METHOD AND APPARATUS FOR OPTI M ZI NG A PERFORVMANCE | NDEX OF A BULK PRODUCT
BLENDI NG AND PACKAG NG PLANT BACKGROUND OF THE | NVENTI ON Technical Field

[ 0001] The field of the invention is optim zation nethods, tools and
prograns. DesWPi2ptlio¢Ml%f Rel ated Art [0002] Bul k product‘ﬁﬁ@ﬁﬁpﬂﬁwﬁﬁd
packagi ng plants are known in the art. Ihlustratlve bul kK products made in
such plants are oil products (e.g., lubée oil, waxes and greases), surface
coatings (e.g., priners, paints, stains and varnishes), health & personal
care products (e.g., liquid laundry detergent, dishwashing |iquid, shanpoo
and condi tioner, METIHOD £19B P FIEA POS ¥ ORBO PITMENNG AGH r GRVEXNCE product s
(e.g., alcohol i qNEXSE.A BOLK FRODKET BOENDEIGUNBPACMICGDEOHILIENE S) . These
plants make a miTtitude of product grades and sizes. | 0003] Ensuring
capacity, production and inventory to neet the uncertain | evel of denmand
for a nultitude of oroduct orades and sizes presents a chall engi ng probl em
One sol ution ha$ PN B (i RVENZIQNexcess | evel s of inventory and/or
reserve spare nq@%RQQquHng capaC|ty sufficient to neet any unantici pated
spi ke in demand for a given product. However, this approach is costly.

[ 0004] Present practice separates |ong and nediun1tern1capacity pl anni ng
from the producidegyy angha RN OPT the %@dmbmslabnﬁnml&s ahGhbkalodranagr - 10
other words, capacity decisions are made first and then become constraints
in the Iater pl aregiany. of production and inventory.

6 AR

Description of Related Art

[0062] Bulk product blending and packaging plants are known in the art.
Illustrative bulk products made in such plants are oil products (e.g., lube oil,
waxes and greases), surface coatings (e.g., primers, paints, stains and varnishes),

health & personal care products (e.g., liquid laundry detergent, dishwashing

liquid, shampoo and conditioner, liquid soap, and body wash), and food &
beverage products (e.g., alcoholic drinks, soft drinks, bottled water, and

condiments). These plants make a multitude of product grades and sizes.

[0003] Ensuring capacity, production and inventory to meet the uncertain
level of demand for a multitude of product grades and sizes presents a
challenging problem. One solution has been to simply maintain excess levels of
inventory and/or reserve sparc manufacturing capacity sufficient to meet any
unanticipated spike in demand for a given product. However, this approach is

costly.

[0004] Present practice separates long and medium term capacity planning
from the production and inventory planning in a hierarchical manner. In other
words, capacity decisions are made first and then become constraints in the later

planning of production and inventory.



-2- 100051 More particularly, capacity planning is often done every two or
three years for a md to |l ong range horizon of up to a few years. Capacity
planning is also typically split into a two-step process consisting of |ong
range capaci t)v/vopzlob%ﬁ?zr‘ﬂg and medi um range capacity pl annifd/UEG T Enpl e,

| ong-range capacity planning may involve strategic resource decisions such
as plant expansion or contraction, new phant openings or closings, etc.,
based on predicted demand forecasts and/ or the conpany's |ong term busi ness
strategy. In turn, nediumrange capacity planning may involve addi ng or
removing shifts (often acconpanied by an addition or reduction in

wor kf orce), addi ui,pment,. addi ng. or renovi.ng.workers in a given work
ohi 1 bt NPusF Ay AR P50, hely ST i Pet iaiE lerkduf ot ge

pl anni ng deci Si gb&s &ura iy o Lag kangeradeoabt eF totdfewlyemyg Cegagicgdplanigh®is on
aggregat e capaci a.k.a. .maxi mum production rate ve al ready been made.
L0806T I contr ael® R PIDM LA P RFB o Praniag’ CeE Py done

bi annual |y or quanhiag! andt Gediakerasforchgicity eflamth@ci Fopresamdple! hdghragei r ed

| evel s of production and saf et 'S\EOECK in view of predicted derrar]d whi | e
keepi ng aggr egat@EBhApPe. mtq?(//d}l Y9 $IHSEE OB HPOPHSUEt Bol'the per

unit tinme - consk@ftion BRI coRkadtPhe newM fiiit No@n@by &R Pbsalpk, e@Nfhge aki on and a

speci fied operating schedul e, produyction batch size can be optim zed to
neet the denmand p’regtffﬁﬁdrdé‘ﬂ?@i‘f{ @‘eéfmtaﬁl@%r BARELTPHY S (A gde Y et siteessilice each
bat ch producti Olﬂn'ﬁf,BMediLmﬁJMnéé RARGRE YRINIGE FhaS, infl QO kelii o8 Mol AL geitisbat ch
sizes can allow for reduced costs by reducing the nunber of changeovers

needed. However ©ff¢8r g&PMBAtch B #&sidddicg Pb‘FWEP@b#@ PREHESt AiRE needed
for other bat Ch@@d}t)lﬁed@eadaﬁ%C&Sr%El@Vipé Ribkdr € flh ToiRE Wk [sBRS ?an.{i%‘{lg'o% of
safety stock to neet denan . This increases inventory holding costs. Thus,
the operation ofHBal RePIRAUEES iendilfty BREUPRKEPIAY I 4FtseHn Be _
i mproved by fi n%{;ﬁgu MnRBt R MDA htefH A isfoks toRalgRabRNES il h@3E, conpet i ng
costs. -3- 100071 Currently, because production and inventory planning are
done hi er ar chi cERK¥UEENafustian fafd it eabsedvibpepnatini ng, the resul tant
operational plan may fail to realize certain opportunities to reduce cost
and/ or capture increased demand. An operational plan conceived in this
manner ni ght fall00¢lo chipeentestamrasiypinn ensh fycuteryr plauee costPigly cdoneying | ess
saf ety inventor Miamfﬁgw b@&l@h}{rl}t ) haw sHErtE e \ECRRARS oh theGBRARCYH RO e
arrival of the anticipated increase in demand. Conversely, an operational
pl an concei ved Pidudior andnsréety miteghit iof aiew ©b reedated deamd ndiledsering demand
by carrying nor g Safet iy enhaiPel At 8o APRGLE ¥ bSlRGieAIRd Al ter a
sust ai ned incre%%%%%n %@ﬁ%ﬁd.)%F%yQECﬁ?ggf pﬁhﬁ%¥ng &fﬁﬁ%ngt awﬁhys yield
t he nost opti nueanptertnnifag exsinne, oditict iaogivein ¢lanh gerdteorajion BOOG8 IPFhiéicd ur r ent
state of the arg . ! iSEORAG . 59§E> : ! Ety
Requi r enent PIaﬁﬁkﬁgg%gﬁéyﬁgﬁgﬁgHgg%%%ﬁ%nteg%kﬁ¥w%st H?ggggﬁggﬁ%gsource
Pl anni ng (ERP) wafitanent apdic kagpesmaBéichiring eosRCERcaradh BRe predustipgmes can be
used to verify WIGINEL ST LGL aRlg SARAG Lt PEIS! 8,4 QalTEAb, (RS RGN rement s
of a proposed naster ﬁ%o ucti on plan and to provi de an aggregate capacity
recomrendat i on ¢eors hypetiong thheupbemef dHewgverns needtdolHovevareagembaidh t he
appropri at e amynl glq GIRACIL Y HRT AES5Heddd HEOME: RficrIH BTBbesQPer 81 NG
shift structure and workrorce is not avall able.

thus requiring increased levels of safety stock to meet demand. This incrcases

inventory holding costs. Thus, the operation of a bulk product blending and
packaging plant can be improved by finding an optimum batch quantity that

balances these competing costs.



100091Thus, there is a need for nore integrated decision-nmaki ng nethods,
tools and conputer progranms to inprove the operation of bul k product

bl endi ng and packagi ng pl ants. BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF
THE DRAW NGS Wb‘%‘f’ﬁg” drawings are for illustration purPdse2'8iity™® The
drawi ngs are not intended to limt the scope of the present inventions in
any way. WO 2011/066210PCT/ US2010/ 057578 -4- 100111 FIG 1 shows an
exanple of a plant that can be nodel ed by the invention. [0012]FIG 2 shows
various activities in the use of a storage tank represented as tine
consunpti on accdo@i7hg tGureeiy abevageahoodusent sndfintdaery mlamingonate done

hicrarchically scparate from capacity planning, the resultant operational plan
may fail to realize certain opportunities to reduce cost and/or capture increased
demand. An operational plan conceived in this manner might fail to capture an
opportunity to reduce cost by carrying less safety inventory immediately
following an increase in capacity before arrival of the anticipated increase in
demand. Conversely, an operational plan conceived in this manner might fail to
capture an increase in demand by carrying more safety inventory before capacity
is increased after a sustained increase in demand. Hierarchical planning will not

always yield the most optimum planning of production and inventory.

[0008] The current state of the art includes the Rough Cut Capacity (RCCP)
and Capacity Requirement Planning (CRP) steps implemented in most
Enterprise Resource Planning (ERP) software packages. Both the RCCP and
CRP techniques can be used to verify whether sufficient capacity exists to meet
the requirements of a proposed master production plan and to provide an
aggregate capacity recommendation for mecting the plan. However, a tool to
recommend the appropriate amount of capacity expressed in terms of equipment,

operating shift structure and workforce is not available.

[0009] Thus, there is a need for more integrated decision-making methods,
tools and computer programs to improve the opceration of bulk product blending

and packaging plants.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0010] The drawings are for illustration purposes only. The drawings are not

intended to limit the scope of the present inventions in any way.



[0013]FIG 3 shows the interaction anong a bl endi ng equi pnent, a tank, and
a filling/packagi ng equi pnent that depicts the effect of product m x and
bat ch size degisions on the available tine for production_at the bl ending
and filling/ pdAAEY Lqui prent. [0014] FIG 4 shows how EdMBPHEE BPendi ng
may be perfornmed according to a solution obtained by certain enbodi nents of
the invention. [0015]FIG 5 shows an exanple of a supply network in a zone
or geographic market |ocation that can be nodel ed by certain enbodi nents of
the invention. SUMMARY OF THE | NVENTI ON [ 0016] The invention pertains to
deci si on meki ng [6@EiLhodFIG.t behevsand cemmiiben parpghaansn tho mevexdabetheapaci ty,

producti on and aneptory pl ans, for a given planning period, to inprove or
optimze, with H@@Bé%% to a given perfornmance index, the operations of one

or nore bul k product bl ending and packagi ng plants while still neeting key
operating constraints. ach case, the_.ane or nore plant(s) conprise a
net wor k of equiéﬁgzi iﬁhﬁugiﬁﬁ“ﬁlgﬁ@Phéwgﬁﬂ%prﬁ?é‘%%éﬁo?‘ % §%r age

t anks, packagi ngepe&tiitEdranttimd BensQinpid ecdeaiied @e derfii0 dubbdigiedk agrethbaci 1 i ti es
and unl oadi ng and discharging facilities. -5- 100171 One enbodi ment of the

invention is a MECHEY for operating one or

[0013] FIG. 3 shows the interaction among a blending equipment, a tank,
and a filling/packaging equipment that depicts the effect of product mix and
batch size decisions on the available time for production at the blending and

filling/packaging equipment.

[0014] FIG. 4 shows how combined blending may be performed according to

a solution obtained by certain embodiments of the invention.

[0015] FIG. 5 shows an example of a supply network in a zone or geographic

market location that can be modcled by certain cmbodiments of the invention.

SUMMARY OF THE INVENTION

[0016] The invention pertains to decision making methods, tools and
computer programs to generate capacity, production and inventory plans, for a
given planning period, to improve or optimize, with respect to a given
performance index, the operations of one or more bulk product blending and
packaging plants while still meeting key operating constraints. In each case, the
one or more plant(s) comprise a network of equipment including blending
equipment, one or more storage tanks, packaging equipment, on¢ or more

packaged product storage facilities and unloading and discharging facilities.



nore bul k product bl ending and packagi ng plant(s) in a manner that noves
operations toward an optimumfor a performance netric, during a designated
time period, under deS|gnated constraints. The nmethod conprises at | east
four steps. [BOR8IEirst step in the method is a congit'@S* 1 'pi"&Rent ed
step of receiving a data set. The data set includes one or nore of the
followng: (a) data identifying a tinme hg[izon; (b) data identifying

bl endi ng equi pnent and one or nore operational paraneters thereof; (c) data
identifying storage tanks and one or nore operational paraneters thereof;
(d) data identifl§aiap paokagibbdinesusinenivedvd i©aenaliodnior epa@p@izadicanal

PaciTities and G Sikmp@b pbatk gnd P aeerers broriore (0 ddra

identifying unl opéhtihs asihrdiag GHaMIMNGr baeifbintdnes nitd, GNengod deMERted

oper ati onal paranet ers t her eof ; Q‘if% dat a reI t| n%l %o t he intercaqgnnections
bet ween pl ant edUicPERT undsiflcpigyaeheonstramts g ¢ %mﬁ RETRTSEt 8% egshfolYenand f or
each packaged pkm@gdict. [0019] The second step in the nmethod is a conputer

i npl enented step of using the data set to popul ate nodel paraneters in a

m xed-i nteger non-linear mathematical optim zation nodel constructed to

mat hemati cal 'y qgagri bend escopgr at ihensetddd tshe dheidi NeplanehiRAskAINg
plant(s). The nodel, in addition to paraneters, also co ri ses deci sion

variabl es, consfic&iviigs dagar aic g setinahler arcarinHe offhe [tisdale: &) daifi abl es

represent quant ideality @ BRE BHPRE; b9 dbe 1ma§mgrb1@@ﬁ@ dquipafeM@indr &9 di ng
pl ant capacity, production and inventor constraints include

one or nore of {IE PRSIAtiePH! Mgrameigys téﬁéofofc) iR ddengfing %tprﬁﬁ fapg angdeone
avai l abil'ity ang, gapac b}SeYatQ)tlalt B@ral?xle@ﬂd'tmgeo%qldﬁ)o%ﬂt ,lde(labyufgn%aa{?ﬂgr e terns
Cc

limting the avail abili and capacity of the 'storage tanks one or
more terms |im ﬁqlh@nftnhén Qi rBRIE opgratimal Rangvarere YhepPli(RedanidREHY ing

equi prent; (d) g Jb‘ﬁa%%ﬁ PRt %&FJFE fla&ﬁt‘lés' eﬂﬂ sfeodMRld aRiddohy ARdhgapaci ty of

t he packaged produc stora{\gaﬁ - facilities; (e) one or nore terns
limting the avaiereabididpty i afymp@éqaﬂhyg and dirchaggiedaciliteg aahancdirgediar gi ng
facilities; (f), oRARioAM! PARAR RO rdatra%l%grtgltl?etﬁl@&ohl%tl&ﬂrga%eegf bat ches
of each package product to product ‘batch siZe; d (g) one or nore

non- | i near t er nBlapteipingg; aiddhsdagaarclgfing@dhe 1b%ttm¢<hﬂ @ﬁlnq@déma@g@dmpkagd@ct s to
the quantity of ,sgfety stock required for the product. The nodel's

obj ective funct? I's a performance netric. In one enbodi nent, the

m xed-i nteger non-1linear mathematical optim zation nodel is in the form of
a m xed-i nt eger i t. the
m xed- i nt eger {)ﬂﬁﬂl ne?tlr%as @Ldoﬁﬁ)almclglpﬂnwdrﬁb za %Q%g’%{ep%ggﬁgpﬁgd Ql%? A form of
a m xed- i nt egerusagntht idasact wyraniae Ipo@pamnet[eﬁozol] fﬁhced{uheged ngi- bpearn t he
O e e aoo Bl TPLEIRONS, SLEP Bl ORIOG AL ALORE IO qol ver Lo
mani pul at e deci si OR var es are nani ted 1o Irdentify a
sol ution set ofopwaﬂtmad)b@thvapllanémgtahamaoﬂaagmg mne{s)plﬁlmmoqhérlataddrmsnm oser to

the optimumfor_th obje] tive functi.on, 1Thefo rt.h ste& n the nethod
alanetel% aigo COl LISCS d-GCIQI 1] varxa cS, CO qtram and “an 6 tl

is operating t he ]I ant’(s) UBEh e Y, prefera ry preci y,

according to th@n@@hlutmlemmiblt’avambnes poreserstqeqmutemvealacxhensrxerb%omaaiedn manual |y

or automaticall Y, ci Sl ops being

made, the sol utfl}a(b)lﬁ m;{!eéwlljl Q%lr(?n%glglr“%eaa 1=Jpr|9%]\/C &0 an%lmsv?:lbt%l i on'Cant dP g%pr oval by

pl ant pl anni ng camdfamts opledabiag npee Sf)flhﬂéd)llowmg. (a) one or more terms limiting
the availability and capacity of the blending equipment; (b) one or more terms
limiting the availability and capacity of the storage tanks; (¢) one or more terms
limiting the availability and capacity of the packaging equipment; (d) one or

more terms limiting the availability and capacity of the packaged product storage



[ 0022] Anot her enbodi nent of the invention is a decision making tool for
identifying an optinmal or near optiml operating plan to neet a perfornance
nmetric for one or nore bul k product bl endi ng and packagiqgﬁﬁlantgs). The
deci si on naki W X8O npri ses at | east three conponent SRV
conponent in the tool is a conputer readable device for storing a data
file, wherein the data file contains the data set previously described. The
second conponent in the tool is a conputer readable device for storing a
mat hemati cal nodel, wherein the nodel is as previously described. The third
conmponent i n théciioek; (ep ofe pr apes&ons limitihg- the @odifabilisi mgl eapadpt bfmhzat i on
platformthat conpri.ses an algorithm.c solver. The optim zation platformis
operabl e to | oad"PH “%ﬂﬁ€?§£?§%ﬁg%ﬁghﬁhzﬁoPﬁofH@“HQFQHF@Ié?“%&ﬁwpﬁte t he
nmodel par anmet er sheat@®eObMightdhs bh@ckH dhakafddl Rodian®d R¥deUbscH dige; ahgyani t hm ¢
solver. The algorithmc solver is operable to. manipul ate deci sjon variables
in the nodel to°MUShtTHG ORENERCHE {Fhnanie il Gec ?Pa{cho?ﬁ? %84t he

obj ective funct ip@uctd Q03 LARGIher s edtiresabir@f fo iR frovent Thhmo8ela program
storage device readabl e by a conputer containjng a conputer_ program

execut abl e by a°REFHGIERCHOTHE 2 RSHBIRAEFS BIKBlT alh S¥nPRINHERE e BFErabl e to
cause a conput efnidelr hleMidaf haBmeRbhi 6@lmi2dtion @/fdeORtinh MR fofPOF atuhikgi-pl an to
neet a performance netric for one or nore bul k product bl ending and

packagi ng pl ant {892 Mr o esemI NG D). TRt enbet MeHsI G ReEpRFSBI e t o
cause a CO”DUteho&ﬂmﬁﬁhﬁﬂkﬂhﬁkl3ﬁﬂﬁ&mkmhﬁ&kﬁﬁihQH@ﬂn%hﬁnIhﬁﬁﬂ&ﬂﬁgﬁon I'S
retrieve and read a data file, erein the data file contains the data set
previ ously descPPbbiar fHeMEGEHA action is using the data file to popul ate
nodel paranmeters in a mathematical nodel, wherein the nodel is as
previously described. The third action is executing an algorithm c sol ver
to mani pul ate dé¥R8l onThaitgbiters i fhet mehabder waPpgefPiFpeHcssPuton set of
variabl e val ues.Lhab ARfJESc 5B0BI At IR hebnedd ARiabil0024d Eachi9f these
enbodi ments provide a uni que mgg for a user to sinultaneously eval uate
different deci stemapiniagsteidepdlyariohgor setiobrgiablerviiust Bint Welapaxiniant (e. g.
avai | abl e equi et a0doRERREp R, 1 theldBf Bl GaRRGHLLY (€. 9., operating
shift structures), 1n conjunction wth production decisions (e.g.,

batch/1 ot sizes, fill rates, nunber of production batches) and inventory
deci si ons (€. g. 0gSf & ¥nShARK seB YRl meuds bBerBNhE bndHSubBRtaifoONDI nati on
of choi ces that"@aﬂ be ﬁiﬁg'tgeﬁeetﬁém%g@fgr éﬁé@ p%?egiﬁvg,'ddﬁﬁgg a given
pl anni ng peri odduhittemblyinrdcisebetdcaitigey thypetuivh nbfaisehstinabtap &.can bg- 100251

For each of t heﬁe?fo?lgpcp Qiaﬁﬁ?d?l?/sol- ﬁlt&ﬁe{tfcglw’,’ ! B ltypicmlﬁf gibf chePEILH QM JFRREe

decisions being made, the solution requires intermediate review, discussion and

approval by plant planning and/or opcrating personnel.

10022] Another embodiment of the invention is a decision making tool for
identifying an optimal or near optimal operating plan to meet a performance
metric for one or more bulk product blending and packaging plant(s). The
decision making tool comprises at least three components. The first component
in the tool is a computer readable device for storing a data file, wherein the data
file contains the data set previously described. The second component in the
tool is a computer readable device for storing a mathematical model, wherein the

model is as previously described. The third component in the tool is a processor



metric is cost. In such a preferred enbodi nent, the nmethods, tools and
prograns descri bed herein enable a user to nake coordi nated capacity,
production and inventory decisions that will mnimze plant operating cost
over a given PPAH"Y beriod while still neeting key operdf T Ay"&undtraints.
100261These and other features of the invention are set forth in nore
detai|l bel ow. DETAILED DESCRI PTI ON OF THE | NVENTI ON Definitions
100271Unl ess expressly defined otherwise, all technical and scientific
ternms used herein have the meani ng comonly understood by those of ordinary
skill in the artomptieng @l dpimizegonpladsrathdt @npaisesantdyoeitlinhie sbloéd Oilieng

meani ngs: "Bul k pro t" . nmean ubstantjally fluid produ that is
ina Igose unpaeRwagﬁﬁFHﬂﬁﬁ”Tvﬁﬂ?F@EﬁPﬁggﬁﬁﬂw“%$Sﬁﬁée§H Fgaﬁéggﬁé?ocks f or
maki ng | ube oil pogrgases nway, pdrim&Es Saccq@dingtis, thstdatangleand ¢Ra¢dnieshes and
additives for the sane. her_ exanpl es of bul k praducts incl ude base stocks
For 11 autd det erBERRIS HFBod ATEURURF SPSHar OPRFdG G "Cep e | o
drinks, soft drivakslesaankl neadlSe idndfyaddisét sfesrifie vilnes san@ptimize the" Bl ended
product” neans a bul k product bl ended with one or nore other bul k products
and/ or additi veSUFPRIUHR i ve bl ended products include commercial grade

| ube oils, greases, waxes, priners, paints, stains and varnishes. Qher
exanpl es of bl ended praoduct include unpackaged |iquid | aundry detergent,

. q ) ‘ !

liquid soap, shdlfpdb andoCendmtadgney of Bsul VAR, 'S &I REBHBT LT HRES sof t
drinks, bottl edaiis byadkoaPndi MBAtkming 2 SnmpuicEasitgratMicaassc ket B source
code and obj ect code. ]

computer. The computer program comprises code operable to cause a computer

to identify an optimal or near optimal operating plan to mect a performance

metric for one or more bulk product blending and packaging plant(s). More

particularly, the instructions are operable to cause a computer to perform at least

three actions. The first action is retrieve and read a data file, wherein the data

file contains the data set previously described. The second action is using the

data file to populate model parameters in a mathematical model, wherein the

model is as previously described. The third action is executing an algorithmic

solver to manipulate decision variables in the model to identify a solution set of

variable values that optimize the objective function.

[0024] Each of these embodiments providc a unique way for a user to
simultancously evaluate different decision variables relating to long term plant
capacity (e.g., available equipment and people) and mid term capacity (e.g.,
operating shift structures), in conjunction with production decisions (e.g.,
batch/lot sizes, fill rates, number of production batches) and inventory decisions
(c.g., safety stock levels), and to identify the best combination of choices that
can be made to meet a performance objective, during a given planning period,

while sill meeting key operating constraints.



"Conputer," "processor"” and "conputer processor,"” as used interchangeably
herein, even when used in the singular, neans a single conputer or a

col I ection of WP uters i nteracting dlrectly or indirectl

anot her . ®r progrant or "conputer app|ICatﬂgﬁﬂmmg&%U§@d

i nt erchangeabl y hereln means a set of instructions witten in a conputer
readabl e | anguage, such as machi ne code, ¢ ntended to be executed on a
conputer to performa task. "Conputer-readabl e nedi um' incl udes al
physically tangi ble nmedia in which conputer readable data can be stored.
Sui t abl e conput ge625padabt excheditasd dnatfodinsenmon phrtianiadyt @eferredpdrid@sycebut 1S

not limted to, storin dia, such as net| di .g., ROM,
¥ oppy di sks. ©haidp Ser Btk e TRl gEPTafe FedifngoRant BobE o
ROV (corrpact dldsmbaiaﬂcraﬁleylamemrsyl) to fMES cdogdi gitddatapu@tys @I‘ddll@lo(ﬂl Mds) ,
re-writable versions o t he Q scs, and the like), br|d magneti c
optical disks, 5P§Qﬁﬁc‘ﬂ?g?%t“§V®f@H¥H€H§?9°W?@§@°8ﬁpvaﬁﬁﬂﬂ%ﬁ’”?gﬁdon1
access nmenory) aeGod@iiliesall atcedi KR IPEMipUhstamtd | ash menory or any ot her
vol atile or non-volatile nenory. Conputer readabl e nmedium al so incl udes
cooperating or interconnected conputer readable nedia. that are either

| ocated in a sipg8] Pr 96&S ShdGchsy &hi@s OF tdiiSichiibuiredetavmng Abtktdenlie
processi ng systens that are local or renote to one another. "Model " is
a mat hemat i cal Gggcrlptlon of sone or all parts of one or nore processes

and may be in the formof a single nodel or a construct of nmultiple
conponent nodels. - 10 - "hbar optimal" or "near optimum" is an
DEDAERR DRSS RIRTIO D0 JON,

approxi mati on of Fpte™ he conver gence of
sequential |l y- obtalned solutlons to the optlnal "Packaged product”
means a bl ended product that is in a container conventionally for

downst r eam sal e®efinitigns dj strjbutor and retail sales). Illustrative

packaged products include bl ended products stored in cartons, cans,
bottles, pails and drunms each of which can vary in size. Packaged products
are often, in ti{MA7] f uPnlessrexpregundefogd ofesviprapll dqclnical and scientifie d¢r@er , " i n

the context of H@ehhmtﬂa%!hem%11§001£5ﬁan§u§dmt&ﬁt&, (36 bAQlGaryARSAR i NGl Y,
whil e paranmeters in a nodel | ant process can vary over "time, and from

pl ant to plant, thels. ghe &Mewexgsvoad@nd@hmseg@aﬂ@dhpwewa@@@aﬂ@thch current
data for a speC|f|c pl ant before running an optim zation of the nodel for
t he plant process. "Slop" is a sanple of a product about to be
processed on a gi veriBglt profucEquicpiven sutishatialiystlyid preducothgh ist hea depst pnent t o

¢l ean out i ”p‘”h@ag%élaﬁfohoﬁﬁﬁnét df@%]tk o 1c§%?csr§a%@fgoc(?<£ FRLREE LA S-Sl op

is typically dis as waste e resultant inpurities therein.
Bul k Product BIgﬁdﬁng@@ﬁdmﬁackaqmngamsandvm@@ﬁ@&%ﬁhubﬁwmbﬁhGU@§mmcols and

programs descri Bﬁlgr Q%n%l& LF lbﬂfkeplto&lcts include base stocks for liquid detergent,

shampoo and conditioncr, liquid soap, alcoholic drinks, soft drinks, condiments,

and additives for the same.

“Blended product” means a bulk product blended with one or more other
bulk products and/or additives. Illustrative blended products include commercial
grade lube oils, greases, waxes, primers, paints, stains and varnishes. Other
examples of blended product include unpackaged liquid laundry detergent, liquid
soap, shampoo and conditioner, body wash, alcoholic drinks, soft drinks, bottled

water, and condiments.



capacity, production and inventory planning (collectively, "operational

pl anni ng") for one or nore bul k product bl ending and packagi ng plant(s). A
typi cal bul k 0 t bl ending and packaging plant is co ed of a network
of directly ogh)ﬁgﬁ?g@ily i nt erconnect ed equi pnent . Themﬁgﬁ%ﬁrwmfﬁ@ludes

bl endi ng equi prent for bl ending bul k products. The network further includes
one or nore storage tanks for storing ray_materials, conponents and bl ended
bul k WD 2011/ 066210PCT/ US2010/ 057578 products. The network further includes
filling/ packagi ng equi pmrent for packagi ng bl ended products into packaged
products. The network further includes packaged product storage facilities
(e.g. warehouses) far torln c ed pr.oduc |naIIy t he network
further includes unlgg ﬁ@ﬂandggf (ﬁ ecgﬁ%m¥b%(¥t%res for receiving bul k
raM/naterraIs from and | oading bIended and/or packaged products onto, a
form of nechani cal &ans ortatjon. ita mechani ca
transportation incl udd™Hb arBKﬁgtmtlﬁt edCP%pUIru@Q“%VEII hd"#dr i ne

vessel (e.g., baitgehampgesdhi tp)em 208208dnluGed ih theSsiigruie, mevand 4 dnglé baisgutat i on of a
typi cal bul k product bl en and ac a pl a hown FIG 1, the
pl ant has a nunbe?C%P“bPéﬁ gm?%ug ??@%%ﬂt’ ObEQFgrﬁgﬂé“Pﬁémb @ndi ng

operations. These bl enders may be of various types. For exanpl e, the

bl enders may be any conbi nation qf in-line bIenders %F%fa d/ or batch

bl ending tanks in a OE]HHtet%}H%aFlaroﬁr COEEh &PPICAEN BB B ErRsaRY may be
of a different $bﬂéin)/ﬁh€a1(sa s@t of itrb@toah whttenidi angmipaKrch@bid lyagNnelcude kettl e
tanks for manual nd|n and automatic batch bIending (ABB) tanks for

aut omat ed bIend?h@ “ﬁ§°gh ‘%a“ﬁFGF“TFdﬁpéﬁﬂ@ﬂmﬁdPP‘ﬁPHHh s can also be
inported (i.e., unIoaded) into the pIant through the bul k product inport
facility (BPIF). Sinilarly, for the packaging operations, the plant has

various types of eunBﬁ@WF‘T@dsﬁ%?%@ymfoﬁ $$?Pﬂﬁ@ﬁﬁﬁ@%éﬁ%ﬁ&3bﬁﬂ%lﬁroducts
into containerswagh\WehbutdSrelidblk d@%RAk be kvl iStitdge {dpsEr@adb1d RkdigXporti ng
bl ended bul k products y discharging themonto transport units. The plant
al so has one ortrﬁﬁ%ﬁﬁkﬁ%tﬁ%¥‘¥qﬂﬁﬁ JiS abfl/ipited P esthilE RIS U3 st or age
war ehouse(s) fomasieditisiBinaskmdeds PROAMS tppy RisRONMRrPHARL $hd BRAKRPe
products may be stored inside desi nat ed, possibly cordoned off, area(s)

i nsi de one or nBPtEAGIdiRE Heda {org-t R&W@m@m@é@zwaﬁsﬂwﬁwaw@d PHDEIG 1 are
facilities for (JREY LRI &WTBE SIS vERMFIr hobphal BYENGnd MehASE Stock
and other raw materials and facilities for del i vering packaged products to
downst r eam ent i byteid magadie pirtisaludisks upighyic cigisn systeie maeplyi {icedsoflpr

del i vering packag@ePraftst fode nreebwgsarat astl A0E 3R C;’et&rl s aeasthe
packaged products export facilities . In addition - t he
above facrI|t|e@ﬂambuWkwpr@@@cvdwméndﬂﬁg\@ﬁ@kpa@ﬁagtnébpmaﬁtlwdwﬂalso have
facilities for t C may
configure its fgg?ﬁﬂf%ggngﬁ&Kﬁgggrtﬁ%qﬂggggggfggé ﬁﬁué,&ﬁ bkfgaﬁ%aterrals
for inporting aﬁdﬁexpoﬁprhyabﬂendedmbblmvpﬁodooysanﬂwrmﬁnpoﬁiwngnand
exporting pack ducts in ways that
i ncl ude one ora&ﬁﬁggdegﬁl%q ?@Q%%%I ?%ﬁ@éﬁg?gﬂ§%ﬁggQCBegmnng (a) having
shared facilities for both inporting and exporting bl ended bul k products as
wel I ‘as for inporti nlglor%l’hg ﬁeﬂl\%n%tcﬁrde& gtu}(pof%gllng o; urggxts(aponehcﬁ #1(“9 Shar ed
facilities for inporting and exporting pac as well as fo

i nporting addi tivesscs pupawk dged tifediorm OF A SplalCI 190@) or ¢ cynsfroet df mpdtigle ng base
stock and ot her %ﬁ%lﬁﬁhﬁgé | s, and (d) having shared facilities for storing
packaged produot ‘ives in packaged form (pallets). 100301ln the
operation of the blending plant shown in FIG 1, base stock is taken from
storage tanks (ST series) that are used to store raw materials and bl ended
with additives to make the bl ended bul k products. Some of the bl ended bul k
products can be held in dedicated storage tanks (also ST series). This may
all ow for the packagi ng operations to be decoupled fromthe blending
operations such that the decision to blend each dedi cated bl ended bul k
product may be to replenish the inventory of bulk product in its respective
tank. The remai ni ng bl ended bul k products can be bl ended on-demand by
continuous blenders (e.g., in-line blenders). The bl endi ng operati ons nmay
be limted by the availability of blending equi pment and/or the
availability of storage tanks into which the bl ended bul k products are
stored for quality assurance (QA) and staging before continuing on to the
packagi ng operati ons.



100311The bl ended bul k products are then conveyed to the packagi ng
operations of the plant. The filling/packaging equipment then fills the

bl ended bul k Ry@®H4Ess21h Nt O cont ai ners (packages) of varlg %M,ﬁg%gfp make
packaged products. Packaged products nade by the filling/ packagi ng

equi pnent may then - 13 - be stored in a warehouse or a designated area in
the plant conplex. Al so, the plant shouldghave facilities for |oading the
bl ended bul k products onto transport units. The packaging operations of the
plant may be limted by a nunber of constraints including the availability
of bl ended bul k prodiRt495 ogtEnay” or ‘negrAptimEmp) ie AdprROdPataRtafontnaldneidor t he
avai l ability of gyheqf adi ng
rack transport uOtrllll '?%I biall%m%f'%‘ﬂgbpro Eccé; gf 8%%151{1}%129 oﬁ@ﬂlteﬁ QBR%HS Esl)ﬂ%are not
particularly |ifPti®a. Exanple products include oil - based pr oduct s, surface
coatings, health & personal care products, and food & beverage pr oducts.

QO | -based products include, but are not limted to, |ube oil, waxes and
greases. Surface coa‘tplaﬁ@ged meddueie , mdgns  aablendedt prodiuet tteedl i op promeing, paints,
stal ns, and var Qb%ﬁ&onagﬁa%otr hdégévlﬂﬁga?r?nﬁ%lcsc?c Ql';s?%ggsallld]crlcﬁqehalps t are not
Ilmtedto liquid [aundry detergent I qui & ’soap anpoo and>co idi ti oner,
and body wash. Iikh@ﬁaf&etmv@ga@eropm@muclmée blnmdeddveqdubtutstoeadelmalttodsl cans,ed to,

al cohol i c bever g s@f ] das ttled water, sauces,
and condi nent s. % tlp i u%llldg{rllm{éljegatcg Oygygg%%f]gmgﬁ%é}zegnb%a f()ar‘%sdtp 10d¥"5}q Heodel
descri bed above ofiain ibwnydethet ggaemdiitbealtehe behavi or of a distribution
center by nmeking decisions to set the value of the follow ng decision

vari abl es and/ or paraneters to zero: (a) variabl es/paranmeters involving all
production equi prrent"Pianambmd'i’ ring tiind emniémgafethqmmminm mbdatd Snecaam dinfinphti ng

equi pment; (b) £ nvol vin roduct i nport
facilities and xﬂlab CB&? exBara'ineth ik %EOdSle beam%i“ gyess can var

vari abl es/ par armtmrtsna, aNd fmmr@aﬁt he praawthmpaearmeaérs arp@ntigdradpdputakedso

match current data for a specific plant before running an optimization of the

model for the plant process.

"Slop” is a sample of a product about to be processed on a given set of
equipment that is run through the equipment to clean out impurities left over
from the processing of other products. Slop is typically discarded as waste due

to the resultant impurities therein.

Bulk Product Blending and Packaging Plant

[0028] All of methods, tools and programs described herein relate to
capacity, production and inventory planning (collectively, "operational
planning") for one or more bulk product blending and packaging plant(s). A
typical bulk product blending and packaging plant is composed of a network of
directly or indirectly interconnected equipment. The network includes blending
equipment for blending bulk products. The network further includes one or

more storage tanks for storing raw materials, components and blended bulk



- 14 - Method [0034] A first enbodi nent of the invention is a nethod for
operating one or nore bul k product blending and packagi ng plant(s). The

pur pose of th s to nove operations of the bIendln and packagi ng
pl ant (s) tomﬁ'&’@ﬁ%‘ﬁt‘q num for a performance metric duri 9“9%?2‘&8@ Iiat ed
time period under designated operating constraints. The optimum for the

performance nmetric will either be maximigation or mnimzation of the
performance netric as designhated by the nethod practitioner. [0035] The
nature of the performance netric is not particularly limted. Illustrative

per f or mance met pralscts.nclThdegenbark Arthemddcludesri filbok/ paokaghewenuipoagufipt | on,
total or speC|f|c ack roduct odu ign,. duction ti otal or
specific utili z 81§ %m%]i’g%ggﬁtpmedéﬁt? nPefc gré?ﬁPﬁP cgrg‘f lgwéorge ot .

Some per f or manc éncicety |paskagcfcb pscmlughtstota@e bféciriﬁesi iz edarpliuk®) ofohet@ingr e sought
to be mnimzed. For the o] ce netric f. po cons tion,
producti on ti me PARASYHEIS ﬁ?ﬁg E@3¢"WﬁémﬂgFEoﬁnwng§é@?’HF%F ' Afon. For

t he perf or mance diveifardiag fatilitied fopreodiiing blilkeawnaiateaals fray, sieeladiBxblohdeat i on. For
t he performance tric total or specifi ckaged product_ production
and total or spé@?@i%w§%$$P§ﬂPW%ﬁme %WHh@“@&% ﬁg%?n“?ﬂgyﬁbtﬁgﬁ blfay seek
ei ther m nim zatiree oﬂmcdsﬁamumt@aipoaﬁhond@cpmdbmgrcqm lih@cdiol GRS tanGES. Step |

100361The first ste n the net hoq s a conputer inplenmented step of
recei ving a dat 8?58 Ve“ﬁl/iﬁ &df&F T PHR) dat a set is stored in a data file and

this step is only inplenent ed when a user enters a corrput er command to

retrieve and read._t he data file, Alternatively, this ? % be initiated
aut omatical |y Ol[.pﬂa9]per FiHilds Bas§]i1f§nat10 Allusgation of"a typical bulk product lending

and packaging plant. As shown in FIG. 1, the plant has a number of blenders (B
serics) for performing thce blending operations. These blenders may be of
various types. For example, the blenders may be any combination of in-line
blenders (ILB) and/or batch blending tanks in a blend tank farm. Further, each
type of blender may be of a different subtype (e.g., a batch blending tank farm
may include kettle tanks for manual blending and automatic batch blending
(ABB) tanks for automatcd blending). As shown in FIG. 1, blended bulk
products can also be imported (i.e., unloaded) into the plant through the bulk
product import facility (BPIF). Similarly, for the packaging operations, the plant
has various types of equipment (P series) for filling/packaging bulk products into
containers as well as bulk export facilities (D series) for exporting blended bulk
products by discharging them onto transport units. The plant also has onc or
more external (WHS-EXT) and/or internal (WHS-INT) storage warehouse(s) for
storing packaged products. In some plants, package products may be stored
inside designated, possibly cordoned off, area(s) inside one or more buildings in
the plant complex. Shown also in FIG 1 are facilities for importing raw
materials (RMIF) for bringing in base stock and other raw materials and
facilities for delivering packaged products to downstream entities in the product
supply chain. The facilities for delivering packaged products are represented

diagrammatically as the packaged products export facilities (PPEF). In addition



100371The data set generally conprises information regardi ng each pl ant
that is useful in making decisions regarding plant capacity, production and
inventory. The data set conprises one or nore of the follomnqg &%a)

i denti fying a Q8 zon; (b) data identifying the bl &fdihg"¥ 6nent and
one or nore operational paraneters thereof; (c) data identifying the
storage tanks and one or nore operational, paraneters thereof; (d) data

i dentifying the packagi ng equi pnent and one or nore operatlonal par anmet ers
thereof; (e) data identifying the packaged product storage facilities and
one or nore open@ﬂmanQVeﬁmﬂmmeh&m&:mhémebhnm@gpnmamaa@dgmmhfymmgbbhe

unl oadi ng and di_ schargi.n aci | tles an eratl araneters
thereof: (g) dat®% %Fg% “96“ 'GPy gg PREBFEIR ucﬁs be‘Af1 A r‘éﬁlm gqui pment ;
and (h) data rehaﬁumg:ﬁ@ﬁkhﬁchﬂﬁhﬁmbnmgtﬁ@mammshﬁdo&achﬂpamkﬁgsdﬁproduct.

0038 Preferabl the data identjifyin he bl e, lits out
bach e or Cor o Sl G2 BnefRl MR Sul GroBleiy dor BB e by SRt o
di fferent types pafkafldgiciug, aguiopseiiiy picRagdl ipiddzad11bwa3tshﬁatphcauftic(cﬁ1)3.

Al ternatively, the blendin be identifie ctiyely in one
or nore groups ebmgm<fﬁynﬁgaaﬁﬁﬁﬁgﬁﬂiﬂ&ﬁﬁymegéSE VB@I%@E? F§S§§ pl ant .

Si mdl arly, the lb?kﬁrlhlipblymgfana fégpcﬁtfnligr agmeamhﬁprng@@wag a@;ﬂdﬂ lﬂil'ﬂSBﬂltng packaged
product storage facilities an nl.oadi_ng an i SC acilities can,
dependi ng on th@ﬂﬁﬁ?@MW%?%%%E%mmbgnmdgﬁ'WWP% E?%H%V %ﬁdﬁﬂvq8ﬁuﬁ§m ne or

nore groups of  egisriHERatkagtOR3RIRr R abkat impdigndatddived@ipat faypb@rhhe time
hori zon specifies the tine period of plant operations to be optimzed. In

anot her enbodlnﬁHEﬁUQﬁébiﬁﬁ@nﬁﬁFW%BﬁeSPdiﬂpéFé§me%mﬁvéﬁdﬁe(@ﬂFﬁmgmo or
nmore time interyga& famlh&gfoﬁaﬁhn@ﬁacwﬁgcafpl&iﬁnemdd famltlqu%Mg&r@dﬁct s may
vary due to seasonallty of demand. In general, the tine horizon over which
pl ant operat|0n§m1§3ko be optim zed conprises one or nore tine intervals.
Preferably, the data pertaining to the operational paraneters of the

bl endi ng equi pnent specifies one or more of the - 16 - bl ending equipment

cl eanup and prepf43%k i ol e Aecratiimb heablendingaRit shave wuitbel: tefe €RGNF ed

wor kers necessaf¥ed GoRR&5AtELhine st QR NG eRULREARDord RRy maﬁeﬁgﬁrané pindl e
speeds and the blend rates. Preferably, the data pertaining to the

oper ati onal par Bisidedrgtharditines tg ke g bﬂ%?ﬁ%bb@bé@ﬂ‘ﬂqt%sswfdlﬂc befdedof t he
storage tank VotﬂﬁﬁnhﬁhéU&?béﬂdﬂ%ﬁ%&&c&&i&&Q&Jﬁ@&(Xﬁ@%T%Q%%}fT&BEm§a”k

di ameters and heights from whi ch volune can be cal cul ated), the roof type
(e.g., floatingallaw for hedpckaging opeseticnpia Yarlecoupley. frong ha blesfiapeperafton | at ), t he
heel vol ume andskhe:? U @ioha0K1chl SARURARALY BIRRANAN (Rald Ry RNgT erabl y,
the data pertaining to the operational paraneters of e packagi ng

equi pnent specrﬁpbswbﬂ@IGVﬂWnVéﬁ@ﬂmuﬁehpackwgﬁﬂ@wéﬁumpheﬂﬁeé@é@ﬁﬂ@ and
preparation ting |1 ed

wor ker s necessar§“#g%gﬁgﬁ§?gk3%%%Q%ﬁkggpﬁl&%ﬂﬁ?% &naﬂagﬁﬁ%g%ﬁgFgﬁetric
bul k product pacKageéldndén) nigertdandingPpekheoralvhay, betlinated by dhqpavatletiilityo§ t o t he
oper ational par . . i specifies
one. or more of TR, SufhphitlRE G ALAHIEL (SLAERAR. PR bR Ce:

war ehouse, the @mxbd@ﬁ&aﬂ@hmehumﬂmmd@ﬁcwdahagaamagémAbmddﬂ@U%dwﬁnthe

aver age marehouaﬁu&_ QQEQ% u%f eagh,packaged product. Preferably, the
data pertaining to oper araneters of the unl oadi ng and

di schar gi ng faC|I|t|es speC|f|es one or nDre of the type of unloadlng and
di schar gi ng eq“tgﬁé‘ﬁ”t "fhee Hre de\éhgulfgerrocfug tﬁ di mg/e &pr‘g Ctlllle ac%rtgll ng onto
trucks, railcar ar ges, ? un |ng ﬁlsc%ar ge rates *'0F each

pi ece of eqU|pmqmnmowh@Whmbbmﬂrﬁgﬁﬁhmﬂhakgymgapqmmmnémnfﬁtd&ﬂu@Mamd
preparation ti ngal rodl 111vecrog‘ fher acka ¢ ?%ﬁ H&Qtslzregscloqgr?(%e tcl|< Teyfor each
product. Preferabf " ?ﬁtp 3 APPSR IBE E] ween

pl ant equi prentprsgresi fl’aﬂ&g@hﬁo@l’ctsnﬂa’de bgz hie: fiihiyspachdgig qfcqalpumnrna@t her t y

| i nking the bl endi ng equi pnent to one or nore tanks and the physical pipe
connectivity linking each tank to one or nore types of packagi ng equi pnent
and/ or unl oading and discharging facilities. Preferably, the data relating
to historical demand for each packaged product specifies one or nore of the
arrival time of custoner demand events and, for each demand event, the
identity and quantity of the products in the demand event. The nmethod WO
2011/ 066210PCT/ US2010/ 057578 - 17 -



enbraces the use of any conbination of the data described in this paragraph
and, preferably, the nethod utilizes all the data described in this

par agr aph. 10Q40 y cases, the different bul k products and/or_ bl ended
product s mﬁllgﬁ)%4ﬂ%gq£bly different conpatibilities withcYHESOFFE ent

pi eces of plant equipnent. This can be due to a nunber of physical and/or
chem cal factors including, but not limfted to, viscosity, acidity,
density, etc. Accordingly, in one enbodinment, the data set further
conprises data relating to the conpatibility of different bul k products
and/ or bl ended ﬁﬁ@dm@tmimwwhhmmeophamMgBQGMgmﬁmﬂwIﬂﬁﬁémmmeamoﬂhﬂm

enbodi nent, the t furt r uction shift
structures. ||| usog1j e }0\1}@ b da gacﬂlglf’sf rlTEEldltné(%he tq L?a? Elgln %d’u?t Onté) PO es
includes, but i smitot Thé padkeging Opemthﬂe foﬁkHeqummgnayrmmtmntedoﬁy a numbel of

manuf act uri ng/ r od ct d t. hi ft i

duration of gagﬁ “’“ﬂﬁ%ﬁ%tﬁe g’hyq€§¥?@ﬁib&§05&{ mg‘ %é per
shift; and any mhmﬂmga$m@nnﬁhakaﬁﬁheIhnﬁbﬁqﬂ@ﬂﬁaﬁub@eﬁﬁ@hﬁ@ﬂmuﬂmﬁ@rn1y for
an entire pl ant or broken @ se arately for each process step in the
plant (e.g., un’OH&PHEO BRERTIPAY T SBYKEE g, warehouse storage and
discharging) or broken down even further for each piece of production

equi pnent in th 1004211 n sone ingustries ant s e the option to
bﬁy bl ended projﬂ@% aﬁheﬁéEygb@HﬁﬂﬁﬁdabgﬁI@H“f%@E§HBPmWﬁf éfhpgmﬁugnent
producti on. ACC(EIkﬁihplg| Yrodicts almtdheml-em@obrmmts, suffecedabdatinfdr kdark &ncl udes
the identity and tity of blen g g products and/or packaged products
that are typlcaPPg AR [ o g %i YRH8R PFIYF-t HPH-as84 e %Sand/or
associ ated pl antn(caadc ShnikdghtIRAEdCGOBN 0 DWIEES Bhd g @Rds O ISuARKT @hiiRal

control ("affiliate Iants" . .100431As wel | be further detailed in |ater
sections, if th&e¢ @Pf ?ﬁﬁdﬁ%lﬁﬁ?4ﬁ%PF§m$1ﬁﬁH%ﬁ§Fm Ierites dHeAths®t i | |

i ncl ude dat a pepéRbni e bRdbAEieRat, Duf e RPBRAL] RYIiGNE 1RhaRtdct)gendhi s data
may include, but is not [imted to, the costs for
liquid soap, shampoo and conditioner, and body wash. Food & beverage
products include, but are not limited to, alcoholic beverages, soft drinks (juices

and sodas), bottled water, sauces, and condiments.

Distribution Center

[0033] In one embodiment, the model described above can be used to
describe the behavior of a distribution center by making decisions to set the
value of the following decision variables and/or parameters to zero: (a)
variables/parameters involving all production equipment including blending
equipment, tanks, and filling equipment; (b) variables/parameters involving the
bulk product import facilities and the bulk product export facilities; and (c)

variables/paramcters involving the raw material import facilities.



- 18 - operating and maintaining the bl ending and packagi ng equi pnent, the
storage tanks, the cost for holding inventory and the cost of operating the
| oadi ng and ugl oadi equi pnrent. Further, if the perfor metric i s net
profit, the d fﬁﬁg%ggﬁﬁll al so i ncl ude sone approxinatigﬁ% SRS Phanci al
val ue of each packaged product produced. Step 2 100441The second step in
the method is a conputer inplenented step of using the data set to populate
nodel paranmeters in a m xed-integer non-linear mathematical optim zation
nodel . The nodel is constructed to mathematically describe the operations
of the bl ending and packagi ng plant(s) and, in addition to the paraneters,
conpri ses decisiq& &friables, constraints and an objective function.

[ 0045] The nodel“s—gecision vari abl es represent the quantitative decisions
to be made in each interval regarding plant capacity, production and

i nventory. For sion var.iab represent the

|l e,, Lthe el deci | abl es.may r¢ ]
quantitative dei@I ns ﬁ%‘@%@%ﬂ&%ﬁgﬁﬁ}? YRR O afrﬁtlo‘fig‘ﬁloé’\%a o AT si on
vari abl es: (i) tivee bekpiogidtdlendinend pickprioitlati(shaTiehespaadfr thheicgiode of the
batches to be made for each packaged product: (il e requisite nunber of
roduct bat ohes S vheterel B S BERBa Rk Hisehi Haakd b aheh BrBnded
product; (iii) whes perforandcermnemict duriaiagnbleenitiengeripenalct ansgrhed | i ke
bul k products; (iv).the requisite quantity. of ui prent i ncl udi ng, but not
it B o bi e i e Bine ThoaRagH o 0 ir AR Taitat Agh St and
unl oadi ng and dinsgidsgion @r haeiiiatibe st the\herfoteibemeaiachs Was pnat«d Blethecat e a
storage tank to a bl ended product; (vi) the requisite nunber and | ength of
shifts per day; "EHPAPAHEFLqui site number of workers; (viii) the requisite
nunber of overtinme hours; and (ix) the requisite quantity of safety stock
to maintain for each packaged product and sone bl ended products. The met hod
enbraces the us&%?! a Wﬁﬁégmﬁbﬂﬁg?nWﬁ@“%ﬂVedﬁﬁﬁiHhPP%HMETHWHb?Hé%?Sion VO
2011/ 066210PCT/ WPkt OpckirfBance 1 thetricy ait@dd, €butSafe hef tithited td)i SowRar agr aph.
Preferably, all of the decision variables set forth in this paragraph are
present in the RUHERPHIGNEEHAE] NURET BT SakrsRdr PIaCt STYHCRPEr PLOHHEYN JBPS: aj ni ng t 0

pl ant capacity, total or specific utilization of plant equipment, operating cost and net profit.
Some performance metrics are sought to be maximized while others are sought
to be minimized. For the performance metrics of power consumption,
production time and operating cost, the method may seek minimization. For the
performance metric of net profit, the method may seek maximization. For the
performance metrics of total or specific packaged product production and total
or specific utilization of plant equipment, the method may scck ecither

minimization or maximization, depending on the circumstances.

Step 1

[0036] The first step in the mcthod is a computer implemented step of
receiving a data set. Typically, the data set is stored in a data file and this step is
only implemented when a user enters a computer command to retrieve and read
the data file. Alternatively, this step may be initiated automatically on a periodic

basis.



production and i nventory planning may al so be included. For exanple, an
addi tional decision variable that could be included is the identity and
guantity of a I bul k products and/ or packaged bqu roducts to be
pur chased froﬁ%%ﬁlﬁggggrtles and/or affiliated plants t o &l G%ﬁ@

production. [0047] The nodel constraints represent the key operational
criteria that nust be nmet for any solutipn to be feasible. The constraints
are not particularly limted. However, the constraints include one or nore
of the follow ng: (a) one or nore terms limting the availability and
capacity of the blending equipnent; (b) one or nore terns limting the

availability an aci of t e storage re terns
liniting the aVQWﬁ9E||ﬁ%y¢§P nd" ¢4} §C| y”%?lpwnnéé%kﬁﬁﬂﬂﬁﬁéﬁ '@Wﬁnt; (d)
one or nore termmuhsmmﬁhmglhhbnguhmhamqhgmyu@nmmﬁappmmWypﬁﬁu&hm gndckaged
product storage.faciliti or ailability
and capacity of ?ﬁgnﬁhlgiﬁfﬁé %ﬁ&OWP%Fhéwaﬁﬁdn@86ﬁ|lfﬁé@“gﬁ$)5bﬁ% %r nore
non- | i near ternmkmeba@un@néh@umuﬂbﬁﬂmmkbmaym@e&:mémﬁmphmga&hagﬁdn@roduct to
product batch size; . one or re. i.near te ns relatj t he size
of each batch of” ﬁﬁi?lé)gﬁlé’ég‘iﬁl B&Hﬁﬁ?tg‘qgo ‘etoﬁg‘%cﬂﬂ?dfl‘?“f‘fy “Eﬁ‘“% %{?lé‘tg?tagksc?glfé requi red
for the product ond 0048lcRipef€io@idlpyramtiRe Baes! (@idatasiddntifitd Mg fabl@ging

avail ability and capacity of the blendin u nent . fy one or nore of
the foll owi ng. I ARTES RoRSTaR CPHALIY ST HHASGHC R AR T Pe of ¢ he

bl endi ng equi prmﬂ:tpablkh’géd §1®ﬂud@@tobﬂgb|ﬂlcll&£éb aﬁd bile bd ibre dpti@ficnaPParRh@eCt i ONn
shift structures on the availability of workers and

their skills or h&‘fﬁ(" (pfafaoldﬁ‘ﬁ&“% 1L REPadINg 8¢ Hige @ﬁ%ﬁ)ﬁ’éﬁ‘f‘es Kleneiay)

limtations on hive: e@PaRbl ﬂaYanﬁ&er@'tlﬁ[Bﬂ)'fn@) Qe rPIEBIY tof Me PROEESRCRAEL | cul ar
bul k products. Preferably, the constraints limting the avallablllty and

capacity of thebctwegplant C%"E%‘?‘%Rjea“@ém&aws‘ﬁ@@ﬁ? tB?]B‘S'BFm}]rSPIEa‘EiffO‘E??é
follow ng: (i) pasbgdigtddans on the physical connectivity |inking different
pi eces of plant equipnent (e.g., blending equipnent, packagi ng equi pnment
and/ or unl oading and discharging facilities) to different storage tanks;
(i) mnimumtigesperi pdeerdody, Btk NGerddiyifd ffce bRMinS LQIiREE t R Sou O
receiving a batch of bIendgﬁrbulk rodu%% gé;lyﬁ ﬁ1%|ﬁﬁ%1ti&% pé?ﬁods for
punpi ng a bat ch®®Sh Blighasee 196|erampmérau@fhvr4w hisotsagfectiayk rug iPEL mi ni mum
time periods fogipeRACYELs IMBicHRL lc&ld{prﬁéﬁ% BfcafkG Sodt B3Sthd agnt@p abhepdgd bul k
product; (v) mninmumtinme periods for settlnﬂ up the i ng eqU|pnent to
manuf act ure a b®E AeIgMEpraeagadcasr rdidentificd reglleasivyly i rfingndin eqresr s i ods f or
punpi ng bl endedulys p(fcﬂgt%tnaﬂﬂb Q\fen(%lflé(cﬁ{/%rﬂ bR %Qﬁmﬁgnﬂﬁ&deﬁ{ fogrably,

t he constralnts I|n1t|ng t he avai l ity ca aci t t he packagi ng
equi prent speC|$9S@ﬁﬁeﬁmkﬁﬂﬁémémgﬁhﬁpm@ﬁl@mk%gdpvﬁyﬁwﬁwﬁﬁéhmbhsao@ t he
types and numbeg, ofiB26R divSoRl BARKAINAIIGAHARIBAL eputilized
(i) Ilnltatlonglonu% #5@ gtlon sﬁ% f‘s?%%&%dg% tlégg&?%?pyglPﬁltatlons
on the ava|IabHﬂ@ﬂ?kéﬂﬂ%@ﬁw&YQﬂﬁn@CDh@Pmgykmsb%mmnmnbiI|ty to operate the
packagi ng equi pnent. Preferably, the constraints limting the availability
and capacity of the packaged product storage facilities specify one or nore
of the follow nig039li ) Rrifieiabbt itendatonlentiipingi the tiof hariaer givoifise thertihocat i on in
t he plant conpl r I ions on

t he residence t§%% of Emggﬁ%ﬂgggugggﬁﬂggz(gggb%%ggggnmg&h%Whhﬁu%%%house

and (iii) |nvedﬂmﬁvlpﬁnWSﬁmﬁséﬁ&hdpaokagem1pwodm®umﬁW%ﬁ@ma@hydlbhe
constraints i [ nl oadi ng and

di schar gi ng fa(r:r‘}d?l{:l?(?eéﬁsaqg &8 liagpd nglrbcﬁ&étsah S’V%%PC%J[% tcg yefagqnla 1%%% ge::m adh
limtations onsEh@akah@tmm hhmmh @ackag@dpbmodpﬂmsmsantbdm qnmnmﬁ

unl oaded/ di sch (||) tio n ze of a batch of ach
packaged pr Odugct %g@e Cw or m e tLai%e in:tﬂ'e(g\hags.on ?ehe%bl eﬂS]? atad)e?t?mm 04 “Hat ch of
each packaged gmadumwlpmamhewuﬁhmaumeMﬁﬁﬁmhmmgbmgﬁkqun@nembm<Iym1caIIy, at
| east one constraint relates the nunber of batches of each packaged product
to product batch size does by nmaking the m ninmumtotal manufactured
guantity of a packaged product (i.e., nunber of batches nultiplied by batch
size) correspond to the expected demand for the product. Typically, at

| east one constraint relates the size of each batch of packaged products to
the quantity of safety stock



- 21 - required does by nmaking the | evel of safety stock for each size of

packaged product correspond to the quantity that can fquiII cust oner
dermand over zp ecified length of time (a.k.a. "lead tine") during which a
replenlshmsntW JEHES been placed. The nethod enmbraced GHS?UYESF a nodel

cont ai ni ng any conbi nation of the constraints described in this paragraph.
Preferably, all of the constraints set fgrth in this paragraph are present
in the nodel. [0049] Nunerous additional constraints may al so be present.
For exanple, if a decision variable in the nodel is the identity and
quantity of b|eMﬁﬁﬁn@H@Kmﬁﬁ@dh@ﬁmﬁﬁﬁhﬂﬁmﬂﬂﬁkagedmﬁmdkmpr@ﬁhﬁénmﬁb@e
purchased fromthird parties and/or affil lants.to au t,

D oduct fon. ¢ heftt oRed MofksPendinedsa it By xRl g af (H REMsgent ¢y
and quantity of ssidb spedehmgese bkad Ieeearrpﬂ’reﬁeramye tisdl dhta qsmsﬂnrngi gat thaoul d be

t hat any such purchases cannot xceed t he tépi spot mar avai lability
of each product °PYEHER PARANGIEYRY e SR ks, epififc e1edh et gt Be so8ekance

metric. As previ@usioyunsd adi@el dikdrey natidieccoy b@h@e@gﬁﬁg)faﬁmrtﬁﬁnam ring i s not
particularly Ilnlted and |IIustrat|v erforna tri |nclude but are

not restricted PYShE SR WhshaPvEsfay tCPIGWatC?)of%?I‘O E/R% BPesag &

producti on, spe«ﬁkéd)cn@%&&ga?pdo(@giusctnepgh@@uw 0d0), thohédl vbluli’iﬁ 4Qr the
production, utilization of ant equi pnment, total ogperating cost and total

net profit. Stepossf @@%fﬁe%@ afl%meaalgtf%ﬁlm% RrpfsraRiye WS o PeBapiggi e r

i mpl ement ed st epp@ftichMrfal M@ tedoth@pickh ufPheYiBpeti@e BRI R Whord 6f gleci si on
vari ables in thgpnndelqﬁPreferred g%nﬁ%ﬁ%?%ﬁﬂiol&grs i ncl ude CPLEX, XPress,

KNI TRO, and XA. Paokasip cREPBentAsanah|2Bd Psgparatiehitiplsh icebrokesing&nsi hy a

sol ution set of 1c\(1ﬁ1rsit@tiﬁl§1b&alo¥1eﬁtllfctia{;vof'ﬁds nésayqaxyplt@mpc@&e&@t badgagiak oser to
the optinum and preferably to the o& for the obgectlve functlon
Upon |nltlatlnge@ﬁﬁgméW§Hheﬁﬁém@§éPU H§@ﬂwVE$§%EIﬂEEE2fOﬁ@#@@@Zd@@/057578

data pertaining to the operational parameters of the packaged product storage
facilities specifies one or more of the availability and capacity of each packaged
product warchouse, the size of a batch unit of each packaged product and the
average warchouse residence time of each packaged product. Preferably, the
data pertaining to the operational parameters of the unloading and discharging
facilities specifies one or more of the type of unloading and discharging
equipment (e.g., whether for unloading from/discharging onto trucks, railcars,
barges, etc.), the unloading/discharge rates for each piece of equipment, the
unloading/discharging equipment cleanup and preparation time and the average
loading equipment residence time for each product. Preferably, the data relating
to the interconnections between plant equipment specifies one or more the
physical pipe connectivity linking the blending equipment to one or more tanks
and the physical pipe connectivity linking each tank to one or more types of
packaging cquipment and/or unloading and discharging facilitics. Preferably,
the data relating to historical demand for each packaged product specifies one or
more of the arrival time of customer demand events and, for each demand event,

the identity and quantity of the products in the demand event. The method



- 22 - decides whether optim zation of the objective function nmeans
mnimzation or maxim zation. Conputer |nplenentation of Steps 1, 2 and 3
100521Steps 1, 2 and 3 in the nmethod descri bed above arc each conputer

i mpl ement ed, M@ﬁﬂf%ﬁ“?%al they are acconplished by causi'fd’ @8 rrg'{ser to
run a conputer programthat resides on a conputer-readabl e nedlum
Typical ly, the conputer program conprises,code that | oads the mathematica
model , retrieves and reads the data set and popul ates the nodel paraneters
accordlng to the data file. The conputer program may al so define one or
nore optim zati embbesete seldftinoconititaion st thd tea donphetien thiy mgipeaphfand,t her
conpri ses code that i i

a u n o m.za er which is integral to,
or interfaces wft ma@ el%@ﬁﬁﬂ¥gﬂuﬁ§£g¥%ﬁy?‘$?3?§§1%HﬂmﬁﬁFﬁpnndels t hr ough
an exact nethod and/ or through one or nore heuristics. 100531Preferably,
the code is wit nDdelln ) re such as Al ,  GAMS,
| LOG OPL, AMPL, [@)"r“r‘}kp BeRpears t%oa%é@w @ﬁ e a0t B‘e‘éﬁ"éd’%%i tten
usi ng any conputwen m@gbtamdigerblan@u@g@bmml\uﬁa ) gilffm.enﬂ ﬁle@daeofemgdi ment ,

t he conputer programis Itten usin enpl o n Al MVB user
interface. 1005494AMY pridferanelf WﬁB |HE%¥FO$W§“HQFHMéﬁF yristda€eisr age i
acconpl i shed usiidighdaly, Bxeel lirhiddabfva&esigNekidife dakog eRMAcSordilyt Bonkn t he

Al MM5 nodel i ng Iag&ﬂ ge and calls upon a CPLEX solver to solve the nath
nodel i ng probl efEPPH™ HemﬁpﬁﬁFgﬂPﬁV“&§Wﬂﬁ“éﬁa%kﬁ@F@ﬁ%ﬁﬁd@HW@N”HWCﬁS|ng one

or nore heuri st dffren®bulRYroddtghdeor GRAMIATREIOR wileR&Rint chiiphlits embodi ment ,
the programutilizes an AIMVE interface for execution and output. The

results can then be transferred (e.g., exported or copied) back to Excel

and stored as aoaxcel nf iddgher Anb&dimatd ¥eldia dehBirtheSMlRistadtbR1sHor ed and

managed in AIMVS. - 23 - [0055]In one enbodi ment, a solution to the MNLP
nmodel is obt ai n@}d)dWmn shift “structures.  Illustrative data relating to production shift

structures includes, but 1s not limited to, the following: number of
manufacturing/production days, operating shifts per production day; duration of
each shift; upper limit on overtime; available workers per shift; and any
combination thercof. This data can be defined uniformly for an entirc plant or
broken down separately for each process step in the plant (e.g., unloading,
blending, packaging, warehouse storage and discharging) or broken down even

further for each piece of production equipment in the plant.

[0042] In some industries, plants have the option to buy blended products
and packaged products on the spot market to augment production. Accordingly,
in another embodiment, the data further includes the identity and quantity of
blended bulk products and/or packaged products that are typically available for
spot purchase from third parties and/or associated plant(s) sharing some common

ownership and/or operational control (“affiliated plants™).

[0043] As well be further detailed in later sections, if the performance metric
is financial, then the data set will include data pertaining to the costs for

operating the plant(s). This data may include, but is not limited to, the costs for



transform ng the MNLP nodel into a m xed integer |inear programmng (MLP)
nodel by |inear approximation and then solving the MLP nodel. In this

enbodi nent, t ..Is solved iteratively using a cuttjng-plane _nethod.
[ 0056] Al t er na%&?@o,%ztl%e M NLP nodel can be sol ved by us?ﬁ%”ﬁ%%‘t‘”%@@ri stics.
Sui tabl e netaheuristics are selected fromthe group consisting of an
evolutionary algorithm sinulated annealifi)g, an ant col ony optim zation, a
tabu search, a pattern search algorithm or any conbination thereof.
[ 0057] I n anot her enbodi nent, when the m xed-integer non-linear optimzation

nodel is posed _apyetatimg' xednpinteger thadentingead pdgkaging cqppogrtarie stdiggenpdel can
be sol ved by usil, fi&s,atgﬁ'(’:gs)‘éltﬁ?@o?dir%p ?’c@t@g%{lg e £ é)%la %th}g@ﬁ%@{gg%‘gs] In

anot her enbodi nen en m Nt eger non-11inear !
optim zation i s ubsddg aguipmerag&nithdpai édt peefdehan(ARMyic it ha matietheidatasol ved by

[ i mul ation, 059 f bl he. sol.yt i ' | et [
Lot rame of CaB VAR d bR Bas e B Pl R SRee &1 R DIRE 1T Var y

time frame of two
dependi ng on t herq@uageskicety capabilities of the conputer utilized, the
particul ar optim zation platformand sol ver selected, the particular

sol ving techni ques enpl oyed and the nunber of variables and constraints.
However, one of Skdpe benefits of the invention is that the problem when set
up in a manner anal ogous to the exanpl e provided herein, takes |less than

two hours to process. - 24 - Step 4
[0044] The second step in the method is a computer implemented step of

using the data set to populate model parameters in a mixed-integer non-linear
mathematical optimization model. The model is constructed to mathematically
describe the operations of the blending and packaging plant(s) and, in addition to
the parameters, comprises decision variables, constraints and an objective

function.

|0045] The model’s decision variables represent the quantitative decisions to
be made in cach interval regarding plant capacity, production and inventory. For
example, the model decision variables may represent the quantitative decisions
regarding one or more of the following decision variables: (i) the requisite
number of product batches and the size of the batches to be made for each
packaged product; (ii) the requisite number of product batches and the size of
cach batch to bc made for cach blended product; (iii) whether and when to
combine blending operations for like bulk products; (iv) the requisite quantity of
equipment including, but not limited to, blending equipment, packaging
equipment; storage tanks; and unloading and discharging facilities; (v) whether
and when to dedicate a storage tank to a blended product; (vi) the requisite
number and length of shifts per day; (vii) the requisite number of workers; (viii)
the requisite number of overtime hours; and (ix) the requisite quantity of éafety
stock to maintain for each packaged product and some blended products. The

method embraces the use of a model containing any combination of the decision



[ 0060] The fourth step is operating the plant(s) substantially, and
preferably precisely, according to the solution obtained. In other words,
deci sions reg | nt capacity, plant production and i nvent ory
are in line mﬁ%ﬂhﬁﬁggégconnendations provi ded by the mode faﬁﬁwgﬁgﬁhtional
plan for operating the plant(s) can be determi ned after a review of the
sol ution by plant planning and/or operatigg personnel. Planning personnel
may want to vary the paranmeters and obtain solutions to various "what if"
scenarios in order to choose a path that best optimzes the perfornance
metric in view ofrighlgssei Btth inthissmengeaph o Sreforbitlprabiaf ihealeyision oweabrs sett hi s st ep
can be perfornmed,aut ot _ [ Mater i 100611The net hod may treat

t he avaiIabiIityoo?‘%gﬁkﬁgégé%gfg%gﬁpgﬁgﬁgﬁ%?able way. | n one enbodi nment,

t he nodel assumes infinite availability of raw materials and identifies an
optimal or near i L uti to the npdelin roblemaccordingly. In
anot her enbodinéﬁﬁ%ithgh%%gﬁ%dﬁﬂli&?kgP ggg@#ﬁﬂ%ﬁgwgl ﬁh?gpfﬁﬂgwﬂg a

par aneter to be ppwipdict ed hvoney heamatgamsetalsansd aclodsist Fai ataniphe, tdne nodel

is that utilizat] of .specifi.ed raw erials cannot exceed availability.
In anot her enmbod flﬁg?ﬁa? d%cﬁséonrvéaal %blqg |ﬁ atec"%éabrﬁlf‘ a}?lgcgfls t}lgééc%ftyél}]gﬁwélufys‘)fgn
addi ti onal deci shpblendeditall @odwtsraddepekaded ddiksuctuctshabe aupksséofremnce

metric is driven.t rd optinmal or near optimal val ue while satisfying
linmtations and/ 8?dop§blr?§f“9d2 rnatr@laée% prlaé&atﬂﬁ't‘ 5PodYEPRge t hereof . Or der

Ful fillment 100621The nmethod may treat demand fulfillnment in any suitable
way. Demand dat ically includes historical custaner orders. These

hi storical - 2@0({4¥£usﬁhﬁ§¥’d§r€8‘%§ §mf§dﬁmﬁs§mlf§eegeyt‘??GFQP%F%EE& HayRHENnd
probabi lity di sbeinbtitfbomyf eslutddneropackagad. priedivatitintd Arcon® @ARAGMHENt, an
order fquiIIne?t.Jgtﬁiis created as a gnstraint in th nmodel that nust be
met by any feasiBI&%saPUEHA"C BISEILE (PSHIGAR FHURACHIY follovgns: (Wmety st ock)
are then cal cul at @drd Browi 1810 tHeh@aiCbad BRT capidToffibd BleddinEedfuiguhe
constraint and h?e demand pro abiliég distribution. Alternatively, the
order ful fill meft PaPeMEHEACHE lupitngs pyiabilip; g cabacly plehsraiarage faked

(subj ect to ni n{dyene 6OMEHer @inftiE)itihdtht AeLinBLe} of dnb cMpRM; of tht hecidgnand
probability distr[butioaéand ot her factors, to determ ne an optinmum

sol ution to theBHREE GLoRUNPPIGHemSJLRItRG Hieravaidabilgy and capacity of the

packaged product storage facilities; (¢) one or more terms limiting the
availability and capacity of the unloading and discharging facilities; (f) one or
more non-linear terms relating the number of batches of each packaged product
to product batch size; and (g) one or more non-linear terms relating the size of
cach batch of packaged products to the quantity of safety stock required for the

product.

[0048] Preferably, the constraints limiting the availability and capacity of the
blending equipment specify one or more of the following: (i) limitations on the
types and number of cach type of the blending equipment that can be utilized;
(ii) limitations on production shift structures; (iii) limitations on the availability
of workers and their skills or ability to operate the blending equipment; and (iv)
limitations on the capability of blending equipment to process particular bulk

products. Preferably, the constraints limiting the availability and capacity of the



1006311 n a particularly preferred enbodi nent, the method descri bed above is
a nethod for operating one or nore bul k product blending and packagi ng
plant(s) in a manner that reduces total operating cost durin % a desi gnat ed
time period uMdb*'fE&!Ynat ed operating constraints. |n ofHEYSZNGPHST t he

obj ective function is operating cost and the data provided is the data
necessary to determ ne operating cost. [Q064] Accordingly, the first step in
this cost mnininzation enbodi nent of the“nethod is a conputer inplenented
step of receiving a data set. In this case, the data set includes one or

more of the fol Istgegtaﬁat ecif@bnélat andre tthd )fd)lrtﬁm&’g t{HnRstiiefidng Odk tHeb) dat a
identifying the g Eﬂbgg equi pnent and data relating to the cost  of

operating the bl? aﬁWﬁﬁéﬁF“gé€$“HéPﬁ“Fd%ﬁFm??Wﬁﬁ“?hgﬁ%ﬁ%Wﬁﬁg t anks

and data relati Q@llbﬂelﬁth@cﬁé&ﬁg &QipaRer @ﬁldﬂgnlbgtﬁnfﬁr@rcﬁﬂ;ﬁa@@l@K§o1ht(e§|)) todat a
identifying the packaglng prent and data relatin he cost of

operating the pggﬁﬁﬁiHﬁméﬁﬁpﬁwﬁﬁﬁmnW%Plﬁ%?@“Fﬁbﬁ¥P@?@%ﬁ“ﬁg@ﬁﬁﬁéﬁ%ﬁroduct
storage facilitiggs andedatia J&Jt@ffdffb%nh&j Ed?@pl‘b@ﬁctt @f) Iﬁahﬂlnﬁlgmlew@msory for
packaged products; (t) data |dent|%¥ unl oadi ng and di schar gi ng
facilities and deitPaMpEIZa paid ALdland @é%pl%ﬂct@ﬁ@@éfqr%gg ke (iWh@liptnes; (g)
data relating t@nfchRribditier CRBRSAE | h@ﬂ@ &@M\%%sﬁh@mabrw&% buuﬁma&nent (h)
data relating to the historical demand for each packaged pro and (i)
data rel ating t&V)inpEaERe Preedsdemateying opAbrdfiling pguiRBaT gheatufzaidc di vest ment
hecessary to reppygoPhRRMuef BBk (va Ql%éllmn&r}%n@&gb@%mﬁ bikfigdat a
relating to the costs of operatlng | endi ng equi pnent and t he packagi ng
equi prent |ncIué@kﬂﬁ@m@d§ﬁ06ﬂ¢@V@F$P%@ﬁtﬂﬂ$ afreferidly. &wironstrant limithe dat a
relating to thegugoghsnaf [ packaglng
caui prent nel o e B e e s o e P et

the data rel ati Hy feldowipg (0 distitandnstylthid tygesi and anmbenef cachgyfeufopiloaingf
inventory |evel, Lll]ﬂl]&l@?‘l:ap%l t%m‘ﬂgé gtlmm{angm%ttﬁe rzr‘é& cftlgﬁ Elﬂﬁ %L(ECQ{I}PJ i ses data

relating to the mal nt ai ni ng ndi ng
equi pment, st or aye(itakkiatiopa ok di &W@ﬂ@qltw wﬁwkeri/\mdem@usleﬁ% anelibly to
unl oadi ng/ di sch t n i t dat g.set
further conprisg&gﬁg?ggﬁﬁkgg%g &?llgﬁg g%g?&g@”g%gfgﬁﬁﬁamaﬁﬁgog f'f}l{:lon shift
structure and tWQﬂ@mbWaoﬂcuhangﬂhgsmmbmﬁ@n@dwﬁQMUecﬁmdnshﬂkmﬁsmmumture to

anot her . Pref er Al hORMRLA: [P AR RATBAGRIBLNG ] Oen RO oPIELeRAR Y ol |,

of the [imtations In e secon his in thls
cost mnimzatithe memb@dmnlemwmrfe falleagae pholdets sreasterodrpid émiﬁatiqnisemem ed step

of using the dafa set tl‘irte n}ﬁ%ﬁ%}tﬁt& Cfnadﬁ &) a[i%ﬁ{?d%gtrl{s] tRe I %11ﬁF0115 ang%1 i1

non-| i near progranm St dic descri be

the operations mmmﬁmﬁthEnﬂBm@;addgmhmhdgnngﬁ@%mMW(&@comgamnlnﬁh@onndel

conpri ses deC|Sﬁon vari %P const.rain Live. function. Again,
N¢ avatla an lt

the variables ropresant OuilEhPia |véwhuﬁﬁgugzmgggcgggﬁ%§a 19 IXEW i nterval

regar di ng pIantomﬁ@ampmym?mbddMﬁﬁn@ﬂfﬁﬁﬂﬂmnmemhahyrmégammwhn@ek@pmstra|nts
i ncl ude one or nore, of the i.ng the

avail ability and®EFac@yy Wﬁoafl?fggmbﬁhg‘ﬁaé fd;]) Ealﬂf?tb%rﬁ’ tfa'73( Bye gﬁ% b?jtrrcq] fbre terns

liniting the avaihahikhiddypredids; eapad) Liyitafont be tistosidgee timoksa baeh oone or
o L L LRSS LR ol SR BBl DERARIELTY, o
packaged producleast one constraint relates the number of batches of each packaged product to

product batch size does by making the minimum total manufactured quantity of

a packaged product (i.e., number of batches multiplied by batch size) correspond

to the expected demand for the product. Typically, at least one constraint relates

the size of each batch of packaged products to the quantity of safety stock



- 27 - storage facilities; (e) one or nore terns limting the availability
and capacity of unloading and discharging facilities; (t) one or nore
non-linear ternms relating the nunber of batches of each packaged product to
product bat chW&2H/06@HY (f) one or nore non-linear ter nEGESHIHGBhe size
of each batch of packaged products to the quantity of safety stock required
for the product. [0067] As stated, in this enbodi nent, the objective
function is operating cost. This total operating cost typically includes,
but is not necessarily limted to, the cost for operating the blending

equi prent, the ¢Qetred @besoRLhatihf thet RE RAGKRE HELke icRieNte anphckhigdcost for
hol ding i nventory. In one enbodinent, the total operating cost also
i ncl udes the co®fodgst spsicrRoAs AP ke praHty Bgurpehill custgmer denangd)| @Rding

equi pnent, st or age;rf-ansih Racka@ikng "BLHUHRES Qsing ki BN Q WHRSisBMEnt order
unloading/dischgggingn%gciIities). I n anofﬁe;ﬂgﬁﬂuiﬁ nent,lthe téfgl

operating cost &fsbenndiagdesenactbed embrcadds nge &ha/Bedet SAREYNIRG 3BV ant

equi prent . Pref ggalthMionlofehelcBh@ainRRREGIbkMth HRhraPRAR. SPERIBLC QTR ARt i on, and
preferably all, of the limtations in this paragraph. [0068] The third step

is a computer | AplIsEaBsedoh @phisparpgiap] AgPEaIngdt Medeh ¢ sol ver to
mani pul ate the decision variables in the nodel to obtain a solution set of
vari abl e values that optim zes the objective function (i.e., total
operati ng cost) [00AI t hNememsgeaddgppnplpopsitaingnnef aliorke regspieic Fpixamplscii on neans
mini mi zation. [ QORASLINGafM hitnStfifi] & APGIALNAlBERY AtihooyhRt antial ly
according to the solution obtained. Preterably, the plant(s) are operated
exact |y accor di mpdue andfer gaskageil bnkabedarinede purchasgd fropthird p@tignand4n07011 n

one enbodi ment, aﬁ‘ﬁ'ﬁtcg‘ﬁ}aggqo qggﬁﬁcfnit Bﬁ)&l&gﬁ,\/ﬁeﬁ Snd5iGHork QoRhinfd h&y exist
to limit the identity and quantity of such purchases. For example, one such
constraint would be that any such purchases cannot exceed the typical spot

market availability of each product.

[0050] The model's objective function is a performance metric.  As
previously stated, the nature of the performance metric is not particularly limited
and illustrative performance metrics include, but are not restricted to, total power
consumption, total packaged product production, specific packaged product
production, total time for production, utilization of plant equipment, total

operating cost and total nct profit.

Step 3

[0051] The third step in the method is a computer implemented step of
running an algorithmic solver to manipulate decision variables in the model.
Preferred commercial solvers include CPLEX, XPress, KNITRO, and XA. The
decision variables are manipulated to identify a solution set of variable values
that will move plant operations closer to the optimum, and preferably to the

optimum, for the objective function. Upon initiating this step, the user also



t he performance of one bul k product bl ending and packagi ng plant in
i sol ati on. However, in another enbodi nent, the nethod descri bed above is
used to simnultaneously optimze a collection of bulk product bl endi ng and
packagi ng pl aMO2H@o@abt ure capacity, production and i nEHBEYPVETEEer at i on
benefits between plants. 1007111f the method is practiced sinultaneously on
a collection of bulk product blending ang, packagi ng plants, then the data
set described above is provided for each™plant in the collection. Further,
addi ti onal paraneters and constraints are included in the nodel to define
the ability, benefiidsswiandt optidRhtidnnEMhS ofjbctive ANTAGE hichg Blnanidadnadd/ or
packaged products between plants. The data set includes the data necessary
to popul ate thed®XHd¥& " onal paranmeters. The additional decision variables
for the nodel will be whether to vary the capacity, production and
inventory of one_plant in order to nmake bl ended and/or packaged product for
shi pnment t o anotdegiputerdmplemaent £Steps Aol 3 i n 3 nul ti-plant enbodi nent
optim zed for total cost, the additional paraneters and constraints woul d
i nclude the cost of transporting bl ended and/ or packaged product between
pl ants. The addil9958hal Sttetils? ard vdRithomesod gescrivid abprreprevigell EPPMEI ude
whet her to vary ihhem&ARAGIchYing HaPELE bk Qo MsHed WG REQINS LdonfiRr B AR 1N
order to nake bl ended and/or packaged product fof shipnment to another
pl ant. The obj e@trpwputemegimmhagfesidet ¢l 2 epugr1aigatiosedipgr Tyriealothkect i on of
plants, in this eahodigeRim HRPLGS B HESdRehCAShe RicAMoRINERH SE! | i Ng
and transportation of Products between the plants. - 29 - 100731This
mul ti-plant enbédl reedstthe daty eqtywnd gerfulftesithe geded ptriapglersmseamiog & tholdata t he cost
of expandi ng capaci ty. ot i I S St .Gost of
buyi ng and trang%br?]%{cn%&aruod&%?%?%%ny dgsﬁgdeggigﬁb%n;mg%e tl&ﬁ%ﬁﬁ%!@%&:ﬁcapaci ty
at, plant B. | nseleau mfthedsc Thasinmytas apsaesnt fprther qomarises Aodeghansels upogher
dermand, the opti - Sim i . by d dedi some
portion of pl an%ﬂ%bttng&%#%nn%&?Q%l?él{lqulggélﬁi g(gsds?ﬁﬁgg%emglh %ngh n el(:? he data
present ed, that proganbesplvs dheunith models.ghipuglt an plasirnetiogst dndioz dirpwgh qoe obl em
woul d be for on econe a fully dedicated blending plant or a
fully dedicat edgrplglc):%g%ﬁ“ﬁlsgc% ant for another. Supply Network 100741l n one
enbodi ment, the nethod described above is used to sinmultaneously optimze a
col | ection of billespr oput. ) Sidg i AndAGKAThAGPL ANt A, Ggh! ecti on
of distribution cénters In a 'zone or geogr aphi ¢ mar 0 capture the
benefits of havangINWef 6AMS] IbO&GMDRIS )AMBLD, @iXhress Misseb nHoreneeitifesjodt o suppl y
g?gg u ifelc :,]f It ﬁcei gogﬁﬁcg & %)Stge d\grrbfeglﬁlg%l g {a% ﬁrlr%aeu I.r rﬁgoglfa%n?iln glg la%%'la%% in%iud%n%e(iwtgrac kaged

In one embodiment, the computer program is written using AIMMS and

employs an AIMMS uscr interface.

[0054] In a preferred embodiment, the data entry and storage is
accomplished using an Excel interface and the program is written in the AIMMS
modeling language and calls upon a CPLEX solver to solve the math modeling
problems in the program by using an cxact method, or by using one or more
heuristics, or by using a combination thereof. In this embodiment, the program
utilizes an AIMMS interface for execution and output. The results can then be
transferred (e.g., exported or copied) back to Excel and stored as an Excel file.

Alternatively, the results can be stored and managed in AIMMS.



[007511f the nmethod is practiced sinultaneously on a collection of bulk
product bl endi ng and packagi ng plants and a collection of distribution
centers in a %&pg)ﬂ%6 ﬁographic mar ket, then the data set described above

i s provided for° &4t % ant and each distribution center. FUFPAELS7ST
addi ti onal paraneters and constraints are included in the nodel to define:
(a) the ability, benefits and/or detrinmep{s of transporting bl ended
products between plants; (b) the ability, benefits and/or detrinments of
transporting packaged products from each plant to each distribution center;
and (c) the ability, benefits and/or detrinments of transporting packaged

products betwee istribution centers. The data i ncl udes the data
necessary to pogﬂﬂg e éﬂég%c%a%ﬁ F%h%?mwgpdﬁgﬁ%Pgﬁigﬁgxﬁg5?@?%%?Imhecision
vari abl es for thensfodehg whd IMIDEP @@iciwiet hemited Magyr tib@r prog@®mmigapaci ty,

production and i tor f one plant in order to make ded products for
shi pnent to anoﬁ&ﬁﬁpbpg%?%yéﬁfmﬁﬁ8¥ﬁgW”?%a/gﬁ néﬂéméﬁh%gbgpﬁFgf%r ed plants
for supplying eabkespatintitate padd agetlcpitadialy tsthgeawhindiphkine inuiodon center;
and (c) where to hold pooled safety stock for each packaged product.

[ 0076] For exanple, in a supply network enbodi nent optim zed for total cost,
the additi onalbI na:jsaget esnﬁmam@klygomsd rzqim%g muél? ci)auli\CE@dﬁ)'lvdda)l?yt heingost of
transporting blen roduct s bet ween pl ants; the cost of transporting
packaged producf@ﬁ§?8%W&bgﬁm:W%HFggﬁ"@ @HWHW§¥W5@GFV%%geé%?%¥§“%%Rf(c) t he
cost of transponhidgupatkaggstitpmodutifeddaihveap & &itrcoluy iopimeadehs. The
addi tional decision variables for the nodel would include; (a) whether to
vary the capaci (3P" SEHARTFERSCAIE 220 LY 8F 3y SPIBHAI P BEiECl n or der to nake
bl ended products for shipnent to another plant; (b) whether to have one or
nore preferred plants for supplying each specified packaged product to each
di stribution cedf®/l afy trofhchnsmBodigetol Whghothe d mesadainigedt JeR-liseah
packaged producbptiniB&idth&fRt is \Wesch U g tiif-irkedr abAlin@P YA Sos@st thor the
collection of plants, in this enbodi nent, would include the cost of any
buyi ng/ sel | i ng aWdcliraRsibreddy uons sIPr o BAE Sunastip BigeeHeE feeihtthe pl ant s
and the cost of any buying/selling and transportation of packaged products
between the distribution centers. 100771This supply network enbodi ment is
very useful in d968kti Hy #edranewbodimpiin vt ithy aevedrioiess oeerlineasi on of
the zone costs hfgchm8RR! oI arioll8s PYsOHMCISa i lRINHORE FAB RS B mBadd! ant

| ocated in another region that is also in the zone. Instead of increasing
capacity a pl ants sPedbewiigsinpatigane regi on to neet hi gher demand in that
region, the optinmal solution obtained by the nethod woul d essentially
establish preference for supplying products to a distribution center in one
region froma plW#A?l | oBufcaably. ihapavtiner steredpi eampdéted hea AZigree frathe ofddpti on to

t he above, it i sshhl; i.0g: QN ~ [ , L hat the
best sol ution t%“%ygﬂﬁgﬁy %@%ﬁﬁ?ﬁqgﬁﬁﬁﬁggg ﬁgﬁp§?§§%§h9§§§§gégg ?%r one

pl ant to beconepgcesyiy 290abildgs 2L ORCTIUSROL OLiDBAS R par@dular optimization

platform and solver selected, the particular solving techniques employed and the
number of variables and constraints. However, one of the benefits of the
invention is that the problem, when set up in a manner analogous to the example

provided herein, takes less than two hours to process.



fully dedi cated bl ending plant for one region or a fully dedicated
packagi ng plant for another region in the zone. Miulti-Interval [0078] The

time horizon a performance netric is to be op{im conpri ses
e i ARl g

one or nore time intervals. In one enbodi nent, the netho above
is used to optimze the performance over a tinme horizon conprising one
interval. In another enbodinment, the methgd is applied over a time horizon
conprising two or nore intervals. Optimzing a performance netric over two
or nore intervals may becone necessary when demand for packaged products
varies over time, e.g., due to seasonality, in an enmerging market, or in a
declini ng marketge,Jhe mul ti-interval enbodiment requires additional dataset
descri bi ng tlne'vd%ylng nature of demand in the specified tinme horizon in
the form of demand expectation for every tinme |ntervals i nside the horizon.

1007911 f, for e t a rmance

i ndex am dst se sonLI 3gn§%m%sm lsogﬁ ggﬂﬁﬁ gﬁ “msmnl ?pﬁ¥§§aﬁ

al gorithm can dQMEBmWnecopﬁngHb WEO@Umbnomnmmai HatmthW@&h,whﬁmher to

conbi ne bat ches tion sk tructure stoc bot h

bl ended bul k anaeéé ‘%aé‘a%f PP %nstfpéo‘ﬁé“%lr i‘}ldtl?q%lé mvr?{“&%&/ ﬁn‘? Rabe i e

hori zon. Anong SIuncxhcmhenmclams parv&i,cd by thenoddcl. i mlbedattcmal plin Wnbpdﬂattngrre

interval inventory d si ons,of seasonal ack roduct [ or of

bl ended bul k pr g‘bﬁyu%"f‘“g&k R4t ben%‘%émﬂﬁa it éageesvn%g%@w&&e @?‘Bd’gad]f@gs houl d be

i ncreased i n anth@bpakiadng pfrsdnner @aaeidg devanel rﬂ@rwes]UMa@rmelpﬁhxseﬁ;ge L 0

seasonal ity while rformance index i 008 t he

net hod is practﬁ% %ﬁgﬂ?ﬁ@?mﬁﬁ%yﬁﬁ@?ﬁﬁmﬁgﬁﬁﬁam§ﬁdﬁ05§‘?Hgogﬁgéa%ﬁh

ener gi ng mar ket be&al‘bpﬂlpﬁieﬁi thatpeBrm@ing® mididumi atewd F e Fhi@y 101 obiagibs.t 1 e

i nterval capaci%%FdeC| Bn vari abl es shoul d be increased in value thus
a

i ncreasi ng pr oddCEIT8HYDafRETE] Uy StomendF PREPECH PYRPELIGRHY -t er s of avai | abl e

time that can be - 32 -

Raw Materials

[0061] The method may treat the availability of raw materials in any suitable
way. In one embodiment, thc model assumes infinitec availability of raw
materials and identifies an optimal or near optimal solution to the modeling
problem accordingly. In another embodiment, the availability of specified raw
materials is a parameter to be populated from the data set and a constraint in the
model is that utilization of specified raw materials cannot exceed availability. In
another embodiment, the requisite quantity of raw matcrials is an additional
decision variable to be determined such that a performance metric is driven
toward optimal or near optimal value while satisfying limitations and/or

constraints on raw material storage thereof.

Order Fulfillment

[0062] The method may treat demand fulfillment in any suitable way.

Demand data typically includes historical customer orders. These historical



utilized to produce nore products or nore quantity of each of or nost of

t he bl ended bul k and/ or packaged products. Because inventory decisions such
as, but are n imt to, replenishnment quantity and safety stock are
consi der ed sigﬁ?#éﬁggﬁgly with capacity and production ngVQ%?@@?BEh

optim zation algorithmcan determ ne that the inventory |level, starting
fromthe tinme interval in which capacity,és increased, can be |owered while
a performance index is still driven toward its optinmal or near opti nal

val ue. Deci sion Making Tool 100811Anot her enbodi nent of the invention is a
deci si on maki ng cugoherf @ders denbé figeti ng carulaptideahand prohaality aihiibvibn éper at i ng

plan to neet a r f or mance tric for one or nore ﬁ% roduct bl endi ng and
packagi ng plant?§3gw gecd F”?%?th]%@ﬁ%ﬁ?d?ﬁEQF%wabgl F?%%gﬂ%F(¥%§’t three

conponent s t o i rplenemtaist épshd madcandt 3maf behactey had. fedM82bMen.f i r st

conponent is a fjrst. conputer readable nmempry devic toring a data file.
The conput er reiﬁﬁﬁﬁg“wﬁﬁﬁPva%%?E%’ﬁ§§YHga%ﬁv3@8hﬁﬁ‘@Fﬂ{@dgaﬁPgt di um as
the phrase is defiuned iordet henlfilehdndi fatorcoseaint oand 10O8E&Ehe dababvifidyl e st ored

on the conputer feadable mory devi c tains the data set described in
step 1 of the ngﬁﬁﬁﬁymhcég$HWHéhyﬁmﬁﬁg”@gggﬂﬁﬁfgeFﬁbpﬁﬂggn%ﬁbv%wﬁﬁnre of
the follow ng: (@be chatipulhte®Fubjbytitd ghidmbin®BniRimg @nthe pdedat AcW deei T yi Ng

pl ant bl endi ng equi nené ndﬁﬁng or nore opgratjonal ar aneters thereof;
(c) data identi iﬂ?fﬁ‘ PR ab?)lllté stdbugion fad ol Jedorg ndetgminoRe CBHBYEL i onal
par anet ers t her e@fition(td theddjcatived@ndriohyi ng pl ant packagi ng equi pment and one
or nore operational paraneters thereof; (e) data identifying packaged
product storage facilities and one or nore operational paranmeters thereof;
(f) data identi tystginimiaaeh Ng and di scharging facilities and one or nore
operational paraneters thereof; (g) data relating to the interconnections
between plant - 33 - equipnent; and (h) data relating to the historical
demand for each@askageda pieusty priRfedahBodihb®, GamaRAtRIMLE) dHha Set
correspondi ng to any enbodi nent, or conbination of enbodiments, of the data
set described i K &EH0d 1B ORGREINFERIR Y mevp bpy BfYpt DleRding and PREKagingont ai ns
the data necessgh(d)@n 6ahmbbahe CARERIMNYpGAHy cobOABAL ThRsBREANEmEOMPONent

is a second conputer readable nenory device .
period under designated operafing constraints. In other words, the objective

function is operating cost and the data provided is the data necessary to

determine operating cost.

[0064]  Accordingly, the first step in this cost minimization embodiment of
the method is a computer implemented step of receiving a data set. In this casc,
the data set includes one or more of the following data: (a) data identifying a
time horizon; (b) data identifying the blending equipment and data relating to the
cost of operating the blending equipment; (c) data identifying the storage tanks
and data relating to the cost of operating the storage tanks; (d) data identifying
the packaging equipment and data relating to the cost of operating the packaging
equipment; (e) data identifying packaged product storage facilities and data
relating to the cost of holding inventory for packaged products; (f) data
identifying unloading and discharging facilities and data relating to the cost of

operating the facilities; (g) data relating to the interconnections between plant



that stores a mathematical nodel conprising paraneters that describes the
operations of a blending and packaging plant. This second conputer readable
menory device may be the sane as the first conputer readabl e device.

Al ternativel yWOE/P42i%6t and second conputer readabl e dRATESINEYTSBe
separate and distinct. Regardless, the second conputer readabl e device,
like the first, may be any conputer readg?%e medi um as the phrase is
defined in the definition section. [0085]The nodel is as described in step
2 of the nethod. Accordingly, the nodel, in addition to the paraneters,
conprises deci sicgRpMadti @PEES rel£@PSS thaihREcPical ABEhaRNfoP BicB GhékdSed pBGct; ON.

Again, the variables represent quantitative decisions to be made in each

i nterval regarditiy (I it "Eaigcion {VeRmeH LRCEBHY aiRdaddnDignft BRYPIAGAE, t he
constraints i nclyudenmeReeQssdProGe@bvd i EQlip ng: (a) one or nore terns
limting the availability and capacity of bl ending equipnent; (b) one or
nore terns limting the availability and capacity of storage tanks; (c) one

or more terms |ighes] NIt Bk ausddiabit) ﬂ:hE)ﬁaférl‘éllaQQgPﬁPﬁlEY(zoglg of RBeR@ckagi Ng

equi prent; (d) one or nore terns limting the availability and capacity of
the packaged pr Sttuding sqwprage aphidicinatkaging coepmeHdndydertt eost ef ertimayi ting t he
avail abi ity ang, Gapacih¥odheltNfe %Qdaqagﬂil{égtoatﬂéjc&{ssd\fh%&gﬁﬁ'ggtht:%@énl:li'ng' es; (O
one or nore non-linear terns relating the nunber of Dbatches of each
packaged producequipngy eadite peekaging savpmendngelydg)thoerst of thagiop gaemated. near
terms relating hg, i BRGN HRaALENRlnPAFHAISH RIBANEL SyvLfork heaquant ity
of safety stock T eq%}lile?ga]%%r@lt hte]gg&raodgct“.]giogai n, the obj ec%l% v%l&fhﬁcti on is
a performance nétciien of ievendelleveny In-am@ther cobediesplorioe wataasey forirsdi ment ,

or any conbi nati L L Sihe Cld ' 15 $he Jref,hod.
Accordi ngly, inkg 1?% g??gghgégﬁﬁﬁé?gﬁﬁghgﬁﬁﬁgﬁﬁa% BJ#% %gn ﬁgﬂg%grating
cost. 100861Thebkehdingl cq@pponiesbrags tankpr pekasyyr eqampni, siarghaasesopidioni zat i on
platformthat c i |.gar i 1 Cr.S [ t.h ' atformis
bper abl o 10| oad Pl efte 8L bbaD QP oHRF anddfinf. hTUETL MRy

par anet er s accoranmget dntd redntidat@tbkicbg,of ancta@gecproductibie siftgonéttderaind sol ver .
The al gorithmc,solver, . in. t [S.. . ‘ LPul I.S4.0N

vari ables in thgéﬁgﬁgfb%%gpég%¥}?%I¥ﬁg%é§f&§?&®gg?ggfﬁm€%'u@%ﬁ%ﬁgg optim ze
t he objective ftwakiaoneetd spnichentasgonfandperfatbinglicoSthe linhiagomeariksis

m ni m zing the gbjective function. Preferred solvers include CPLEX, XPress,
KNI TRO, and XA P4 @?ﬁPreferably, the optim zation platformis a conputer
application conprising code witten using nodeling system software such as
Al MMVS, GAMS, | L L, .AVMPL, or XPress Msel. However, the code.could al so
be written usinéﬁgﬁt cB@%ﬁ?@PEﬁ?dﬁ?@hﬂ%&%’%%%85%6%“#%6?&8§W§ng$156[0088]In
one preferred eibhdd iventomputee ig@apetter stapg dse@tthodntd set vor pdpuie medehg Al MVS
and enpl oys an Al user interface. More particularly, entry and
storage is accoW%%ggﬂédau§Pﬁ&igwl c@W*ﬁ%PErP%@@F“‘H% Qgﬁgﬁﬁhsmﬁ#gtten in

t he Al M5 nodel i sugsthanduag emathamekiallprdegira e | dpb@torsnof e Blehdviy mbdel | ng

| anguage | oads the nodel , populates parameters jn the npdel with the data
set in the dat P FrIENEREIEET e bR 1RTASOmRTEs drhiop el Gec PHEHat b

nmodel i ng pr obl emd(dn. ®jectived@nétiohy Apab0tHetvagibléshapre@pt juihd@svd deis@pj ecti ve
function) using Zg exact gﬁthod, or ysing one ar nore heuristics, or using

a conbi nation tReFEB I FPHPENBLIEHIRR AT £308CiRy BIATHOO Y TYEECGh Al MVE
interface for exgeutth®BoRAsinRUARUde. onth® HhesWttse eABwiHRe (w)ticlof ansé er r ed
(e.g., exported or copied) back to Excel and stored as an Excel file.
Al ternatively, THE ess s axdisoby ST R BRGSO one of

more terms limiting the availability and capacity of the storage tanks; (c¢) one or

more terms limiting the availability of and capacity of the packaging equipment;

(d) one or more terms limiting the availability and capacity of packaged product



- 35 - Computer Pro2ram 100891Anot her enbodi ment of the invention is a
program storage device, readable by a conputer, containing a conputer
program execut abl e by a conputer, wherein the conputer pro ran1conpr|ses
code oper abl eMOP'BAORY a conmputer to identify an opti malPArUSAEAPSTESt i ma
operating plan to neet a performance netric for one or nore bul k product

bl endi ng and packaging plant(s). As set forth below the program of
instructions are operable to cause a conputer, acting, for exanple, as part
of a tool such as the decision nmaking tool described above, to perform

steps 1, 2 and 3rotfge tthait¥BL(BPshe &Q%@&&gﬁmmgm RO AT cdpaéiyrdfctl ons is
operable to cause a_conputer, either at the command of a user

aut omati cal |y, ﬁ%‘?@?&?%%@“ﬁﬁﬁmﬁbgﬂhamﬁé@ﬁn?PFé“¥?6ﬂ%%W%bﬁﬂﬂ%é?mWéadable

storage devi ce. gkth@niRBbRhct sRRRI @ck%g&ifﬁ%ucd 16&1cﬁ€é’tclb§iz@rh\ﬁd g¢gnput er
readabl e medi um as the phrase is defined in the definition section.

[0091] The data PP¢ & dHHE dioRIINEH et BldBE Besiri Pethch hatheqf nackigefhe

met hod. ACCOVd;pﬂﬂth toltheqdatid omf&yktegué GfedIRenOprodiREe of the follow ng:
(a) data identifying a tinme horizon; (b) data identifying plant blending

equi pnent and one or nore operatlonal paranmeters thereof; (c) data

i dentifying theglant %E%&ﬁgﬁlﬁ%ﬂk%m@&ﬂm&ﬂeﬂQrmﬂRﬁﬁzgﬂﬁﬁ&¥hpaﬁhuﬁgranﬁters
thereof; (d) data identifying plant packaging eqU|pnent and one of nore

oper at i onal par &9rét dis tetilednstting ces) tpisely Indanes. Pyl ingopercraged lprsduct
storage facilitigs,aps: e5eo [anﬁgrtﬁe BREJiIAL Ieﬁmjglmﬁaﬁq@m%étefroﬁ 0?&%@0{}16 (0 data

i dentifying unloading and ais rging facil es and one or nore
oper ational par akpging cquiRnebRnd (hg)coetafpah@ématlmwgmtyo Inhaane antbedicsnhect i ons

bet ween pl ant eHid Jgﬁ? 8156'1 zﬁ@z@ﬂ:ogtha)l El@tdésetllét:bég Qr it ﬁmg p?gnp re!&tﬁ@nelﬁi emand for

each packaged product e can contain a set respondi ng
to any enbodi nefrg.othe @@n@nm@ulmcr@f stespgyoidilive packagind cauinadhitveprchig@es

2011/066210PCT/ 30 Q&Rfa&%ﬁ@ﬁi@ﬁm}gﬁé& facilities).  In another embodiment, the total

operating cost also includes the cost of adding and/or removing plant equipment.
Preferably, the total operating cost meets some combination, and preferably all,

of the limitations in this paragraph.

[0068] The third step is a computer implemented step of running an
algorithmic solver to manipulate the decision variables in the model to obtain a
solution set of variable values that optimizes the objective function (i.c., total
operating cost). In this case, optimization of the objective function means

minimization.

[0069] The fourth step is operating the plant(s) substantially according to the
solution obtained. Preferably, the plant(s) are operated exactly according to the

solution obtained.



set described in step 1 of the nethod. Preferably, the data file contains
the data necessary to cal cul ate operating cost. [0092] Second, the program
of instructio i erable to thereafter cause the conp i ther

aut omati cal | ymg?z%lﬁﬁgf#anual intervention, to load a mdgk%@ﬁ%?%os’é”? he data
file to popul ate nodel paraneters in the nodel. The nodel is a

m xed-i nt eger non-1linear progranmm ng (M.NgP) nodel, stored on a conputer
readabl e storage device, constructed to mathematically describe the
operations of the blending and packaging plant(s). This second conputer
storage device may be the sane as the first conputer readabl e storage
device. Alternatjyygiplapthe first and second conputer readabl e storage

devi ces may be separate and distinct. Regardless, the second conputer
readabl e storage device, |like the first, may be any conputer readable

medi um as the ph IS i qn .t (Mt N ection. .[0093].The nodel
is as described I{Ogﬁgt eplng)%%)fe ﬁlltS ﬁ%ﬁ’%& ﬂgc?% 7 gcrygécclil'?gdg?bf% the* Od%q%,1 'Th

addi tion to the papreifemneres of ooerpulk peslucddingingrand arikapihg planciansdlatannt s, and
an objective fu .Qn. AgalR,..t ar ] abl es represent anti.tative

deci sions to benﬁrr%%égal’ nlﬁ\e%lgﬁml r‘f?l g?%/lg’ld]tf 2%%?“&“}?% %S%{h Cdg%ﬁﬁ%ilst V5 f%duct i on
and inventory. Agailtapcqunly apoinsier aicoltestiomaf budle pomigctobleminreeaiaf packayifeol | owi ng:

(a) one or nore | i 1 he avail.ability and capacit f bl endi ng
equi pnent; (b) haheTo cafiute g%’r?éai*i i YHGT e é&%ﬂ“f‘ébﬂ%f"irﬁm}éhg’e‘&e Bacity of
storage tanks; (tw)weonelaos. nore terns limting the availability and capacity
of the packagi ng equi pnent; (d) one or nore terns |limting the availability
and capacity of the packaged product storage facilities; (e) one or nore

ternms |imting ti7Lhvailf dioi hithyd &npracijod Girtyitandoutlpeonuin lcoradiing oMk

di scharging facilities. (f) one or .nmor on-linegr terns relating the
nunber of bat chéjédctﬁ)l*:t @g%cﬁn%g%{:%%@ﬁ 8%8{5’( &FB the aﬁﬁé’?t fratird AL9¥E isand ()
one or nore nonprividedrfot eschplareli@tienglehinsi Zethef se@abhapatamerfs aackaged

products to the cguant ity of

safety stock required faor. .th roduct. Again,
the objective function is 13Clb%gn‘tn PErpg hﬁ%g}éhﬂ‘é?}ﬁ Et?lm?hge‘%ﬂ&“ef‘n%y
correspond to adytiemhsdifrentportdry Bleyded ARthon dhdkafedofro@ROBtHENM Slantslescr i bed
WD 2011/ 066210PCT/ §207 0/ ZS?S&}S - 37 - in step 1 of the nethod.
Accordingly, in da g% BFG P ILECR IS IpTR Sces Ry WrjoRtpR st adikianahparamesper at i ng
cost. 100941Thi fite atidigoral dgsicion Ofridbns tiotialcl QB! iviill GREVEIIAE (b Qahhakeal ter
cause the conputer to execute, either automatically or with manual
intervention, afPAf'§oPiHHCR 284 MyErow 9 eaRmPIB A cElehvdndedlended #§iirtes i n t he
nodel to identi packaged@ddintiTor SGimcdf ovdshaligcval ues that optini ze the
objective function. In the case of operating cost, this means m nim zi ng
the objective function. Preferred solvers include CPLEX, XPress, KN TRO

and XA. 100951PfeefBr ablyt, cxbfBlePiog idii-phnd distotitedat Oz Wribdhefsi n t he
| anguage of the additional parameters and constraints would include the cost of transporting
blended and/or packaged product between plants. The additional decision
variables for the model would include whether to vary the capacity, production
and inventory of one plant in order to make blended and/or packaged product for
shipment to another plant. The objective function of total operating cost for the
collection of plants, in this embodiment, would include the cost of any

buying/selling and transportation of products between the plants.



nodel i ng system software such as Al MM5, GAMS, |LOG OPL, AWPL, or XPress
Mosel . However, the code could also be witten using any conputer

pr ogr ami ng | an e including C++. 100961l n one preferred enmbodi ment, the
progr am of |n¥¥3ﬂ ?? i is witten using AfMVB and enpl BfS"@AMAINRB user
interface. More particularly, data entry and storage is acconplished using
an Excel interface, the nodel is witten,Jn the Al M5 nodeling |anguage, and
a programwitten in the Al MVB nodel i ng TTanguage | oads the nodel, popul ates
paraneters in the nodel with the data set in the data file and calls upon a
CPLEX sol ver to [&UB}/e TR waitikplae dalbbdigeptr Rblegmudfulein, detddamd idsyanéessol ut i on
that optimzes th nct|on usi ng one

ective f usin
or nore heuristi® nqﬁk°ﬂ§ﬁﬁ§mﬁ %%ﬁﬂ?ﬁ%f?ﬁﬂﬁgﬂ %ﬁﬂnphnggﬂ%ggﬁﬁﬁﬂﬂﬁent t he

program utili zesoarfAuyMps dnﬂttﬁﬁlfs;ﬁﬁ}ﬁqgf Plod@X GFMt, | 96 @@ﬁblg)tetvplutexpaﬁbmgr esul ts
can then be transferred éﬂ g ported or copied) back to Excel and stored
as an Excel fil &30t 8 AR eﬂ?ﬁ“ﬁH€1Wé§ﬁW€§a ﬁyﬁbp@Wb$éﬂ“§ﬁH’ﬁE%aged in

AIMVB. - 38 - B¥aa éne oftluddtsofeBst obRatnedibgadht Qietddd0RSdd hRdeab s ng
particul ar exanpl e describes the |nvent|on in nopre detail as it pertains to

the cost optim PatiPRRfdglat H e afatit v It Br 9Ghdoshicatidcidine At 6hS d3f one or

nore bul k produgfesdh@nthan@ic 38 sRagdrad ianBulRlp@it §idniyigh @tdbldaN®ofiig @i I ed
quantities of raw materials are calculated fromthe resulting analysis.

1009811 n a bl endltriye bt fabreagie igtupy isdicatet biguding slinber ¢ hdbpfeditetede. g. |
quantity of pachﬁgggngﬁgguguﬁom&oduced or volume of blended bul k products
transported out via outbound |logistic facility) in a given period depends
on the operating capacity of such plant. Operating capacity of a bl ending
and packagi ng pb@&?vg@g@ﬂﬂs on net (effective) available tinme for
production during I ch plrant equi pnment can produce products (i.e., blend
raw materials into bul k bl ended products, store the bl ended products in
storage tanks witiph vald g Lifodihah| ik ARARGANCEESLhAG ANdsed to
certification, and fill the bulk products into containers of various sizes
as packaged proﬂﬁ@ﬁ@%owﬁbﬂp%m%@Ba@ﬂ@ﬁmﬂﬁ%lm prpdusd btending and magkgging depends
on availabl e ti fnd g REARUES ki dHifiSn b FEIM: M ol QrfihRARrkR N
prepare the plant equi pnent as distinctly ferent products are

manuf act ur ed i ncapadisceenciioeIdmnngintefbires Plﬁlirt@) fabd dmrdmu@m iconcréd) @ pl ant
depends on its i qui prent ,
t he operating Sﬁ@??q%§¥8%gﬁhgﬂ%?%fﬁgﬂ%ﬁgﬁ?ng%e {%%EQQ% e&%%% gr of
wor ker s avaiIabmedmmuﬁb@mEEQQdﬁmﬁ®bnfﬁhént at the plant. EECISIOHS to

adj ust the aforenentioned capacity variables alter the ability of said
plant to nmake a sufficient quantity of products to neet custoner demand.

| ncreased denman®0¢dn clérthaimsthpdbie prasticdolysimakinagustie on 9i arisctton efdeblione or
nore of the fol cli if . ers, time or
iy conbi nati or sy Sspab bR ERk R Lo RR b 3t GRBERN en XK

a zone or geographic market, then the data set described above is provided for

each plant and each distribution center. Further, additional parameters and
constraints are inciuded in the model to define: (a) the ability, benefits and/or
detriments of transporting blended products between plants; (b) the ability,
benefits and/or detriments of transporting packaged products from each plant to
each distribution center; and (c) the ability, benefits and/or detriments of
transporting packaged products between distribution centers. The data set
includes the data necessary to populate these additional parameters. The

additional decision variables for the model will be: (a) whether to vary the



- 39 - capacity to neet increased demand, a production planner/ manager may
opt to buy sone bul k products, or sone packaged products, or both. This
deci sion typi | ves sourcing fromother plants i S I

network (i.e %é%)ﬂxulr/bc?%g fromother plants owned by the sg‘ﬁ%&?g’r@gﬁf/yor an
affiliate or fromthird party. Wen buying externally, the purchasing plant
pays a premum [00100] One way to adjusp.capacity is to adjust the anount
of equi pnent by adding or renoving one or nore pieces of equipnent.
Changi ng t he anount of equi pnment requires investnment in the formof new

pur chases, or ré@@ﬁﬂé&pﬁﬂgémva@élamswrmﬂﬁdnsadgalm @dahtoomakwhibthdéds

i ncurred once (i (o] C e the nunber of

equi prent is ma é@%lﬁgafm spg)hlgﬁt tancgt{i}ﬁeﬁﬁq Qhéetﬁcdltjaai?zgf: onc or WA oot o
di rect new pur ckm@err@bsrﬂaslts é«u‘dsmnptm@ eacm/essetcrﬁe:dt pamkygeldepxrodﬁml toedactf or
exanple, for sit LGl t osin of equi pnent
sonet i mes recovecgsstﬁtga{&% %Il%l G (Ch‘{ﬁelg Ol?tl(%gre efdesaget% 7%0 Prs%aé Jadeg eglm pment
in the form of smmh@ge val ue of such di scarded equi pnent. [00101] A pl ant
typically manufactures a plurality of products necessitating plant

equi prent to switch fromone to another. Switching requires that the plant
equi prent be cl 46Vl arkdr pxeemrednafstu@plycmmmretcmbndm]fcntaommﬁzhdcﬁor péthlor to
starting produc%bgnﬂgqﬁgle ' lone asons e.g., to
avoi d cont ami nat1oh, n@nﬁImmgﬁd%ia%%%%glm%?@m” @&Hﬁ% 8 SSrtel ti e,

whi ch may vary amn@mdeQMEmkﬂhﬂmhmmeb@mwmwpmuwta@ndkoa»eqﬂnmﬂthngsed to
manuf act ure such rod n significa y t .avail able tine
for production &f a{;e rﬁm%l(ﬁﬁ [SHERED PIRRL tgﬁ?f{]? dlsgebb‘fl%fen\'iﬁr’l a}ngl(r‘é?ﬁ{ﬁ et Qhr e
several quanti tItlesspoftmglIkiek@éd)@wdhctb e@vebaidehituforg aérlereC ONRMNAdARIoMd scale in
maki ng such pro oduct to manufacture can thus

be a production%8%E9§W%ﬁb@%§¥&BF@&¥EﬁPﬁg“BLQEQQEW%H%%F?ﬁﬁyBF&%%%FYnanager

needs to make. pAQLORL: LHdRGnRE bhen@mamh @aer&qummwmtnd&aﬁmb@ctﬂwlte costly
both in nnnetarﬁ%terns i npl enentation. A faster and

S
often - 40 - B%EFt%éW“¥%pkﬁ 62%§%ﬂ%581%veoge L maig e erhp B i me
and/ or oper at i ngupphiifg cash Kp@ifitt ackyed bﬂoﬂﬁt ex b@ndsstiihRioN REMBY, ald gguct i on
hours per shift such t%ﬁégﬁgplan% can produce nore with the eqU|pnent and

people it has aff ey e 1 Wdée&%h??%@%ﬂa@”@@?eéﬂﬁh?Jﬁéﬂﬁeen t he

firmand its | ah@etsndfasapssdegay @snest thy cdRE@In draks, AN enftRbinfxanp! e,
there may be a linjit on overtime to increase capacity inposed by | ocal

| abor | aws or I&B@F‘EQW#?ﬂ@tgﬂhﬁﬁa%YﬁWhmgkﬁ@%haW%ﬂﬁ@WP%ﬁmpdﬁMH@Kkﬁours to
decr ease capaci pigditys hoab&@h teONift@gitasnd hat oﬂaﬁﬁgﬁﬁﬁg/%ﬂrnﬁ%é rhip@tbRNt be
paid for a specified nunber of hours per week regardl ess of Fhe act ual

oper at i ng hour s®gtackaged prodists betviesp fipstidhysionesiRiS-shi ft structure of a pl ant
i nvol ves nunber of production or nmanufacturing days (cal endar days m nus

i dl e weekend days_m nus holidays), nunmber of shifts per production days and
nurmber of hour s[08&f! shTm%“WAWdﬁéﬁgﬁcmH“§ﬁPﬁﬂS@WYW@ﬁwﬂé@ﬁﬁﬁyg@$®@wsreqU|re a
change in | aborywnhd:aRREHdNG 8 Snt e ﬂ%gﬁ@@qf A HR lé&'?:s t}f'?:nlgastt hﬁle'ﬁ gkills or
know edge to operate plant equipnment. A plant typically enploys a specified
nunber of wor kefr§dyséyare pirpuacip @éhwéﬁéwaﬁ@I%Q@KW#F@%kaﬁdsabﬁnemmlpnent
Each kind of eqynbMRicad Bf InbfchSnd Bpadi§HpIaR 1668 H BlebaiY Q%%l fpdprkers to
operate. Hiring new workers may require training to ensur he new y- hired
wor ker s acqui r ehigher dgmsangrin hbigiedgbe ersingd eduineibipinsg &y seengshaiwoudui pnent .
Firing experie ills.

hcqui 91 1 on and L asa ot RS EESL AP o R BTN EHAROPLARALL & ons
can be accounté@CF@¥m1ﬁmﬂﬁ@k@bme@iHhﬁmﬂmgngﬁpﬁ@ﬁm@ﬁkéh§d®om1mdh@ase or
decrease avail i ckagi ng

pl ant typlcalI%ghg%&#ggfu?ggﬁgygﬁ&% DH%QQ%%ﬁ%?Qﬁg%%QQhﬁ ?EgWﬁg{
custoners buy. tAaﬁNHﬁYH@N@dumunmnﬁphamﬂémmM@n@d@ﬂbnaMEﬂmdeom&kmwglon what
products to nmake by deciding the nunber of batches of each product to
produce and the size of each batch of each product. In this exanple,
gquantities of raw materials are explicitly excluded fromthe |ist of
constraints such that a plant production planner/ manager uses the results
to calculate the required quantities of raw



- 41 - materials and the nunber of storage tanks needed to store the raw
materials to support the resulting operating plan. To execute this decision
requires a plant to have sufficient nunber of hours to manufacture all

bat ches and cB®PE(%52the cl eanup and prep steps for eacHBABEHY5THEse tine
requi renents can be expressed as foll ows: Packagi ng equi pnent requisite
time =nji- (T. f I GPACKAG NG J', 7PACK Bl end equi pnent requisite tine
=1EI{Si ., sgn(111,,,i) nil (z-,,6 1, DI NG bEBULK , f, TPACKAG NG , PACK
gi,b Mf ' Q, fEE cBLEND NG bcBULK Di scharging facility requisite time n
(1- + Q) fully dedicated blending plant for one region or a fully dedicated packaging plant

for another region in the zone.
Multi-Interval

[0078] The time horizon over which a performance metric is to be optimized
compriscs one or more time intervals. In onc cmbodiment, the method described
above is used to optimize the performance over a time horizon comprising one
interval. In another embodiment, the method is applied over a time horizon
comprising two or more intervals. Optimizing a performance metric over two or
more intervals may become necessary when demand for packaged products
varics over time, ¢.g., duc to scasonality, in an emerging market, or in a
declining market. The multi-interval embodiment requires additional dataset
describing time-varying nature of demand in the specified time horizon in the

form of demand expectation for every time intervals inside the horizon.

[0079]  If, for example, the method is practiced to optimize a performance
index amidst seasonal demand for packaged products, an optimization algorithm
can determine optimal production mix, batch size, whether to combine batches,
production shift structure, and safety stock for both blended bulk and packaged
products for every time interval in the time horizon. Among such decisions are,
but not limited to, in which time interval inventory dccisions of scasonal
packaged products and/or of blended bulk products that make up the seasonal
packaged products should be increased in anticipation of mcreased demand for

such products due to seasonality while a performance index is still optimized.

10086] If the method is practiced amidst increasing demand such as the case
in an emerging market, an optimization algorithm can determine in which time
interval capacity decision variables should be increased in value thus increasing

production capacity of one or more plants in terms of available time that can be



| : EBLENDI NG xeDLS' C HARGA NG b&BULK and Tanks requisite tinme =-/EIE {5/.6
i eRLENDI NG tt, TANK hBU K ft-PACKAG NG GPACK 1,b M Q,f
fil EELEE {o" -sgn(Mo, f) .n t GTANK beBULK $1PACK4G NG
rt,i

Sgn(M b, f )
(wrt,j,b) Chb
GPACE 5u, bb,

n

wd

BRI (11 rt, u, bre,j,b)E C bj,f1} ELIE RfT[ypor0pg7s3

BLENDI NG EG TANK bd3ULK xCDI SCHARG NG +Vri b) +Cb+r, , bl

-32.

utilized to produce more products or more quantity of each of or most of the
blended bulk and/or packaged products. Because inventory decisions such as,
but are not limited to, replenishment quantity and safety stock are considered
simultaneously with capacity and production variables, an optimization
algorithm can determine that the inventory level, starting from the time interval
in which capacity is increascd, can be lowered while a performance index is still

driven toward its optimal or near optimal value.

Decision Making Tool

[0081] Another embodiment of the invention is a decision making tool for
identifying an optimal or near optimal operating plan to meet a performance
metric for one or more bulk product blending and packaging plant(s). As set
forth below, the tool comprises at least three components to implement steps 1, 2

and 3 of the method.

[0082] The first component is a first computer readable memory device
storing a data file. The computer readable memory device may be any computer

readable medium as the phrase is defined in the definition section.

[0083] The data file stored on the computer rcadable memory device
contains the data set described in step 1 of the method. Accordingly, the data
file includes one or more of the following: (a) data identifying a time horizon;
(b) data identifying plant blending equipment and one or more operational
parameters thereof; (¢) data identifying the plant storage tanks and one or more
operational parameters thereof; (d) data identifying plant packaging cquipment
and one or more operational parameters thereof; (¢) data identifying packaged
product storage facilities and one or more operational parameters thereof; (f)
data identifying unloading and discharging facilities and one or more operational

parameters thereof; (g) data relating to the interconnections between plant

, b



Wherein the following ternms have the follow ng neanings: BL. ENDING is a set
of bl ending equi pnent, indexed i ; BULK is a set of bulk products,

manuf act ur ed ' ed, indexed b; TANK is a set of nqn-dedi cated bul k
or internediaﬁggg?gggég tanks, indexed t ; PACKAGANG is gggggwgwbﬁﬁﬁkaglng
equi pnent, indexed j; PACK is a set of packaged products, indexed f _
UNLOADING i s a set of unloading facilitigg, indexed u, and DISCHARG NG is a
set of discharging facilities, indexed x. WD 2011/066210PCT/ US2010/ 057578

- 42 - And wherein the fol |l owing variables have the fol | owi ng neani ngs:

ni, b: nunber of b¥RENESS hd K datprdatingttobshe bisteicgrdsduce dorusichgabilagader i to
et demand for syl bilda Bl QUG AT o Wik Lo RELSPLPRRC, L, SHELRRELS as bulk
pr oduct-this can be | nput as expected nunber O al cres;

or combination of embodiments, of the data set described in step 1 of the

method.  Preferably, the data file contains the data necessary to calculate

operating cost.

[0084] The second component is a second computer readable memory device
that stores a mathematical model comprising parameters that describes the
operations of a blending and packaging plant. This second computer readable
memory device may be the same as the first computer readable device.
Alternatively, the first and sccond computer readable devices may be separate
and distinct. Regardless, the second computer readable device, like the first,
may be any computer readable medium as the phrase is defined in the definition

section.

[0085] The model is as described in step 2 of the method. Accordingly, the
model, in addition to the parameters, comprises decision variables, constraints,
and an objective function. Again, the variables represent quantitative decisions
to be made in each interval regarding plant capacity, production and inventory.
Again, the constraints include one or more of the following: (a) one or more
terms limiting the availability and capacity of blending cquipment; (b) one or
more terms limiting the availability and capacity of storage tanks; (c) one or
more terms limiting the availability and capacity of the packaging equipment;
(d) one or more terms limiting the availability and capacity of the packaged
product storage facilities; (¢) one or more terms limiting the availability and
capacity of the unloading and discharging facilities; (f) one or more non-linear
terms relating the number of batches of each packaged product to product batch
size; and (g) one or more non-linear terms relating the size of each batch of
packaged products to the quantity of safety stock required for the product.

Again, the objective function is a performance metric. The model may



. batch size of bulk product b to be blended in blending equipnent i to
neet i ndependent demand for such bul k product that will be shipped to

custoners as ct-this can be input as the size of the expected
ot 5 Pl d (‘Ip}i/%sg?}@/tos 8t 0 be

nunber of batches above; : nunber of batches of package

produced using packagi ng equi pnent j; batch size of packaged product f to
be made in packagi ng equi pnent j; : cleagup and prep tinme for blender i to
make bul k product b; r6. cleanup and prep tine for discharging facility x
to di spense bul k product b; . cleanup and prep tinme for packagi ng equi pnent
j to make packagedespptieciy fembodinketanupyaredbprem of embofimrentsafddsctibdlo st or e

bul k product b t?l?fsl%f)el bft thieﬁne(ﬁ?o%kaﬂgc%-rdingly, in a preferred example, the objective

function is operating cost.

[0086] The third component is a processor comprising an optimization
platform that comprises an algorithmic solver. The optimization platform is
operable to load the model, read the data file, populate the model parameters
according to the data file, and execute the algorithmic solver. The algorithmic
solver, in turn, is operable to manipulate decision variables in the model to
identify the set of variable values that optimize the objective function. In the
casc of operating cost, this means minimizing the objcctive function. Preferred

solvers include CPLEX, XPress, KNITRO, and XA.

[0087] Preferably, the optimization platform is a computer application
comprising code written using modeling system software such as AIMMS,
GAMS, ILOG OPL, AMPL, or XPress Mosel. However, the code could also be

written using any computer programming language including C++,

[0088] In one preferred embodiment, the computer application is written
using AIMMS and employs an AIMMS user interface. More particularly, data
entry and storage is accomplished using an Excel interface, the model is written
in the AIMS modeling language, and a program written in the AIMMS modeling
language loads the model, populates parameters in the model with the data set in
the data file and calls upon a CPLEX solver to solve the math modeling problem
(i.e., identify a solution that optimizes the objective function) using an exact
method, or using one or more heuristics, or using a combination thereof. In this
embodiment, the program utilizes an AIMMS interface for execution and output.
The results can then be transferred (e.g., exported or copied) back to Excel and
stored as an Excel file. Alternatively, the results can be stored and managed in

AIMMS,



rate of bl ending product b by blender ; . rate of dispensing product b
t hr ough discharging facility x; : rate of packaging product f by packaglng

equi pnent j; npi ng bul k product b from bl ender
product storage %aﬁH - 43 - : rate of punping bul k %%ﬁ%?mgx§; m t ank

/ into a transportatlon device (e.g., trucks, rallcars etc.) through
discharging facility x - typically is eqgal to . J.: rate of punping bulk
product f out of bulk product storage tank t into packagi ng equi prent j; :
quality testing and certification tine requirenent to ensure a bul k product

b E BULK neets specifications;
Computer Program

[0089] Another embodiment of the invention is a program storage device,
readable by a computer, containing a computer program executable by a
computer, wherein the computer program comprises code operable to cause a
computer to identify an optimal or near optimal operating plan to meet a
performance metric for one or more bulk product blending and packaging
plant(s). As set forth below, the program of instructions are operable to cause a
computer, acting, for example, as part of a tool such as the decision making tool

described above, to perform steps 1, 2 and 3 of the method.

[0090] First, the program of instructions is operable to cause a computer,
either at the command of a user or automatically, to retrieve and read a data file
from a computer readable storage device. The computer readable storage device
may bc any computer readable medium as the phrase is defined in the definition

section.

[0091] The data file contains the data set described in step 1 of the method.
Accordingly, the data file includes one or more of the following: (a) data
identifying a time horizon; (b) data identifying plant blending equipment and
one or more operational parameters thereof; (c) data identifying the plant storage
tanks and one or more operational parameters thereof; (d) data identifying plant
packaging equipment and one or more operational parameters thereof; (e) data
identifying packaged product storage facilities and one or more operational
paramcters thercof; (f) data identifying unloading and discharging facilities and
onc or more operational parameters thereof; (g) data relating to the
interconnections between plant equipment; and (h) data relating to the historical
demand for each packaged product. The data file can contain a data set

corresponding to any embodiment, or combination of embodiments, of the data



vol ume of bul k product b in one container of package product f;

assi gnnent/deci sion to blend bul k product b on blend equi prent i whereby y
i BLENDI NG 5,6 1 for each product b manufactured in the plant and E. =0
when speci fi cYYBHPE?'D i nported into the plant; : assi JitERLIEEY?Sion to
buy/inport bul k product b to be unl oaded on unl oadi ng equi pnment u whereby y
u GUN', OAD (NG ",h 1 for specific inpo[§ d product b in the case Eib =0
with ES, = 0 for every nmanufactured product b; and sgn(.): sign function,
i.e., +1 when argunent is positive, -1 when negative and O otherw se.

1001051 To ensure dehrdibed hSkapnest tlenemead.f Prefepatk agatitaofile tomhishthprdaduct s i s
net, the total productio uantit%lof each packaged product nust at | east

meet its expectéﬁ“ﬁ@ﬁﬁﬂ&gﬂFm?oﬁﬁ? &C¥ui res the foll owing equation to be
met: E nl.1D,, for all products f e PACKj P ACKA G NG As applicable, the

t ot al roduction vol u of bul k products to neet independent demand for
bul k pP oduct s D[O(g)gb hngﬁc‘é)pq, the pro,gram of ?nstmctions is operabr{e topt ereafter cause the

computer, either automatically or with manual intervention, to load a model and
usc the data file to populate model parameters in the model. The model is a
mixed-integer non-linear programming (MINLP) model, stored on a computer
readable storage device, constructed to mathematically describe the operations of
the blending and packaging plant(s). This second computer storage device may
be the same as the first computer readable storage device. Alternatively, the first
and second computer rcadable storage devices may be scparate and distinct.
Regardless, the second computer readable storage device, like the first, may be

any computer readable medium as the phrase is defined in the definition section.

[0093] The model is as described in step 2 of the method. Accordingly, the
model, in addition to the parameters, compriscs decision variables, constraints,
and an objective function. Again, the variables represent quantitative decisions
to be made in each interval regarding plant capacity, production and inventory.
Again, the constraints include one or more of the following: (a) one or more
terms limiting the availability and capacity of blending equipment; (b) one or
more terms limiting the availability and capacity of storage tanks; (c) onc or
more terms limiting the availability and capacity of the packaging equipment;
(d) one or more terms limiting the availability and capacity of the packaged
product storage facilities; (e¢) one or more terms limiting the availability and
capacity of the unloading and discharging facilities; (f) one or more non-linear
terms relating the number of batches of cach packaged product to product batch
size; and (g) one or more non-linear terms relating the size of each batch of
packaged products to the quantity of safety stock required for the product.
Again, the objective function is a plant performance metric. The model may

correspond to any embodiment, or any combination of embodiments, described



D', for all products b E BULK |,BL ENDING - 44 - 1001061 In addition to
cleanup and prep tine, during the manufacture of a batch of a product, the
rate of operation of each piece of production equipnment plays an_inportant
role in deter MANYP4%8Yuisite tine to conplete the pr odu’gpi/ 0180578 d
product. In addition to addi ng equi pnent, increasing capacity can be
realized by upgrading to equi pment with faster rates and/ or shorter cleanup
and prep time for the products that can be nmanufactured by such equi pnent.
A plant often can neet custoner demand by nerely selecting the best
avai |l abl e produdtisep leguihpmediod OABEMIfiEE! urepetedd Rratiletthe Dhjestiveel ecti on
is essentially 3 rooducti on decision to be made by a plant production
pIanner/nanager.mﬁﬂﬁﬁﬁffmﬁ?&ﬁﬁbre t he above production decisions can be
executed properly, a plant needs to have the requisite production hours net

- by having sufficj produyction tinme nmade available on the plant's
product i on resoab@%L cgﬁﬂ&ﬁg?W@g@ﬂhﬁﬂﬁﬁﬁ??mﬁék?%¥¥’ orHpradter sHige W6r kers. In

a typical bl endicogpand tdackag] REh@! andmatichis, botalh habu$ iaxaich@ll enon a

gi ven piece of Db|en iqg equipnment i is a function of the shift structure
deci si on at t he 2FPHRNIC 2oleg; tp inaginuipig decsiqraiprigifpit e mpdel ©iigheitva t he
number of manuf aeitied o0 Bble MRBEMadpListiid hs opesivemMetiact i ihodaday and
nunber of hours @r length of a production shift. The requisite producti on
hours to manuf aft OPE2iiEe Ae dhisr BerTE tBIENIEng K oRigetvepantivgs Prefiirethe

avai | abl e hour s s$10és pRAYCPLER, Rpely, KRaFRO lan@ (AL, , . f ) ni i c_BLEADI NG
be, BULK j, PACKAG NG f, PACK -64i,b 111 Q,fEE ni,b eri,b + i cBLENDI NG

b, LBULA i eBLENDI NG
[0095] Preferably, the program of instructions is written in the language of

modeling system software such as AIMMS, GAMS, ILOG OPL, AMPL, or
XPress Mosel. However, the code could also be written using any computer

programming language including C++,

[0096] In onc preferred embodiment, the program of instructions is written
using AIMMS and employs an AIMMS user interface. More particularly, data
entry and storage is accomplished using an Excel interface, the model is written
in the AIMS modeling language, and a program written in the AIMMS modeling
language loads the model, populates parameters in the model with the data set in
the data file and calls upon a CPLEX solver to solve the math modcling problem
(i.e., identify a solution that optimizes the objective function) using an exact
method, or using one or more heuristics, or using a combination thereof. In this
embodiment, the program utilizes an AIMMS interface for execution and output.
The results can then be transferred (e.g., exported or copied) back to Excel and
stored as an Excel file. Alternatively, the results can be stored and managed in

AIMMS.



Wherein the foll ow ng variables have the follow ng neanings: cl; :
manuf acturing days blender i is available for production; Sr: shifts per

manuf act uri ng da% bl ender i is available for production; hour%gp_er shift
bl ender i is OPEPHE%SH Y or production; and WO 2011/ 06621YPEFPVESTIW 057578

- 45 overtime hours for blender i. 1001081 Simlarly, the requisite
production hours to manufacture packageds;products j' G PACK must be |ess
than the avail abl e hours for production Such that: EE nj,f Cl (di S + 1)
] ePACKAG NG | cPACKIPACKAA NG herein the synbol descriptions for package
equi pnent j are exactly the sane as those for blender i above with

appropriate subscri sMbstét iqn. 1001091 In addition to availability of
pl ant equi pmntﬁM@Mi me (hours) for production,

avai lability of skilled workers inposes a limt on the maxi mum quantity of
products that a &bzgt q@n nuf acture. Skil leg wor kelrs,ar e.required to do
cl eanup and prep ks "dEr PV IEh BAGPEF At Y hOTF LD D AT Bl BNt as
well as to Eiend dﬁﬁaﬂha@qubﬁfﬂﬁ’lﬁt tC(i)V\tfﬁi: |cEstb@itiﬂQzag&ebﬁ&l%deagh@@% pﬂfdu@loﬂrﬁnfd?qgi pnent
is automated such that skilled workers need, to spend on a specifie
length of time t%°HERI LA SaMereeyll Piodwr .‘ejle‘?‘ilﬂl% a‘?‘ﬁ?fﬁ]i“}gé gt hyhegein

rggr ei e?t1 edf _rr)at hemedguiel loyardisied OF |i@WSmatblal{ G cWiculaidd frof) Bh&iresulthd;, d; +
: el. (1+ fi

analysis.

[0098] In a blending and packaging plant, production of the plant (e.g.,
quantity of packaged products produced or volume of blended bulk products
transported out via outbound logistic facility) in a given period depends on the
operating capacity of such plant. Operating capacity of a blending and
packaging plant depends on net (effective) available time for production during
which plant equipment can produce products (i.c., blend raw materials into bulk
blended products, store the blended products in storage tanks while waiting for
quality assurance testing and certification, and fill the bulk products into
containers of various sizes as packaged products). Net available time for
production, in turn, depends on available time for production minus time
required to clean up and prepare the plant equipment as distinctly different

products arc manufactured in sequence.

[0099] Available time for production at a plant depends on its capacity
variables comprising the amount of plant equipment, the operating shift structure
of the plant, overtime and the number of workers available to operate the
cquipment at the plant. Decisions to adjust the aforementioned capacity
variables alter the ability of said plant to make a sufficient quantity of products
to meet customer demand. Increased demand can certainly be met by making
decisions to add one or more of the following: equipment, production shifts,

workers, overtime or any combination thereof. In lieu of decisions to increase



I BLENDI NG b. BULKi eBLENDI NG GBLENDI NG EE (e), 111,J.-riE ei (hj')E el(1+-A) H
j .. PACKA G NG f GPACKj cPACKA A NG c. PACKA G NG Wherein the foll ow ng

vari abl es havgy6ﬂﬁu&£%bgmggg_neaning: . total nunber of g@@ﬁﬁgﬁ%%aﬁ?gnent 0

i ndependent batches o i 5 W.): skilled workers nee
to conplete cleanup and prep tasks; 17( : requisite tinme equipnent O nust
be tended and nonitored during operationige(.). skilled workers assigned to

equi pnent 0 ; - 46 -
capacity to meet increased demand, a production planner/manager may opt to
buy some bulk products, or some packaged products, or both. This decision
typically involves sourcing from other plants in the supply network (i.c.,
sourcing from other plants owned by the same company or an affiliate or from

third party. When buying externally, the purchasing plant pays a premium.

[00100] One way to adjust capacity is to adjust the amount of equipment by
adding or removing one or more pieces of equipment. Changing the amount of
equipment requires investment in the form of new purchases, or requires a
salvage cost of disposal, each of which is incurred once (i.e., at the moment the
decision to change the number of equipment is made and implemented). When
adding equipment, in addition to direct new purchase costs, additional
investment may be required, for example, for site construction, installation, etc.
Disposing of equipment sometimes recovers a portion of the investment in the

discarded equipment in the form of salvage value of such discarded equipment.

[00101] A plant typically manufactures a plurality of products necessitating
plant equipment to switch from one to another. Switching requires that the plant
equipment be cleaned and prepped after completion of a product prior to starting
production on the next. This is done for quality reasons, e.g., to avoid
contamination, to meet product specs, etc. Cleaning and prep time, which may
vary according to the type of product and/or equipment used to manufacture
such product, can significantly reduce the net available time for production at
plant equipment. As such, a plant will manufacture several quantities of like
product in a batch to gain economies of scale in making such product. The size
of a batch of product to manufacture can thus be a production decision variable

that a plant production planner/manager needs to make.

[00102] Changing the amount of equipment can be quite costly both in

monetary terms as well as in speed of implementation. A faster and often



H: normal working hours for each skilled worker; and : maxi num overti me
percentage that a worker can work overtine, may be set by |ocal |abor | aws
or enploynment contract. 1001101 I n one enbodi nent discharging facilities
are ?gnded by YeXkt’&V4484!% operat or (s) of a transportation d%gV MY9TR% hat t he
facilities are not necessarily constrained. |In another enbodinent,
discharging facilities are tended by intggnal operator(s) of a plant and,
as such, their availability is constrained in the following manner: E E <
Eex 1+10)-11 xe, DI SC1-1.41t G NG Note that in a preferred enbodi nent, the
above constr ai ntcheapar wey i &djtse cipaniey rbyeaiilstipy odughe and/sregetatiag skift. ., each

e i mposed o ealiPRaS R R otk Bl nitRe PR B b M bk e Sach - ¢
bl ended bul k prgtinctcah@Biduéc maye ek dhe eqidipheért aint qRopla iPh@CeSS nfapdde  equi res
APl I MR A

bl endi ng oper at igoverficichyi Ib€$ 1abvidlatya bF drickym@lb, thart efapbdaaier G Seade bor

testing and certification and a packagi operation requires sufficient
vol une of a bIeﬁﬂ%ﬁ“%ﬁW%“BH5ﬂ8¥?%y$%@p¢@%d?§ingﬁﬁﬁﬁﬁWc%F“$3HE§tP6r raw
maf< eri albsI iks degaruaﬂidmed] Byrkt 1Ift§1rsr @)q%tic]g-eagb Wktﬁ byd 1®br g@t\ftaaf@tt@e{; |1‘€(iu|$l'§f or duct
maki ng bul k products to neet depmnd for. packaged products and bul k produc
shi pnents. The rwe@aliﬁr%lfltaé’gﬁ?}hhﬂd@ﬂd@faf@ﬁ@dflwb%@f Royst R etk Seyilsetnust  be

such that the t anjatuardpestify Bodrhér tBisiti ty of bul k products to neet
custoner denmand for packaged products as well as bul k product shipnments. |If

bul k product for every packaged product is blended on demand, the requisite
tine to store byddiomr odyehitishlinifhGrnuaé bit ¥ pla@Shidhds A0Rb&RIFHtddusdii®gn is such

that: WD 2011/ 066210PCT/ US2010/ 057578 - 47 ) _
manufacturing days (calendar days minus idle weekend days minus holidays),
number of shifts per production days and number of hours per shift. A change in
shift structures may often require a change in labor. Labor includes the number
of workers and their skills or knowledge to operate plant equipment. A plant
typically employs a specified number of workers per shift who can operate
specified kinds of equipment. Each kind of equipment in turns may require a
certain number of workers to operate. Hiring new workers may require training
to ensure the newly-hired workers acquire skills or knowledge to adequately
operate plant equipment. Firing experienced workers may result in loss of
knowledge or skills. Acquisition and loss of knowledge as a result of

hiring/firing decisions can be accounted for in the cost of hiring/firing workers to

increase or decrease available time for production.

[00104] A blending and packaging plant typically manufactures a plurality of
finished products that customers buy. A plant production planner/manager makes
decisions on what products to make by deciding the number of batches of each product
to produce and the size of each batch of each product. In this example, quantities of
raw materials are explicitly excluded from the list of constraints such that a plant

production planner/manager uses the results to calculate the required quantities of raw



E EEEE 1, BLENDI NG | FI ANK 1, ,,BULK[PACK go, M,,f Qf (1/1-(11, +)+
Ch + 2- f.f.1} EE EEE 18", sgn(Md..f )'nf,f , UNLOADI NG t eTANK bGBLEK

] EPACKAG NG f , 7PACK 5" brb. fQ.f (1/r, 11 r)+ Cb r1 J EE EE & +C
b GBLENDI NG GMNRIHEBH K xcD1SCHARG NG | TANK Ampng t he d&di&#Y gﬂﬂ%at must
be made in the expression above are the fol I owi ng: (a) the decision to
assign storage tank t to receive bulk prpduct b from bl ending equi pment i ;
(b) the decision to assign storage tank t to receive inported bul k product
b fromunloading facility u; and (c) the decision to assign packagi ng

equi pment j to w&rihlna@rtmmbmg)f packatgieks peedeiko btofe thdhray neeritiaionsproul k

product b Trom tkuting 480443%! o3¢ 1R0:0LORBOONE £IRSLEALBRS on i

requirenent, which in diment s ose
i ndi vi dual tank "&b aﬂwuréltm%néﬁactﬁre albbrédhessad edmplpte tml%mma@émem stp&t fit in a

tank in which thgnbutk THEQEHE teqhifen®h@ELTe Wtkd®d @WBiidwisng qual ity testing and
certification. Expressed mathematically:

Packaging equipment requisite time = > > n,, -(TM +Q,,/ rj,‘,)
J=PACKAGING f=PACK

Blend equipment requisite time

= Z Z Z Z {51:1) sgn(My p)-n; (T, + 1/’”:'.1»

ie BLENDING beBULK je PACKAGING fsPACK

'c;i,b 'fwb,f Q//)} + Z Z n;y '(fs,b + Qz’,b /’7',13)

{CBLENDING beBULK
Discharging facility requisite time

= Z Z Z My (T, + 0 / op)

{eBLENDING xe DISCHARGING beBULK
and

Tanks requisite time
= Z Z Z Z Z {Sf.b sen(M,  )-n;, '[Tr,b

{e BLENDING teTANK beBULK je PACKAGING [ePACK

- )

By My 0, (fry +r O+ Cy+7, )
Y Y s, seM, ), 0,

#sUNLOADING (eTANK beBULK jePACKAGING f=PACK
Sy My, O,y (fry + Y ) CvT, )
+ Z Z Z Z By [T::b +0, '(1/’},;17
ieBLENDING t<TANK beBULK xcDISCHARGING
+1/r )+ Cy+ z*_‘_,b]

Wherein the following terms have the following meanings:
BLENDING is a set of blending equipment, indexed i;
BULK is a set of bulk products, manufactured and imported, indexed b ;
TANK is a set of non-dedicated bulk or intermediate storage tanks, indexed

N
PACKAGING is a set of packaging equipment, indexed J;
PACK is a set of packaged products, indexed f;
UNLOADING is a sct of unloading facilities, indexed « ; and
DISCHARGING is a set of discharging facilities, indexed x.



(Q',"V, for product b on equipnent i to neet independent demand; and
11.1b,f. f), V, for product b on equipnent i to neet dependent denmand for
f on equi pnent_ | . Qf), v, for inported product b_on equipnent u to
neet dependenbw%gﬁg%%nﬁor j. on equipnent j 1001131 Fbyfﬁﬁmﬁgﬂﬁg?”batches
delivers econonm es of the scale by spreading the cleanup and prep tinme over
a larger quantity, it also increases theywait tine of the next batches of
products to be produced to a point that the actual replenishnent lead tine
exceeds normal replenishment lead tine. This requires WO

2011/ 066210PCT/ USRDA@H % 1E T8 lowidBvariabedewe g foleplieninednirent earlier than

ot herwi se to neet custo i t he tual repleni shnent | ead
time. The inventorymPévgﬁﬁgg%gﬁggﬁgggWégh%§W% ﬁ%ﬁ?m89%§?u?%§€%m%f6duct is
issued to the factory ig AQEHRMM th&LET biBEpbBu@ehal P8I He%Hﬂ&ﬁgi ghrment reor der
quantity that in this case also serves as safety stock. ering earlier
means keeping | arger qué#tdnes asbulkaredugt-sthisern be ipe ag axpepled swskdryf and yi el d
medi ocre performance W phH.espect to a performance netric. Wien making the
repl eni shnent decision, a plant inventory planner/ manager, in essence,

deci des on the | evef:of baiglf el Splserodugrd paeidepder! iprobdivg squiines /i nvent i on
allows one to nmake quantitatjve decisions _on c cit ge.g.J requi site
number of equi pment, shifReesinfeRepding ?mwééﬁﬁpﬂﬂgﬁ&mP%@ Qatyillbey * i nventory

(e.g., safety stock), agbped adifloneR af Buld prodaet ek caf bdiak s Aeshe shat ch si zes,
etc.) sinultaneously. 1001141 The above requisite tinme on bl ending

equi pent may further b¥ PEHREL "HHEECRIHILS 39§VE he need to have additi onal
equi pment, by conbini ngniREsCiatABs dphahags Rbakyl ko BE PG u@nRg/ or

dedi cati ng sone tanks for certain bulk products. Conbining production

bat ches anpunts to produckagigeqbiatretr of | i ke product | arge enough to neet
the volune requirenent of a. plurality of packaged products. This increases
the tine occupancngﬂ:b%WWS§£8$H§Eaeﬁﬁﬁ§mahiF%“?% dRBIGkPHNg equi site time
on the bl endi ng equipngg%mnénpepision to conbi ne production batches

i nvol ves grouping the s 0 pétkaged products into clustered subsets of
conbi ned package producd@aufEatiprgisefor 6Rideai; e makeo i priddice ppackaged
products that consume |ike bul k product such that the increase in tank
occupancy tinme due a0 hdsanwmyam preprtges fobaisdiaradg fheilify jptoodispebsetbolkbe packaged
into a plurality of packaged products does not violate the constraints
ensuring that requisiteé®Use®for storage tanks be | ess than or equal to the
available time for the danlkSand RS (RIS h@RaRKIIhteRO) b HakApablyeq of

sel ecting a conbi ned bl ending decision by balancing the beneficial
reduction in the | oad gmodubesbl endi ng equi pnment agai nst the adverse

increase in residence tinme on storage tanks. in nmaking a decision about
whet her to combi ne 7Bl erféf@MunR 18 PERECINE TBhtaRR K fhtjore §Blk product b before it is

packaged;
r.,- rate of blending product » by blender /;

r.,+ rate of dispensing product b through discharging facility x;
-+ rate of packaging product / by packaging equipment ;;
7, rate of pumping bulk product » from blender 7 into bulk product

storage tank ¢;



WO 2011/ 066210PCT/ US2010/ 057578 - 49 - may take into consideration
constraints that are specific to conbined bl ends. For exanple, such

constraints gy, ifiGlkds one or nore of the follow ng: (I%%§&£§&%Q%Qgs on

whi ch bl endi ng equi pnment can perform conbi ned bl endi ng; constraints on
whi ch storage tanks can accept conbi ned bl ends; (3) constraints on the

sel ection of storage tanks and/or bl ending.equi pment based on the size
(e.g., volune) of the conmbined blend; for exanple, only certain bl ending
equi pnment and/or storage tanks may be capable of handling the | arger volune
required by conbi ned..l etielpupdingdukgtredicng srooriankheingi wgansportalien conbi ned

bl ends; and (5) constraints on tank volune and/or tine usage when bl ends
are combined: for exanpfce4c-FaiParrifernties fough diseirasiaetariot amk usage
tinme may be specified fghice@eR cadRt »  Whi ch can be determ ned by
pl ant managers based on operational experience. |If the decision-nmaking tool
deci des to conbi ne b} ends ofipompgulkasesict ¥ het ddolkgirederakbfgatiool may
further decide whether to dedicate a storage tank to conbined blends. In
maki ng a deci sion to deticRickagsiRedpiPedr.& st or age tanks to combi ned bl ends,

t he deci si on- maki ng.-t.ool consi der .t he tank vol une, and/ or h@ usage
when a storage tank i's %‘g??}%:/tgsglé] Ta%(gcegg%té?ne%fn FS IV RE SN YA & ?‘ears when a
storage tank is not dedpeal®d.<BULK meets specifications;

M, ,: volume of bulk product » in one container of package product f;

6,,. assignment/decision to blend bulk product » on blend equipment i

i

whereby Z,» 8., 21 for each product b manufactured in the

=BLENDING ~ 0 —

plant and Zf &,, =0 when specific product b imported into the

plant;

é,,. assignment/decision to buy/import bulk product 4 to be unloaded on

unloading equipment » whereby Z é,, =1 for specific

uzUNLOADING

imported product 4 in the case Z{ d,, =0 with Zl_ o, =0 for

u,b
every manufactured product b ; and
sgn(-): sign function, i.e., +1 when argument is positive, —1 when negative

and 0 otherwise.

[00105] To ensurc that customer demand for packaged or finish products is
met, the total production quantity of each packaged product must at least meet its

expected demand D, . This requires the following equation to be met:

n;,Q,,=D,, forall products < PACK

o PACKAGING
As applicable, the total production volume of bulk products to meet independent

demand for bulk products D, such that:

> n,0,=D,, forall products b ¢ BULK

12 BLENDING



[ 00115] Conbi ning the production decision can be expressed as entries in a
mat ri xwhose el enent o-a deci sion to conbine several packaged products f in

each conbi ned: hl ckaged product f', that is: =1 if ngs_to the
conbi ned cl us ﬁﬂ&m@ d ar,f = 0 otherwi se. This set oflﬁjgﬁgwgﬁgsﬁust be

such that a conblned bl end packaged product group nust have at |east one
actual packaged product and each actual _packaged product nust be in only
one conbi ned- bl end packaged product group, or: WO

2011/ 066210PCT/ US2010/ 057578 - 50 - Efo-f,s,and= 1, respectively. The above
essentially invol ves forning a set of CCNBINEDPACK whose nenber fr is a

subset within t t ckage rod onpri si sev ra
packaged produc'?&hla ntg?%@%ﬂn %K%aﬁﬂ?ﬁn n1c H%’ggla?gﬁ "?lﬁe

constraint on tharhbém@nﬂgxemunmﬂahmmambhefmmhmhwabﬁgnpmmMHemmpmanls t hen
given by: 1GBL ENBIyL\I acr;l &%gant role %%yg'lnlhl%?gp é%s1te tFTne to c,)omplete the production
of said product. In addition to adding equipment, increasing capacity can be
realized by upgrading to equipment with faster rates and/or shorter cleanup and
prep time for the products that can be manufactured by such equipment. A plant
often can meet customer demand by merely selecting the best available
pryoduction equipment to manufacture each product. This selection is essentially

a production decision to be made by a plant production planner/manager.

[00107] To ensurc the above production decisions can be exccuted properly, a
plant needs to have the requisite production hours met by having sufficient
production time made available on the plant’s production resources comprising
equipment, operating hours, and workers. In a typical blending and packaging
plant, the total hours available on a given picce of blending equipment i is a
function of the shift structure decision at the plant. A shift structure may
comprise decisions on the number of manufacturing days, number of shifts per
manufacturing day and number of hours or length of a production shift. The
requisite production hours to manufacture blended products » ¢ BULK must be

less than the available hours for production such that:

Z {C?z,b 'Sgn(*’wb,_f) hy (Tt l/ri__b

{e BLENDING be BULK je PACKAGING f=PACK

0, M, , ij)} + Z Z ny (T, + O /ri,b)

[CBLENDING beBULK

< DS h+ )

1= BLENDING

Wherein the following variables have the following meanings:
d!: manufacturing days blender i is available for production;

S.: shifts per manufacturing day blender 7 is available for production;

#;: hours per shift blender ; is operated for production; and



EE ni,b (bri,b)E(toik-Fig,) |c:BLEND NG bGBULK/ BLENDI NG Wherein the
foll ow ng variabl es have the foll ow ng neani ng: nunber of batches of

roduct b b Jio fOor conbi ned- bl end packaged produg . size
gf each batghb%?ﬁg?%gtgt h by bl ender i for conbined- M(aéfdkm(MQg pr oduct
f'. [00116] In one enbodi ment, the above decision necessitates adjustlng
t he production decisions for the affectedspackaged products such that the
nunber of production batches for each affected packaged products is equal
to a single value that is the nunber of production batches for blending the
like bulk product if‘t R¢ragkagedr preedtiéts. This is required to ensure the
storage tank(s) used in the conbining-blend decision is enpty after
production of the |ast affected packaged product in a conbi ned-bl end
packaged producumﬁésli§nnmnpl@k9mqmmuihb8mmasemmEt&EﬁBﬁﬁENBlHﬁkM&A4NK

bd3(3, 1:" f° %&EWMCR’ r];nITsIt be Ilesg itl’lsjn'tges %\?’a:ll'lhgl% ]h%)tulqzl%m pro uctlon suc%n (M. 1)

n
that:

2 Tk Qfr VS Y (S h )

JjePACKAGING fePACK JePACKAGING

herein the symbol descriptions for package equipment j are exactly the same as

those for blender i above with appropriate subscript substitution.

[00109] In addition to availability of plant equipment to meet the requisite
time (hours) for production, availability of skilled workers imposes a limit on the
maximum quantity of products that a plant can manufacture. Skilled workers are
required to do cleanup and prep tasks during the operating hours of plant
equipment as well as to tend the equipment while being operated. Most of plant
cquipment is automated such that skilled workers need to spend only a specified
length of time to monitor said cquipment. This requircment can be represented

mathematically as follows:

> D (@, Hy, T, ) < Do (n-d+B)< D e (1+5)H

1eBLENDING 6cBULK ieBLENDING i€ BLENDING
A ’
D@, n, T, 4n)S Doe(Wdi )< D e, (A+f)H
JePACKAGING fePACK jePACKAGING ijiCK4G[VL7

Wherein the following variables have the following meaning:

#,, . total number of dependent and independent batches of » on i

o, . skilled workers needed on equipment (-) to complete cleanup and prep

)
tasks;

7,,+ requisite time equipment (-) must be tended and monitored during

operation;

. skilled workers assigned to equipment (-);



i1 QU VI:GADD/6 '3 :41\7s b. BULK OPACKAG NG f GPACWDb, fj,f (111.t.11,b1/1j/
)+ CT 1. f 1} EE ni,bk + Qb (11,-",,b i GBLENDING te TANK b., 13fi LK

DI SCHARGI NG E(d; . +F1f) CLLEE |GPACKAG NG f WO i
5011y 066210PCTP eI 057575 151 Wher ol m the ol | ow ng terms have the

foll owi ng neanings: et, : additional residence tinme in tank t, greater than
or equal to zero in - 46 -

H: normal working hours for each skilled worker; and

maximum overtime percentage that a worker can work overtime, may

=

be set by local labor laws or employment contract.

[00110] In one embodiment discharging facilities are tended by external
operator(s) of a transportation device such that the facilities are not necessarily
constrained. In another embodiment, discharging facilities are tended by internal
operator(s) of a plant and, as such, their availability is constrained in the
following manner:

Z(a}x'ni,b'fx)b_i_ﬂx)g ZeA(}Z: di +ﬁx)

i€ BLENDING xe DISCHARGING b=BULK xeDISCHARGING

< Se, -(1+p)-H

xeDISCHARGING
Note that in a preferred embodiment, the above constraints on requisite time on
cach production resource (i.c., cach sct of blending and packaging equipment
and discharging facilities) should be imposed on each individual piece of

equipment therein.

[00111] Each blended bulk product »<BULK may nced certification, a
process that requires testing of such product against its specifications while it
resides in a bulk product storage tanks that act as intermediate storage. As such
a blending operation requires availability of intermediate storage for testing and
certification and a packaging operation requires sufficient volume of a blended
bulk product. The requisite number of tanks for raw materials is determined by
the required quantity of raw matcrials for making bulk products to meet demand
for packaged products and bulk product shipments. The requisite number of
tanks for bulk product storage must be such that the tanks can store the quantity
of bulk products to meet customer demand for packaged products as well as bulk
product shipments. If bulk product for every packaged product is blended on
demand, the requisite time to store bulk product during quality testing and

certification is such that:



val ue, of |ike bulk product in producing packaged product f ¢ f' on
packagi ng equi pnent j. 1001171 FIG 2 represents pictorially the requisite
time on a bul lgosharege t ank for the case wherei n producticaiuskabedres for

| i ke bul k product consuned in producing two packaged products are conbined.
The requisite time requires that a tank be available to receive the bulk
product throughout each of the foll ow ngdperiods: (a) while tank is set up
(cl eaned and prepped up); (b) while bul k-product is punped into the tank;
(c) while the bulk pr uct awgj ts uaI assurance and certification; (d)
while waiting for the :g; é g8 e htt G obe setup and for
addi ti onal resrdence'?“wm’”h ] necessary dug, to the conbined bl end
decision; and (e) while th@vBﬁUkarg uet Vi Sbbgrh@/g%cka ed (i.e., filled)
into the two packaged phdbducyts. %G E(cf heghheng nneeded for the two
packaged products are cewhwnedbandﬂt enspunped out sSeparately in two
stages. The first punplng%ppmlﬁtgge(V$bﬁdﬁuthe;pacﬂzglng operations for the
first packaged product snd he eco gg g ge+ foq t he

packagi ng operatrons £t b Qngs a@ a@e dUc Oiléy FIG 3
depicts the interaction anDng a Eggqﬁ%qq;equrpnent a storage tank, and a
filling/ packagi ng equi prment thatZshows the i npact of conbining batches
product m x and Jbatch sjze production decigions on t uantity of each

P oduct ¢ hat - cadBerkkitRel B TonbSorohE e SR bR 57 The
decision to contmrmemigata)hesiemmbtoeﬂdgmgmbgd tanlpr Qﬁ‘d@ﬁve:%ull@prbﬁtcpaCkaged into
packaged produc%s ii‘ﬁ' and 3 and tq n. bl endi ng bul k roduct Binto
packaged product'§™ lepqpesaupmey ¢ (at EF@H&PH&”@H@?%W@%th t 1558t ank, and

filling/ packagi ngp2QdbRNBdut B¥R&NIRMEE (RGN . Paidqenhagristh thdl e time that
may yield suboptimal performance netric usi ng imzation

al gorithm val uéelgafpaeaeeaawrearm vazfolffr@eeéaerseﬁws%fbf dB¥s578 - 52 -
and quantitative,gdecisio d&@@fpgngﬁﬁernlned to drive the perfornmance
nmetric toward its optina near optimal value. 1001191 FIG 4 shows
pictorially the decision to conbi ne production batches for the |ike bulk
product in a pl ty.o w il be
produced wth aH@g¥%h g}%gﬂ g&ggﬁgﬁgﬁ:ﬁh&%ag%gbﬁn%1&§gggﬁﬁeﬁ§£ggﬁ%nd for
such bul k pr odupteferred gmbodimentt sheuld e kmgesdd pn delivithen! tvisra tepedistércal |y,
suppose the prog i 8| types of
products (ft an%%ﬁ%?%@ﬁg@ﬂgh%pgtg&%%ﬁﬁDEQ%khﬂ i %%ﬁ Pﬂﬁ%%gﬁﬁg%db The
deci si on- maki ngwhibodwaning qieli g teviimeandirattifichiase Ekvvesscldi ﬁrfaémemcatlypes of | ube
oi | products should r et her Cfor

bl endi ng pur poses. +§é gpo gﬁ“@%@@dt@de“Itﬁvﬂgtﬁme nﬁlgg and’ addi ti ves
fromthe raw materi al taﬁgs and bl end them using bl ending equipnent i to
make a batch Q,b,f, of a blended |ube oil product. This batch of blended
tube oil product is @il¥edd.nt® c®hﬂ§ﬁweﬁsﬁhmumﬁmvﬁh@I@ﬁU¢WWeWPV to produce
a batch Q,f for each of ft d f2 in_the production order. Thus, different
famlies of product s naymﬁﬁmgghdp@8“¥%ﬁ%?hér for conbined bl ending to
reduce manufacturingscogts.) Fere remmb&ted'[frodubﬁb félt%ﬁtdprﬂ&ﬁqzet‘é ¢ meke the
two different types of Tibe 61" products (ft and f2) were made in separate
bat ches, extra set-up cqﬁpawmmubdmhahefhﬁﬂmumnmmrred in the manufacturing
process. O course, the nodel considers the increased inventory hol ding
cost resulting fromthe increased blend batch size in nmaking the decision
to conbi ne bl endong; 1QR1L0Jigkdh b@@ﬂéstdewelt@cctnbatet,lomersesrulb&ematm@bove t he
production batc srze for the bul kK products nmust fit in a tank into which
the bul k producths C\RIP 358 PEPCHBRIOVCT Rl e aialiiy ek e Beearchiichietitfeal | y as
the follow ng cgngt rrﬁekmoﬁche\s/ off PHAREOHHEE RodRBe® @ iaPPBRAL thh TR R

i ndependent denand; and
replemshment lead time exceeds normal replenishment lead time. This requires

/1(K4 INC



WO 2011/ 066210PCT/ US2010/ 057578 - 53 V, for product b on equipnment i to
neet dependent demand for conbi ned-bl end packaged product f'. (c5",b m"f

) V, for |npo§vb%| REQguUct b on equiprent u to neet dependgilk.Agpped for f
on equi pnent [00121] I n another enbodi nment, the above synchroni zation is

not necessary if the storage tank(s) used in the decision is (are)
dedicated to store the |ike bulk product4g-n this enbodi nent, producing
packaged products becorres decoupl ed from producing the like bulk product in

t hese packaged products. produci ng |i ke bul k product is decoupled from
produci ng packagelripg t?@l?ét%melttﬁél#eﬂ@ﬁ‘éﬁ@@ﬁ‘ﬂsedéh’%ﬁH“fSEﬂmef Hemand; ¢prigg) k

product to ensugg pEGL @@1&%&@& ol nRckadad RNLRAUSt Sedl A darhred demand
fulfillment level is net mai ntai ni ng i nventory of bul k product. A

preferred errbodlqupéﬂrﬁlﬁhinsﬂtt% ¢4 BOdust isnswpd nBedictarnis @msrinietefarisddet er mi ne
a configurationyhe !hg'lagerﬁ‘snmf%{?tt §eBRE @%I@rtﬁﬁnﬁehm%wa@o Je{éz@;lgzkéf

accommodate both 1n the nodel requires packaged product set e divi ded
into two subset Stocmdmﬁmcw rkpening lageiofuapiy RAEWEDY prdd El%it @nc?é nt ai ni ng

li ke bul k produe@y%ﬁa dedio g o b RAE QUGN LRRKS BNdpHMBINERRAGK

containing like cts Ing no specific stora e tanks and bul k
product set BULNIse nlillkmgdhfdmlﬁtll@mmmwu@m bwenpy SlaneernResprisduct s

that have dedicalefleShoigo aRKS AN S GaRE! ,-361019 B Yy RE0dyRES Wi t hout

any dedi cated tan e requisite times for ant equi pnent are, for
thi s enbodi nent jnvgiticaralloys OF!a@)kla@errglaletq@anrfibmlon%@mc@ﬁ@@ (BigmBcaVisitGPACKAG NG

f DEDI CATEDPACK number of equipment, shift structures, overtime, workers, etc.), inventory (e.g.,

safety stock), and production (c.g., number of batchcs, batch sizes, etc.)

simultaneously.

[00114] The above requisite time on blending equipment may further be
reduced, thus reducing the need to have additional equipment, by combining
production batches of bulk products and/or dedicating some tanks for certain
bulk products. Combining production batches amounts to producing a batch of
like product large enough to meet the volume requirement of a plurality of
packaged products. This increases the time occupancy of bulk storage tanks
while reduces the requisite time on the blending equipment. A decision to
combine production batches involves grouping the set of packaged products into
clustered subsets of combined package products. Each subset contains one or
more packaged products that consume like bulk product such that the increase in
tank occupancy time due to having a larger batch of bulk product to be packaged
into a plurality of packaged products does not violate the constraints ensuring
that requisite time for storage tanks be less than or equal to the available time for
the tanks. The decision making tool is capable of selecting a combined blending
decision by balancing the beneficial reduction in the load on the blending
equipment against the adverse increase in residence time on storage tanks. In

making a decision about whether to combine blends, the decision-making tool
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Bl end equi pnent

requisite tinme =E (2-:,b01,b n;,b) 1GBLENDI NG

bEDEDI CAl EDBL}kK011BEs24 0. f  (2- i h BLENDI NG bGBULK f COACBINERRAGSsn, b +
/. b) 1-BLENDI NG bc, BULK Di scharging facility requisite time =E En

QL. 1,
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may take into consideration constraints that are specific to combined blends. For
example, such constraints may include one or more of the following:

(1) constraints on which blending equipment can perform combined
blending;

(2) constraints on which storage tanks can accept combined blends;

(3) constraints on the selection of storage tanks and/or blending
equipment based on the size (e.g., volume) of the combined blend,;
for example, only certain blending equipment and/or storage tanks
may be capable of handling the larger volume required by combined
blends;

(4) constraints on the size of the combined blends; and

(5) constraints on tank volume and/or time usage when blends are
combined; for example, a maximum permissible increase in tank
usage time may be specified for each plant, which can be
determined by plant managers based on operational experience.

If the decision-making tool decides to combine blends, in some cases, the
decision-making tool may further decide whether to dedicate a storage tank to
combined blends. In making a decision to dedicate one or more storage tanks to
combined blends, the decision-making tool may consider the tank volume and/or
time usage when a storage tank is dedicated as compared to the same parameters

when a storage tank is not dedicated.

[00115] Combining the production decision can be expressed as entries in a

matrix £ whose element o, , is a decision to combine several packaged

products f in each combined-blend packaged product /7, that is:

a;

., =1 if fbelongs to the combined cluster /" and o, , =0 otherwise.
This set of decisions must be such that a combined-blend packaged product
group must have at least one actual packaged product and each actual packaged

product must be in only one combined-blend packaged product group, or:



f eBLENDI NG xeDl SCHARGLYG bGBULK EE n+ Qi.bx,bi,b /';.b) i:, BLENDI NG

, EDI SCHARG NG b. DEDI CATEDBULI C Non- dedi cated tanks requisite tine

[ri.bQ,b. f'&BhEBEENDI NGt c7:41v7C b. BULK f' GCOVBI NERRAYUSK10/s#gst, nb, f
Qf Irt.,i,betl,f)]} j.PACKAGNGTf f EEIEE { Sgn(Mb. f ) n zr4LNLOAD NG

t GTANK beBULK j EPACKAGI NG fP.4CK gad) Mb, f Q1,f (11 rb +111;,j,h) C
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2., 0py 21 and 2.0 =1, respectively.

The above essentially involves forming a set of COMBINEDPACK whose

member £’ is a subsct within the sct of packaged products, PACK, comprising

several packaged products containing like bulk product. The requisite time

constraint on the blending cquipment, after combining production, is then given

by:

Z Z Z [”f,b,f’ (T4 +0 f’/ "I:b)]

ie BLENDING beBULK ['=COMBINEDPACK

+ > Xm0, [h) S XIS R +B)

ieBLENDING b=BULK ieBLENDING
Wherein the following variables have the following meaning:

n,, »: number of batches of product 4 by blender i for combined-blend

packaged product f”; and
Q.. size of each batch of product 5 by blender / for combined-blend

packaged product f'.

[00116] In onc embodiment, the above decision necessitates adjusting the
production decisions for the affected packaged products such that the number of
production batches for each affected packaged products is equal to a single value
that is the number of production batches for blending the like bulk product in the
packaged products. This is required to ensure the storage tank(s) used in the
combining-blend decision is empty after production of the last affected packaged

product in a combined-blend packaged product set is complete. In this case:
{ [ -
DI ) Ui 1000+ Qo [ +Co+ 2, 2B
FEBLENDING 12 TANK beBULK ['=COMBINEDPACK JEPACKAGING f=f"
f 1
'j‘lb,f'Qj‘f/r/.j.b +& 1) ]J
{5 won(]
P IND VD VEED WD M URR T ROV
wzUNLOADING 1TANK be BULK jePACKAGING f<PACK
;L . . |
“Ous M, , 'Qj.f '(1/"/.15,/) + 1/’;,1:11 G+ Tjj]f

+ Z Z Z Z o '[TLb +Q,, (.,

{€BLENDING teTANK b= BULK xe DISCHARGING

+ I/F[,x.b) + Cb]S Z(dt’ Sl hll + ﬂr )

teTANK



EEE n Lb [2- Q.b (11 1.=:BLEADI NG t, TANK beBULK . x. D SCHARG NG ri.".b)+
Cl,} [00123] Constraints on requisite tines in this enbodinent are simlar
to those in tRatwiwyekyvi ng conbi ned- bl endi ng wi t hout dedicGalsbii@odrengks. I n
addi tion, production decisions to nake bl ended bul k products havi ng

dedi cated storage tanks nust nmeet: Q -E[sgnolb” ) 11A 1 b. f {Q+ E nu,
1,81 : ENDING E, CKAG NG f , DEDI CATE/ ) PACHi-, BLENDI NG [ 00124] In a plant,
there may be restrictions on the flow of bulk products from one conponent

of the plant to not.h sed on, for e conpatibilities or
connectivity. F A If‘él ovjing tefres haye thfﬁgpgﬂgdw:‘fm’f“g%m t he bl endi ng

equi pment and the s,tOr&a&tlb@ml@&d&@@&ﬁ&e@tankiaeglsawmmtdx VidayotAatinal | ows the
fl ow of products 85 - from one conponent to the other. Fromthe storage
t anks, the bl ended bul kajpe.adlikt sulkaspdudiénprpdwdeadckagedpmedwt f\aafi@us types
of f||||ng equi pnent or Ioaded onto a discharging facility (e.g., truck,
barge, or railroad carPACPEEESIH N ¥ om t he storage tanks to the f||||ng
equi pnent represent the connect|V|ty that allows for the flow of products
froma storage tank to a filling equiprment or dischargi % facility. As
such, in the opédiTlonFli. 2timeresshiamicteadithe UG time onohlaullpptorpge eanlst t he

follow ng may a@&l the cgs@ Wﬁ&&h%l@dﬂ%ﬂ&f%&%lﬁc?;@y 1iRe b{lﬁsﬁx{)ﬂ %%Qns‘%ﬁcﬁ%t ain

nmet hods of bl ending, and/or vice versa; certain products nay
restricted to cerodading toanadiaged prgducprreheombaned/ dhe Lequigite/@pg gequires that

a tank be available to receive the bulk product throughout each of the following
periods: (a) while tank is set up (cleaned and prepped up); (b) while bulk-
product is pumped into the tank; (c) while the bulk product awaits quality
assurance and certification; (d) while waiting for the necessary packaging
cquipment to be sctup and for additional residence time that may be nccessary
due to the combined-blend decision; and (e) while the bulk-product is being
packaged (i.e., filled) into the two packaged products. In FIG. 2, the blend
needed for the two packaged products are combined and then pumped out
separately in two stages. The first pumping-out stage is for the packaging
operations for the first packaged product and the second pumping out stage is for

the packaging operations for the second packaged product.

[00118] FIG. 3 depicts the interaction among a blending equipment, a storage
tank, and a filling/packaging equipment that shows the impact of combining
batches, product mix and batch size production decisions on the quantity of each
product that can be produced in one production shift. In FIG 3, the decision to
combine batches in blending bulk product A to be packaged into packaged
products 1, 2, and 3 and that in blending bulk product B into packaged products
4 and 5 cause the blending equipment, storage tank, and filling/packaging
equipment to experience high percentage of idle time that may yield suboptimal

performance metric. By using an optimization algorithm, values of categorical



(3) certain products may be restricted to certain storage tanks, and/or
vice versa; (4) certain products may be restricted to certain filling

equi pnent, and/odiwes2e versa; (5) certain products nmay hemwgssibnweted to
certain discharging facility types, and/or vice versa; (6) certain products
may be restricted to certain warehouse space, and/or vice versa; (7)
certain bl ending equi prent may only suppbd- certain storage tanks, and/or
vice versa for storage tanks receiving from bl endi ng equi pment; (8) certain

bl ended bul k product i.nports .may onl uppl ertain staorage tanks, and/or
vice versa for SPOAMHNERG RPNt GO IeRBEI Bt 2y BT DPBESt o; (9)
certain storage téek8s syna0od neasepiplayvaes tain filling equi pment, and/or
vice versa for filling equi pnent receiving fromstorage tanks; (10) certain

storage tanks may only supply certain discharging facilities, and/or vice

versa for unl oageoigoff agid.i4 iss pekdrmBy ieGictGios tOt@dEnd polEioABsches 56 -
(11) certain filli certai n warehouse spaces,

|li equi pnent may only suppl )
and/ or vice verﬁg’ﬁgﬂﬁﬁéP@HHHé@tg éé@gﬁFéfgpﬁﬁﬁgxkﬂg&ﬁﬁbkgﬁéﬁk$Pﬂﬁucts from
the filling equippieatwil Geshsuedd Wi BBkt gizEObedet dnbBsh to meet the dependent

demand for such bulk product to produce the packaged products. More
specifically, suppose the production order for the plant includes two different
types of products (f| and f;) that share a common blended [ube oil product b.
The decision-making tool may determine that these two different types of lube
oil products should be grouped together in /' as a single demand for blending
purposcs. The plant is operated to take base stock and additives from the raw
material tanks and blend them using blending equipment i to make a batch Q; ¢
of a blended lube oil product. This batch of blended lube oil product is filled
into containers by filling equipment j to produce a batch Qjr for each of f; and f,
in the production order. Thus, different familics of products may be grouped
together for combined blending to reduce manufacturing costs. For example, if
the blend needed to make the two different types of lube oil products (f; and f3)
were made in separate batches, extra set-up costs would have been incurred in
the manufacturing process. Of course, the model considers the increased
inventory holding cost resulting from the increased blend batch size in making

the decision to combingc blending.

[00120] In addition to the time requirement above, the production batch size
for the bulk products must fit in a tank into which the bulk products will be
stored. This can be expressed mathematically as the following constraints:

(Q,.‘ ) ), <V, for product » on equipment / to meet independent demand;

and



1001251 One way of adjusting capacity in the short termis to use overtine.
As such, in sone enbodi nents, the decision-nmaking tool may account for the
cost of usingwevweidokd¥ | N practice, the anount of over ticiRisB@AEY0HSs
constrai ned by legal, regulatory, or contractual requirenents. Such

requi renents may be expressed as limts on overtine in the nodel. In sone
cases, there may al so be a cost associatgd with the use of overtine (being
ei ther positive or negative), which nay al so be factored into the nodel.

Negative overtinme is, a way to tenporarily reduce plant capacity, The cost
of using overtime iSQ@GAB$ﬁl@ymamFﬁﬁdpfﬁwp@PﬁﬂﬁéT%ﬂﬁﬁﬁ?“%@“@ﬁ%?%ﬁﬁe whi ch

can be non-linear in terns of erti a nd can be typically
proportional to the ampufft™yede ‘EPE?%%E%Q%ggFt en the anmount is negative.

When negative overtige .jhs u eGJ wttnelﬁﬁ)@&@d}srbw 8 hUGcEGpmaRACd Mect @ POSI tive
cost may still be inctirred dile' to labor [aws or contract ual agreenents that
require | abor receive codpenkatdconndisodoneyuggieaed hours regardl ess of the
actual working hours. Cost of Adjusting Production Assets/Equi pnent 1001261
In sonme enbodi nents, the decision-making tool may account for capacity

adj ust ment s rrad?od@yuadﬂi DORF bR NBk ﬂfov@:@dmeﬁlhmna&l&&tn@ce%rﬁmuI pnent .
The cost of changi ng the nunber of productlon e gnent i ncl udes setup
icp

(i ncl udi ng si t e teof@tgederk(Onrehitdhp dritersie (#es¢ f o arenge Ekebpkent

and/ or the di scaru@nds diSESRAImdns ProRsia Yalkded Haaks bb&imds ATRIbRE

equi pment. The deci si on-maki ng tool nmay assume that the purchase cost is a
function of thefaEdirequsinglthalifriark prodpt iy thets Rigkaggd Piodesit ; finrodueingormon t o
have the total jjke Sk ppdam&h%%eso%ﬂed b@od&" B OPAkatQ bRRuAddidehonal
nunber of production eg‘ prment . to may al so assune that the disposa
cost is a funct densnéspt h@al}detmdb? @fnduhﬁﬂkt Redpdi b ansys mrchal demnyn Bgui pnent ;
it is common to mgfedt &m@@% a%@qféﬁ(ﬁgﬁlﬁﬁd RRmdnf 1,88 'il%@“k!?trﬂaﬂﬁmhﬂgt he
nunber of produgtlon ? When reduci ng the nunber roduction
equi pment, a pl #Wentpy bW&mwmb@sv\m@%dp@@ab@m§@ﬂ@té@awﬁﬁ@hmt omodd havi ng
to pay for cleag;up, mcrwsldct&amg'f@&&ﬁghmtﬁ?%ﬂddqu am;sufnnat ffoRRancd pl ant
may recover its Investnent b ecti'ng sal'vage val ue of said equi pnent
that i s account adtricn t he nDdeI as negative disposal cost. Cost of Operating
and Maintaining Plant and Its Equi pnment [00127] In sonme cases, the

deci si on-naking tool may factor in the cost of operating and nmaintaining
the plant inclutfiohlits Toradoomodine befhiipthemodeTiefgravmycliages] piddict sré cost  of
ount 10, oberat ! PRcKaRg! Bl AkAlIb NaREOTBEIEATESPATR! SofiNn,Ca0 assured
to be a function e AUMDEr. o production equi pnent e comon to
assune t hat thepaﬁaﬁdmsmpﬁ@pmﬁMDmgakebmkmh@ua&hbem;@ﬁupmddUmﬁﬁGﬂ&eqU|pnent

A usti ng vor ke?® T OUEIeoT A SR B BIRE R A AEL RO B PR Toot mmy

account for capackd ynddjulistpmehts sby BAAK rg dwuudsmusﬂﬁgﬂﬁmﬁﬂﬂﬂ&#& The

tool uses the costs. ass ate th.the addi n tio rkers.
The cost of chaﬁﬁ?ﬁ“nghgﬁ%u g%xgﬁmﬁo?‘%rgg%%kg qlﬁédggﬁﬁtgﬁ$§gﬁgﬁoand

hiring costs foanmmsm@&&mqgmmhesmmnmEmnokﬁMB%&enﬁs dhdregnisisetrgesafoce cost s
for reducing th@ %t e ﬁ P‘fﬁ %t ogﬂ9nd reduction costs are
typically a functfdh %WH¥W85361 FSMPOTRSE: 5VH Wore cases, may be assumed
to be a constant vaPmaagngcmﬂ@p@mdenmmmhnmhe adj ust nent . H|ring costs are
commonly a function of the di ti ogal nunber of rkers that, in sone
cases, may be assuned to be ro ;foﬂad to *he/’addi tional - 58 -
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nunber of workers. In reducing the nunber of workers, a plant may incur
severance cost that is commonly a function of the reduction in the nunber
of workers V\htv%%ﬁ% LRe assuned to be proportional to thefReHEH9R i N the
nunber of worKkers. angeover Costs 1001291 In sone enbodi nents, the

deci si on- meki ng may account for costs related to changeover from producing
one product to another. In general, snmalj4er batch sizes will lead to higher
changeover costs and/or |ower throughput. There may be various costs
associated with chanqeovers. One such cost is the cost of slop, which are
material s that are thHlepiradipmgntrp@uigigdt®m bet ween product changeovers and
are wasted when the lines a fl ué;eﬁd..(fqrrﬂe?agrpl e, the slop may be raw
base stock oil or bl ended, btk . prL& ngg’é},{‘t"bhagf)‘*” g wast ed during changeover of
bl endi ng or packagi ng equi prent, sei t Rer pr di ng ar) subseiquent to the

bl endi ng or packagi ng operati 8&&%‘2{ ,[5@&<£{§3J§ﬁﬁ}{ (QT}ng"bdg?’lﬂf sl op may be
expressed as sone nonetary val uexof 'sl.o e nit quantity (e.g., per
liter). Changeovers costs can+@J;L;;NGQ Uf"r‘ic(lﬁ"r"%e%b@ﬁ’rji ng out-bound | ogi stics
activities at the rﬁ%;,k transport units, Inventory Hol ding Costs 1001301 in
some enbodi ments, t HESYES BAIMEIARYC 881 accounts for the hol di ng of

i nventory as a cost penaLtyz( e. g.) cos} percyear, /@f)holding a pallet of
packaged products). | nventempchokdrags-gasts nay be cal cul ated using vari ous
techni ques. For exanple, the eos} func}ion fod hgldingihventory may be
proportional to the inventory evefsspsoweh-tthe=grdportional ity factor
representing the cos§onQfedfe@tding: @QEsildRinte Of the inventory in a given tine
period. Inventory levels will vary accordijng tp the type of inventory
policy. In sone cases, the »epl2ni %rrentEl@],bjf’cgf.bﬁ_(gi,b./pz}@dbei sis (r,Q in
whi ch a repl eni shnent or d&t* 7 " BG =PEFEEEed when thg inventory |evel
reaches the reorder point r. The Dsi ze‘_ﬂ,@f«b'fkfh}'ﬁf,r,@méﬁj.fshﬁent order is the
batch size Qthat is held const&it™tfiroughout tthe production period.

Anot her type of policy is tfe (sZS)Zbasisto&‘@@l’ﬁig&@%.f\)\k’i@r gb.y a

repl eni shnent order is rel"¢&¥8G“WheH “tHE“fHveéiitory | evel, falls bel ow t he

mi ni num | evel s. The repl eni sttwerfsofderl!Y brifs tife imvEntory | evel to the
base stock level S. The invgntopy bevel § fhorf-ys® j-/4he cal cul ation of

i nventory hol di ng costs depend-en &af-etyfrsicock that can be cal culated for a
gi ven reorder point and derrandl/f,AuJ)#idb] ment rate. The cost of hol ding

i nventory can assuned to be proportional to the average |evel of inventory
that can be approxi mated by the sum of the safety stock and half of the
repl eni shnent bajp§s|Si Z6nstrihRDH rRiREBRes GOHLkSmbO@d3AtlarEkiosiar Shhqeent costs
may include the costs for inporti n%J bl ended bul k products or packaged
products into tiethst arelvingoprmbinadsblendyin witeruh sledipitingt ks + He 2ddipppi v
network. The crggg$h REENbNCOShakc16de@ BIRNr¥dRs| Gk RBicREd kldggt Mpor t ed
vol une or quantity of bul k or packaged products, respectively. The inported
vol une or quant iatlgﬁ pYst Bgftk or packaged products, respectively, are decision
vari abl es such that ar-optim zatg-on al LM can conpay €).thet otal cost of
nmanuf act ur i ng pr Oducptgfgja\f(h%%L@%m\alfﬂﬁ})%; Sjﬁ;ﬁ(g}pﬂzglt g‘glt/ g)'rrj ]a_dj'ﬂ%:%(f n%n
capacity, to the total cost of inporting such products and recomrend
make- v- buy decisions that mnimze total cost. In an enbodi ment that

optim zes the performance of a supply network, an additional cost el enent
of cross shi prepy£9St & d ptard NRer€ A2} bt RsBitibhsRAGKAARH PEAIpO IR IRIMEEN
distribution centers. In this enbodi nent, an optim zation algorithm can
conpar e the ecoprsrapmppnestaf &e planhgrigpthet ipedy. S rsvpRleicageaiBliddvEt s at a
speci fied plant ccﬁlg&ﬁknﬁn%{a@&eﬁr I 16, & @S 8Bk QUG Be bloRdhE BuisRGe! f i ed
plant to a distribution center in which pool ed safety stock of those
products wi || badikbpstosaes Boks represcabdie cofncethifyshat gllorobe o od REadscth r om each
plant to each distribution center. - 60 -



O her Operating Costs [00132] In sonme enbodi ments, the decision-naking tool
accounts for other operating costs. Exanples of such other costs include
the cost for tHaiedd enance (e.g., cost per hour tank gdfide1063798S

shi pnment costs in a multi-plant application, cost for punping (e.g., per
hour), or the cost of bulk product held in tank (e.g., per liter). Another
possi bl e cost is the penalty for having-#-demand fulfillnment rate that is

| ower than the target (i.e., the backlog cost). Performance Metric [00133]

The performance netric in this exanple is the total cost that i he sum of
the above cost (@B fRMRAIEHC EFnLP§ra #ﬁogl ' P5HE “I*ﬁ(é’ &]Elbé‘?}’ﬁ?d %‘él nstraints
i nclude the avaiptqéth iny t1Rh pHRERINS USEShAGRIF et Of Lt St betbsdeaf
packaged products and availability of workforce to operate the equi pnent.
Wiere capacity i°§t°r?&_l:]@lh%rém_ésfa%l\‘}éi(?‘%bi"éth batge. Cerafroad gy g}le PEWHESRuct i on,
the capacity comgtdichgd@niWith kheeMus Squliphdint fFpRsdhs ereQlonRAHIBNBAL 21 BQQS NoOt
exceed avail abl e hours for production on the ec1 i prent. Addjtional exanples

u [ .
of nodel const ré?fﬁlfesﬂ‘?‘?ﬁeq"ﬁf CE:*’chél’t?gP‘ﬁg“staP@Oé‘tff HEE e RTHat ?rcﬂ‘slcb%%lﬁé (whi ch
nmay be [inear ofac@N- ki QA intBE FFerdtidn b oA bbowntiRETOPERLOBr ABR oFl 0Si ng of
equi pnent; the eqw%r}ent operating hours; the maxi num overtine avail abl e
for the equi prethc;ONgyiBhBas @ EEpacity (e.g., for packaged products); anount

of safety stock requiy egrtRAGERREMhy RYestiR%6 certain methods of blending,
and/or vice versa;

(2) certain products may be restricted to certain blending equipment,
and/or vice versa;

(3) certain products may be restricted to certain storage tanks, and/or
vice versa;

(4) certain products may be restricted to certain filling equipment,
and/or vice versa;

(5) certain products may be restricted to certain discharging facility
types, and/or vice versa;

(6) certain products may be restricted to certain warehouse space,
and/or vice versa;

(7) certain blending equipment may only supply certain storage tanks,
and/or vice versa for storage tanks receiving from blending
equipment;

(8) certain blended bulk product imports may only supply certain
storage tanks, and/or vice versa for storage tanks receiving imported
blended bulk products;

(9) certain storage tanks may only supply certain filling equipment,
and/or vice versa for filling equipment receiving from storage tanks;

(10) certain storage tanks may only supply certain discharging facilities,
and/or vice versa for unloading facilities delivering to storage tanks;

and
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si ze;

assi gnnent s,

(7)

| npact of packaged product

i mport on bl ended bul k product

| ot

(8) blending batch size limtations; (9) blend nunber limtations;
(10) total anpunb, R ended bul k product nanufactured; pdik0380F39e tank

whi ch can depend upon whether or not blends are conbined; (12)

| oad assignnents to rack transport units; (13) |oad volunmes on storage

t anks;

(14)

| oad vol unes on batch bl endisgg tanks;

(11) certain filling equipment may only supply certain warehouse spaces,
and/or vice versa for warchousc spaces receiving the packaged

products from the filling equipment.

Costs of Adjusting Overtime

[00125] Onc way of adjusting capacity in the short term is to use overtime.
As such, in some embodiments, the decision-making tool may account for the
cost of using overtime. In practice, the amount of overtime may be constrained
by legal, regulatory, or contractual requirements. Such requirements may be
expressed as limits on overtime in the model. In some cases, there may also be a
cost associated with the use of overtime (being cither positive or negative),
which may also be factored into the model. Negative overtime is a way to
temporarily reduce plant capacity. The cost of using overtime is generally a
function of the amount of overtime, which can be non-linear in terms of
overtime usage, and can be typically proportional to the amount of overtime
except when the amount is negative. When ncgative overtime is used to
temporarily reduced capacity, a positive cost may still be incurred due to labor
laws or contractual agreements that require labor receive compensation based on

agreed hours regardless of the actual working hours.

Cost of Adjusting Production Assets/Equipment

[00126] In some embodiments, the decision-making tool may account for
capacity adjustments made by adding or disposing of production assets or
equipment. The cost of changing the number of production equipment includes
setup (including site construction) and purchase costs for adding equipment,
and/or the discard and disposal (salvage value) costs for removing equipment.
The decision-making tool may assume that the purchase cost is a function of the

additional number of production equipment; it is common to have the total



(15) blend batch size constraints (which may be different dependi ng upon
whet her bl ends are conbined or not, i.e., there nay be separate constraints

for conbi ned {hepdiohd:f hat are different fromthose for werssRRHRd
bl endi ng); (16) packaging batch size constraints if blends are not
combi ned; (17) nunmber of fills and total quantity of fills on the filling
equi prent; (18) nunber of blends and tot®i- quantity of blended bul k
products on bl endi ng equi prent; (19) limts on [oading onto rack transport
fromin-line bl ending equi pnent; 201 bat ch blend.couai requi renents; (21)
filling equi pmeRtrchIsEECY BeDioPRn & the odditigiplideEO T RS Hh TR At
requi rements;  Tye tool may also assume that the disposal cost is a function of the reduction in
the number of production equipment; it is common to have the cost be
proportional to the reduction in the number of production equipment. When
reducing the number of production equipment, a plant may incur cost to discard
said equipment for it having to pay for clean-up as well as disposal fees. In
somgc instances, a plant may rccover its investment by collecting salvage value of

said equipment that is accounted in the model as negative disposal cost.

Cost of Operating and Maintaining Plant and Its Equipment

[00127] In some cascs, the decision-making tool may factor in the cost of
operating and maintaining the plant including its production equipment. This
may include the cost of owning, operating, and/or maintaining product lines.
This cost can assumed to be a function the number of production equipment. It
may be common to assume that the cost is proportional to the number of
production equipment and to the time such production cquipment are being

utilized.

Cost of Adjusting Workers

[00128] In somc cmbodiments, the decision—making tool may account for
capacity adjustments by adding or disposing of workers. The tool uses the costs
associated with the addition or reduction of workers. The cost of changing the
number of workers may include integration and hiring costs for increasing the
number of workers, and/or severance costs for reducing the number of workers.
Integration and reduction costs are typically a function of the adjustment that, in
some cases, may be assumed to be a constant value or independent of the
adjustment., Hiring costs are commonly a function of the additional number of

workers that, in some cases, may be assumed to be proportional to the additional



(23) rack transport time requirenents; (24) storage tank time requirenents;
(25) batch bl ending tanks punp-in tinme requirenents; (26) nunber of bl ends

in each tank QyR{RdMes: (27) quality assurance (QA) tirRhRAHIHSERNTS;
(28) storage tank changeover tines; (29) storage tank punping tinmes; -
- (30) blend punping and blend times; (31) active tinme on tanks for each
bl ended bul k product; (32) total tinme onsg.anks for each bl ended bul k
product, based on residence tinme and punping tine;

number of workers. In reducing the number of workers, a plant may incur
severance cost that is commonly a function of the reduction in the number of
workers which can be assumed to be proportional to the reduction in the number

of workers.

Changeover Costs

[00129] In some embodiments, the decision-making may account for costs
related to changeover from producing one product to another. In general,
smaller batch sizes will lead to higher changeover costs and/or lower throughput.
There may be various costs associated with changcovers. One such cost is the
cost of slop, which are materials that are trapped in the system between product
changeovers and are wasted when the lines are flushed. For example, the slop
may be raw base stock oil or blended bulk product that is wasted during
changeover of blending or packaging equipment, either preceding or subsequent
to the blending or packaging operations, respectively. The cost of slop may be
expressed as some monetary value of the slop per unit quantity (e.g., per liter).
Changeovers costs can also be incurred during out-bound logistics activities at

the rack transport units.

Inventory Holding Costs

[00130] In some embodiments, the decision-making tool accounts for the
holding of inventory as a cost penalty (e.g., cost per year of holding a pallet of
packaged products). Inventory holding costs may be calculated using various
techniques. For cxample, the cost function for holding inventory may be
proportional to the inventory levels, with the proportionality factor representing
the cost of holding one unit of the inventory in a given time period. Inventory
levels will vary according to the type of inventory policy. In some cases, the

replenishment policy for products is (1,Q) in which a replenishment order is



(33) total tinme limtations on tanks; (34) availability of packagi ng

equi prent (e.g., limts on operating time for packaging equipment); (35)
availability g 2911 pding equipnent (e.g., limts on opergijyRehibihiesf or

bl endi ng equi pmsnt? %36) avai lability of storage and/or batch bl ending
tanks (e.g., limts on volunme and/or occupancy tinmes for tanks); or (37)
availability of |abor workforce. Demand-@nd Target Demand Fulfill nment Rate
1001351 In this enbodi nent, target demand fulfillnment rate is input
paranmeter that nmust be net. Demand data conPrl se historical denand for
packaged pr oductdeaseivhensthe iverprydlerRh Aerches i iordep P b t TheriiFsreirbis.  The
deci si on maki ng §,pql kghﬁl@lhtcah@ft@%héi%@mlz@r@%bug hdwy cBhsednk ipbidremswEor each
packaged product and determ ne a functional relationship between production
batch size of eatdugimskegjied pAoehet yand! IRsliey ivthes@fBtirssswek mHsY.each
packaged pr OdUCRVh?@F)F§§ﬁﬁe§ﬁ1sﬁlﬁeﬁ]€%&ert1bl%leta@eﬁg%nQEé 'ﬁﬁglt(fr&' hdvid faﬁ@eﬂélo& ate.
Target demand f ul rate represents the probability of fulfilling
demand, without tivavinigin évelepl Bwireenidharentyder WémgsefﬂjF anreatarydayel It%%@é tine
that is a function (Qf kﬁ)ngp$lCtT| ?[}ﬁ Pﬁ&ﬁhcv%lszf% o 19%&@&@%191{ BEMCLRory | N

anot her enbodi nent, demand rate can be derived as function of
batch size. |evébldog costs deneng posidetantbckitkat oan adalapatgnar proabordary

di stribution. 1@13 nd d§91l<11'rg' fllﬁﬂlﬁéﬂplra%a%ggos%gggo%ﬁﬂg ?@&1@&?@ r}zfl@un%ﬂqgt raints
in the nodel mg? de o I'i near terns % I near terns)

i nvol ving the nhnb@porabndd)attbhe@ratg@ lqylebdum@nmndw@ircam heappraxemyed bsabh bat ch,
the resulting 1 r anm ng nodel
(MNLP). As anwgﬂgr%tggﬁﬁ%tg]sgsé @ﬂﬁﬁﬁ%ﬁﬁw%ﬁh&? ﬁteb a@ég%él on- maki ng tool may
use any suitable reI axation and/ or deconposition method known in the art.
One such techni Sh eg Coopose the MNLP into a m xed-integer |inear
programm ng (M %—?uﬁ’m-é!bﬁ;m nd, optionally, a nonlinear programm ng
(NLP) subprobl em V\here t he M NLP is deconposed into both an MLP

subpr obl em and ubpr the re R obl ens
can then be sol gloégo Blfrnea1 i V2 MEHner %eﬁlg J,XLtilqtf%I?a |O\%Jégy?&9j%0137l The
M LP subpr obl errbmtﬁy)rdolectﬁ or pmk@'eé(irobyctsamtq the planta gypretixiesrirbmanotbér e M NLP.

Th I M d Kk
The oSl M SRR SR BB PR A e A AR AL krow

t echni ques. For u@oatmblvemmuirsmmmyy bbeakIqubaaaagedt ﬂﬂﬁdlMSLFb@ﬁ@b}D&‘l}Db”dim sol ved
iteratively until ol ations.of t ﬁiorl ralnt %%become | ess

than a pre-det eP]?ﬁoﬁtég Vf)tﬁ’fngr%fn%‘@mi“évoéplm A B% e&n%% etsgec Y arc

deci si on- maki ngdéca@dn vaBybléduutinget arnej‘ptlmﬁzatmlealgmltblh|cancdmmaee thestal poswcessi ng
step that mnimzes tank activit odi nent s,

tank activity nByMHETIHEREPRYCHI ?HIEWUWFA‘IH@“% H%? QY. O(fa@f‘q%]éccﬁ%%ﬂ%gb the tanks
as a function ofnctitrel doarrﬂflmg@upgmy pedkitts pad aRBheesd m&ltd\ebmadidc\s&iny, t he
e oo 2. JS1SL 1 3L SRLL MR, 18, 8, SO 088 8Lt apor oach
deci si ons, and/ QpplyhRudsk,iatiiliebnd 0sst deRk@OTRALY stfmdt OskUCt eroadqoi pment
and workf orce. ship packaged products between distribution centers. In this embodiment, an

optimization algorithm can compare the economy of scale of manufacturing

some packaged products at a specified plant and then transporting those products

from the specified plant to a distribution center in which pooled safety stock of

those products will be kept versus the cost of shipping those products from each

plant to each distribution center.



- 64 - Incorporation By Reference 1001381 All publications, patents and
patent applications nmentioned in this specification are herein incorporated
by reference wohhwsgae extent as if each individual puldt@asivesis7gspat ent
or patent application was specifically and individually indicated to be

i ncorporated by reference. No adm ssion is made that any reference cited
herein is prior art. Invention is Broadef0{han the Specific Enbodi nents
1001391 The present invention is not to be limted in scope by the specific
enbodi nents desc 'beg heEeiE. | ndeed, various nodifications of the present
invention, in acditieREgh described herein, will be apparent to those
of ordinary skill in the art fromthe foregoing description and
acconpanyi ng drawi.ngs. Further, although the present jnventiaqgn has been
descri bed her ei ﬁ%ﬁglt hé &YRE ewbodypenss, ﬁ’gﬁ‘r fi?cé*&ﬂ“arflal?‘?ﬁpfoélré‘“r%’a‘ﬂt? oF 9thera
particul ar envi ppaum@il cb® ExR@blel GOfl ACh PHP DS hHQ&E tRf cat dbnamy skill in
the art will recognize that its usefulness is not limted thereto and that
the present i nv@RIGRICLRSHEOHBHEOPLRET ) HRTSSHEACBELOSH b TuuPHr  of

envi ronment s fthﬁﬁytidﬁyﬁmﬁforgfmﬁiﬂgP@@.,e[ﬁar h&ﬁf,%f tHongdnor bhiRr&hudi ¥R iget forth
bel ow shoul d be construed in view of the full breath and spirit of the
present inventi $Kd&LdPEtedednpBrepqssible cogss the pmliygor Ravmgidansdds or
operating one OfyMhEnt M HaPik RAKE thal iRNELOY ANHe RARKAGIMY Pl ants in a
manner that adjusts operations of a given plant, or a given collection of
plants, toward an optinmum for a performance netric during a designated tine
hori zon conpri SipRgoARsnc@MdABEE time interval s under operating constraints
and physical and’7or economcal limtations, each such plant conprising

bl endi ng equi pnent, one or nore storage tanks, packagi ng equi pnent, one or

nore packaged piREsfHt FhObAAEmEAS! hddil ﬁﬁth?s“&a&?ie%@'ﬂeﬂtgta@@&t W3 GhAE QI NG
facilities, wherein said nethod conprises the fol

ow ng steps: (I)a
conmput er i npl ente ebthe plgye 6¢st fesmei vi ng a data set conpri sing:

Relevant Constraints

[00134] The relevant constraints include the availability of warehouse storage
to receive pallets of packaged products and availability of workforce to operate
the equipment. Where capacity is modeled as available time (e.g., hours) for
production, the capacity constraints will ensure that the use of equipment does
not cxcced available hours for production on the cquipment. Additional
examples of model constraints include constraints relating to the following
(which may be linear or non-linear terms in the model):

(1) the opening and closing of equipment;

(2) the equipment operating hours;

(3) the maximum overtime available for the equipment;

(4) warehouse capacity (¢.g., for packaged products);

(5) amount of safety stock required;

(6) packaging lot sizes;



(a) data identifying a tine horizon conprising one or
(b) data identifying the bl ending equi pnrent and one or
par anmet ers t hetoeoiine2e) data identifying the storage tanks/@apdoodrersor
(d) data identifying the packagi ng

equi pnent and one or nore operational paranmeters thereof; (e) data

I dentifying the packaged product storageotffacilities and one or
t hereof; (Odata identifying the unloadi ng and

%Q}giac? gf%a&agé? ]51‘8du% E{p%&'o?] %ﬁallldgﬂllﬂ(n&%ggc% Iott her eof ;

operational paranmeters thereof;

oper ati onal paraneters
di schar gi ng facilitiﬁf

(8)
)
(10)
(D

(12)
(13)
(14)
(15)

(16)
(17)
(18)

(19)

(20)
21
(22)
(23)
(24)
(25)
(26)
27)
(28)
(29)

size;

blending batch size limitations;

blend number limitations;

total amount of blended bulk product manufactured;

storage tank assignments, which can depend upon whether or not
blends are combined;

load assignments to rack transport units;

load volumes on storage tanks;

load volumes on batch blending tanks;

blend batch size constraints (which may be different depending
upon whether blends are combined or not, i.e., there may be
separate constraints for combined blending that are different from
those for non-combined blending);

packaging batch size constraints if blends are not combined;
number of fills and total quantity of fills on the filling equipment;
number of blends and total quantity of blended bulk products on
blending equipment;

limits on loading onto rack transport from in-line blending
equipment;

batch blend count requirements;

filling equipment time requirements;

blending equipment time requirements;

rack transport time requirements;

storage tank time requirements;

batch blending tanks pump-in time requirements;

number of blends in each tank by product;

quality assurance (QA) time requirements;

storage tank changeover times;

storage tank pumping times;

nore

nore tinme intervals;
nor e oper ati onal

nore



(g) data relating to interconnections between plant equipnent; and (h) data
relating to historical demand for each packaged product; (rr) a

comput er i npl GEBRMREk,ft ep of using the data set to populyifisiReiehss
paranmeters of a m xed-integer non-linear mathematical optimzation - 66 -

nodel constructed to mathematically descri be the operations of the one or
nore bul k product bl endi ng and packagi ng2pl ant ; wher ei n t he nodel
conpri ses nodel paraneters decision vari abl es, constraints, and an

obj ective function; rein the decision variabl es repr esent
quantitative decisi ¢A® P@“%@“ﬂﬁ&éﬂﬂﬁkéﬂéﬁwﬂlne interval regarding plant

capacity as a funct|@ﬂ Qﬁwgﬂ%c%ha&?iﬁm@&h%ﬂ%d&ﬂhﬂ@&b&&t nunber of
producti on eqU|pnent unbe wor kers, production shift structure,

overtine, nunber of(é@od@&ﬁH@Wﬁﬁgﬁéﬁéﬁﬁm deddhulippipfiyeh baggd@ired to conpl ete

a product changeover; K%meg@&Quﬂdggghh%gﬁgl deci sion variables are
quantitative decisions to be nade In each tine interval regarding plant

production and i nveri3dr {ptal fiedigiifgtios@ndist r ai nts conpri se:
(34) availability of packaging equipment (e.g., limits on operating time

for packaging cquipment);

(35) availability of blending equipment (e.g., limits on operating time for
blending equipment);

(36) availability of storage and/or batch blending tanks (e.g., limits on
volume and/or occupancy times for tanks); or

(37) availability of labor workforcec.

Demand and Target Demand Fulfillment Rate

[00135] In this embodiment, target demand fulfillment rate is input parameter
that must be met. Demand data comprise historical demand for packaged
products and historical demand for bulk product shipments. The decision
making tool calculates demand probability distributions for each packaged
product and determine a functional relationship between production batch size of
each packaged product and level of safety stock for each packaged product
necessary to meet the target demand fulfillment rate. Target demand fulfillment
rate represents the probability of fulfilling demand, without having to replenish,
during the replenishment lead time that is a function of production batch size of
packaged products. In another embodiment, demand fulfillment rate can be
derived as function of batch size. level of safety stock and historical demand

probability distribution.



(a) one or nore terns limting availability and capacity of the bl ending

equi pnent; (b) one or

nore terns limting availability and capacity of the

storage tanksgol,6)10803% O more terns |imting avail abiligaraasosapacity of
t he packagi ng equi pnent; (d) one or nore terns limting availability and

capacity of the packaged product storage facilities; (e) one or nore terns
limting availability and capacity of the unloadi ng and di schargi ng

facilities; (Oone or

nore non-linear ternms relating the nunber of batches

of each packaged product to product batch size; and (g)one or nore
non-linear ternms relating the size of each batch of packaged products to

the quantity of g3RkighWppliichess €quired for the product; wherein the

objective function Is a perfornance netric; - 67 -

[00136]

Because the constraints in the model include one or more non-linear

terms (e.g., bilinear terms) involving the number of batches to produce and/or

the size of each batch, the resulting model is a mixed-integer non-linear

programming model (MINLP). As an approach to solving the MINLP, the

decision-making tool may use any suitable relaxation and/or decomposition

method known in the art. One such technique is to decompose the MINLP into a

mixed-integer linear programming (MILP) subproblem and, optionally, a non-

linear programming (NLP) subproblem. Where the MINLP is decomposed into

both an MILP subproblem and an NLP subproblem, the resulting MILP and

NLP subproblems can then be solved in a cooperative manner (e.g., iteratively).

[00137]

The MILP subproblem may be formulated by a linear approximation

of the MINLP. The resulting MILP subproblem may be solved by any suitable

technique known in the art, including branch and bound techniques or cutting-

plane techniques. For example, cuts may be added and the MILP subproblem

solved iteratively until the violations of the original constraint(s) become less

than a pre-determined tolerance level. In some embodiments, the decision-

making tool may further refine the solution in a post-processing step that

minimizes tank activity time. Alternatively, in some embodiments, tank activity

may be minimized by including the cost of occupying the tanks as a function of

the tank occupancy cost parameters. Alternatively, the MINLP may be solved

by a genetic algorithm using a combinatorial approach to determine the optimal

tank-product assignments, combine blending decisions, and/or the activation (or

deployment) of production equipment and workforce.



(I'1r1) a computer inplenented step of running an algorithm c solver to
obtain a solution to the m xed-integer non-linear mathematical optim zation
model ; and  woonifokedlo OPerating the one or nore bul kK prdugbephesdi ng and
packagi ng plant(s) according to one of the solution obtained and an
operating plan made based on the solution obtained. 2. The method of claim
1, wherein the performance netric is sel@cted fromthe group consisting of
energy consunption, total or specific packaged product production,
production tinme, demand fulfillnment lead tinme, total or specific
utilization of plant equi prent, net profit, and demand fulfillnment rate.

3. The nethod ofip&hpdrTtidn BMRRfSbdtet Ne performance netric is total cost. 4.
The met hod of clarm 3, erern e total cost is the sumof one or nore of
the following: (a) total operating cost, (b) total investment to add
capacity, and (ggois®t ahll%%ﬁ@&tﬁﬁ@tpaf%ﬁﬁtanh%afe’ﬁgHﬁ@lcﬁ%ﬁﬂa%éﬁmedan fiye net hod
of claim1, wherein the data set i's further defined as follows: (a) the
data identifyi ngpecHisatianmse heseinZoiorasspst P roiiersado Bic sApe §XIERims if PicBr val s
speci fies the tingagli 0@ 119aft109 ! g&'t%ntolaﬁﬁﬁ%énp% ﬁc%ugl’? WAL spacZRdiy () the data
pertaining to the operational rameters of Re bl endi ng equi pnent
speci fi es one ONMWWW@UEﬁmh%@ﬂUPéﬁdﬂ%ﬁp%ﬁﬁibhﬁﬁﬂﬂﬁpeﬁﬁu NHRREODIS éfvsie at | on
time, the punp of skilled workers necessary to
operate the bleﬂ%/ﬁilégﬁ?%ﬁgﬁ?ﬁ&%ﬁ %P@n ér spi ndl e speeds and the bl end
rates; (c) the data pertaining to the operational paraneters of the storage

tanks specifiespang, b Saeind SLOLAIEmbARlLeR! UME, the roof type, the
bottom t ype, thE‘hEEﬁLvgﬁUnE‘Hﬂ&ﬂﬁﬁEhSTTﬂ1ﬂﬂrT1ﬂaé‘ cl eanup and preparation

time; (d) the data pertaining to the operational paraneters of the
packagi ng equi ppRteSP 0 I nt

cl eanup and prepa I’lgtll oﬁﬁépcg&t rE%mpac a]é)lghoggcr g{ﬁg(ﬁ)?{ﬁ@%ggit@?%ﬂep%mer of
skill ed morkersmmbﬂmssasﬂﬂknb@mbmaneInhedp&ukagmn@ﬁkaﬁﬁe(ﬁquwﬁpﬁént_apd
oS he oner at 1 opHticRr SCREIIRAGIRAE delcrlobP Bolct Grin &8 hapbli B L R PIIFL 21 11 NG
to the operatlona ers of d pro c storage fac Itres
specifies one omdnmneﬂoﬂ mh@e&maﬁbabﬂkrmy%amg(&&pampmymdﬁweamwnwagkaged
product warehouse, .the _size packaged
product and t hearamen 5ggu§,t\hézle?tfhbu thmaeé deeflt (i)nvel 1096}1 gpee%rHGECI%fed E%%g pr oduct ;
(f) the data pembamnwmgofa;thubpamammmnaananapmneﬂ& @ﬁMbMQmmdbDading and
di schar gi ng faC|Ih%|es speci fi es fnelo; A q&ethe Lype OL u apqglng and
di schar gi ng eun %1 PYRE“unPSal 85&3} arglng ra es ?b?’eac pi ece of
equi pnent, the mmhmaﬂ*nghdﬁs@hﬁﬁ@ﬂﬁgﬁequwpﬂanhmhmaaUpuaudmprepamat|on tinme

and the average ment residence.tine uct:. (g) the
data rel ating tgﬁ?ﬁ%aﬁﬁPgﬁgﬁﬁ %k?ﬁ%ﬁ%m'qFﬁégﬁ”B(ﬁﬁ?mé %ﬁgn?g%%ﬁ%rlses one
or nore of the physkesalcqidigglganeainiswet forth Ibllﬁlvvmyloﬁlhe)e tabm&decngx w|egui pnent to
one or nore tanks apd .th ysica i pe connecti vi.t I, nking each tank to
one or nore typ%f:th‘bglﬂ;?é%‘ﬁla%iﬁﬁﬁu‘é&ftﬁhgH‘g?ﬁm aNErgr aﬂ?fF% ?Hﬂelﬁnd di schar gi ng
facilities; and (h) the data relating to the historical demand for each
packaged product specifies one or nore of the arrival tinme of custoner
demand events and, for each demand event, the identity and quantity of the
products in the demand event. 6. The nethod of claim1, wherein the data
set further conprises data relating to the conpatibility of different bulk
products and/ or bl ended products with the plant equipnent. 7. The nethod
of claim1l, wherein the data set further conprises data pertaining to the
financi al value of each packaged product produced. 8. The nethod of claim
1, wherein the nodel includes a decision variable for one or nore of the
following: (i) the requisite nunber of product batches and the size of the
bat ches to be nade for each packaged product; (ii) the requisite nunber of
product batches and the size of each batch to be nade for each bl ended
product; (iii) whether and when to conbi ne bl endi ng operations for |ike



- 69 - bulk products; (iv) the requisite quantity of equi pnent incl uding,
but not limted to, blending equipnent, packagi ng equi pnent and storage
tanks; (v) whether and when to dedicate a storage tank to a bl ended
product; (vi) the requisite nunber and | ength of shifts per day; (vii) the
requi site nunber of workers; (viii) the requisite nunber of overtinme hours;
and (ix) the requisite quantity of saféfy stock to be nmmintained for each
packaged product and sone bl ended products. 9. The nethod of claim1,
wherein th€ledMStaints liniting the availability and capacity of the
storage tanks specify one or nore of the following: (i) restrictions on the
physi cal connectivity linking different pieces of plant equipnent to the
storage tamks; (il tglct) o i f KN i apgt or age
tanks for ?écei%iﬁ%agsga?gﬁ%kgﬂﬁvghéégngaﬂgbgfg%ﬂ%t?N%FF?JBFQQ? ig??ons on
physi cal ggmtgmg pladtssinzemahnat thaegd ustaipstations of megven plangns: aogivenne f or
punpi ng a batch of bl ended bul k product into a storage tank; (V).

restricti opsllentioni ¢ plamts,clondud tam@ptioaim tipr £ perfarmaanace Bicting d¥ing Bl ended

bul k produ t;'g,é@\,'{@ .resllgri.cti ons an. tine for se{iti ng, up the filli ng

equi prent  HESISRHER SN REIZPM SOBRT SNSRI IRaT BT ol gt pperdting
tricti - 1o 4RI ] fo @i f t

S or age. t anputhidy g O AR PRCGRoIL IRIREHG R i PRI g

the size Oéoﬂgﬁbin@attﬁéhcﬁﬁg PagkipaRat,ProR@UTES nidret BRraganianky, ?Excls@giﬁgy st ock

does so by making the |evel of safety stock for each batch of packaged
product haequipmeht @peai mioed phckaghed gireductcitoragp dneilities ahé ing ynéhat can
fulfill cu ,tomar,de%gr]d, over a.length of tine durilrll ich a_ repl eni shment
order has Pisehargingkagilitiopy Whepgin Bthefl ompTRscE ¢ PYRESEPSt i me hori zon
conprises one ti i e | L, ,ﬁﬁéﬂ tical
optim zati on nodel |£E§{? g&régnpée%g\@tgggi%%%gg no -?:d%%aag%?%?o %lgﬁq{?M NLP) ;

- 70 - wher ei nxqbt aigRiantHetif@hgtd ¢itnd Botiién ModtidiRg @IncComMpidrees
transformng the M Niag nodel int o% grixed i nteger linear program (M LP)
model by |inear approxi matinoningeralsol vi ng the M LP; and wherein the

step of obtaining a solution js conpleted in.a tinme frame of two hours or
B

| ess. 12. The net hoddf cHafamdentifing dhe blaeling seuiRgIsn GRANFHPT B¥eone

time interval; operational parameters thereof;
(©) data identifying the storage tanks and one or more
operational parameters thereof;
(d) data identifying the packaging equipment and one or more
operational parameters thereof;
(e) data identifying the packaged product storage facilities
and one or more operational parameters thereof;
H data identifying the unloading and discharging facilities
and one or more operational parameters thereof;
(2) data relating to interconnections between plant equipment;
and
(h) data relating to historical demand for each packaged
product;
(II)  a computer implemented step of using the data set to populate

model parameters of a mixed-integer non-linear mathematical optimization



wherein the m xed-integer mathematical optim zation nodel is posed as a

m xed-i nteger non-|inear program (M NLP); wherein the M NLP is solved
by using netaheuristies selected fromthe group consisting of one or nore
of evolutionary algorithm sinulated annealing, ant colony optim zation,
tabu search, pattern search algorithm and the like, to solve the

conbi natorial optimzation problem poséé‘by the M NLP; and wher ei n

T T et s e AT B
or nmore tiggpd ﬁ%ﬁﬁg%léndingranrﬁi‘c'}gr?%?%iggﬁﬂﬁ‘tmat hemati cal optim zation problem

is posed as a m xed-1nteg yhami ¢ programm ng; wher ei n

the ni xed- i nt eg@hersin- thenaardetyovampriseR’ f@xeNpPargnéiers odadohyvardibies,t he
approxi mat e dynam ¢ programmi ng techni que; and wherein the step of

obt ai ni ng eonsttaimtscand an objeptiet Sehdtiona reasonable tine frame. 14. The
met hod of claim ] where the anount i?g)fl raw materials. to a gui re i s another

deci si on a bul k“pFtdlic eb@%ﬂpﬂgvaé TaERIGPHY praptathgk Cl_?‘r?né_rﬁ’e ®to
w21 SR LS OB AP PO S B T b e, ol

is that the acquired raw ma : or _ .- 71 -
15. The nehied o@fthé!f8ilowing: Wighiser! 6f ?ﬂﬂu@ﬁﬂﬁ%@uﬁfrﬁ&ﬁ?hhhﬁb&ér dfsyodidew, i on for

each packaged product is calculated fromhistorical custonmer orders and
demand f or pealsictiomstift structure, overtime, number of product changeovers and setup
time required to complete a product changeover;
wherein additional decision variables are quantitative decisions to be
made in each time interval regarding plant production and inventory;
wherein the constraints comprise:

(a) one or more terms limiting availability and capacity of the
blending equipment;

(b) one or more terms limiting availability and capacity of the
storage tanks;

() one or more terms limiting availability and capacity of the
packaging equipment;

(d) one or more terms limiting availability and capacity of the
packaged product storage facilities;

(e) one or more terms limiting availability and capacity of the
unloading and discharging facilities;

(H) one or more non-linear terms relating the number of
batches of each packaged product to product batch size;
and

(2) one or more non-linear terms relating the sizé of each
batch of packaged products to the quantity of safety stock
required for the product;

wherein the objective function is a performance metric;



wherein an order fulfillnment rate for each packaged product is cal cul ated
fromthe demand probability distribution and replenishnent |lead tine for
the product. 16. The method of claim1 wherein the nethod is used to
optim ze a performance netric of a supply network conprising a collection
of bul k product bl ending and packagi ng plants and a col |l ection of
distribﬁtion cEnters, both of which aré7Focated in a specified zone or
geogr aphi ¢ narket ; wherein a distribution,center, is nodeled hy usin
STl of & butlk) pr BB CITRRCS SIERoR B GHHNG i A ARG SBREy B

faciliti esolgtg{? fts@ﬁ{i&g gp %kﬁ%giﬂfeg%ﬁ'&rﬁkinéamtﬁéﬂ?ﬂicﬁﬁﬁﬂﬁﬂﬁ%ti&{ afbaet s, and

exporting packaged products; erein quantitative decisions to drive
t he perforamhce nmetric toward opti mum or near optinmum value conprising: (i)

pl ant capacity, oduction, and inventor eci sions . for._each bul k .product

bl endi ng and pa@& gi ﬂ%erﬂf%fheaﬁﬁe_((?ri Polr%&é’ﬂi ot %ﬁgglg}(%%c?flgr%apcb(gﬁgghnent
pur chase dgﬁhﬁ&g%éorhﬁ{g BB otitd §J1R HaiBENtRE; anV¥pRFRing pldiemdéd Basset i s
provided for each plant and each distribution center; wherein

addi t i onal optheanbttionobtaitdconstrai nts exist to define the ability, benefits

and/or detrinents of transporting bl ended product between plants;
wherei n additional paranmeters and constraints exist to define the ability,

benefits amd/ or THEARN LS RiimSUPRhMeROR ShirfdriaBbd nirie anbetcttd drom
speci fic bul k product bl endi ng and packagi ng plant; and wherein

adgi/ ti ogal theagranptoensisamgl of emstayacortssmpkiost tatal oefpaseie packaged iprgdudienefits
and/ or detrinments of transportin ac roduct, bet ween.di stri bution
centers. Proﬁ?“_—”“.‘t??”ﬁH‘ét‘?fgttHBﬁ g@%?‘i?ﬁf@éf?e%g‘?ﬁ i ﬁrn[eheto?a}l e’ ﬁB?(flﬁSn
conpri ses Qme, i H&ripne tY&pment, net profit, and demand fulfillment rate.

3. The method of claim 1, wherein the performance metric is total cost.

4, The method of claim 3, wherein the total cost is the sum of one or more of
the following: (a) total operating cost, (b) total investment to add capacity, and (c)

total divestment cost to reduce capacity.

5. The method of claim 1, wherein the data set is further defined as follows:
(a) the data identifying the time horizon comprising one or more time intervals
specifies the time period of plant operations to be optimized; (b) the data
pertaining to the operational parameters of the blending equipment specifies one
or more of the blending equipment cleanup and preparation time, the pump rate,
the requisite number of skilled workers necessary to operate the blending
equipment, the blender spindle speeds and the blend rates; (c) the data pertaining
to the operational parameters of the storage tanks specifies one or more of the
storage tank volume, the roof type, the bottom type, the heel volume and the
storage tank cleanup and preparation time; (d) the data pertaining to the
operational parameters of the packaging equipment specifies one or more of the
packaging equipment cleanup and preparation time, the packaging rate, the

requisite number of skilled workers necessary to operate the packaging



wherein the mxed-integer mathematical optim zation nodel is posed as a
m xed-i nteger non-|inear program (M NLP); wherein the M NLP is solved

by using net a%l&611§)kdzﬁy3 sel ected fromthe group consi stiggRbniPRIsRI nore
of evolutionary algorithm sinulated annealing, ant colony optim zation,

tabu search, pattern search algorithm and the like, to solve the

conbi nat ori al optim zation probl em posedspy the M NLP; and wherein the
step of obtaining a solution is conpleted in a reasonable tine frame. 18.
The met hod of claim 16, wherein the m xed-integer mathenatical optimzation
model is posed &gUiBRCHgehie b@lﬁ@@trlﬁﬁ%lprqdpkﬁwck%@%g e R B4 s sol ved by

using simul ati onerAffs 1o t ﬁé’ﬂa%@all L8 I%to% &a ARt RO RGad RAMketdsT on s
conpleted in a rBeeasonatg)l ée?l me Bal e Ba g nle%t hold Sofaggl aim 16 wherein

the tine hori zoApesHiep PNyl tb@ a\f@daléll%an%cqpﬁquﬁs% :packaged REpdIcEi n t he

mat hemat i cal  optyJ, Mg ak] tﬁ@ﬂ?@r&blﬂﬁzrﬂz‘e%f Qeaaﬂmﬁtsof%amﬁé@@gwﬁ%@w a0 | i near
dynam c programm ng; wherei n the m xed-integer non-1inear dynanic

progranming i s geirigsdvashoussireridenpretitapefressd Pﬁﬁk@e@@rﬁ’éﬁﬁtd%}i%@%&am ng
techni que; and pcﬁaunM‘%"ﬁ')&ﬁd SbediBn h&AMOEs PR IuRIREn RarkiQlidthd 9! S conpl et ed

in a reasonable’tine
facilities specifies one or more of the type of unloading and discharging

equipment, the unloading/discharging rates for each piece of equipment, the
unloading/discharging equipment cleanup and preparation time and the average
loading equipment residence time for each product; (g) the data relating to the
interconnections between plant equipment compriscs one or more of the physical
pipe connectivity linking the blending equipment to one or more tanks and the
physical pipe connectivity linking each tank to one or more types of packaging
equipment and/or unloading and discharging facilities; and (h) the data relating
to the historical demand for each packaged product specifies one or more of the
arrival time of customer demand events and, for cach demand event, the identity

and quantity of the products in the demand event.

6. The method of claim 1, wherein the data set further comprises data
relating to the compatibility of different bulk products and/or blended products

with the plant equipment.

7. The method of claim 1, wherein the data set further comprises data

pertaining to the financial value of each packaged product produced.

8. The method of claim 1, wherein the model includes a decision variable
for one or more of the following: (i) the requisite number of product batches and
the size of the batches to be made for each packaged product; (ii) the requisite
number of product batches and the size of each batch to be made for each

blended product; (iii) whether and when to combine blending operations for like
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bulk products; (iv) the requisite quantity of equipment including, but not limited
to, blending equipment, packaging cquipment and storage tanks; (v) whether and
when to dedicate a storage tank to a blended product; (vi) the requisite number
and length of shifts per day; (vii) the requisite number of workers; (viii) the
requisite number of overtime hours; and (ix) the requisite quantity of safety

stock to be maintained for each packaged product and some blended products.

9. The method of claim 1, wherein the constraints limiting the availability
and capacity of the storage tanks specify one or more of the following: (i)
restrictions on the physical connectivity linking different pieces of plant
equipment to the storage tanks; (ii) restrictions on time for setting up different
storage tanks for receiving a batch of blended bulk product; (iii) restrictions on
physical geometry and size of storage tanks; (iv) restrictions on time for
pumping a batch of blended bulk product into a storage tank; (v) restrictions on
time for conducting quality assurance testing on a blended bulk product; (vi)
restrictions on time for setting up the filling equipment to manufacture a batch of
packaged product; and (vii) restrictions on time for pumping blended bulk

product out of different storage tanks.

10.  The method of claim 1, wherein a constraint relating the size of each
batch of packaged products to the quantity of safety stock does so by making the
level of safety stock for cach batch of packaged product having the specified
batch size correspond to the quantity that can fulfill customer demand over a

length of time during which a replenishment order has been placed.

11.  The method of claim 1, wherein the time horizon comprises one tine

interval;

wherein the mixed-integer mathematical optimization model is posed as a

mixed-integer non-linear program (MINLP);
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wherein obtaining a solution to the MINLP model comprises
transforming the MINLP model into a mixed integer linear program (MILP)
model by linear approximation and solving the MILP; and

wherein the step of obtaining a solution is completed in a time frame of

two hours or less.

12.  The method of claim 1, wherein the time horizon comprises one time
interval;

wherein the mixed-integer mathematical optimization model is posed as a
mixed-integer non-linear program (MINLP);

whercin the MINLP is solved by using metaheuristics sclected from the
group consisting of one or more of evolutionary algorithm, simulated annealing,
ant colony optimization, tabu search, pattern search algorithm, and the like, to
solve the combinatorial optimization problem posed by the MINLP; and

wherein the step of obtaining a solution is completed in a time frame of

two hours or less.

13.  The method of claim 1 wherein the time horizon comprises two or more
time intervals

wherein the mathematical optimization problem is posed as a mixed-
integer non-linear dynamic programming;

wherein the mixed-integer non-linear dynamic programming is solved by
using the approximate dynamic programming technique; and

wherein the step of obtaining a solution is completed in a reasonable time

frame.

14, The method of claim 1 where the amount of raw materials to acquire is
another decision a bulk product blending and packaging plant makes in order to
satisfy demand while optimizing a performance and a constraint in the model is

that the acquired raw materials must fit in the storage tanks.
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15.  The method of claim 1, where in the demand probability distribution for
each packaged product is calculated from historical customer orders and demand
forecast; and

wherein an order fulfillment rate for each packaged product is calculated
from the demand probability distribution and replenishment lead time for the

product.

16.  The method of claim 1 wherein the method is used to optimize a
performance metric of a supply network comprising a collection of bulk product
blending and packaging plants and a collection of distribution centers, both of
which are located in a specified zone or geographic market;

wherein a distribution center is modeled by using a model of a bulk
product blending and packaging plant having only facilities for storing packaged
products, importing packaged products, and exporting packaged products;

wherein quantitative decisions to drive the performance metric toward
optimum or near optimum value comprising: (i) plant capacity, production, and
inventory decisions for each bulk product blending and packaging plant and (ii)
inventory and product replenishment purchase decisions for each distribution
center;

wherein the data sct is provided for each plant and each distribution
center;

wherein additional parameters and constraints exist to define the ability,
benefits and/or detriments of transporting blended product between plants;

wherein additional parameters and constraints exist to define the ability,
benefits and/or detriments of supplying a distribution center from a specific bulk
product blending and packaging plant; and

wherein additional parameters and constraints exist to define the ability,
benefits and/or detriments of transporting packaged product between distribution

centers.
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17.  The method of claim 16, wherein the time horizon comprises one time
interval;
wherein the mixed-integer mathematical optimization model is posed as
a mixed-integer non-linear program (MINLP);
wherein the MINLP is solved by using metaheuristics selected from the
group consisting of one or more of evolutionary algorithm, simulated
annealing, ant colony optimization, tabu search, pattern search algorithm, and
the like, to solve the combinatorial optimization problem posed by the MINLP;

and

wherein the step of obtaining a solution is completed in a reasonable

time frame.

18. The method of claim 16, wherein the mixed-integer mathematical
optimization model is posed as an agent based model (ABM);

wherein the ABM is solved by using simulation; and

wherein the step of obtaining a solution is completed in a reasonable

time frame.

19.  The method of claim 16 wherein the time horizon comprises two or

more time intervals;

wherein the mathematical optimization problem is posed as a mixed-
integer non-linear dynamic programming;

wherein the mixed-integer non-linear dynamic programming is solved
by using the approximate dynamic programming technique; and

wherein the step of obtaining a solution is completed in a reasonable

time frame.



