigRM
field \E@qug;Fﬁgeeaisﬁ'ltgjti%ﬁarﬁlp&¥011§P%!Eggﬁceﬁehgﬂt ﬁe&bzl?lg?&!ﬁ{mct:on that is

m nes ribut
varyifguncti on i ncludes at |east one continuous function
that is varying. An explanation of several exanples

of di.stri.bution functio o th ect
An ook povess R ST RIS LRl TRIEW PR apech
FIGS! he 1 fuRelibens 8heWPys A8GPtiRgled bune tflhlﬁﬂ%l)%“hle ah® Sher
For each distribution function, as the val ue forwy is

functippo poayt ibenaisedai For tohen otbg:rleetuvf fireetloay sihi fhe asdde or y is
propof fAE R b SRRtk i pie B e Bkt (9 Tt R ¥

is to 1aRe BXAEPHRY degrdBoTuBebb&Elip ORIG, Ashbue atpl @RO0 W alexemplary
represents a degree of menbership value for a search

Range Pigtabytpn Jiection; ahirhvigpirsents o degie Renregpephipardpe fara
search cFlteua tﬁ%ﬂ d@ileg& Qzaﬂle—gft %Lﬂ]{batfdz%g eﬂgaﬁaﬂ@tglteﬁfe f)r/ z&e{vgelglepa

rmne i are ween
determaineltien isnade forveeld aﬁidey\hﬁfe@emﬁ@e D’&hﬂf}&‘ﬁed)étwmnﬂm shggpof p
i ncreases as the vg]éeue apprpaches the center of the

and ¢ 5iRglusiven Pide BhigEs 4 S581eR O APTRPIHHVR SNERRNS 15 other Kelue
appro c%ts He: cé: Ry %“ ﬂch'e‘%%nqjgc 3ﬁ&1 @e@taas)és 'ti%hvd]§e ﬁ?&@@st dway from the

etween egree of mber ship along the Y
centeraXics 4 ﬁeld \@ihm bfarxl whmhf st hmctlyebqﬂwvai peargf qx thesdegree of

memq%gs&%p ?(q%n% ‘slaeogl fn%ﬁs 1rst 58111?%@16’[‘ttﬁ51f ”Eﬂifg‘? %‘Hglsg)ogyvefn Yoand s

the ddgpdd&f th¥EbERAWN wRAI IS e tb. £ N 4T UNEJIIOR tiatPekbz avEqean.
conpute a y value along the lines to either side of X

Usingftyio lkhetvar pphiithendiByrisectom yranth.ohe pan eampuse f oy Yahes 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 [+zl, -z2],

where z! 15 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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contenplated that the fuzzy paraneter nmay not be
symmetric, such as [+zl, -z2], where zl is not equal
WO 90584813 s distribution function may al so b@GIEERHAB3S10
a search in which the search criteria type includes a
ecified | ower or upper bound such as [field val ue
type | Eid é{ﬁlgl@?f targad andl diyzzy ppeEatest( &%), theZpit hefif of ehegdiptribution is
— \ﬁal ues will be less than the target value, the right
Hal of the distribution function is not used.
Li kevvi se for a search using search criteria 10 WO
An e%ﬁﬁ}ﬂa@ﬂ&l}ﬁ@e RCT WS2064y D3RDHGiontfypeionfis ehaviv &) wam= 500 in
fuzzy paraneter [+z], the. left half
FIG. g & F‘Piélheﬂéﬁesl sigided: eﬂwt@émﬁémﬁ Hpe/anin ﬁ% A
1310]11@@6‘92‘9@&1 %]%“fsd%%hée}@ aa&gg%isqeom@]tgﬁi &?{E‘&MT e@ylaﬁgg ¥& #8Q%ame
degredmft n1eb1]:te|r§inp f Al didldrvabhowmt iane Bet@Geed & Eblqlt f havech udgseaof

L P R IR
have ¥abues debBdle & BcPBEMBRN IIfaddeiancaN® Re RGPS tAE hnes 502,
menbershi'p of 1. Field values that are befween

504, (eép@ptﬂ’%) Tlis foestinndn usecafy seprchaviteria tvmw—@@gfé@ueﬁ =t],
and @%& M&er gcgl'hgl —ee.l.%,m tgh th(;“]“h%l 8(%?36 oft gr]nternl?% is

tlvely dhct' 1 on

deterpariiChy it @feblang)t@ Qed HEE ifelddvalad uelserivben e aﬂtﬁi ff uga yf not
parameter [+/-z], where p=e-z, q=f+z. The degree of

app})’ﬁ’én‘%’@r@ﬁ?tﬁpﬂ ¥*myth-ernined by first checking to see if
the field value is betvveeneandf and i f not

An em&hwmﬂisﬁzé oGl EB 2a0) gl%uuéﬂ ﬂﬁe&%msaswwww WAE600 in

Bel'ow "Target D stri unction is shown by curve
FIG. 606v/hiph iFuG&d &hemtai s;elalqhspausedewaemnanwdrbﬁﬂmpar givett @pper

boung 3L E0AF 1 1oreb el e 0T dbe Pare o -1 e Hiege e

degreb N mepBERRIPT THE @f‘ﬂﬁﬁléh'y& %Jtﬂﬁ{wilﬁctérpﬁe Ysed( i dekdrinhd-Jhe
can be used to determ ne t degree of rrenbershlrcg ]
Bregfo

degrephdnmembershipewhgn k< he<vaf U thgvake ‘x” hd..dbg
mcmﬁﬂ? g i3 rh'i\'%a%% o;‘?el, myﬁ’ tﬁ@ Q/afu%)‘“x”l bh?h (;;lﬂ%eos)f(nlgnmﬁegillp is

egree rpi's aIvvayS
way@)germl((a)ry M ni m ze Above Target Distri but| on function

is shown by curve 700 in FIG 7, which is used when

el B S e RS AT S s 2 Lover o L
FIG. 28K Ri 0k ustPRBEn RAKRHzZiHg aSecN BhMheter above a lower bound L. If

\’.‘. 3%

value < 1, 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 determme the degree of membership when L <= x <= 1.

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

[ 1]

x” <=1, always yield a degree of membership of zero (0).
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above which the degree of nenbership is always zero
(0). The function y--(Ux) /(U - L) can be used to
WOGst M He the degree of menbership when L <=PLTES2004/033510
An exenplary Maxi nm ze Bel ow Target Distribution
function is shown by curve 800 in FIG 8, which is
An enssplanhdxanize aklwtve plar gatrddistribigoméixictipr @dsllgpfntlxy anve 900

in I BCbe i rsed i Hegpiater etBaratat s Uiy EeesBf L

and bdow>a vpb¥aysun €.d ﬁlﬂﬁglhg%ﬁf‘x’"&@eﬁl%yﬁ hef aZ@@ee of
0). Al values of "x" <= al ways yield a degree of

mem ﬁb@rﬁmep) op. say da](ug)of “;’in@)@gysdmg p3pgree of member Shlp
T
o o T ARC SRR AT L Y B 50 e TP o

memVBisER witeréised- £ @ Uraxi m zi ng a search paraneter above
a Iovver bound L and bel ow an upper bound U. Any val ue
x" <=L always has a d e of _ menbership of zero
A]thC(L[g,jl fu%pfyamggzrsoﬁre Rot sgemfp%? @/‘@ TRacdiogs g@sﬁpg]@g&pe curves
shov\z'ﬁqmﬁgh ,gq%fseé}@ﬁﬁgrb hgzé}j'ag'iﬁeoﬂbg)’e%(d? i Lﬂe%h\%v&%@ in
be used to eermnet egree of nbers ere
accordanoce with the afptdyomghfufictrzy paraneters are not specified
for the functions describing the curves shown in

The i ameionef i SFRR SR Aedihutiredt e tpligbifs Huision,

whicBRIEPRineat Be fdéﬁfé%'t@"bvhllrllﬂ% fud (6k ﬂl@ﬁﬁ)ﬁlh@m fafctibite frdZ Ft a
search algorithmis the rule applicability function,

specifii eonrefet RMEMAES {hegcaethed sorrglhi BHameEy]BaY diave several
C
s f SOUFOAP YRI5 BN G5 S ocHREE L TR e
appliSﬁMEﬂya:lcmedExs tifel gredenDex i€ tandnend Hatribweiyn Bimctppis gdvided
varying g%rees each with a djfferent ‘afglicabil_it_%/,
per @ae@rn%teul 3 tthie TlcedmicaR BRI Nphaesficdt FoBGH Port is

contécng;ﬂﬁt(eﬂ t 1ﬁ01@rt¥lé(ﬂ gﬁéjdzsﬁﬁfuh@@rf@ﬁ@;o%rmaﬁ Be bhﬁncfeHlfgi a search

ity function iI's not needed.” However, it
paramgetnt, emn}:ll \amghlt vidats moy det ramidod dod nsmwpbmim@m tltmmsp@nve
ed fo ear.ch paranet.er wei g
st o B R T B haer e B B P e AT e
respective distribution functions for use when

The @RLGN AindtioY o HEFLLS SardFERIReFiShh s tH_dWEefh@ﬂﬁ&d’ﬂ]on function,
function of the fuzzy search algorithmis

Whlchéﬁ@ﬂlﬁmﬁ|ﬂc<éf’$€éiﬁ83f\{i*ﬁ%9tfpbﬁac I\ﬁﬁpléi agsed ey Flﬁtsegmaﬂtlon of degree
of mGRBGRNE IANE il B TR d BECLABSRE B oGy TR e
respeetiad weipht eslpenfis chch Raﬁﬁqm::hnﬂaf ame thew, midyesearch 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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respecti ve wei ght val ues for each search paraneter
and how many search paraneters and/or wei ght val ues
WO03/¢#8815s t her eof were involved in the scori R§T/HSP04/033510
exanpl e, a Hi gh weight value increases the inportance
of the correspondi ng degree of nenbership val ue when
cal cul ating tdhe final closeness value. The foll ow ng
exenpl ary fung%?p can be used for determning the
cl oseness val it'or each record R having a degree of
menber ship vglie a; for each field corresponding to a
search parametrer spi, for a weight value W applied
to each respeéiive search paranmeter sp; Equation (1):
Cl oseness Val ug .CV) _ 12 WO 2005/ 048135
PCT/ US2004/033510 a /=1 n i=1 1In the follow ng
exanpl e use gkt he fuzzy search algorithmis
denonstrated. A user wants to find all crude oils
where the pH=6, +/-2, and the Total Aci.d Nunber (- TAN)
In the fellowingTrrenipde kse of the dyzzysepigh 9laerifp ghdepansiategs A user
t r j I
wantE L SRS P AT apd PR AR KTt OPAN)
=4+/plarwetser Surdree apdtfraradwdBAN valhe oS Bagicto the ipHescaahf paramdter,
IS [field value = 6 he fuzzy search flag is set,
and 4 Flsbiurs piabh e fone AN ey FEVRESeT ot val ue | s e
5. The search criteria for TANis [field value=4], the

The §ddZAYpAeRLERs hlead] bd FAN. THReschiB ZYiterRAGAREL BITfibIA value =
[+-1], the weight value is W-3. The fuzzy search

6], theofugilegasch Hag frofel.ol Agzy reectutiabbsd. teaorgy:valueriy ié=

RN IR e

paramtéder® [fi-or], teewdghtwaluesw=the di stribution function
shown by curve 1000 in FIG 10 is used. To determ ne

he degree of ship.value along the Y axis, a
The @%?@?f‘ﬂmqv@wer@n‘ﬁ%ﬁ gl %@%&?%&h%é%re?w@s:pu val ues

for each crude record lie on line 1002 or on line

CrudéQ04HH-9E Phhwaglsues for
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 vy 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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Crudes A, B and C (5.0, 5.5, 6.0, respectively) lie on
line 1002. Line 1002 is described by the genera

WO IMSO#YAS for the |ine 1002 extendi ng bet ween PCT/US2004/033510
coordinates (4,0) and (6,1), i.e., y=nx+b, where y is
t he degree of nenbership value, inis the slope of

The Hlepd Phe Jinanddéfied ashe =y(i2ntydp ééqg% —ofl ).t Rbiggingen thaline end

.or der | af.e the | ue, i, 1St
poifls Bt U rPhGae - 13 W 3bhs) Biat e st IR o BB T i
reddd@ :shepe of a line is defined as in = (y2 -yl) [/ (x2

- xI'). Plugging in the Iine end poi nts, nE (I - 0 /.

(6 - 4) or nmFl/ 2. Pluggin mntg40) (1/2)4 +
T hebdegm fimembeslitpyatvg ( srsalcumwé faeepcaof dic }ﬁ‘éﬁﬁé?% ¥ prudes

e%gél%fff %’ cal cul ated for each of the pH val ues for
and C as follows: For crude A

y (1/2)5 0 + (-2), or y=0.50. For crude B, y=(1/2)5.5
Forier{de2)., y=a/2y5.06: (¢B), or f=er.5@rude C, y=(1/2)6.0 + (-2),

or y =1. If a pH value greater than 6 was

00.
con ere r mul line 2004 woul d be i
Fméﬁ? ga&igdéf AR q%ggthe sl ope and y-intercept of
t he I|ne ext endi ng between coordinates (6,1) and

Fof &uls C, ﬁhM%R6WDHtQ%QﬁyH$@d to determine the degree of
nenber s ip val ue o determ ne the degree of

menber ship value for the TAN val ues, the distribution
If & pHcyalem 2&9e6ribBy 6cwasy onsidroed. fhefesmyla for; %%%%Qfl wpgld be

ca]&a{ﬁ%tg(? 'Egn%t(%lgﬁnﬁ% 95h€ Pslo%fe dﬁ%gﬁ?ﬁéﬁ SPhE9iR! & tﬁi‘iﬁﬁ%%ween

ern1 |on to whet
coovdihates (Eﬂlj &l 18,6, udrhlchemnhﬂ beeused foi deteddi@2 the dugree of
I% ?4 The TAN val ues for Crudes A, B and C (4.5,
nglﬁsmgv % espectively) lie on line 1104. Line 1104
is described by the general function for the line 1102

To %Eeﬁﬂgﬂeqﬁe dégﬁe\éﬁﬁﬂn&ﬁ@éﬁhlﬁma% foft tHe TAMvAIBeD)he di€ibution
slope in = / (5-4) -1. They intercept i's

funclabresioamdry m'vmglq;{bmrﬁlG( 51 ®)usedvhi ch give 0=(-1)(5) +b,
whi ch reduces to b= 5. The degree of menbership val ue

To (d}é{?al éme ﬂae %f‘égl%% aoq‘dL bexglfp \% ue gﬁ egT ﬁ‘g Yaalé&sg% Je?&mination 18

mad@ ey \Sr]i\ebtbezvtab aeAN Whlues fo &laﬁlu baide dedoﬁti liean inefl 10her df\hine
1 10\?'?"%5 %PI]\(I) rvalues 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 stope 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.
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crudesA B, and C as follows: For crude A y=(-1)4.5
6 29 or y=0.50. 14 WD 2005/048135 PCT/ U82004/ 033510
WE0SO#tIde B, y=(-1)5.0 + (5), or y=0.00. For RETHE0e4033510
y=(-1)5.0 + (5) or y=0.00. The rule of applicability
functl on is not applied at this stage as one
ForgruderB .o om0 f@her voh0Ps used per paraneter. The
defuzzification function is executed for conputing the

. for each of crudes A B, and
F‘”%&&{‘ﬁé. " A RARAE Y?’ B0 orude A OV = ( (0 50)(5) +
(0.50)(3) ) / (5 + 3 =0.50 For Crude B: CV = (

The( u1g S (dpplicallily( Bhcon iy Dotra@lied 4. BhESstagons GnadistSbution
CV=1( (1.00)(5) + (0)(3)) / (5 + 3 =0.625 Due to
fmgtipn iggH REEPGRMEHS of pH i n accordance with the user's

wei ght val ue assignnents, crude C has a higher
Thque‘?éz\?lzgﬁslﬁxo}{ @ﬂé\%@joﬁ Ra%e&g\%‘\g ?01?011 ‘éﬁH%PﬁQHrQ Eel:‘:d;ﬁs@ﬁess gﬁﬁze for
cacl uﬁmylds%rBhamﬂ@dﬁsmgwmuabdlu(le) 206 outputs a result

list including a list of closeness val ues and

espondi ng, i-on,.f 0 ecords havi ng

For AP P B0 S D BB a6 DAl s ear on

paranmeter that nmet the broad search criteria. The
FordirogaiB: r€¥or O(OL75HGH ra0)(®)) 4($ +r Hnked0ida8 accor dance with

the cl oseness values. The record infornmati on may

For ggfﬁﬁ!ﬁ on pl_y ?@S@ @ﬁ))s&% gghflr&éggval ues. At step

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

Dud $o @RPtNigh DHRHEHAEE dfSpH dinS RRYRAcE QvitiNehdI86’s weight value
i ndi cati ng that no records were found that net the
¢

asslglélaflétﬁ @pile Erliag 2 highey GlessnesseYalpe thyh\eaidet 4 ee\@pt’tﬁlcmght%ude
s ody ik Ii‘ﬁfl %%ﬂfcﬁ \%]'cfeg{ee%f%ﬂ:qﬂ%ghg orm the search
again, or to ex

¥ result Iist
havi ng one or nDre record entries, the information in
Thet fizzy esuailch bligsitithivs ndids el ag}'(ed)utgmtﬁ heremsledist Addhdingonalist of
i nformati on may be  disp ed to the user, such as
closgpfs t4a wawnfﬂ.C@P&SHOH%Errﬁffq%ﬁnfpamtgabfm rECBAThIiRg yalaes in

ﬁelcflsncoﬁégﬁoﬁ(ﬁﬁé' kd fhel %eg‘ltch p-grb%éfgeﬂaf%f thef H ¥efhokd) gialcq crlteua The
opportunity"to sel ect ‘recor romt e resu

outpt gcecd kinfigmafion fe rankedlin alcc@t!anmywa]ssthst:ldshezsmselmes flhe
recorlrgklln?&'maﬂmez Cltna)cz) nl?lClUéé to%iy 1deniﬁ’;ey '§ for each record, or additional

mnformation, such as field values.

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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15 WD 2005/ 048135 PCT/ US2004/ 033510 the result Iist
may be anal yzed by executing an al gorithmfor
‘Vgé%éé?ﬁﬂg records from the result |ist, wherBCT/US2004/033510
selection is based on the conputed cl oseness val ue. At
step 334, the selected records are output as search
the. msﬁlliss mayhehinalyzby by gk pating ny algeeiths dar edleatisg ubtosdy Hom

e RS 0FBE AR B  FRond SaIBARL BigE s

perfornms anal ysis upon the search results and/or uses

At silye3 B alicoRic RS UbdedS Ot 0IBNEAHhRD r@uNEsubiestbyt Sutputting the
and/or to a_buffer for storing the search results.

- scarphgesylip foh Gleagnerstegdy habil 486 tapnother epssisg maddle, ¢.g., a
m ods Lg%gsgl Figég; ?relll():%otru? < ﬁl‘a% ]r;él-génr}n%' a‘ijﬁlysig th Pﬁ ?lpeo&g#cﬂqeélﬁtstaq8/01‘ uses
, y an- i dae ITlrer or e

the se@k@citeedtsrfoc @etsatint otbdrapsuds Sndar de b &nffenfr is@fink SheBdech
i.f the processing of the search request(s) .is done

resyli. Thioreardioigpl s Mipaisble ad of sepe 9 Me igfanation yewd in fields
conreﬂﬂ?]d t§ gqa %ﬁe%&:di co%f? %?ﬁﬁ‘lg%l %entiﬁaleﬁ% %ﬁAEZSelelc{ediréc(?rds.
envi st oned t y at

at nmultiple requests may be processe
one tinme by using parallel processing nethods. The

At ssera3ifh adetsuhingtion tspuidedy thehppodessing ofthasedicleregbest(s1 B4ione.

« , be .anal yzed for et erm ni.bg, desirability.of at
it T PEuRE Bt a2 aTob Mo BRSBTS i i g By w
stepl PRSH is ONGsiS LAY Bl HEEIPRSEquesRPhAteNGoddssddeadhe GAR Wfusing
accessing treatnment options stored wthin the

paradigl prosesingunethddse for optimi zi ng perfornance of the
refining process; performance analysis including

p et r e terdy ni.n ik
TR ESE 08, RS ETRRE 200 LS L PR Y
detopmotes §¢simhdity peaitlpmhbnacahyisition di.iis: seldaddemtords for at least

licatiaon. Serial No. 10/643,191 describes.a system .
oneAE%c. *ﬂ].}gﬁ, H?E\‘?P}% q{éeaét mﬁr(gdllc&qs.;nyg tlgﬁtg?q% optifns s%/orede within
the BAESHSE iR PRE (PHABARE perPTifa Rl B NEe RETHS PRBES; performance

anal ysis and suggesting and anal yzing treatnents, the

analyeint mwtwlingf pidighgaperfompacy oandt defetremgign thyy probability and

. eferengce in their entir . Search results fromthe
aisti iy OE B Ghfing o ey PRS0 bl el LS U
Patddit @pHtdnod RABL NR, 18845 1 91 HReRPRI £systdm hisd BRI RHEHIng a

that the predictive engine enter search requests to

predigiever gine Kuarediceiy Peidorrpacy. drerfanaingspesfornapagofnal ypiseand
' L of, .t ' »

s 5TEE RS AR08 PRI S RL S M S LGB G

refeeande a eheodntirety eRetech tautefomstatuayaeyrck rhade Mdntcoold be

t.he  present disclosure. Various nodifjcatiqns and . .
Proy; g?q ta?t t§1‘6 ngréécéwe ﬁ@g%ﬁld\/ﬁ“ftﬁ%more’ db‘ﬁ SPYsioged ﬁ"élmhel‘%edmt’ ve
: engri?rlﬁ'etﬁiheg s@hcISRAR&IOh thhRIZPY SR endlRCl09TH §1aBRisSRiredOr th

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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followng clains both literally and in equivalents
recognized in law. 16 WHAT IS CLAIMED IS: | A system
for accessing crude refinenent related informtion
simlar to at |east one target value for assessing
Wg@@ g@ththcr ude refinement conprising: a database
including a plurality of records collectively storing
data related to at |east one of a plurality of
1. cr udesysteor {rdeceksingsrudn d:f"rr@ﬁ*jenéwejat@bieﬁaﬂaﬁgl Similal to at least
Onc%pd%%iﬂnZI, eaoh)re&ord havi g H one
SEBPI NG A ARG 279 BRYY) ‘é‘bva‘il #e 1&? 6?’??8 ﬁgmpHamfa
programmabl e i nstructions configured for execution by

at lelasbaeraclpdiag @ phohlify T réei dol18g AR PHQCeSSieldedio
| east one search_ request, respective search requests

at lepg ongphy PR&AEKE AT @lui:i@Se pruge statas@ad mefingty oreasngsmaditions,
caBREAD LRARAUPLES APRELS HOMME Pl aflid OF the at | east

one nd a search cri ype corresponding to

each search paraneter specifying a target value and a

r eI atfunysharph toging hevingpgetanwaihle inswheiosis nomﬂgmrédﬂz)zy

i ne conprises an algorithmfar utin

exf o8 By TP Sad SIS SERr Sk Blloid Efecsiing AR O
reRB§, REFchle RAFATRLRStsanclHGH] 88 e citeRp ﬁ‘{cﬁﬁlil% a‘(‘%a’é@oﬁeor

i ndi vidual records of the plfurality of records in
969&%!@% @kaﬁ@esm!tfhnaﬁ flebhgfi tho pelesyng ﬁukdu@duamph guteua type

functi.o des

COiILSp?l c\mgalq[ caﬁ S%a(sch g%ﬁ)lgﬁta??‘%:c{fo mf;ﬁqeilgé Yﬁlg%(tz}\%ér‘l rg@&pl&%up fo

thearganedl @; wWhreidl tledustyaeadh iehgih eoxﬁqpﬁtl;e@ af RBRkitHne by
the respective search paraneter; and defuzzification
COTEPHH @hﬁacmesp@@tmﬁemﬁg PArag)eEs &% él%atmswefss@lch parameter a
I e 3 v |
G IR 8yp HRAOPRTNALY BRGSO iy
acovadanes withiat kasthont icehithuoat uayidtinenrdespmnedsa ﬁ(%i@e of

res ‘ctlve sear.ch paranet the respective weig
megyp @ﬁ SeaEh galera gv@aﬁeﬁewgpgwgtt% PeRIPERBG TRy Pa’é‘é‘éﬁé Ry

datR @fo"f’é'{ﬁh%éf" aﬁ%&ﬁﬁmygﬂ% z(\,’%leé’t_ffg% Rhirch ?E@éln%tetl hepeof vere

I nvol ved he scori’ng. e systemin ‘accordance
w th Clayn11, wherein the database further includes a
pl ug éhﬁutzylﬁoéthnextgm demdot ¢cm@mitmglaw1@teo¢sis wgiud &mlaonmtlang d

cloggieRg TPt g S Belisttpniet. e S S ot s
mcfr@b@h%dvaﬁlﬁzs {orefabmiieg vofueCcthitdRsrespbndd ea Y¥SdcB M bdhrch
accordance with Claim1, wherein the algorithmfor

pargBRisitIhEgsPastive etahe sducsalon eachuepigh sammeies endhow eeamyds
seaPJ 5&'?511&91@ 'a}{ﬁ/gye)elgjil?GQ[l& rté‘t@l%‘%ﬁueé‘f \%@%volwd in the scoring.

2. The system in accordance with Claim 1, wherein the database 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 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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accordance with the cl oseness val ue corresponding to
each of the listed records. 17 4. The systemin
accordance with Claim 1, wherein the search criteria
further includes a weight value corresponding to
4.7 esﬁﬁgts}fé‘f&n%?%c%m&@é @dffﬁt(ﬁz[lﬁl waikllﬁ e sle%%ﬁtculc?lg%r hor
search paraneter, wherei n 't he cl oseness val ue
mCé!akch aM’mghh\/diwalconemndﬁnwo respavpu¢ esrdiypansiefhisiof gaeeamst

for ch.res
on ST 2L S Be Kot i ARG L SRBamMRaERGHE
coMphitd@ by Weighti@o USH EIPrédbARGIBSIHNS @alvié 1y GdiPbelpektive scarch
erein the progrannable i nstructions or a portion

panametes ot agprlageoyviidhosrresevidpur weighlewdsbl e medi um or

included in a conputer data signal enbodied in a

tra ' f [ W th
5 o arty PR ARgkdie fin LR Rh e MARSRMAREE [ . s
insgpedirkioed pbwomhhere@iaene hloﬁardl dn&mo&mityﬂeeadableuﬂﬁﬁum or

g Hded b at | east one of 3 per. and a | ower
incHEHdR @ gommyer daja pgadlicmbedica iy A HRBSTST A CIGHA 1

wherein the systemfurther conprises at |east one

6. USehé BRdm Q?é’dc@ﬁiaﬁ&{ witR CRliMi NSHeREn e rbl @ﬁ&‘ishﬂﬂ% a4 tar rct
search Tequest . The systen1|n accordance wth

valge xwpeoilegchbyt the saarglawmchmwp@nncdm utbqugdecbbscatd@sh@mot an

ut list of records of the individua
mem-n§ %”mﬁﬁoFﬁi respective correspondi ng conmputed

closeness val ue and wherein the at | east one user

7. 1 npUhe sydeanh deadcurdahes witke Ceiimels wihe@kin iheRYsteth@rther comprises
selecting.records fromthe list of records. 9. The

at lgask pRGMUICH ITHME B demios IR vInedharieast ophasshyeg st sear ch
criteria for a search request includes a unique fuzzy

8. par ?H@gy%fenﬁ ﬁ{dcégﬁi%héey\!vﬂg Cilim! ﬁ%&ﬁ‘i}rp@\e Aecitilih rf&tconwéltmg

range of val ues extend I Nng above e target value a
a chevwrdvalangepas aviat Qlfegcoréswfethd imigvibed] osvotdseantiahgespective

co D T B b S TR PR AT St M P g

deva@afueheiGetdi 8l BeAnBulTet sefl&ftmg @éc‘éﬁﬁ fromh Bl [R5 bhRchids st
and second ranges, and the degree of nenbership varies

with respect to a difference between a value within
9. the h%m@@nahwcw@an@ﬂg@h Claginde whegin me@mﬁw@pua fora

seal c%q?@ms{smgﬁg%s%rhﬁ§8£ R{29 ﬁm%@]&g?hx esgéctlfygl At Q0% one of a first

ure ecu processor

ranfool mlncfsmmndglg,tabev@the mm,afmhamaa%bagldaa@k,ai dbagesf or
obt ai hing data related tg at | east one of a plurality
exigplng PERIShe EragHalep Y ese e ek W@ﬁg@l@ﬂ@ﬂ@ﬁdﬁgm the

rel&RALp LPMS ’Edléétcvaﬁ%, bl AhabHN AL bdaYernQitE BEQE ARt 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 for

execution by at least one processor for performing the steps of?

accessing a database for obtaining data related to at least one of a plurality of

crudes, crude slates and refinery operating conditions, stored in a plurality of records,
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18 each record having at |east one field storing data;
and executing at |east one fuzzy search conprising
the steps of: receiving at | east one search request,
respective search requests include search criteria
cad b A0; 8t g
o R e LR b PR A A SRS B RO Ny
sedryipeoropigigsthongpngf:t o each search par anet er specifying
a target value and a relationship to the target
val ue; for each respective search ter
o HiraiRt sl Sosbhucl Rhabi e FRRGHE S g Bangnae Search
cr 1@1ﬁbﬁcﬂ§dlh@ aMehsd8nd QardinAiathdbtadpetieans d9ieRf ofttheat least one
Eb%rallty of records in accordance with at |east one
ficmdi avgaigh cuitaripityg domisspdndimedeseeli fsiarh rarangdgrspeciffing a
areh criter] e corresponding to the
tar?ﬁ%alt@%p@% ei?fonsﬁup ta thc talte? alég, data stored in the
f|eId speci fied by the respectlve sear ch paraneter;
and ceapmiltd fogcachatgeenassancalpdeiniowr ofadghatilagi otedy@th
record based_.on the ., summation, of degree of nenbership

paggcirs & deghee @LRRMOPIShi phieer tlﬁia‘tfdl@éwcesc&dﬁ diae plgrajily of
recb?d%ﬁﬁ‘ ﬁ&do\‘&m%@ @urttﬁ by RA% t%'fﬁ@‘i:Sﬁtho'ﬂ? vﬁ@ﬁ%ﬁ;ﬁh&t}ﬁ% doe Q)ht]i r a

val ues for each search paraneter oW nany rch
degpaq: afmt:@ng thogtacuh aneérghty py ebrospornding at kb 1¢shetn1®efscattﬂf e

pardmctu %y %ata stmccp i the ?Idd s%emf’IEOd by the respective scarch parameter; and

computing a closeness value for each individual record based on the
summation of degree of membership values for each field value that corresponds to a
respective search parameter, the respective weight values for each search parameter,
and how many search parameters and/or weight values or total thereof were involved

in the scoring.



