- 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] Thewbizelidheof10t he i nvention is optim zati on net hodeCTiused19/087T5dS
prograns. Description of Related Art [0002]Bul k product bl endi ng and
packagi ng plants are known in the art.-1ldlustrative bul k products nade in

such plants are oil products (e.g., lube 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 t i oMETHORWNDSORPARAIUS @OR SRV ANNG {0 B RYF ORYEANGE pr oduct s
(e.g., al colldIDEXAF AKBUILIOPRODUGKSBLENDING ANDRA CKAGIVGHInENTS) . These
pl ants nake a nultitude of product grades and sizes. [0003] Ensuring
capacity, production and inventory to neet the uncertain | evel of demand
for a nmultitude of product grades and sizes presents a chall enging problem
One sol ut i oBAGKGREBANDJOE iTitd] INWENAT@NT excess | evel s of inventory and/or
reserve spa manyf uring capacity sufficient to neet any unantici pated
spi ke in de&gggﬂﬁggﬁa—given product. However, this approach is costly.

[ 0004] Present practice separates |ong and nedi umterm capacity planning

[0001] The field of the invention is optimization methods, tools and

programs.

Description of Related Art

[0002] Bulk product blending and packaging plants are known in the art.
Mlustrative 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 spare 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.



fromthe production and inventory planning in a hierarchical manner. In

ot her words, capacity decisions are nmade first and then becone constraints
in the | avenoplmmiong of production and inventory. 2 PCrABGeG)NBTSES
particularly, capacity planning is often done every two or three years for
a md to long range horizon of up to a few years. Capacity planning is al so
typically split into a two-step procesg consisting of |ong range capacity
pl anni ng and medi um range capacity pl anni ng. For exanple, |ong-range
capacity planning may involve strategic resource decisions such as plant
expansi on or contraction new pl ant openings or closings etc. based on

dicted d / th t
Crategy. 1 TORBTn, WOGTSre SAGe Ceapdl EGTERE T AP Tor0b RS fhg or
removi ng Sh'yfaé@ 6,04 Efd (PR TR 148N oeva Q@Q'f&\k/%a@r da%gagt plainihp is

wor kf or ce), “addi ng equi pnent, addi ng or rermw ng workers i'n"a given work
shift, per matsmtryglcaﬁy rquulmrto rig toeretepi precassrdopsieticg of Heise rangidi capacignge

pl anni ng decj si ons aél éﬁl cal I%:umade after the | ng ter deci si ons on
aggr egat e cEFECH Y 2% R HRACHEUR'BP YRS Y att®y %tl WzdP"Heen made.
[0006] I n cophpRsY {)]Bﬁﬁ’ﬂgCFﬂa?nuﬁ/Bﬁ/e' Qgrakier VesBﬁl%@nﬂélﬁlslbl% ke Rl bymndone
bi annual ly or quarterly to nake shorter term decisions on the required

| evel s of presphnstononr aredtreeticat, ynesy quknti npeiiegs of @gogdst efd., deasaddomhi | e
keepi ng aggr egat e, capacj expressed in terns of volu per
i bt e oEg e ARRARfofespu RSP icloof AT S R B bt Msakr B all on and a
specified opghahicafingedidud 9ac1%r ?gﬁﬁﬁqgofﬁap@ﬁme%a&ng%@ Bf0PR! (RiFed to
meet the demand requirerents at | owest manufacturing cost. Since each

bat ch pr oducefian amqmpatmed b}haargeaddaroncost s¢dustioalunt i werkédred)ar gslingat ch
sizes can all aw fOJE'al duced cost.s §’¥ Eeduci ng.the n n‘qﬂé of c.g?n gover s
needed. HowSGEPICH a&@wgbali QY ResYErd lflo (?Pe‘é{% Va8 needed
for other b@éc{h 8o IReRENPWRERS SR, THNS h&BMhIrhMgk 'p%hﬁ%saéklélgf{@la%e of
safety stock to meet denmand. This increases inventory hol ding costs. Thus,

t he oper at i typicillyanisde kafpﬁroﬂlmtongl i decisiogs pac kggtgre plapadityc énkle

i nproved by findin pti bat ntity that bal ances these conpeting
costs. 3! a[xgabnﬂ:gﬁél Cg]ﬂfllr?e ae"@fﬁ@%&bﬁ??&dﬁ%/q on and inventory planning are
done hierarchically separate from capacity planning, the resultant
operational plan may fail to realize certain opportunities to reduce cost

and/ or capt (906] ncrisasenirasenproduction epériavénsory ppinamge oncgiicedly dong hi s
manner mght.fail to ca re an .opportunity. to.reduce cost C |ng | ess
Safety | nyeRi BRI edrRtLh o POTROORG: RA ™ e FiskS &1 e cShesrs o ph

arrival of Hheuenbh cdndake@ti REJcRARE \hébv dempRchictt@ Ny&@haRl )évhﬂ@”ké’diﬁﬁg’ﬂ‘t i onal

pl an conceived in this manner mght fail to capture an increase in demand
by carrying agglegatsan‘apmtm nvigpically chpfeoved imatsans tof dumeeeawddtiatt-er a

sustalned | hchsane, Kn SmRd Tl S col Bl mag b Lol aluRyp viel
state of t h%p@t*aﬁng E‘@de‘dﬁ%,s pldd et BhtclPtze €aR B6 I dp i RdH) meet the demand
requirements at the lowest manufacturing cost. Since each batch production may
incur changeover costs, production of larger batch sizes can allow for reduced
costs by reducing the number of changeovers needed. However, larger batch
sizes tend to increase the wait time needed for other batches to be processed,
thus requiring increased levels of safety stock to meet demand. This increases
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.



and Capacity Requirenment Planning (CRP) steps inplenmented in nost
Enterprise Resource Planning (ERP) software packages. Both the RCCP and CRP
t echni quesocan/ise2iosed to verify whet her sufficient capa&cirtus2@xiostsgst o nmeet
the requirenents of a proposed nmaster production plan and to provide an
aggregate capacity recommendation for neeting the plan. However, a tool to
recomrend the appropriate anobunt of cagacity expressed in terns of

equi pnent, operating shift structure and workforce is not avail abl e.

[ 0009] Thus, there is a need for nore integrated deci sion-naki ng nethods,
tool s and cd®f0i er @uwenthnsbacouscnpradvetiomeandpananian planbonk kager ddoet

bl endi ng and. packagi n | ant s. BRI EF. DESCRI PTI OF THE SEVERAL VI EWS OF
THE DRAW NG OBl (8 SIS FOPI IS (Par A BUPROEES A The
drawi ngs ar g, il 98N 3 b ekQinl dgﬂiﬁoﬁuﬁﬁi‘%s 36 RRIcO Lot AR 8 Bike (HV&@REd ons i n
any way. WO 2011/ 066210PCT/ US2010/ 057578 -4- 100111 FIG 1 shows an exanple

of a plant udhaandaAnbeperasableplabyondeevddnnehisiromnef 00g] flall® captstoars vari ous
activities in the.us

. of .a storage tank represented as tine consunption
Sccordi ng t SPRUTTU o bafhesmtc P CAHANS rlbsncrign. mentory TSI
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 meeting 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 operation 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 si zwodedi/wsszins on the available tine for producti eaTaS2etb@s37€ndi ng
and filling/packagi ng equi pnent. [0014]FI G 4 shows how conbi ned bl endi 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 geographi c 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 nmak@d] et Réds] show$ snaerdnpdenditae plapt dlopt aome o nywiekedabe thapaci ty,
production and j.nventory plans, for a given planning period, to inprove or
optinize, Wi ''®&pect to a given performance index, the operations of one
or nore bul k product bl ending and packagi ng plants while still neeting key
operating constraints. In each case, the one or nore plant(s) conprise a
networ k of ¢QUiZhmenklG.n2l sltiweg vatiendiastjvieigai ekt ,usonef or shwage sty age

t anks, packagi ng _equi nt, one or nore packaged product..storage facilities
and unl oadi RPEREIHT S0 RGPS CRB M 9 preeding & Coih 19T eoUMEMS OB Mt of ¢ he

i nvention i $p@nfighhod 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 modeled by certain embodiments 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, one 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
ti me periwo2ounderiodesi gnated constraints. The method ceopniss@s/ oats7s east
four steps. [0018] The first step in the nmethod is a conputer inplenented
step of receiving a data set. The data set includes one or nore of the
followng: (a) data identifying a tinme5shorizon; (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 idéefli7]yi ngnpavibadinmyt eduhemerntiamd amactbed hor epasgergacnonal
parameters ther - (e a [l dent i.ng.packaged. product s a

PacT it es aic gnik arodst B Ggurs fod i RERss il homtte Shet fes

i denti fying opetagash ﬂﬂva%‘%n%ﬁﬁﬂﬁﬁ%f‘g p@fdriahéeincdd R dE’Qg@ated
operational paraneters thereof; (g) data relating to the |nt erconnecti ons
bet ween pl atimeepgriqonender dmrgn@t@)l apasteainis] athengethodtdosmpises afr ieastl fodemand f or
each packaged roduct. [0019] The second step in the nmethod is a conputer

i npl enent ed ?ng 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 henmat i cal |y describe the operations of the blending and packagi ng
pl ant (s). THhe0L8bdel Thd dirstdsiep iiorthe dnpfémérmtzercgmpatesanmb@mwgbstqbeof si on

bl t bj ect f unct bl
{epresent  qURITaE A8 Bhol 1 GHE g npud et o mahioh e Bpo e Foghi ng.
pl ant CapaChderfﬁﬁg‘dttﬁhé ABri G (b a%tlaémtfylﬁgeolamﬁg eémﬁﬁh@ﬁtt 5@ aﬁesof ncl ude

one or nore of the follow ng: (a) one or nore terms [imting t
avai |l abi | i tynam@pclapamltgarameteﬂﬂehh‘eehdch@at@qdnnpﬁﬁng stoféde @nles md o e terns

limit th | abi d ty of .t k .
more terms O miphoohriabol bapF Ry Hraosablc el drutEmsamebiaig "
equi pment ;. AlipRRAt Hid BB 6r hfewﬁpérhmﬂau Pran{teerd YRirb SO (d) da¥a ﬁi%ﬁnﬁ%g’m ty of

t he packaged pr oduct st orage - facilities; (e) one or nore terms
limting theackaged awoduct staage (facphnw 9ncbf0nt:h@r owiro agheragionaldpatagieteas gi ng

facilities; (f . t l ating th nb f batch
of Ceach paciita’ 7 o IR Sy BEali il ShalindTHis) R0 Btg P sl o O
non-linear tLeEdBokd patdnitert MRerSdiZ Br)fatLRtdlindabahe fliclasicrEst w&@a@t s to

the quantity of safety stock requited for the product. The nodel

obj ecti ve f phat e@npingntaapé(lf)skrankbengte thedllstbmcaildernembﬁmqaelmpacktag@

m xed-i nt eger Oﬂ-linear mat hemati cal optim zation nodel is in the form of
a mxed-inté& on-linear program (M NLP). In another enbodi nent, the

m xed-i nteger non-1linear mathematical optim zation nodel is in the form of
a m xed-integer non-linear dynam c program [0020]The third step in the
met hod is al@WMput efhd sesoedetipeth Srcepetdivd risimncangpuier ahigomientedistesof ver to
mani pul ate deci s variabl es.. The riables are mani pulated tq.identify a
ol b on set e ARPEETS ¢ AP0det HarS Gt AR GHLRT SR e bser { o

the opti mump{@keniiRaPBHBGka¥iBn fHBE ! Qhstrh 0@ d Iﬁﬁhéﬁgﬁéamysa&enb@ thhre met hod
is operating the plant(s) substantially, and preferably precisely,

accor di ng t optiatossoblitlicoplcndingiand hacKiging ptaay(s). s Tharmadel pier ddshined toranual |y

t t but, t | th t f the.d b
e e Sty Mty gy e oy e S, 850 o shstii vl by

plant pl annigngidnd/ef ﬁB@él%t\'/di'&bI%%rré;?@%lt quARRRAARLNSHEs SRogi.aent of the
invention is a decision nmaeking tool for
each interval regarding plant capacity, production and inventory. The model’s
constraints include one or more of the following: (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; (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



identifying an optinmal or near optinmal operating plan to neet a performance
metric for one or nore bul k product bl ending and packaging plant(s). The
deci si on wakonigpesbiol conpri ses at | east three conponent CT/ISR010/05BUS
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 conp#-er readabl e device for storing a
mat hemati cal nodel, wherein the nodel is as previously described. The third
conponent in the tool is a processor 7 - conprising an optim zation

pl at f or m t h&aciletoasp(@)sese an nadrgdeinah hingtisg Ithe ayailbhditp pnidnéapacityof phat f orm i s

operable to | t he re d..e ta in the data file opul.ate t he
model  par amdbEAGTRCRr U g B Al 0t oceor vge BRedary Eh® SRHOR ¢hm o
sol ver. The gl ganbdriur tarGRlk Veleadts ka@g&%ﬁ)dh@t %%}b@hﬂt%ﬁchdﬁ% Sa'nQ’( )/a“ abl es
in the nodel to identify the set of vari abl e values that optim ze the

obj ecti ve fonetiromord @0R3inaantdrers m}mm thensizofoft baehi hateht ofopadkeged pr ogr am

storage device, re ont ai ni conput e rogram
executanl o BPUeEaRn: ot oant sk PG RE o rERE’ cohB SRR bl e ¢
cause a COMpyfeBfivd GurlciBAtis faypa%@%b@%etﬁe W%%n@@ﬁﬂbﬂ&'me‘ﬁpeﬂhétﬂq&@dm an to
meet a performance nmetric for one or nore bul k product bl endi ng and

packagi ng plizegd sion-Ivipae npgreniatichlaoptymizatien imeslel iscini thegoam of eperatt e to
cause a co ter to.performat .l three acti i Ist atlonls
Cetrieve anibgsaos RS SpRE CURSER) A EuREb B Time s - Bifeofar a” s e
previously %ﬁ-(h'hb&eﬂlath-gﬁﬁn&ﬁc(ﬁﬂﬁm%&ﬁdrpﬁloﬂél 4Singe tthEn Qﬁtaamﬁptédemﬁégepoplﬂ ate
nodel parameters in a nmathematical nodel, wherein the nodel is as

previously desdmefyetynamheptolgiand acti on i s executi ng an al gorithmic sol ver
to mani pul ate decision variables in the nodel to identify a solution set of
variable values that optimze the objective function. [0024] Each of these

embodi ment s [gyey! deTRe WRidIYRp V\@a}’tﬁeoﬁqeﬁloﬁsﬁr t@nipubds! hnaassby seypabpat e
di fferent deC| sion vari abl es re ating to long termplant capacity (e.g.,

avai |l abl e equinpngenan a@mhtlmawpmi‘yeratndnampuha@r deccagacatigbl¢se. dhe vepeablet i ng
shift structures)., in n t|on w t h ction.decjsion e.

pat chy 1ot s Pestipplefed BbeTk soguto bR DREbl TR iSRS mhtE Fident ory
deci si ons (@pgrariofiSler 1S 1RUpih@PkHhe BB e 1Y the best conbi nat i on
of choices that can be made to neet a performance objective, duri ng a given

pl anni ng period, while sill neeting key operating constraints.

[ 0025] For e di me articular for mance
rerrre s it o R ERTG B RedneRald et it Mafl ‘gsq%‘ﬁbaﬁlg and
prograns deggd b%&aﬁ@r&baseﬁ?a&kﬁrd@n%iﬁﬁﬂhe Ts@lu%ﬁ%bﬁa%dd'ﬂ% edp GRRALHE V.
production and i nventory decisions that will mnimze plant operat| ng cost

over a gi vempepbmmd nynpaly od avdrhaicstly) bulrremq:ahlg leaveno fher patireg ot dinsst r ai nt s.

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

approval by plant planning and/or operating personnel.

[0022] 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



[ 0026] These and other features of the invention are set forth in nore
detail bel ow. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Defini tions

[ 0027] Uniwe=xoeesHass| y defi ned ot herwi se, all technical pamdss@ioentsrs i c
ternms used herein have the meani ng comonly understood by those of ordinary

skill in the art. The followi ng words and phrases have the foll ow ng

meani ngs: "Bul k product"” neans a7substantially fluid product that is
in a | oose unpackaged form Illustrative bulk products are base stocks for
maki ng | ube oil, grease, wax, priners, paints, stains and varni shes and

addi tives foom@ﬁéngan&mﬁﬁnhékmaﬁa@wmeﬁwbtom@ﬁkmpmudeM@mﬁmsMud@ Pase stocks

f I d det. d t j
' ks, sof OPTIHESY PR TS AP 08 6 idab Fode fos ibpgfe B MR, ) cngeq
product” MeaBsuldteDitckdiOr yilanil @0 dRdoitdd 1ONR: Qad S Aldekedil Kingr oduct s

and/ or additives lustrative bl ended products incl | ude comercial grade
| ube oils, glmadesic sedvees, Thpr allgeln‘dfl,tmpaplrvtes is eperabls tandanipulpiesdgessiort her

exanpl es of bI ded product., in npa e iquid | ndr det rgent,
liquid soap’? ﬁg H&nﬁ‘@@ﬂﬁlg?%mé} 8&9?&ﬁ§ﬂﬂeq'hﬁﬁéﬁ# %?ﬁ%é ®soft
drinks, botbbﬁgnmgﬁﬁﬁnmgnd condi ment s. - "dee" enbraces both source

code and obj ect code. "Conputer, " processor and "conputer
processor," as used interchangeably herein, even when used in the singular,

glrsain f] diar Zlctn Em ? Ep ﬁ&hgﬁ%@ﬁg&i?rlleln? Cotflt g ir(l)\];en 18n 1§ taefr)rsog%arr]ﬁ es{oarl%el Hgv directly
readable by a computer containing a computer program executable by a
computer. 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). 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 provide a unique way for a user to
simultaneously 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
(e.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 progranmt or "conputer application,” as used interchangeably
herein, nmeans a set of instructions witten in a conputer readable

| anguage,weuoh/ms21achi ne code, intended to be execut edpPom/iB2@oNpIsver to
performa task. "Conput er -readabl e nmedi um' includes all physically
tangi bl e nmedia in which conputer readable data can be stored. Suitable
conmput er -readabl e nedia that is non-tra&nsitory includes, but is not limted
to, storing nedia, such as magnetic storing nedia (e.g., ROws, floppy

di sks, hard disk, and the like), optical reading nedia (e.g., CD ROV
(conpact di $€025¢ad- oot qach@rﬁmew enbodendnds, gi paaticuans ataf¢recddpgtginance

-writabl . Si d th l.i ke brid t
opt | cal i SEEIGaRRY dnance PRIpERb ey o ySots At Procfaiom
access memvicrded MR akRki d GseFoRDiYS %G&d?ffatéd BaAHR PoMuQlorpiiyg Ot her

vol atile or non-volatile nmenory. Conputer readabl e nmedium al so includes
cooper at i ng ireniany de@anneﬁlaewllbmmunm plaetaaimidtegroest @vet hgivearpdamiingher

I t ed t tributed I tipl
or ocessi ng o5ateee AT FErang Beli SR MEimtETth one anotner. ¢ *Model

is a mathematical description of some or all parts of one or nore processes
and may be in the formof a single nodel or a construct of nultiple
conponent nmpeA6d. Thebo and other feathgearof dlpt invemtionoare saetorthoipt emgndctail s an
appr oxi mat i ?)nl(gof opti mal based on, for exanple, the convergence of

sequenti al | Bt ai ned solutions to the opti mal . "Packaged product”
nmeans a bl ended product that is in a contai ner conventionally for
downstream sal es (e.g., d| stri butor and retal | sales). Illustrative
packaged pr & 4 HD) R 1B N di@Ned i n cartons, cans,

bottles, pails and dr ums each of whi ch can vary in size. Packaged products
are often in turn, further organized into pallets. "Paraneter," in

t he cont ext D}fﬁnm(;,{genati cal nodels, means an input variable. Accordingly,
whil e paraneters rn a nodel of a plant process can vary over time, and from
plant to plant, the paranmeters are confi gured/ popul ated to match current

REGRR - WRTIER i A 2
processed ops&@ lﬁrtylﬁ']la§@¥heqfleeﬁﬂt‘x% &IERAbniyN#detsfoddWy thB§owatdinhg &avipent to
clean out inmpurities left over Tromthé processing of other products. Slop

i s typical | yhedirs cBiaddlomsngvaetds agdghtases lmae/ertbstqlkoa»nng inepuings:i es t herein.
Bul k Product Bl endi ng and Packagi ng Pl ant [0028] All of nethods, tools and
programs described herein relate to capacity, production and inventory

pl anni ng (col | ec¢pyRl produ@Pahéins ONAlibRARANY BN Hrotu@NPabls FPReloBM K
product bl endi ng and packagi ng plant(s). A typical bul k product bl ending
and packagi ngpgskaged fosme dipsiseiae dfilkapnoduaie alc e sluoclacfolrynaknng hdie odct | y

i nt erconnect ed eq‘giﬁgmsnt. The networ k incl udes 8(|1 g e&rﬁﬁ ment for

bl endi ng bulk%r M5 ePHE Sd RIS i FEPIS ?FcF‘ addiges r8™St or age
tanks for sihdexdifyedRIreblIR! SrodGQIPRRNBAE SHadB btk N ikl Kdetergent,

shampoo and conditioner, 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.



products. The network further includes filling/packagi ng equi pnment for
packagi ng bl ended products into packaged products. The network further

i ncl udes wackugse2ipr oduct storage facilities (e.g. warelrowas)10/08T578t or i ng
packaged products. Finally, the network further includes unloading and

di scharging facilities for receiving bulk raw materials from and | oadi ng
bl ended and/ or packaged products onto,-% form of mechanical transportation.
Sui tabl e fornms of nechanical transportation include, but are not limted
to, truck, rail and marine vessel (e.g., barge or ship). [0029]FIG 1 is a
schematic illustration of a typical bulk product blending and packagi ng

pl ant. As shown | L, | ant has a. nunber of blenders (B series)
for performng tﬁgcgl H&Fﬁ&sgﬁgﬁgpﬁﬁﬁ? °#AdQ @egi @8ers may be of various
types. For example, the blenders may be any conbination of in-line blenders
(ILB) and/or batch blending tanks in a blend tank farm Further, each type
of bl ender may béthpmed’l’ffexr@m‘ssmubtWe (eangpytera Ipadcebsob/’enal ngisedank farm

may |nclude hle t s f.or 'ﬁ 3%1 utonatlclbatch bl endi ng
(ABB) tanks't %{‘t&%‘ (o i VN1 “ﬂ’&}l USHSTE1G RGNS £ SRS R BN K
products cag; §|C§H’ectﬁ%n'0@'9 %)ﬁférs( 1'nte’1%aot1n%rdu@é‘ﬂi§a & 1nldﬁftaéﬂ}1 PRh Bhé‘@ﬁothé}r ough the
bul k product inport facili imlarly, for "the packagi ng
operations, the plant has various types of equi pnent (P serles) for

filling/packaging.bul k products into containers as {% ort

faci 1111 b (D serrapieBpREBhr of Mot BHIBUE: prbuec B B BEBhay o1 ng
them ont o t RARSPHdany! B'sEtSof ﬂi’cﬁlclﬁbﬁmm%ﬁ% Q%émﬁﬁ@r RradBBIE SarXh &S, RAEh

(WHS- EXT) and/or internal (WHS-1NT) storage warehouse(s) for storing
packaged pr eslueckine codes anengsldantbs expatéchgrea powputet & praforiver Bslor ed i nsi de
desi gnat ed, possibly cordoned off, area(s) inside one or nore buildings in
the plant conplex. Shown also in FIG1 are facilities for inporting raw
materials (RM F)«d@hphtbi-RAdMEe i Med@se ift198& Ql'll(f)h%lbﬁ[y FavbIRhRidiALs and
facilities for dellverlng packaged products to downstreamentities in the
pr oduct suppﬂydnhmnmﬁmmwedﬂé@dMawaebeBUnaﬂeSuw@ﬂ¢ngnpackagédﬂpmmdmtts are

represent ed dla al | ackaged .pr.oduct s. export facilities
(PBER o g Ry Sty et 05 e SPEEREr s Sloting R0 sttt bl endi ng
and packagi pg E?E@d;ﬁtog?%u%%&ﬁ @ﬁ%/eRtmélﬂépﬁSdfsﬁg haFR i, ehdP Ak Rk d

products (PPI configure i'ts facilities for |nporting
base stocks oahwlmadmg madvar(ageﬂlhRQM$ (nompap‘mhm mgldmmy expory), By B4 ended

bul k d f t d. t] duct f
otori hg packlgE ot bern Ay R e iE dabe SRECURRS BB of e not
limted to, py B‘ﬁdfﬁblg@ﬂcn%}zn&a?}) dRRY nga%ﬁar(ﬁﬂ(s kleht 18Smb9r (R@ldniyTPOr ting

and exporting bl ended bul product's as wel|l as for inporting other raw
mat eri al s i mdpdrk, frardem (abb;eslsamen@r}s)han@dldnamlamlm wsmpboy supipaast iflagh and

exporting packaged rodu a as fo tlng dditives in,packaged
Form (1 n-parieurdy o s pgict; Al oro BanyBluled B o CABP IR AtaAY T ol o
and (d) hav 'rr%h&ﬂaalls%dmfcﬁfabé 'cbbﬁe?atf@; o hiRE L BhRRUKAIGSL AT RASMIS nddch
additives in packaged form (pall et [0030] I n the operation of the

bl endi ng pl dmt ahosther Aot in,a bagée Promsksing Styatlemn of rcbfstrlbut@dagnomgnks (ST
series) thaéﬁg&&»used to stg te ials ﬂ)blend Wi th additives to
make the bl SRR RSPt %Cfa PhETN" e Rt Toroducts can be
hel d i n dedi cated storage t anks (also ST series). This may allow for the
packagi ng operations to be decoupled fromthe bl endi ng operations such that
t he decision to W@dd”émmadwmattiaalecttsmiwmmf soulelorpitlquuts tof na«yomelore)

replenish the inventory o r od in its respective t

Feai i ng. bPENRYS BUR I Bt B Het pngliebid i dori ey SR ous

bl enders (ecgnloﬁaﬁhkﬂgmblenders) The bl endi ng operations may be limted
by the avallablllty of bl endi ng equi prent and/or the availability of
storage tanks into which the blended bul k products are stored for quality
assurance (QA) and staging before continuing on to the packagi ng
operations. [0031] The bl ended bul k products are then conveyed to the

packagi ng operations of the plant. The filling/packagi ng equi pnment then
fills the bl ended bul k products into containers (packages) of various sizes
to 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 conpl ex.
Al so, the plant should have facilities for |oading the bl ended bul k
product s wotolttmwerisport units. The packagi ng oper ati ons pofi/ush@opbzng may be
limted by a nunber of constraints including the availability of bl ended
bul k products (e.g., fromthe blending operations) and/or the availability
of the filling equipnent for filling codtai ners or |oading rack transport
units. [0032] The products produced by the plant(s) are not particularly
limted. Exanple products include oil-based products, surface coatings,
health & per sona‘l‘Nwrwtiptabdulc‘frB:ar aptdnﬁmo”diS&nta@pmxalgeticpn oflopsirsal t@s¢d based
products |nclug but not limted { £ mﬁe(g and ﬁ{ ses.
Surface coafPnd EREP %d?n%?gmﬁﬁt SWTF%®3¥%° BCHe FQULifs; © stains,
and var ni shegggmheal th & personal care products include, but are not limted
to, liquid laundry detergent, |iquid soap, shanpoo and conditioner, and
body wash. Food & beverage products include, but are not limted to,

al cohol i ¢ beverages, soft drinks ui c a bott| ed ter, sauces,
Bnd condi mont . - rekpsPrsheRemetts poB st HERE M aRuhe: cbReEbde
described abgyenéonalke. f‘é?eéoxkrﬁ’stféﬁﬁpréaté% t(@g b@ﬂﬁ’YdL@(’ir cafndar@thﬁt EAIBYL i on
center by meking deci'sions to set the value of the foll ow ng deci sion

vari abl es aﬁmhmmnpapaﬁﬁgedpnxbcmendud¢hkndaipa@h@smpamémet@msmnavBIV|ng al
ducti i i b t fill

et prent: DOy Ieba S Cis ALY S RieR R TR TN bERROBHbATEEH Hor

facilities %ﬂ@nhﬁ%uﬂﬂufdﬁth &%ﬁize&ﬁﬁ@b&lléts%' lities; and (c)

vari abl es/ parameters invol ving the raw materi al inport facilities. - 14 -
Met hod [ 0034] A first enbodi nent of the |nvent|on is a method for operating
one or nore bulk, roduct"ble d|n and ng .pl ant The purpose of
The method i ot o Bs0BeGhs dhc e Rt o R R Ry i babicads g Brlihe (o)

toward an ORhLiABIEN PAREoRIRAY, f@lﬁﬂ@iﬁ@r@m%&sr {nCa SH&REINGE @pgﬁﬁp&@@stsecqnwaﬁe peri od
under designated operating constraints. The optinumfor the performance
metric will ogert hiwe, bl frari piapatd plantrtherpaiamieras iaoncaffiguhes/pendasedence
netric as deS|gpated QY t?e nethop pﬁa%tl i oner .

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



[ 0035] The nature of the performance netric is not particularly limted.
[l1lTustrative performance netrics include, but are not limted to, power
consunpt iwn,20t1ateed100r speci fi c packaged product product iPOm/USPEIOMSTSTS ON
time, total or specific utilization of plant equipnent, operating cost and
net profit. Some performance netrics are sought to be nmaxim zed while
others are sought to be mnimzed. Forlthe performance netrics of power
consunption, production tinme and operating cost, the nmethod nay seek

m nim zation. For the performance netric of net profit, the nmethod may seek
maxi m zat i oprodeots. t h@htpemdtworkarfuehmtimdln@soﬁilhimg/pack@gingpeqniipincnmefolkaged

product production dtota ecific utilization_of an i pment,
Phe et hod. i agi DBdre Trg g, Pestoard mais ar T "B@RkBr g, on « he
ci rcunst anc%lud%%e?ackll ged Wc?hﬁofagé StacRitRP {er'gt%réi’i%hi’é@? fof @og@Tput er

i npl enented step of receiving a data set. Typically, the data set is stored

in a data fiphekaged prodectst eﬁ inadlyorthy natwbémimthd Wi es usleadlegt ard a
data file,. AIter this

conmput er co nd .read;t

ctep mmy b NMTEEACIEiPS e TLing DU R pah rend 15417 bieSet057) The
data set geRgial hYclGeBP &R RS mter @%ﬂn@ _f h@&ﬁéﬁb&l&rﬁﬁﬁ&mio@m Stifdle i S
useful in making decisions regarding plant capacity, production and

i nventory. chrmsdzftraecshenlcalotnmmpe@@lqmneclude rtoit ercofottlimatdddb) wwikagail ¢z dat a

identifying a tine h ta identifying the bl ending equi pnrent and
one or more "8 @Fé’??%ﬁéﬁ g%f%%%% @ thereof; (c) data identifying the

storage tanks and one or nore operational paraneters thereof; (d) data

identifying the packagi ng equi pment and one or nore operational parameters
t her eof ; (eIO(HZQt] a i déntli fsyd sehettaic pHeskatiod o raoypisial bul@rmgéuﬁdﬂéﬂdlmg es and

one or nore |onal ara ters reof ; f data i

unl oadi ng aﬁ ﬁﬁ\gd? ?fﬁ PWPHB?PQ %ﬁ@ %‘%h?ﬁﬁ Buig %er;tql%‘H{é?S (;])gr anet er s
t her eof ; (g)ser‘?e%? Fof Pefbhif ﬁt fhet BRniiRb s ennRs! | IASLBINEES Bh@de fIUI prent ;
and (h) data relating to the historical demand for each packaged product.

[ 0038] Pr ef evaldyg, typhe dar @xiaplet |tlﬂeyblegd¢1‘aemw ondinycosgungsivanel spling s out

i oront t 500CR I ATV et PishEne B PGy g orae cags

Al ternativekype dfsicitlc@MetynEe BFIHIPHERBAL %Pyﬁae(elgde@batfsh %ﬂ:n@fﬂg’ @ekitigl y in one

or nore groups (e.g., by production train) or even collectively by plant.
Simlarly, wnky ingbidei ltqrﬂ@ftarﬂdﬂefostmam@é biendiyg apdckibgnaiy bajoh pbr}rmdmg packaged

AL NE R R R ) S SR e
more_gr oggzﬁﬁuggu%aagam be [iRR3RLPIES. eﬁﬁqlahaed)tlhf% gt AahtdBRfdghyhBBuihe time
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 one or
more external (WHS-EXT) and/or internal (WHS-INT) storage warchouse(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



period of plant operations to be optimzed. In another enbodi nent, the tine
hori zon of interest is divided into two or nore tinme intervals during each
of whi ch wermndebrin packaged products nmay vary due to seazarsadionysos
demand. In general, the tinme horizon over which plant operations is to be
optim zed conprises one or nore tine intervals. Preferably, the data
pertaining to the operational paranetei®-of the bl ending equi pnent
specifies one or nore of the - 16 - blending equipnent cleanup and
preparation tine, punp rate, requisite nunber of skilled workers necessary
t o operate théhdhowti fagilﬁiqsliaplntéhtpmdm Hﬁ@h@anctpad@gmgpleedmaarmsa he bl end

rates. Preferabl t he.data pertai t atlona araneters of the
torage  anke s fubisaer angoBemRear bRebdf PBEA" ARRRUGE GHRT LR her
directly or cbﬁ@gdré’%sl Bcllific$ H@Mrﬁyd)rﬁﬁ tt?a@é( sﬂicﬁﬁ%h@ro'ihe%”ﬁwhﬁia%faﬁ fipom whi ch
vol une can be cal cul ated), the roof % floating or fixed), the

bot t om t ype itfiponting zuminexlmmamgadtlamldecﬂ Ibalﬂk) pmduetShefeﬂ impdrting midexmetl@ or age
tank cl eanu nd pre t|o time. Pre ly,, the data r.tainin tothe
oper at i onal b %@&WE fa? for S PIREa %P%F}Bﬂ? g Sy p #5)33 %H °nore of
the packagi g nﬁﬂé‘bPrB%iﬂtar&h&QHﬁﬁecﬂﬂﬂ tIRY RMRGAGd: Q) hdViBg shdr€d Pﬁﬂhﬁﬁ'fﬂﬂ rate,
the requisite nunber of skilled workers necessary to operate the packagi ng

equi pment atdtht eparthgimed raxpotsgkblpndeduleulk rarodage af |W'6I11| arg forameportitngef er abl vy,
t he data pertaining to.the rational, para r ckaged product
Stor age f acPit rad TadSidy fu B0 Bhr MR R Rle GoBbien b R S Epact 1y
of each pack nPb %Ed PRIIGHR WS SelltRFoSinfifdrRhg @d&ﬁ&é@hnw&ﬁag@a f&arh

packaged product and the average warehouse residence tine of each packaged
product. Pr élﬁlep‘aélbtsy,(CI foes mhat)lalqgéaatsasmdngnd otheheavoperteridloral (palhameg er s of

e Lo 08, 20, O R0, MR SEMLLL SRS AR Ry " /P

from di schaggiipgyonto trucks, railcars, barges, etc.), the
unl oadi ng/ di schar ge rates for each piece of equipnent, the
unl oadi ng/ di schar gi ng equi pnent cl eanup and preparation tine and the

aver age | oadj equj pnent residence ti ch pr Prefe ably t he
Gata rel at TPy F e R Bepiabin SERCHE BBe i SBRan e SO brhent SeEBaT 11 es one
or nore thetmﬁ%&ﬁlsmg@ tARENS Tt doViel W ihhat Bl Bi@dl ldSsthlceRN Rat@AW RRENt to
one or nore tanks and t physi cal pi'pe connectivity |inking each tank to

one or nor e btopded woth qddttkvag ﬁmglabq tieghtemdedanidlt produets o &dimecpfahel bigndethar gi ng

facilities. Preferabl h ata rel ati ical de . for each
backaged pr blictrotfide i ke Feiah JedikaBy sBRadsiants ERbaT T sorfsof NS SPoner
demand evenkBo@es theQ: ac%%%s%&%@ﬁecd god MR ithd Yeaddo Gpatibhy of the
products in the demand even The net hod 2011/ 066210PCT/ US2010/ 057578 -

17 - enbr acesch thet theedasfsiemto blondicadt daticaséd dbleedethbulkdwedudt eay barta hi s
par agr aph and referab th t ho tilizes all the data described in
it < par agr Ate RIS BRORN NG BAGROduflahdts Rapae Uik FIEdGERE Shd) o
bl ended pr 0@%H§d %ﬂkl ﬁ)rﬁél\(&s @9& 8b |bYen@b(f1 Bﬁf&ManQW%tlﬁhédstﬁlgﬁdeW Eehgt he

di fferent pieces of ant equi pment. This can bé due to a number of
physi cal andi-one blwdm}al Thabteodingi apetativnn gyaybhet limded by i @\dultabl,htyvoécoa ty,

idity, t A d t t furth
oot | Yes it Sofiigehs Shelr e melatRS, §TRoHS kst N et s
and/ or bl engegiqd SEMCHSANE Bret i6reR! BN uARYaRIREce (RO4H! i ARObERKC

enbodi nent, the data set further conprises data relating pro uction shift
st ruct ur es. cbhtustingon tethd paekagelganerfions. pr oducti on shift

[0031] The blended bulk products are then conveyed to the packaging
operations of the plant. The filling/packaging equipment then fills the blended
bulk products into containers (packages) of various sizes to make packaged

products. Packaged products made by the filling/packaging equipment may then



structures includes, but is not [imted to, the follow ng: nunber of

manuf act uri ng/ producti on days, operating shifts per production day;

dur ati on wb 2emalsemhi ft; upper limt on overtine; avail alpce/userikessiper
shift; and any conbination thereof This data can be defined uniformy for
an entire plant or broken down separately for each process step in the

pl ant (e.g., unloading, blending, packa®ing, warehouse storage and

di schargi ng) or broken down even further for each piece of production

equi pnent in the plant. [0042]In sone industries, plants have the option to
buy bl endedbprstdet s aafvmelpmka)g@ddqstgndt@dtase@m tmmlsmmOHMeketAdsm thaigment

production. Accor di ngl ther d rther cl udes
Phe i dent  t gl ey grofitD i BadEdR ERdi by fufdid okt or oduct s
that are typhgal |Me%é%kég’i§é% EQtiosPet tRUpBHARR fHeOI’@n’itBéi'bSi PALMbES oANnd/ or
associ ated pl ant(s) sharing sonme common owner SKI p and/or “operati onal

control ("afténdtiaattednqhiding sh aviiGdA8y A blendedbeulk iprothents Geg.aiffosa tha | at er
erf or mapce, me i na t hen.t he dat et will

e bae dat My T D SR B oL Bt SE e i St Pt B TR &' i a

may i ncl Udecoﬂ‘dfnefssor']@édlﬂlgfﬂck%n§®rt1§rﬁ% costs for - 18 - operating and
mai nt ai ni ng the bl endi ng and packagi ng equi pnent, the storage tanks, the

cost for holding inventory and the cost of operating the |oading and

unl oadi ng e Further, if t ce netric.i fit, the
it - set wi MUBTSo Thic PRsbct arbdussdrol b R ofrer it e iceainBlefle. of
each paCkag%@laﬁb@%éd&E@@H&ﬁ&’e &L@&ea picia&;iét@] ThFra&eCRRfng! em)eantﬁ ghe net hod
is a conputer inplenmented step of using the data set to popul ate node

par anet er s ipersanati c@@d-pradlea@randofpoldl &ehevaragehprmtucsal Oolpbadspd zaodwnts model .
e del SRk o ST B, e R LRGeS gReLeL g, O e
conpri ses d%fdl@deoIaumrelrﬁ)@Ih%ﬁtedct@nﬁﬁﬁ@fsnb&mesn@taﬁﬁ okl ©&nionss.f ViRl @n.
personal care products include, but are not limited to, liquid laundry detergent,
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/parameters involving the raw material import facilities.



[ 0045] The nodel ' s deci sion variables represent the quantitative decisions
to be made in each interval regarding plant capacity, production and

i nvent or yWwoRor/@sanpl e, the nodel deci sion vari abl es napcrape@sents7s he
guantitative decisions regarding one or nore of the foll ow ng deci sion
variables: (i) the requisite nunber of product batches and the size of the
batches to be nmade for each packaged pt#duct; (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
bul kK products; (iv) the requisite quantity of equi pnent including, but not
limted to,gglgnging equi pnent, packagi ng equi pnent; storage tanks; and
unl oadi ng a et charging facilities; (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 requisite nunber of workers; (viii) the requisite
rmMmrofOWMMMEAdm$mmMMMMﬂmmmwmm§amﬁm%hvmmﬁgﬂwm/mod<

t t f h d b d t t hod
enbraces  n@s G Pai SRR ke a p T8l abi HEE PaHORt ok 1 ikt on v
2011/ 066210RGY SO ARMR 68 the Hindiny 8hd @&Hkagmg%aﬂ‘t@; tdWdrd ah RbEmRAl agr aph.
Preferably, all of the decision variables se orth in this paragraph are

present in téreanmdrmap@oaehiiueriogsa designatee ¢ingd pariedinindpl desigeatedai ni ng to
pl ant capacit rodu tion and invent Ian ing may also. ncl uded. For
bl o anouaiif SRSt 36 oRra bt R AR B et Sl Gube e b
identity an%aquﬁ&rah@ly opfmlﬁﬁmz&ll&mﬁqqebperforﬁfaﬁ@éiﬁfeﬁl@agiﬁ@ﬁgrma egk bul k

products to be purchased fromthird parties and/or affiliated plants to
augnent pr odchethadopractjt@@w?] The nodel constraints represent the key
operational criteria that nust be net for any solution to be feasible. The
constraints are not particularly limted. However, the constraints include

one or nore|gf3sihe Tl oMo Gt t(qa)pe@fwmaﬁcme%né §f Mot Iﬁaméma}gj tiRfted.
avallablllty and capacity of the bl ending equipnent; (b) orne or nore terns

limting thélemativabpdriannaned wepasi ingluke, t e gteorlmgehtmu@ds:co power
consumption, total or specific packaged product production, production time,
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 seek either

minimization or maximization, depending on the circumstances.

Step 1

[0036] The first step in the method 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.



(c) one or nore ternms limting the availability of and capacity of the
packagi ng equi pnent; (d) one or nore terns |limting the availability and
capaci ty wb 2wheeprokaged product storage facilities; (epPCons2a0/08T37€ terns
limting the availability and capacity of the unloading and di schargi ng
facilities; (f) one or nore non-linear terns relating the nunber of batches
of each packaged product to product baigh size; and (g) one or nore
non-linear terms relating the size of each batch of packaged products to
the quantity of safety stock required for the product. [0048] Preferably,
the constraints limting the avail abili ty and capacity of the bl ending

[ t o f the f I t at th
Copes and naGEN” of T et b actira R oBRENE HOBHIIBSHtt e PR BE
utilized; (igak iiwdetiati 'noﬂﬁkﬁhg HRGHE! tQArdhE flartt Epativy, e}|§r0d1(1dtldn) and
limtations on the avail abil 'ty of workers and their skills or ability to

oper at e t he ilbleetndy.ngTheuiapneett coraprases i e bi migratdfoths tolowhes:capabitd i ty of
bl endi ng equ nt taq. cess r |cu ar..bu roducts. Preferabl t he
const r a nt « PG e ST 2B 44 A e HechEG Gk Sawahinsiods oy hoe
tanks speci by nfREoM raﬁ‘@fa@gé&fanfe’ﬂ:@s f}fé{éo@%?aataﬁde)nnfﬁﬁ% FeCtd18PS ta@Rs hite

physi cal connectivity | ing different pieces of ant equi pmrent (e.g.

bl endi ng eq@ipwemiqre mctaagnarlq)awnctprsetﬂwreaﬁc(ﬂb)Kialamkiomfwn@ thndadkagitgr gi ng
facilities) to differ stora anks ii) . m irru_i eriods for
setting up anfpEeahiEPls SRS tRR phtablcohh e lonFul Sshefint bui i
product; (iigd a{BngéHJﬁ@lo&BSt&ﬁgé oh8litl RrandUiR! dl@n@reb@ﬁe@zih&lfal pArandgss bul k
product into a storage tank; (Tv) mninmumtine periods for conducting

qual i ty assthceafe () elatai ludgntmﬁylr@ thicemderdinguind gisduuging feiities midrome DI
periods for settin Ng e t to.manufact reab

Pockaged pr GO P D g SHBIFD 0 e hGoRrERE bul k
product out wefwddh ik %aﬁlpﬁfeﬁf 298 (hpades relﬁﬁ R0 h¥tort AP IGRRRE foRicREIS
limting the avail abl ity and capacity of the packagi ng equi pment specify
one or nor epafkaghépfodutiowi ng: (i) limtations on the types and nunber of
each type of packagi ng equi pnent that can be utilized; (ii) limtations on
the production shift structures; and (iii) limtations on the availability
of workers aoubg)hei prefdehbly s tRr dahi b %/h% aRepRh&Ink NQUARAKAGI I QaHi prent .
Preferably, the constraints limting e availabilrty and capacity of the
packaged pr eadcimagoroprge cffa@qulpmﬁ@ts nslpedua‘lgy onkhipris respeeialy tive Wheéd owi ng:
(1) Ilmtatloso the@ze a .war ehous

| t t |
where packad 8 o BReR Sl PE i) L ALl AT P
of a batch gfe gﬁﬁﬁmgaé‘dﬁﬁ@ﬁéhtpéa‘ﬁd%?‘iddnﬂﬁé@%oﬂ@ét%%“ﬁ?oné‘rdﬁ' thérel grobpyent ory

turns of each packaged product. Preferably, the constraints limting the
avai | abi | i t ye.anlly pephictioytrai) phevanrdodadivedy by gladt. sSihalgiynghefidanitity of es

i f i the fall t at t te at which
packagbd pr UDBeE Aok Gah St i ieoh aPgktst (P RiPtes LS e i 7o

of a batch gfjoRam ? ARCURESH gRE Ofdbigikics RBE! ééﬁeh&hn&g'éﬂ HRt bRAIn@hdefiend esi dence
time of a batch of each pac%aged product’ on the unl oadi ng/ di schar gi ng

equi pnent . Tdepiiciad individuallyeersts coner owne graaipaof eglipmest. t he nunber of bat ches
of each packaged product to product batch size does by maki ng the m ni num
total manufactured quantity of a packaged product (i.e., nunber of batches
mul tiplied fwoj@ﬁtt C@&f&@dlycﬂfer@ﬁ@(?d{@ltﬁfﬁng hBe @MRERSSLAGRTEsTRE e
product. Typically, at |east one constraint relates the size of each batch
of packaged ppriod ot pant @petagiogu &mbe toptiofizghf & pnethor kmbodiment,rtbguinied does

b Ki t A f Y. sto h f duct
e A A (R B e S
speci fied | en@gdid@hardd OB pddale@prodh@@thalyi vaBy dudie' ey T Rmaf®! ani shment

order has been placed. Tﬁe met hod enbraces the use of a " nodel containing
any conbi nageemalofthe hieme omgizoai ave woshr plet dperations ipatoabe aptimiRedef er abl vy,

all of the constraints set forth.in t r agr aph resent the
Todel [ 0048y RBHSOME afdtorr s bl aPRRGRHAS Rl 855 B aRERE s Mooy
exanpl e, i f oBedR6hAifRARNYGEEL 3 tBe blenkili etSpb&€icd dROLE ora B tuant i ty
of bl ended bulk product and/or packaged k product to be purchased from
third parties and/or affiliated plants to augnent production, then one or
nore constraints may exist to limt the identity and quantity of such
purchases. For exanple, one such constraint would be that any such
purchases cannot exceed the typical spot market availability of each
product. [0050] The nodel's objective function is a performance netric. As

previously stated, the nature of the performance netric is not particularly
limted and |Ilustrat|ve performance rretrlcs |ncI ude but are not

T L T Y 1 v M 1 Y T Y T L




[ 0051] The third step in the method is a conputer inplenmented step of
running an algorithmc solver to nmani pul ate decision variables in the
nodel . Prwbenriagéniormer ci al sol vers include CPLEX, XPre®eT/usbdioRs7@and XA.
The decision variables are mani pulated to identify a solution set of

vari abl e values that will nove plant operations closer to the optinum and
preferably to the optinmum for the objeéetive function. Upon initiating this
step, the user also WO 2011/ 066210PCT/ US2010/ 057578 - 22 - deci des whet her
optim zation of the objective function nmeans mnimzation or maxim zation.
Conput er | mpleadag equipnerdfcl@nepsind prépaaathn3tihGOBaNSrapsregpisize anthbdr i n t he

t hod d i.b b h t ' ted,. [ hat th
Acconpl | Shodl By BB PG EGRTnY P Tt DGR 9V pRaGh dAY EVARC ogi dea

on a conput @ﬁih&%a%’eléhﬁ dﬁﬁdih%%leﬁa’ bkl | Pref&ﬂa_ﬁly,CQH@lﬂaﬁ{ p@fté’iﬂﬁ%ﬂ&@l’i@” ses
code that | oads the nmat hematical npdel, retri éves and reads the data set

and popul at epeahenalpdeimasers axfrehestorage carkdispecifios bieodaiose 61 the.stofhge conput er
program may  al so defi Pe ong'ior nor e, t%g,l éati on..hased soj.ution net hods.
d

The conput ef®¥sr SYPHIG FaPEhSircabgriigdac Y 561 TRAE | tank, USRS o8 i zat i on

sol ver whi Cliedofitsl f6@OKBIChtvdluME chinbRr daB&@ied) b rdomyﬁ@g?@gﬂ fbatPLeF am t o
solve the math nodel s, through an exact nethod and/or through one or nore

heuri sti cs. fixodk3hePbeftematyipy, (ctdhecawdshapsd vari flatpnthadieal volided and) the/ st em

sof tware such as Al GAMVS, 1 LOG.OPL, Al Press sel . wever, the
code coul d- SRCHRHAT PR SURHERGR CBm U raFi i A TR AGE

i ncludi ng ChperaliBnd ParRadioT®iK packBEInE LABIpLRNL PFRATARMnkeor\HhorkloMhdIsi ng

Al MM5 and enpl oys an Al MV user interface. [0054]1n a preferred enbodi nent,

the data enpagkagng sqwpaget ckaggranpl prebeatiarsiting, dhe Beackigingtretef doe and t he
program {5 MALLen Ruthc, AMIE sl ng | anguae and calle upon s CPLEX
her ool | T B e R B e e A or
execut i on adadtaopsriting Thehe eperhtignat graranhesershd the araskaged eptodect gptoragxpor t ed
or COPLED) bk, EEEL A0S, BLG % RS She b A SRl e

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 equipment and/or unloading and discharging facilities. 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



- 23 - [0055]In one enbodinent, a solution to the MNLP nodel is obtained
by transform ng the MNLP nodel into a m xed integer |inear progranmm ng

(M LP) noaiel2otiypsbiinear approxi mati on and then sol vi ng tireTMSRRomBTHEE . | N
this enbodi ment, the nodel is solved iteratively using a cutting-pl ane

met hod. [0056] Alternatively, the M NLP nodel can be solved by using

met aheuri stics. Suitable netaheuristics$7are selected fromthe group
consisting of an evolutionary algorithm sinulated annealing, an ant col ony
optim zation, a tabu search, a pattern search algorithm or any conbi nation
t her eof [ 00S8@pbratcatistiseof empoanhipation ahewe dahedaﬁtlﬂmdl-ihnhie@eragmpﬂmndnear

t t I i
the model | cAFIBE0 S0l FaeB)N HaTHY bt ¥R AER TGP Br 8PS ng 2l gor! £
[ 0058] I n anot her enbodi nent, when the m xed-integer non-linear mathenmatical

optim zation is posed as an agent-based nodel (ABM, the nodel is solved by
usi ng si mul $0048h. [DOBOhPrcafess tisl cjiffetefme bstl prodoets giné@ri‘téembdrmredlms in a

depend ng. ot HEVpr STy FigeERn samPFLRLEe pvift SL SREER B PEke Ll ne

particul ar gplipHeaat TAR Sdrabd @ﬁént@'a%&ﬁ%éfedf ﬁﬁzlsi%ﬁﬁ sﬁh/oxt BiferRRAL fagth@r
sol ving techni ques enpl oyed and the nunber of "variables and constraints.

However , onmcmmdmgmebuban*elﬁmttsdtﬁ viseesitynweidity ofensigy tetat At¢redipgbblieone when set

;J \F/)vol R oﬁr ;m tn ng% glglge!g]g gtﬁg Sdata se erthee)r( %gr%pnsgs c?ata r(ﬁatmhgetro tlhe cogq%la(ltel&hl ests than

different bulk products and/or blended products with the plant equipment.

[0041] In another embodiment, the data set further comprises data relating
production shift structures. Illustrative data relating to production shift
structures includes, but is 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 thereof. This data can be defined uniformly for an entire plant or
broken down separately for each process step in the plant (e.g., unloading,
blending, packaging, warchouse 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



- 24 - Step 4 [0060] The fourth step is operating the plant(s)
substantially, and preferably precisely, according to the solution

obt ai ned.wOnootdseziowor ds, deci si ons regardi ng pl ant cap&cirtus201ploarsvs
production and plant inventory are in line with the recomendati ons

provi ded by the nodel. An operational plan for operating the plant(s) can
be determ ned after a review of the sol®&tion by plant planning and/or
operating personnel. Planning personnel nmay want to vary the paraneters and
obtain solutions to various "what if" scenarios in order to choose a path

t hat best oppi:rmizggnd heaipanfiog tnbendegrind packegiegy eqﬁip@nemarﬁhetsyorege

scenari os. at i ve@ hgﬁ] wever, this

be
ISR ISR hi N SsbioRanabe Bat i rerlSe Br 158 i1 i1y of

raw nateri alygdallin %@Quﬁﬂhérﬁblﬁrt‘ﬁ@ﬂ/ if JtH?: RRRrRIRQAMER M is deh@rdMdgle @ssuMes
infinite availabi ity of raw matérials and identifies an optimal or near

optimal sol sttiwitl s hhkdesdekiapgrogrrodticenfabe tinaiaig wiluel of caglopinaged

enbodi nment , vai.l abi ity of specified raw materials is a parameter to
be popul at e’ 9@8&?&0% ata set and a constraint in the nodel is that
utilization of specified raw materials cannot exceed availability. In
anot her enbodi nent, the requisite quantity of raw materials is an

addi ti onal &ten%ion variable to be determ ned such that a perfornmance
metric is driven toward optimal or near optimal value while satisfying
limtations and/or constraints on raw material storage thereof Order

Ful fillment (00449 - TMSEQORA QGBS heCRABHBE Y eEbhputsal AMbRALEtca nd
probability dis rlbutlon for the packaged products. In one enbodinent, an

order ful fi lubimgrthe dataesct g0 @Dp@]@@dmadelaparamsuersamna nined-hgegen dwh-lirteat nrust be

met by any sible solutio o n I nvent (e.q. af ety stock)
Tre then varGdicmutal iodhiadfion Mgt cohe Bl i RESRhd 1d Fiadlisimafte B
constraint QegribhendsimahR ro?lﬂ%béll:ﬂldlﬁg Qh&f)&dklag%?%nt@k)ﬁﬁ‘d ”@E&dﬁﬁbﬁ{ to the
order fulfillnment rate can be a decision variab mani pul at ed

(subj ect tothd parammtersnsomaringss de¢ision heanmbdies| | constrainswand anhebtetmand

pr obabi | i tyfdl tribution and other factors, to determ ne an optinum

sol ution t o #8%bj ective function. Cost M ninization

[0045] The model’s decision variables represent the quantitative decisions to
be made in each 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
each batch to be made for each 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 safety
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



[0063]In a particularly preferred enbodi nent, the nmethod descri bed above is
a nethod for operating one or nore bul k product blending and packagi ng

pl ant (s) wo aiwmasaier that reduces total operating cost @amiusgoia/osmsss gnat ed
time period under designated operating constraints. In other words, the

obj ective function is operating cost and the data provided is the data
necessary to determ ne operating cost-190064] Accordingly, the first step in
this cost mnimzation enbodi nent of the nethod is a conputer inplenented
step of receiving a data set. In this case, the data set includes one or
mor e of t he vhohblesnsengordairathiy paraglapla Pobderablyy alhgf ghet dasssidrovarmbies seb) dat a

i dentifying_.the. blendin ment dda relating to the cost of
operating tﬁ@%i%h&l%&%ﬁ%ﬁ%ﬁ?@% éaﬁ; dentifying the storage tanks
and data relating to the cost of operatl ng the storage tanks; (d) data
identifying the packagi ng equi prent and data relating to the cost of

oper at i ng t (e046dck ayimgromguotheerdecisios) vaattded derthining g plack ageatityr oduct

storage facilities an dat rel tin to the ost of, holding in entory for
packaged pr BiAEEESn s SpongRREMR WaY 56, HE VR dicRart fh

facilities ﬁﬂ&in@lﬁ‘él%ieﬁ% o%t\}aﬁgbfe%ét%uﬁp@é inefude@ &y t%hdl‘éht%%@nd @&dﬂtﬂtﬂi bes; (9)
data relating to the interconnections between pla equi pnent; (h)

data rel ati agy btﬁnﬂt@bwmrodm@aancumagmbléh@moctmtskiadwcptpclnnsgd;fmrrand (i)
data rel ati nvest e e ry to add plant equi prent and di vest nent
necessary tggf(tﬂ%b IS %.‘H%F%RE’H? %[365%1% ngﬁlﬂféloénbod. nment, the data
relating to the costs of operating the bl ending equi pnent and t he packagi ng
equi pment include the cost of overtine. In another enbodi nent, the data

rel ati ng tol[80] costlse mbddpmensirding represdnit drediaygoretptiopakeriteanthat heispackagi ng
equi pnent cl ude.t he cos t.of t rated. .In anot her ment ,

The Hata r PR R bnEO St BbenSraPiy. b MSyRsTR AQaerT Dy

inventory | ?il’rﬁ{ed IHo?ARE haE ceniRstiRRudct R Haharefithd Rﬂfokkﬁﬁ%c(ﬁg%é ses data
relating to the cost of maintaining plant equi prent (e.g., ndi ng

equi pnent, st mqatgeeltrarikmtlngabdxagalh@ﬂémutnémamcnywafrtlah@imwdmgamﬁmnem

| oadi ng/ h nb di. t. the dat t
o e "o R PR BT P BT o R e WO o s
structure apg dﬂ%eor%&te fmE AN G TR MRS G ARAUGHLAT §ﬂ”'ﬂh%tpa§12a{glﬁ§%¢ ure to
anot her. Preferably, the data neets sone conbi nation, "and preferably all,

of the Iim eavipowst;i(d) ohé¢ or mageraphllmitm&pﬁveﬂ@abtynmchczqq@mty] offthas in this

t t nmbqdi t of .t d i t | d st
of “usi g hEOGHER CROTTY DGR e AR (Do Moo (e HIRgars |

non-1 i near pAGHATYIHA &Md}'!ypéfﬂi‘é%ﬂo&i%’g'sEﬁd‘@fs@ﬂ'ar?ﬁhsgnfﬁéﬂﬁﬁ@@t(&?%é ¥r descri be

the operations of | endi'ng and packagi ng pl an . Agai n, the nodel
conpri ses dmnrs lnon-lmaan mbhesslatognde mainthes ohhatchas thﬁaehmavl@gﬁdupmduon. Agai n,

t he varlabl repre uan tive decisions to, be de in each jnterval
Fegar di ng. pRARIOBEREENT §12C oSS CnS or i<, IRDARESE S IAERAE AN EORb 1 af nts
include onecgin H&%&l@o%aékﬁged Brddave B8 thd §lan@REoLEaf, a?rseo&%aaréd foctthé1g the

avai lability and capacity of the bl endi ng equi pnen one or nore termns

limting therapai.l ability and capacity of the storage tanks; (c) one or
nore ternms limting the availability of and capacity of the packagi ng
equi pnent; (d) one or nore terns limting the availability and capacity of

packaged pr oeius| -Bréferably, 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 each type of the blending equipment that can be utilized;
(i1) 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



storage facilities; (e) one or nore terns limting the availability and
capacity of unloading and discharging facilities; (f) one or nore

non- | i neawotermeériel ati ng t he nunber of batches of eachprpaasagedsproduct to
product batch size; and (f) one or nore non-linear ternms relating the size
of each batch of packaged products to the quantity of safety stock required
for the product. [0067]As stated, in tbds 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 , tsitmeagsosmm speaferoat i orgmone qﬁafdﬂkafgﬂlng’i@mibmmctmd ethéhezost for

hol di t . di ment, the t t
et udas. £ henEsel caphseiviy SR e ERteat PRGE Trade Caghenting. Rt
equi prent,  3L@HARER, Hafkedin @fﬁkﬁﬁérﬂgan@%'&m%ﬂin o MRS &5QUBERe mmes to

unl oadi ng/ di schargi ng faci i'es). In another "enbodi men the to
operating c dﬁ‘feramtmragﬂ:ﬂaum ii} menigwst tiwf paddidniyr aetthgop da"rﬁarvmtrsgorpgeant

oriet brabl y AT Tof et e Bk PORERTGT bR R Rk PO ORAT e R ra Stop

is a conput e mlﬁgama&dl St BBl Bk ?t&mlcﬁﬁu@h%ra%éﬂm 60) M&imlugh
mani pul at e the deci Sion variables in the nodel to obtain a solution set of

vari abl e valioesparieds feptondictay quaht}oaﬂsemncwwsmgmm adhendied dulk protiadt;

ti t th t t bj ect f t
o ni i zati o) PEUEEPHES A5 peh et Ui 6T R Gt Syt ant i ai 'y
accordi ng t%aﬁcﬂ%ﬁ)@& f@b@prdalahalaﬁ@@v%ﬁﬁﬁlhﬁfn@ahié pernfaas pdragmh(pﬁﬂg BleRdQper at ed

exactly according he sol uti on obtai ned - ti-Plant [0070]In
one enbodi rrbntk pmdectrmlt lod dli ftiersitr sthrage &dnby.e Hrsfewbd th@ cmmtnamt& bBmitneg

Fovever - nUSbeHap TEHIEHREREY of HE THEFRRE tolBrr poweasboe peiteedti o
si mul t aneoughe/foPBlviRg: 18 1ﬁnl@£ioh§%hlt9@q@>%s Bl KuRbQ@dBack hgRdHacRhPackagi ng
plants to capture capacity, production and inventory cooperation benefits
bet ween pl angwipment that can be utilized; (ii) limitations on the production shift structures;

and (iii) limitations on the availability of workers and their skills or ability to

operate the packaging equipment. Preferably, the constraints limiting the

availability and capacity of the packaged product storage facilities specify one or

more of the following: (i) limitations on the size of a warchouse or location in

the plant complex where packaged products are stored; (ii) limitations on the

residence time of a batch of each packaged product in the warehouse; and (iii)

inventory turns of each packaged product. Preferably, the constraints limiting

the availability and capacity of the unloading and discharging facilities specify

one or more of the following: (i) limitations on the rate at which packaged

products can be unloaded/discharged; (ii) limitations on the size of a batch of

each packaged product; and (iii) limitations on the residence time of a batch of

each packaged product on the unloading/discharging equipment. Typically, at

least 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



[0071]1f the nmethod is practiced sinultaneously on a collection of bulk
product bl endi ng and packagi ng plants, then the data set described above is
provi ded wonomawsbeipl ant in the collection. Further, addipCirarsadioparsasret er s
and constraints are included in the nodel to define the ability, benefits
and/or detrinents of transporting blended and/ or packaged products between
pl ants. The data set includes the data2nhecessary to popul ate these
addi ti onal paraneters. The additional decision variables for the nodel wll
be whether to vary the capacity, production and inventory of one plant in
order to nakejuniedtbes bynoabimgpthac Ida@obfpsaéﬁumﬁO&oforsa@icbmet 0ﬁ packagecher

lant. [0072] F | 1.i - pl ant t df t ot al
et t ho_ adtiCEbRET TR ot F Tt B trar Fo R Vbtne? el Sy Lost o
t ranspor t i ngnkkeaoRd@Ns Bhe pagl kaggsh BRIl MRRR: @b@ﬂfsﬁmeﬁh@m@ﬂdl tional

deci sion variables for the nodel would include whether to vary the
capacity, phesibetn placadd Thwemﬂ@xyemmnmn@ﬂmiaﬁtofm,Umdekcmnmnugemulended

d/ Kk d f h t..tq.anath Th t
Functi on of coapiRigRer o E66E TEaitkAaragh paaelel Srepraht el b b s
embodi nent, cm{ﬂﬂaﬂmleyﬁﬁlﬂﬂﬁﬁsﬁa@%ragia@wesewmngé gkl ng and transportatl on
of products bet ween the plants - [0073] This multi-plant enbodi nent

is very useful in detecting instances when the cost of expandlng capacity

to neet de in ant ss than.the cost o u and transporting
product froltigha pYGBPity dguRRd coaiiin Tegi R ratenoaftea i oad o
i ncreasi Ng gaRAGHdY vatiadh %tth&n{daemseihehm%t% ARNBNMhity BE bRRIded®unSO! uti on

obt ai ned by the nethod woul d dedi cate sone portion of plant'B to plant A
It is even pmpbam/ommﬂghdnwlb@mdwt thabappichased tiaum tlnltrlapantllaealmb(et

solution to nt o timz tlon r obl em woul d be fo one nt to
bocome a1 oefedpiaBisa weRia Wtk i, s oo ROt e e R RL eRsE g
plant for aReURET theSHRRIY Nt WRsdtid QR dbh HuediRs@rbed; @ﬁ&}hplet BRe RBEHO

descri bed above is used to sinultaneously optimze a collection of bulk
product bl endms'm@lran‘domdcﬂmgnaﬁganpl suvhspurnlhsas canat ctxicoed dfe dipsealispot i on

centers in a z r.aphi c rket to capture the benefits of having
preferred ppﬁﬁg %ﬁ%’ qﬁ@@ﬂb@PH%H center(s) to supply each specified
packaged product for neeting retail sales of the packaged product in the

zone as depicted in FIG 4. [0075]1f the method is practiced simultaneously
on a col | ecti9@] of bhd kmodel'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 net 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



product bl endi ng and packagi ng plants and a collection of distribution
centers in a zone or geographic market, then the data set descri bed above

i s provi oed2boroseroh pl ant and each distribution center PCEUS2IO057578
addi ti onal paraneters and constraints are included in the nodel to define:
(a) the ability, benefits and/or detrinents of transporting bl ended
products between plants; (b) the abili2¥y, benefits and/or detrinents of
transporting packaged products fromeach plant to each distribution center;
and (c) the ability, benefits and/or detrinments of transporting packaged
product s bedwedes dihsthei bptiinomatice of ¢he objTheyad amatigemdans Inidasizaten dat a
necessary tozplﬁulate these additional paraneters. The additional decision
vari abl es f QFX{AENYYel will be: (a) whether to vary the - 30 - capacity,
production and inventory of one plant in order to nmake bl ended products for
shi pnment to anot her plant (b) whether to have one or nore preferred plants
for supplyi G@neputier $mg =--t i ok Stepd ildc% to each distribution center;
and (c) where to hol d pool ed safety stock for each packaged product.

[ 0076] For exanple, in a supply network enbodi nent optim zed for total cost,
the additiopgds2par agmhens2and T anald MefHod MRMIKEd AvidRe ch@ céiputePst of
transporting bl ended products between plants; (b) the cost of transporting
packaged praupbmntadome@mog tlpﬂtahﬂy aro ageahplaihed by lvatsing acentpeter tameh (c) t he
cost of trans ort roducts between distributi QN c The
Sadi tonal - dsbrenish S AEERE e R A S uFERagIT bR e TSNS her 't o
vary the Ca@@i%?ﬁﬁér p%g?ﬁﬁ%hﬂﬁlséﬁgodenﬂﬁﬁﬁfoﬁﬂé’ ttféfmé‘t'ﬁ@mﬁtl@dl‘tmédél QbHRNed O make
bl ended products for shipnent to another plant: (b) whether to have one or
mor e pref er ped rqaldamltesda‘t@setsamﬁmqoub@sahc mwlpbparfanlettrqaa@loagegl tcpth@otlwt to each
distributiog.ce er; an % wher e %ﬁ hﬁH%Fpooled safetf (ﬂ
packaged pr otfuct PETREPHET PR PN AT B ACIHRC P15t 8T M ORH A 884%“? r the
col l ection QbjuRbARR{cPhodsN ThRicBmPIRe hﬁ%ﬂhfﬁ%&ﬁhﬁ éﬁﬁé§&ﬁb%ﬁﬁcﬁ9§h p&f any
buyi ng/ selling and transportation of bl ended products between the plants
and the cosunaiptiamyatiouy soigérsehichnig mte@ralrmns)panmﬁacesnwah geckegpadepr oduct s
bet ween the distribut cent.ers 771Thi s sup odinent is
very. usef ul PREHBIESPRAH RRHERBde bk thduro Rt BetbaraniRr SHEUREGIOn of the
zone costs bheok€R&IiswBEN the products are manufactured at a plant |ocated
in another region that is also in the zone. Instead of increasing capacity
a plant located in the sane region to neet higher demand in that region,

t he opti nal d by the method wou essent i al establish
oref erence 18 upafsfttbr Gasets i §rifh Sl Bidss SR s et on
from a plang l\aeMISAGIAMSNRIAGTOFIEIA DIPLOor B18e&ONMBscl! HAMIICE RS cbe t he
above, it is even pOSSIb|e depending on the data presented, that the best
sol uti on t ocaulduyl be wettownkngpiy edmpiteopropgravivhieg laegvage beldding 6ne. pl ant to
becone a WD, 2011/ 06 Z%OP /US2010/ 057578 -31 .- fuh dedlﬁﬁ%ﬁ& bl e d|ng
plant for om® $¥gf 9 ﬁoﬂBHteEd%rB%rthé%a‘&tl gymsg}gt andt

region in tQﬁm&g@quQEijsL&@t&@%ﬁke[0078]The time horizon over mhlch a
performance netric is to be optim zed

[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 exact 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.



conprises one or nore tinme intervals. In one enbodi nent, the nethod

descri bed above is used to optim ze the performance over a tinme horizon
conpri si yoand/denzier val . | n anot her enbodi ment, the net rou/uissolapptsred over
a time horizon conprising two or nore intervals. Optimzing a performance
metric over two or nore intervals may becone necessary when demand for
packaged products varies over tine, e-@3, due to seasonality, in an
energing market, or in a declining market. The nulti-interval enbodi nment
requi res additional dataset describing tinme-varying nature of demand in the
specified tinme horizon in the formof demand expectation for every tine

interval s insi t horizon,. [0079]1f, for e , t .met hod is

bract i ced t ST m Deo HEPRIMEENco i R e aaTeL Eraopdid ¥ Bkl For
packaged pr @@HghsnindNtRPMINIZRIHEI] 3indPd hiRRE afedat @i‘h@&r“%rc%%rhﬂﬁﬁg _
production m x, batch size, whether to conbi ne batches, production shift
structure, &MALBrfredyl by diokarf apprérotiatibh @ndebierbsdlkingritic pdddidagedebr bduct s f or
every tinme interyal. in the ti hari zon. .Anmong. such decisions _.are, but not
Vi ted to, U CORPASI RS mordhis ot ed Ueiatisely Uougii une BRI ERIEKS] packaged
products and/or of blended bul k products that make up the seasonal packaged
products should be increased in anticipation of increased demand for such
product s du¢0@5®] seasberabiivelywhiht e MINEP f onodehceain nbiex sbkvedt iblyl wptg i zed.
[0080] If the thad.is practic am dst i ncreasi.n emand such.as the case
o an ener iR SDHATsRTARRGR ur SORTER PR RN R obi ch
time intervah &BRAGhAY 486 iHhO NiMalktAPABRaBNO Wndaedifsr §a8RBatitn, VAl ue thus
i ncreasi ng production'capacity of one or nore plants in terns of avail able
time that céabulpearch3®pattem pdardedgonthpr, odacecombisaperodgntos. or nore quantity
of each of or nost of the bl ended bul k and/ or packaged products. Because

i nventory deci sions such as, but are not limted to, replenishnment quantity
and safety 3965 arm capshaergsholimbhl aneRHs e wnﬁikae&ﬁﬁ@%"értmoﬁnﬁle@f oducti on
vari abl es, an optim zation algorithm can determ ne that the inventory

| evel , st ar ophgifatiomnidiel tsiposed at @ mredd-integehioinlivegralynamid prograor, éased, can
be | owered mhilr algeriorq?nce index .is . still .driven toward %h&hoptinal or
near opt i melMQS] G DOOLYed; Ry S ARG BT fﬁyd’ﬁglii ROSTHEP AR RNt of the
invention is a decision making tool for identifying an optinmal or near
optimal operating plan to neet a performance netric for one or nore bul k
product bl eh@058¢ ankh paekxgi nigldaneifts) whas ghe fuxedvittegeow,nonHameanol

compri ses at, | east N SEnSaMBONS e 49 h TRLETEN: SLSER ] AlShAeP! the

is solved by using simulation.

[0059] Preferably, the solution step is completed in a time frame of two
hours or less. Obviously, the processing time will vary depending on the
processing capabilities of the computer utilized, the particular 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.



[ 0082] The first conponent is a first conputer readable nenory device
storing a data file. The conputer readable nenory device may be any

conput er weadablse2iredi um as the phrase is defined in thecdafSeoonssns
section. 100831The data file stored on the conputer readabl e nenory device
contains the data set described in step 1 of the nmethod. Accordingly, the
data file includes one or nore of the-following: (a) data identifying a
time horizon; (b) data identifying plant blending equi prent and one or nore
operational paraneters thereof; (c) data identifying the plant storage
tanks and one or nore operational paranmeters thereof; (d) data identifying
pl ant packaginglequipnent and one or nore operational paraneters thereof;
(e) data id yi ng packaged product storage facilities and one or nore
operational paraneters thereof; (f) data identifying unloading and

di scharging facilities and one or nore operational paraneters thereof; (Q)
data relati hg60d t hEhd frivethcoemisotpictatingiibe weet(s psubstantialpa andqn]cﬁemlvbnt ; and

(h) data relati to th hlst i cal .de d. for each acka roduct. The
ot a 1 e oLt arsrobfinh g B SByPEpiRarty 5 ShESNBEE: Aiton,
CO”b'nat'0“r&&w&ﬁ??ﬁhﬁ?ﬂbﬁmyonhh9nﬁﬁ&ﬁo§ﬁhd ﬁﬁﬁﬁﬁ@%ﬂn&%&@%@ﬁné\ﬂﬂ1the

nmet hod. Preferably, the data | e contains the data necessary to cal cul ate

oper ati ng cd@ttec{)mcﬁnﬁéltmsmod@d by)thmnednl i/51 apgeitent prorfpudeeratigndabl e

d t hat .st Tl d L t hat
Gosor ! bes A BBHs G StelmbrE AR it pcRe AL D P e b ond
conput er reaﬂ@/e{ 8p éf@ﬂiﬂgyer%\flbpemaﬁﬁnggeﬁsb@n&m \@éqttt@ealfyltﬁ%a@ﬁl@fe% er

readabl e device. Alternatively, irst and Second conputer readable
devi ces nmy abé 0b@pa$qiuteorartd variets ‘fehat iRegaratios s ordein ¢o slmmnd mdhthat er
readabl e deyi ce ny conp ter da nmedi um as t he
phrase is dé??tn@&“fflﬁe% htE f%’i‘??‘&ﬁwﬁ%‘é&%n“%%@ S%ﬁ‘i‘éle‘?a}’m? | SCFRATES-

descri bed i m\gh@RivAlyOhowbeer MIsNeh calWePiediordby autbhtigRAel . in addition to

the paraneters, conprises decision variables, constraints, and an objective
function. Again, the variables represent quantitative deC| sions to be nade

in each intigvgilreagéding pl ant capacity, production and inventory. Again,
t he constrai e one or nore of the following: (a) one or nore terns

limting the availability and capacity of bl ending equipnent; (b) one or
more terns limting the availability and capacity of storage tanks; (c) one
or nore ter 06l ni tTlnfgmteﬂnedamai treadithd avpilabiditcefpawi myteohlstihenp aeikaddt ng

equi pnent ; e terms limti t he aval Iab|I|t nd .capacity of
Che. backaged Br odictics Fapageierte (el eisont i syt PR L ng ¢ he

avai | abi l'i tma@a%:aﬁ@qaémm& énhsptuﬁéloaldh&g &t sthadOthehd afldbliind es; ()
one or nore non-linear terns relating the nunber of batches of eac

packaged pr pthidemtagcqdoglict Ibatathers¢mleqdizmut, ¢ty avnlebidity wbseecniogd tawnear
of  Saf ety sPBRRIATil FERTPSE O Heh BrOUBRLroRAG, e 1R AOA R OY POHL T on | 3
a perf or mnegedeektha- utfﬁlﬁﬁtldm@{eépe@i@éd raw Bfhterials cannot exceed availability. In

another embodiment, the requisite quantity of raw materials 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



correspond to any enbodi nent, or any conbination of enbodi nents, described
in step 1 of the nethod. Accordingly, in a preferred exanple, the objective
functi on wWe 20péetibng cost. [0086] The third conponent i CA/USR@OASTSOS
conprising an optim zation platformthat conprises an algorithm c solver.
The optim zation platformis operable to |oad the nodel, read the data
file, populate the nodel paraneters acgprding to the data file, and execute
the algorithmc solver. The algorithmc solver, in turn, is operable to
mani pul ate deci sion variables in the nodel to identify the set of variable
val ues t hat cogfoinai peletthearob estd wecdladateicodemand pilobakiisedsfribmpendobi ng cost,

this nmeans mninm zing the objective. function. Pre ed sol vers ingclude
CPLEX, XPr o PIRFERCrOdRIS XA SpbBE PR LG THETGER HE BBl at for m
is a conput gk ARBhitkALd A0 (ROMGUST MYt GRES W'rﬁéteﬁ&uaﬁiy“%mﬁ?'s'oﬂﬂioﬁyswm

software such as Al MVB, GAMS, ILOG OPL, AMPL, or XPréss Mosel. However, the
code coul d &rauchen and timentargi(eg., anletyc siopkit @ thero galanmniedgn vagwy wa dlee

i ncluding C++. [0088]In pn referred enmbadi nent,.the conpute |ication
w4 o GUTREOA TG it LR Toyalea PORTGNE (B Pt EPPAN. DRBRETD
particul arl WistaitRne A k¥ p HAE B IS FAGSAIPAtE THE e USddathicH vartdbRd
interface, the nodel is witten in the AIM5S nodeling | anguage, and a

program w i te bemanipuased\(subSchiodainimgn egraigss) lio dasmodad, modew of plapul at es
paraneters i,n th del.with the datg set i.n the data file and.calls upon a
CPLEX. ol vel oM STOEIHS. SiaE RO RBALrarg Hr GBIEm 19 deermingoft PYSEML of Ut on
that optim zgstibhe MRIoBRLtivefifnensh on) using an exact method, or using one
or nore heuristics, or using a conbination thereof In this enbodinent, the
programutilizes an AIMVS interface for execution and output. The results
can then be {r ferre e.g., exported or copied) back to Excel and stored
as an Excel =% @ﬂ'—\z@-&ﬂétively, the results can be stored and nanaged in
AIMVS. - 35 - Conputer Program [0089] Anot her enbodi nent of the invention
is a program storage device, readable by a conputer, containing a conputer
program exed0R6dhl e Inya pationdady enrefewié rceibedirhentcdwpuetbod dessgibadhabongr i ses

code operable to ca a conputer to identif n timal or near .opti mal
operating piaf TEALD" Argalre o ardnive pilk Hraghics denshig apd migkient oauct

bl endi ng and|pagkagh MeandbA iat $dduct tetfl ofedtiny RRE BWing BIcRixASA N
instructions are operable to cause a conputer, acting, for exanple, as part

of a tool spehodsmtérederegiagidonpaeratiiggonstaintsiedorothedwalbtsy éhe objepevd or m

steps 1, 2 ?Qrgcti%nofs Bpe%at?r?é Q%gt' 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 case,
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



[0090] First, the programof instructions is operable to cause a conputer,
either at the command of a user or automatically, to retrieve and read a
data fil ewvbnrommenonput er readabl e storage devi ce. The eompst@n/osmagiabl e
storage device may be any conputer readable nmedium as the phrase is defined
in the definition section. [0091] The data file contains the data set
described in step 1 of the nethod. Acecd6dingly, the data file includes one
or nore of the following: (a) data identifying a time horizon; (b) data

i dentifying plant blending equi pnent and one or nore operational paraneters
t her eof ; (crqdateni; denddtd yilatgng toethg hitricet deragel foackeh pavitagaeproductor e

ti I t th f.; ta identifyi | ant . i
cqui prient oAl dRR B F S oper by Bhett pikeareet dps B el
i denti fyi ng JRRcHRIL HcREQMNIES rePiRe UMt baGbiiehi €S and one or nore operati onal

paranmeters thereof; (f) data identifying unloading and di schargi ng
facilities and one or nore operational paraneters thereof; (g) data

| ati t i nt ti. bet | t i t: d.(h), dat
ol ating o M1 ni JELRRE BRBOURRRY Ph R o S 1 PR 8l P a1 1 o
can_cont ai N bRrdlalaledtRim& I8RO AR ATIAAE Dfe, Al oL ORRIIARY | 0N Of

enbodi ments, of the data WO 2011/ 06621 US2010/ 057578 - 36 - set
descri bed i hn snetpericrobodinennghddata rifathg tabieycostshel oeratifg the Wdenbing ns t he

dat -t | | at ti. L 92 d,.th f
et bort o Shipidn b s el fRE B iPReSORb e RO AT s tob dbpafd! o™ ©
aut omat i cal Iy aQ6thwt ERbB&EMEaL, th@tdﬁfavl%m&rr]l%nto tgelcbaa&f Holaglgﬁhivégﬁgrwﬁea the data

file to popul ate nodel paraneters in the nodel. The node

m xed- i nt egéunchion- off maxaentqyy olgy elnmi Ingarfavhddl Pnbodidesing, Hicordatd st Burthonput er
readabl e storage deyice,. constructed to mat hematically .describe the

oper ati ons. GPRPRESCHURAFAG a0 Hackag ha At Es AR PEREb L cobut er
storage devipt@dimY cffphbet, SaFBs@Sarkb e phdiagingCOIRMNEIH:, MRRIRRLE ah@bAge
device. Alternatively, the first and second conputer readable storage

devi ces nmay ubwadimgatischergargleqliipmentet In Reghedérsbadimiche thedaadechmihat er
readabl e storage deyvice, like the first be any.co ter readabl e

medi um as ¢ ARTPHRGLA S1aia Rele oA feTRER T 4 PrsuSgt 1BH STs683 e model
is as descrigReghst Bf ShMRid RbmidR JFBARAn AAE Hrehtn@!ty anbiher. "PE@ErablyN
addition to the paraneters, conprises decision variables, constraints, and
an obj ect i véhef datatests soigaicambirhgon.aaidaplicésablgmile o€ the Gomtatipnsain thes

deci sions tg be de in each interval regarding plant capacity, production
and i nvent oP§ 28R n, the constraints include one or nore of the follow ng:
(a) one or nore ternms limting the availability and capacity of bl ending
equi pnent; (b) one or nore terns |linmting the availability and capacity of
st orage t ank@066(c) blmesesondrsice inghisen [thisicostnyinimezagivaichdlodinmngng ofitlee capaci ty

ohd capac  PRo e RR L bngEd Yep ST gl rrtble P s El ore
terms |imtipgnidi@s avai haRidintdserNdohaRRE t YrodfarkBtginfaRdipg aRfcl

discharging facilities; (f) one or nore non-linear ternms relating the
nunber of babedrstedf toeaedthgaaticaljy ddgsciobiudhe tapepmtioducaf dwt blendingeandand ( g)

one or nore ngn-linear terps.relating the size, of .each.batch of packaged
Pt oduct 5 t o POHREBMANES) Gheuhr b yhaRbER TP BN JBH Tor Ao PORETS Agai n.
the obj ecti ugd bHRB}dcAVe FishcioR! AYaiRehd QhiREE PR A CGquathi@ i VO8disiORY
correspond to any enbodi nent, or any conbi nati on of enbodi nents, descri bed

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 the blending equipment; (b) one or
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



WD 2011/ 066210PCT/ US2010/ 057578 - 37 - in step 1 of the nethod.
Accordingly, in a preferred exanple, the objective function is operating
cost. [O00SO20himsaz10t he program of instructions is operalpCe/useomwhsrseaft er
cause the conputer to execute, either automatically or w th manual
intervention, an algorithmc solver to manipul ate decision variables in the
nodel to identify a solution set of vap7able values that optim ze the
objective function. In the case of operating cost, this neans m nim zing

t he objective function. Preferred solvers include CPLEX, XPress, KN TRO,
and XA. [ 009®}#accheititibs;\e) omeopmorr @nmefiniitisg thectviadalglitysand ¢apaeity bh t he

| anguage of del i ng system.software such as Al MV5, MS, | LOG OPL, AMPL,
or Py ass yERmagii dRcRrEE caBhiSe ddohe SomhEe aprTRER SEIRGITAL comput er
progr anmi ng i} ARGHBGCA MR NS I Galit 5acaB0P BldducORLpRUBE @ siFDARI ENt . the
programof instructions is witten using AlMVS and enpl oys an Al user
interface. Wbeerpmotrd cwhdmieyr, tetatsaraatingy thendizet @ aapd bstclacafonpikiagérted usi ng

an Excel interfac t he el.is witten in.the Al nodel i ng | anguage, and
a program mnpchiuéﬁ%f)ﬂlet%gﬁ% a??(’i}figplzlﬂbeqlugﬁ%tg%ﬁge P%g&%t'the nodel , popul at es
paraneters in the nodel with the data set in the data file and calls upon a

CPLEX sol ver to solve the math nodeling problem (i.e., identify a solution
that optinm 1067 he bbjstated,vie thisnembodiinensithg apectivaciunesirhsdpparatingi ng one

or nore heuristigs r, usi ac i.nati.on thereof In this odi nent, the
ot ogr am ut 1 FPYestiih AR FEO Ty BREAEN Pon ISl SEESUEY PR esul 1
can then be§ r@psfodf F&dof@atthe 1RXPRAGIRE QRuiitRitethe BRE4ot Bp&ERs tRNd st ored
as an Excel file. Alternatively, the results can be stored and managed in
Al MVB. - 3®ackagxmnguepmerP| andt thCeost Opthiodizgtnwentory. In one embodiment,

the total operating cost also includes the cost of maintaining plant equipment

(e.g., the blending equipment, storage tanks, packaging equipment, warchouses

and unloading/discharging 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.e., 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.



[ 0097] The follow ng particul ar exanpl e describes the invention in nore
detail as it pertains to the cost optim zation of the capacity, production
and i nvenwonyiiafeerine or nore bul k product bl endi ng and patlksgéimngsphant (s)
wherein the required quantities of raw materials are calculated fromthe
resulting analysis. [0098]1n a bl ending and packagi ng pl ant, production of
the plant (e.g., quantity of packaged-p8oducts produced or vol une of

bl ended bul k products transported out via outbound logistic facility) in a
gi ven period depends on the operating capacity of such plant. Operating
capacity of a blending and packagi ng pl ant depends on net (effective)

avai |l abl e tigﬁtfngEroduction during which plant equi pnment can produce
products (i ~eu= d raw materials into bul k bl ended products, store the
bl ended products in storage tanks while waiting for quality assurance
testing and certification, and fill the bulk products into containers of
various si z¢@0744 pahlk@@eejnlpn(bm-nm e mikodaleséritmidl abov e meudedrtompoiduet i on, in

turn, d | able t t i t d to cl
o g P en e SRARIENLES! S, TR atrbducl bl e SR ARk pl e PR o 6 o
manuf act ur egdidwiveLahe BfGthed CARBHAYRY] AR endihde deQiribRE OshdRti RNudld & Pl ant

depends on its capacity variables conprising the anount of plant equiprent,
t he operati ﬁgnlétaméou8$3t optmigcea golledtonpdfabulk modudtibiendingl and epankagdeg  of

wor kers ava erate the e ment at th ant
adi ust ¢ he- BFBRerRntITONEd URERE: Py APBEndS PG RO OIS a o
plant to na%&w%épgim§lent quantity of products to neet custoner denmand.

| ncreased demand can certainly be met by naking decisions to add one or
nore of the follow ng: eqU|pnent production shifts, mprkers overtinme or

nbi th I n f d t ity t
moot 1 nor eabt e natdie AMHPRIR FTEICEH SCPTRRASER ReP BHON 6 B some
bul k producisoduef bRATRPREK PAGARIOFMALS thedr thfaoaaha sIhuéscﬁ%ea sbBfe tiypi cal ly

i nvol ves sourcing fromother plants in the supply network (i.e., sourcing
from ot her plandesl twnedhplaitthe thermellcgmpanyucherandditiphdli prrameterst amin t hi rd

t \Wh bu t I | h I t 00100
e oy to SN Aibanipise ip RS o Pred iy oRttcrehner et acdi ng -
or renoving defgnds BPtRNMRESS vhnded Lunarfﬁ %ack&gbangﬂoagctg hRtemuplanf

equi pnent requires investnment in the formof new purchases, or requires a
sal vage costlhefdatii sspowaldes drcdatoheashsacy to BOpm\@tartlne@d addul@en41|paeametarts t he

nonent t he CI on t change th nt i s made an

o arrent oo hovigR b aRg S8 SrabBied 107 the Ha B shTE el s bt nase
costs, add'%m&ﬁﬁ&;@Bdﬁﬁkﬁﬁﬁhmﬁﬁﬁnéﬁ(ﬁQﬁMﬁﬂﬁﬂqnBﬂkr%%ﬁﬁké%bnﬁaﬂw&ﬂb@
construction, inStallation, etc. Disposing of equi pment sonetines recovers

a portion obatkaged predsenfionshipmentie adbdenpldat equi pment in the form of

sal vage val ue of such discarded equi pnent. [00101] A plant typically

manuf actures a plurality of products necessitating plant equipnent to
switch fromeye|to paobhgiple, WM d AINING1E GHIboBIN IR &ptihiedPiRNbta@ @BétpTeNt  be
cl eaned and prepped after conpletlon of a product prior to starting
product i on dre addetiorek paraliviess and domérafns woubd mt:yada élags oong of ¢ragsporting avoi d

tam nati 4L t d . et whi ch
ConC A 12t B0 d TR, BRI rSRERT ot AT BB R  ©
”HnUfaCtUrevﬁﬂﬂﬁe§RQQH@hmﬂ@ﬁ&pﬁk@@bﬁME%ﬂkhﬁx&@Qﬂﬁﬁm&Qﬁpﬁﬁ® pMRIuL@s e tine
for production at plant equipnent. As such, a plant w manuf act ur e

sever al quasnnd tivestopy of okeplpniodipederitn nzakbiarided endyai packegetbpriodsctddbr scal e i n
maki ng such produc a. bat.ch .of ct. to nufac re can thus
be" o oductRBHbls w1 Vs SREHYS iesRh S R IR B e Franager

needs to makglection48f -plants, in this embodiment, would include the cost of any

buying/selling and transportation of products between the plants.



cheaper way to adjust capacity is by adjusting overtinme and/ or operating
shift structure. Overtine extends the normal production hours per shift
such t hatwe 2pliamws210an produce nore with the equi pnent amrdTaseqbasisys has and
may be specified in a contractual agreenment between the firmand its | abor
uni on and governed by | ocal |abor |laws. For exanple, there may be a limt
on overtime to increase capacity inposg@-by |ocal |abor |aws or |abor
contracts and a limt to a reduction in work hours to decrease capacity by
| abor contracts that require workers in a plant be paid for a specified
nunber of hd7S] per Thieeskultiegantdémbediofent e vagt usdfulopedatetmyg hotasenf t he
pl ant. [0010 erati shift structure of .a plant involves nunber of

P oduct | on e Fa ch ks, Srotly Bt s Rt A S BN days

m nus hol i dayg) of BWIRE an@l tr8fibbithePErodRECHHEAL 00 W&l}?@derﬂ%ﬁﬁﬁ{di@ _hours
per shift. A change in shift strucCctures may often require a change in

| abor. Laborapacdy deslanthB. nnsteed obfinaoasiey sapaady tah@lant gk id hecphighaow edge

to operate plant equi nt.. A plant typicall]ly enpl pys ci fied nunber of
wor kgr s per %QW?W’ ogfrlys%alosd)é?tgq 0@6&%’& g%&h‘{ir?%ﬁoﬁ&oé‘&%g&ﬂéﬁtﬁ SEXEh ki nd
of equi pmentyoitfont Bf PRanfEY tbESIMLT &. @ ICQ kabd possIber d@ﬁen\dﬁ{\ﬁksﬁ Sthé Qa@per at e.

Hiring new workers fmay require training to ensure the ne hi red workers
acqui re ski preseated khathe dgss sobitmaequanseltiyplopieordineizptiemproblgm pioslt be Firi ng

[ d Kk It in | f d i]ls. .Acquisiti
e oy I e e
account ed f @hclaBidoRakq8t afthdd ring/firing workers to increase or decrease

avai l abl e tine for production. [00104] A blendi ng and packagi ng pl ant
typically manufactures a plurality of finished products that custoners buy.

A pl ant proguctiaﬂ Slaﬂner/nanager makes deci sions on what products to make
by deci di ng of batches of each product to produce and the size

of each batch of each product. In this exanple, quantities of raw materials
are explicitly excluded fromthe |list of constraints such that a plant
producti on [pOGHher /Imarage cmbsdisnanhe theswkthedt dessaibed | abayet he wseduia ed
quantities of raw - 41 - pmaterigls. and nu r..of ..storage tanks needed
o stor et na PR RS PR ERot SOTRGIP ThevF BT RiosiE 20tk To
execut e thi $|H@ChR £BollRALA 0 iskiRltRM cchRrh Ve 2otk b sdRfphitumBict &f hours
to manufacture all batches and conplete the cleanup and prep steps for each
bat ch. Theseaptireetheebpricfisnehhgviogprbieried mlayte dindsdipwibutior .ceayknit ng

[ t isite ti =E J lrLf) j GPACKAG NG f CK Bl
cqui pront r SUtEierE HeRieDuH{ARR Froduct fol mpStigTe ) s oy RSPHEBLL K |
GPACKAGI NG {yr@RCH tn8 bbne Mdplet@iinfib 4tn 1.6 ( 1171, 0

[0075] If the method is practiced simultaneously on a collection of bulk
product blending and packaging plants and a collection of distribution centers in
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 included 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



| GBLENDI NG bGBULK Di scharging facility requisite time =EEni,b (rlrx,Db)
| GBLENDI NG x@DI SCHARG NG bGBULK and Tanks requisite tinme =EEEsgn(My,f ) n
j[rt, b | GBoOEMNDVME&1D GTANK bGBULK | GPACKAG NG f GPACK g IpCTAB4010/057578 f
(11lirt,,,b)+ Cof]} E EEE{ go sgn(Mbj ) HAri,b uGUNLOADI NG t GTANK
bGBULK | GPACKAG NG f GPACK gu,b Mb,f ", f (1/ij,b)+ Cbr 1,f1}
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capacity, production and inventory of one plant in order to make blended
products for shipment to another plant; (b) whether to have one or more
preferred plants for supplying each specified packaged product to each
distribution center; and (¢) where to hold pooled safety stock for each packaged

product.

[0076] For example, in a supply network embodiment optimized for total
cost, the additional parameters and constraints would include: (a) the cost of
transporting blended products between plants; (b) the cost of transporting
packaged products from each plant to each distribution center; and (c) the cost of
transporting packaged products between distribution centers. The additional
decision variables for the model would include: (a) whether to vary the capacity,
production and inventory of one plant in order to make blended products for
shipment to another plant; (b) whether to have one or more preferred plants for
supplying each specified packaged product to each distribution center; and (c)
where to hold pooled safety stock each packaged product. 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 blended
products between the plants and the cost of any buying/selling and transportation

of packaged products between the distribution centers.

[0077] This supply network embodiment is very useful in detecting instances
when meeting demand in one region of the zone costs the least when the
products are manufactured at a plant located in another region that is also in the
zone. Instead of increasing capacity a plant located in the same region to meet
higher demand in that region, the optimal solution obtained by the method would
essentially establish preference for supplying products to a distribution center in
one region from a plant located in another region of the zone. In addition to the
above, it is even possible, depending on the data presented, that the best solution

to a supply network optimization problem would be for one plant to become a



EEEni ,b Kk 1,b,b (11 t b | GBLENDI NG t GTANK bGBULK xGDI SCHARG NG +11 ri, 0)
C b o] Werein the followng terns have the follow ng nmeani ngs: BLENDI NG i s
a set of wbendimweiequi pnent, indexed 1; BULK is a set ofchouaiskoipnstogt s,
manuf actured and i nported, indexed b; TANK is a set of non-dedi cated bul k
or internediate storage tanks, indexed t ; PACKAGNG is a set of packagi ng
equi pnment, indexed j; PACK is a set of3packaged products, indexed f;

UNLOADI NG is a set of unloading facilities, indexed u; and DISCHARG NG is a
set of discharging facilities, indexed x. - 42 - And wherein the foll ow ng
vari abl es hévlky ddiecates] blomding pranafirogs 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
comprises one or more time intervals. In one embodiment, 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
varies over time, e.g., due to seasonality, 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 decisions of seasonal
packaged products and/or of blended bulk products that make up the seasonal
packaged products should be increased in anticipation of increased demand for

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

[0080] 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



fl j: nunber of batches of bulk product b to be produced using blender i to
nmeet demand for such bul k product that will be shipped to custoners as bul k
pr oduct - tWoortizisetie i nput as expected nunber of bat chespchhatsednonszes of bul k
product b to be blended in blending equi pnment i to neet independent demand
for such bulk product that will be shipped to customers as bul k
product-this can be input as the size-8%-the expected nunber of batches
above; ni,f: nunber of batches of packaged product f to be produced using
packagi ng equi pment j; Q,f: batch size of packaged product f to be made in
packagi ng equhpﬁbhxpmxhﬂénhﬂe@hﬂhmmunamanpqepnﬁyméfmdi05bemd3tOfﬂmo make
bul k product  b; b: ¢l ean e ne for disch facility x to
di spense bufbke”ﬂ?%a & ‘Bﬁorcpaecgﬁ%%n% ?}E'e:)éetcﬁw lflﬁ?ntﬁﬁ’ca%?gﬁ W% ﬁ Brrent j to
make packaget are not limited to, replenishment quantity and safety stock are considered

simultancously with capacity and production variables, an optimization

algorithm can determine that the inventory level, starting from the time interval

in which capacity is increased, 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 readable 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; (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; (¢) 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



product f; t : cleanup and prep tine for tank t to store bul k product b
before it is packaged; rate of blending product b by blender I; ,b Jib:
rate of dwepengissyopr oduct b through di scharging facili ®PgTAS2010/0575a8 € Of
packagi ng product f by packagi ng equi pnent j; rate of punping bul k product
b fromblender i into bulk product storage tank t; - 43 - rt,",b: rate of
punpi ng bul k product b fromtank t int®3a transportation device (e.qg.,
trucks, railcars, etc.) through discharging facility x- typically is equal
torx,b; rt,j,f: rate of punping bul k product f out of bulk product storage
tank t i ntoecgapkeyi; rpdedui g ntlaging 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 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 second 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 equipment; (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-lincar 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



C bquality testing and certification tinme requirenent to ensure a bul k
product b e BULK neets specifications; Mb f volune of bulk product b in
one cont avoeniiafeepackage product f; ,b. assignnment/deci econstaobsmsng bul k
product b on bl end equi prment i whereby Ei GBLENDI NGC1 for each product b
manuf actured in the plant and E= 0 when specific product b inported into
the plant; gu,b assignnent/decision to3déguy/inport bulk product b to be

unl oaded on unl oadi ng equi pnent u whereby Eg UNLOADING A > 1 for specific u
E inported product b in the case Ei= 0 with E 6u,b= 0 for every

manuf act ur edopespaud tto bny ambodigant,) or aiygeoniinattdnoef, ermbaliments, déseribedt gunment

cust onor  deMRAlPY bl AR of S PRIGH bt e P SHarPic feS PBERTe

production guafbhiyoRratcdspackaged product nust at |east meet its

expected demand Df . This requires the follow ng equation to be net:
[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
case of operating cost, this means minimizing the objective 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.



En _Df , for all products f e PACK ] GPACKAG NG As applicable, the total
production vol unme of bulk products to neet independent demand for bulk
products Wb 28uals6zibat : E ni,b Q,bDb, for all products pce/iBUK0FGB ENDI NG
- 44 - [00106] In addition to cleanup and prep tinme, during the manufacture
of a batch of a product, the rate of operation of each piece of production
equi pnent plays an inportant role in dé@gfermning requisite tinme to conplete
the production of said product. In addition to addi ng equi pnent, increasing
capacity can be realized by upgrading to equipnment with faster rates and/or
shorter cleanup and prep time for the products that can be manufactured by

such equip t. q P ant often can neet custoner demand by nerely sel ecting
t he best avgﬁﬁgﬂLg—bﬁggﬁ%ﬂion equi pnrent to manufacture each product. This
selection is essentially a production decision to be made by a pl ant
production pl anner/ manager. [00107] To ensure the above production
deci si ons cd089¢ exsuvethedepbogiorchy of shplimentioreéds roghan sfotdge dewopdi Sit e

production hour t by having suffi.cient production tine e avail abl e on
Phe i ant-'s NHABGCEY oh SRRV S 2T UliEF | & RETPOlt BIRGHY SPeratEngY fburs. and
wor kers. 1 ncgmb¥k,CtherBineidi dghnd RBskadchfpRI&Nodet iR il 8 chadrs

avail able on a given piece of blending equipment i is a function of the

shi ft structampugedpsidontifyt an hptiplad nar, ngarséeptimals pparating elanayo coendrd se

deci sions on the nunber of .manufacturin ays,, nunbper,. of shift er

manut act ur | A TBSYARGTRGRLED BHC RoubereoPukHBHeb PRI BRoBTL TSN 1. The
requisite p?ﬁ%ﬂﬁilﬁ@s&ﬁ%ﬁﬁb%Rwﬂ&Hyﬁﬁﬁ&Mﬁ%ﬁ@kﬁﬂ@%ﬂm&ﬁ@@ﬂ&hﬁbﬁo%aﬁng nust be
| ess than the avail abl e hours for production such that: EEE {gi,b sgn(M,f

) ni, f o (r CompEBLAENDE,NCG bxGBublE JsGRACKAGNGFchGRABKdegsibn nMkimg tool) f) } EE n
b (r rd]:asbc)ribed 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 be 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; (¢) 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 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



| GBLENDI NG bGBULK E(d; Si h; +fii) | GBLENDI NG Wherein the foll ow ng

vari abl es have the foll owi ng neani ngs: manufacturing days blender i is
avai | abl ewbaniipweriocti on; Si: shifts per nmanufacturing aay/usb@ndsrs7’s is
avail abl e for production; 11:: hours per shift blender i is operated for

production; and WD 2011/066210PCT/ US2010/ 057578 - 45 - overtine hours for
bl ender 1. [00108] Simlarly, the requd&ite production hours to nmanufacture
packaged products f e PACK nust be | ess than the avail able hours for
production such that: EEn (rQ, fE(di. S hi'. + fl1) jGPACKAG NG f GPACK]
GPACKAG NG set described in step 1 of the method. Preferably, the data file contains the data

necessary to calculate operating cost.

[0092] Second, the program of instructions is operable to thereafter cause the
computer, either automatically or with manual intervention, to load a model and
use 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 readable storage devices may be separate 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, 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 equipment; (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-lincar 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



herein the synbol descriptions for package equi pnment | are exactly the sane
as those for blender i above with appropriate subscript substitution.

[ 00109] Iwoaddidsszan to availability of plant equi pnent POTRSeE1005E78
requisite time (hours) for production, availability of skilled workers
inposes a limt on the maxi num quantity of products that a plant can

manuf acture. Skilled workers are requiB®d to do cl eanup and prep tasks
during the operating hours of plant equipnent as well as to tend the

equi pnment whil e bei ng operated. Mst of plant equipnment is automated such

t hat skil | esh wiwpkko$ theetthel. s faxdrdondly, @ 8 peelicfricé dxhemnlst hoobjicciee t o

noni tor sai (il e%ui pnent. .This requirenent can be represented mathematically
as fol | ows: TEEUPRES OPCTANZCOSY Y2 ai (h:  d: + fi |)E ei(1+ fi) H | GBLENDI NG

bGBULKI GBLENDI NG GBLENDI NG EE (0); n+77j)E ej(hj'.dj'.+E ej (1+fi) H |
GPACKAG NG f GPACK] GPACKAG NG GPACKAG NG Wherein the follow ng vari abl es
have t he f oll0@94] ng Himakhitheg pragoamalofnusthetions isdeperidient therditendape e nt

bat ches of b on

l: 0 skilled workers needed on,equi nt 0 to conplete
Cleanup and prapel ABketecyio PR alfaiul Sy ny Sor Hirele MreSet Bt Ehded: and
moni tored dyfdofighReJoMdraB; manipulate decision variables in the model to identify a
solution set of variable values that optimize the objective function. In the case
of operating cost, this means minimizing the objective function. Preferred

solvers include CPLEX, XPress, KNITRO, and XA.

[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 one 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 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.



eo: skilled workers assigned to equipnment 0 ; WO

2011/ 066210PCT/ US2010/ 057578 - 46 - H normal working hours for each
ski |l | ed wsokertyoeeaid fi nmaxi num overti me percent age that paTwsekenssasn wor k
overtinme, may be set by local |abor |aws or enploynent contract. [00110] In
one enbodi ment discharging facilities are tended by external operator(s) of
a transportation device such that the-B&cilities are not necessarily
constrai ned. I n another enbodi ment, discharging facilities are tended by
internal operator(s) of a plant and, as such, their availability is

constrained in the follow ng manner: EEE(a)" n + x)Ee ." (11; cr" + fix)
| GBLENDI NG i:G:)l SS:HAB"\ N% bg U KX.GD{.SCHARGl NG Eex (1+ )6). H xCGDI SCHARG NG
Note that iA33mpler Hlan(&esfOpimuzation, o ohoyve constraints on requisite

time on each production resource (i.e., each set of blending and packagi ng
equi prent and di scharging facilities) should be inposed on each i ndividual
pi ece of eql@®®¥ent Tiedaiowing particular example describes the invention in more

detail as it pertains to the cost optimization of the capacity, production and
inventory of one or more bulk product blending and packaging plant(s) wherein
the required quantities of raw materials are calculated from the resulting

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 are 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
equipment 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 therecof. In lieu of decisions to increase



[00111] Each bl ended bul k product b e BULK may need certification, a
process that requires testing of such product against its specifications
while it wend#seiin a bul k product storage tanks that aecras20mersiedi ate
storage. As such a blending operation requires availability of internediate
storage for testing and certification and a packagi ng operation requires
sufficient volune of a blended bul k prd@luct. The requisite nunber of tanks
for raw materials is determ ned by the required quantity of raw materials
for maki ng bul k products to neet demand for packaged products and bul k
product shi pamacits .to Thectrivepaasedt denmundh e rproductian kgaifner/nsnbgerpnad ot test or age

must be such that the tanks can store the uar;nitity o& UIE. r(?ducts to neet
Cust onrer _deRBhAORSr DK GRAGEE oF GRiL: B ks PocEsd oY OBt o 0B ST ghent s 11
bul k- pr oductyfionyeviiovRaskrgas RoRddaier | faktepdag eapflemadiidord ige M equisite

time to store bul'k product during quality testing and certification is such
that: WO 200urtDge2d0 ROWr S04 OMDSd Dy8he sdivic cofpBEEEOf ag ifjlnte syfionb, f )

nj,fk-t,bl LENDI NG.t GTANK bG@GBULK, j Al A NG f GPACK i.b Mb, fq,f
CLire i by U POR WG S TTalLl, 1% ATCRIng blant 3 2 REFRIBAD NG  GTANK
bGBULK j GPACKAGI NG f GPACK gu,b Mb, fQ,f (l/irt,j,b) Cbrl f]} EE EE

ni,b ['rQ,b (1/i +C bf] 1 GBLENDI NG t GTANK bGBULK xGDI SCHARG NG
[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.c., 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



E(cPt St ht + fit) t E TANK Anong the decisions that nust be nmade in the
expression above are the following: (a) the decision to assign storage tank
t to recewoeotwsk2ipr oduct b from bl endi ng equi prent 1; eoY/ush@odsersrsi on to
assign storage tank t to receive inported bul k product b from unl oadi ng
facility u; and (c) the decision to assign packagi ng equipnent j to use in
produci ng package product f that contaitths bul k product b fromtank t.
[00112] In addition to the above constraints on tine requirenment, which in
a preferred enbodi mrent should be inposed on individual tank or tank cluster
t, each bat cheapkr bl kopmdpeti capaitstis foiyt adjustiangt @vektitng ankioe lopetagnpshkt pr oduct

Is stored Wn'le awaj.ting quality testing and certificatia essed

mt hemmt | caP YR OSSR HdshS SoenTBPBRUSG BHshEet g MEBRI S ependent
demand; and p(8, canrﬂ}ofiuceQmJ)ré with Mic EQuipPLRAYRd Ropk Eqwspsﬁﬁnhla& bo neet
dependent denand fo on equi pnent | gu,b M b, f f)yt vt fof inported
product b oﬂp@mmubnemwounmnwﬂeeimm@pemﬂewmndhﬂﬁhulmuinsldnnemmnpmmhtJ

governed by local labor laws. For example, there may be a limit on overtime to
increase capacity imposed by local labor laws or labor contracts and a limit to a
reduction in work hours to decrease capacity by labor contracts that require
workers in a plant be paid for a specified number of hours per week regardless of

the actual operating hours of the plant.

[00103] Operating shift structure of a plant involves number of production or
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



[ 00113] Havi ng bigger batches delivers econom es of the scale by spreading
the cleanup and prep tine over a larger quantity, it also increases the
wai t ti mewofotimeeniext bat ches of products to be produce@#Crwsa0posTIUs t hat

t he actual replenishnment |ead time exceeds normal replenishnent |ead tine.
This requires WD 2011/ 066210PCT/ US2010/ 057578 - 48 - ordering

repl eni shnment earlier than otherw se td4lneet custoner demand during the
actual replenishnent lead tinme. The inventory level at which a
repl eni shnent order for a product is issued to the factory is commonly

ref erred tomaterighand ¢yl rmnibshefestaragedionld evcedsd amstoreythe raat mptarizlhiossuppee al so
serves as s . i | I I r ity of
saf ety of oot i BAtuiid HEL, PSR LR QARANTSRER B ShAR AR
respect to aupberfodhomnwenamefaciuce alM¥rsarhesakli cogpichethe dpdnapiashprepisteighedfor si on, a

plant i nventgry, pl apner Laanaget.. Lo sssense, deghfiss on the |evel of safety
stock for packKkaged prodaucts. i'SThvention al l'ows one to make quantitative

deci si ons on cappgdkaying@qGipmdneeidussit einumberyof e§ui prent ﬁgl}iéﬁjtf)
structures, overtine, workers, etc.), invenr@Fynd etk , sd{ety’ t'ock), and
production (e.g., nunber of batches, batch sizes, etc.) simultaneously.
[00114] The abovBlendggrdmest faMsitle Mg endi ng equi pent nmay further be
reduced, thus reducing t n t ave iti | \equi ppent, by conbi ni ng
production batches of by nggggg; G@gngfgdégﬁggfpngwsgﬁg+bgﬁks for

certain bul k products. Conbini pr oduct i on-bat ghes anounts, to produci ng a
batch of |ike product |ar ge‘%n‘gglg/héjoy}ne*et e InUJrT'ZTtFé zé/ﬂegent of a
plurality of packaged products. This incréases the tinme occupancy of bul k
storage tanks whDisgh#gthicasilithequidtigict e time on the bl endi ng equi pnent. A
deci sion to conbi ne production batches invol ves grouping the set of
packaged products int® cEstereE SUb§n§)'6Tx,b ¢t§l{bﬁ;}éd package products. Each
subset contai ns one or “HBPE paACKEGEUHf oduct s that consune |ike bul k
product such thag,fhe increase in tank occupancy tine due to having a

| arger batch of bul k product to be packaged into a plurality of packaged
products does noTanksotatigitd timeconstrai nts ensuring that requisite tinme for
storage tanks be | ess thgl or—equal t&theﬁvailable time for the tanks.
The deci si on meking tool 2is chpaBlLe of.sel t{?ngs%{l@f’@,m%‘i”me bl endi ng

deci si on by bal anci ng {H&"BEAEF 1€A™ redliétion in the lpad on the bl endi ng
equi pment agai nst the adver%e iMcréase(lim,;réfi dén€ettinme on storage tanks.

I n maki ng a deci sion abo wh eN‘to nbi el a7 L Re, degi si on- maki ng
t ool t WO fOlgLO?GZlOP%Iéu@QJ%Agi Zﬁmgg%gggé%b Egﬁ(e bi’fﬁt%‘ff: Hsi deLati on
constraints at are specific tg conbi nds. r_exanpl e, suc
constraints nmay include one égi‘ A?T)ﬁf gf E‘]?h@bjf@ff’r'@ﬁcggr:fﬂ( ) constraints on

whi ch bl endi ng equi prent Xan perform g%nbl{bnbg bOgndimg; (2) constraints on
whi ch storage tanks cansageepticconpi-nedblends;
+1/rt,x,b)+cb +7.,

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
L5
PACKAGING is a set of packaging equipment, indexed ;;
PACK is a set of packaged products, indexed f;

UNLOADING is a set of unloading facilities, indexed « ; and
DISCHARGING is a set of discharging facilities, indexed x.



(3) constraints on the selection of storage tanks and/or bl endi ng equi prent
based on the size (e.g., volune) of the conbined blend; for exanple, only
certai n bvendimgernqui prent and/ or storage tanks may be eapaisc@oos7shandl i ng
the |l arger volune required by conbined bl ends; (4) constraints on the size
of the conbi ned bl ends; and (5) constraints on tank vol une and/or tine
usage when bl ends are conbi ned; for exdmple, a maxi num perm ssi bl e increase
in tank usage tine may be specified for each plant, which can be

determ ned by plant managers based on operational experience. If the

deci si on- makindgvharein the &illdesng mar(tahhdﬂhaefe meeﬁmﬂswiﬂmnsmmgscases, t he

deci si on- maki ng t ool edi cat e st or.age tank
to comnbi ned bl efds. HUWERF%%S&%P ﬁ)%@pgu%ﬁﬁigsg}g lﬂ@?‘% Tdtorage
tanks to conbi ned bl ends, .the Ci Si nakln 00l con: ider the tank
vol ume and/or tine (8 thﬂBﬂ“€§§§%¥ﬁﬂg gV%aH%ﬁF@%E DRPCGdO c opar ed t o
the same parameters Ji@mhek asst&ﬂlaﬁﬁ)dh@tnktﬁlsscdihoée ifdpet Lakpebted ARAI&GIorCombi ni ng
t he production decision can be expressed as entries in a matri x E whose

elenent af,,f is a detghs$;on to conbi ne several packaged products f in each

conbi ned- bl end ack th S el ongs to the
conbi ned cl uste lbf %gﬁ:g\sgz h"opr(?fiH%t ﬁn&%bebl'?ﬂfi%d@é%le%ﬁ % BREWS nust be
such that a conbi ned-bl e ackage t | east one
actual packaged progﬁ gﬁﬁ'% 9“%?@%@q§%%w Haﬂnﬂ é@ Ebbe in only
one conbi ned-bl end pg eFlc RERHIMS bis Bﬁl‘klﬁ?od&'f—thl\i\@an be input as the size

2011/ 066210PCT/ US2010/ 057578
of the expected number of batches above;

number of batches of packaged product f to be produced using

packaging equipment ;;

Q, ,+ batch size of packaged product f to be made in packaging
equipment j;

t,,: cleanup and prep time for blender i to make bulk product 5 ;

.,+ cleanup and prep time for discharging facility x to dispense bulk

product b;

cleanup and prep time for packaging equipment ; to make packaged

product f';

7,,. cleanup and prep time for tank ¢ to store bulk product b before it is

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

r.,. rate of dispensing product » through discharging facility x;
rate of packaging product f* by packaging equipment ; ;
1.+ rate of pumping bulk product » from blender i into bulk product

storage tank ¢;



- 50 - Efo-f,,f 1 and Ef,o-f,,f =1, respectively. The above essentially
I nvol ves formng a set of COVBI NEDPACK whose nenber f' is a subset within
t he set oWopatkemead products, PACK, conprising several patksgad/oprsogiuct s
containing like bulk product. The requisite time constraint on the bl ending
equi pnrent, after conbining production, is then given by: E[ni,b,, eri,b
| GBLENDI NG bGBULK f ' GCOVBI NEDPACK EE-#3 b (ribE (d; S h; + A) | GBLENDI NG
bGBULKI GBLENDI NG Wherein the followi ng variabl es have the foll ow ng
meani ng: nunber of batches of product b by blender i for conbi ned-bl end
packaged product,f: ratcadgu@pingebwk pealvht bdtah tak pmoelactangpobiptih ender i for
conbi ned- bl end packaged product f'.

device (e.g., trucks, railcars, etc.) through discharging facility x —

typically is equal to 7, ,;

..o rate of pumping bulk product f out of bulk product storage tank ¢
into packaging equipment j ;

C,: quality testing and certification time requirement to ensure a bulk

product b e BULK meets specifications;

M, ,: volume of bulk product 5 in one container of package product f;

&

»- assignment/decision to blend bulk product 5 on blend equipment i

whereby Z 0,, 21 for each product » manufactured in the

ieBLENDING = 10

plant and Zl_ J,, =0 when specific product 5 imported into the

plant;

Jd,,: assignment/decision to buy/import bulk product 5 to be unloaded on

unloading equipment » whereby ZueUNLOAD[NGéu,b >1 for specific

imported product 4 in the case Y &,, =0 with > 5,, =0 for

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

and 0 otherwise.

[00105] To ensure 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,,0,,2D,, forall products /e PACK

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

demand for bulk products D, such that:

> n,0,=D,, forall products »e BULK

ie BLENDING



[00116] In one enbodi nent, the above decision necessitates adjusting the
production decisions for the affected packaged products such that the
nunber ofwprodustiion batches for each affected packagedprpraseci®sisss equal
to a single value that is the nunber of production batches for blending the
i ke bul k product in the packaged products. This is required to ensure the
storage tank(s) used in the conbining-#4end decision is enpty after
production of the |ast affected packaged product in a conbi ned-bl end
packaged product set is conplete. In this case: [z-,b, f I rt ,i,b C
bEEoi , b | GBLENDI NG t GTANK bGBULK f 'GCCNBINEDPACM GPACKAA NG f f  11/1 b, f

Flrt, b GUNLOADI NG t GTANK
t?TGBUL Krj 5 i@w@ Nél”% ‘@ﬂ Ieﬁnuff/lgﬂ fIeR) P%‘"(eilr‘liPﬂﬁg ttﬁ‘f 1 %&91““ 3 EE EE
\r/“rt bX ‘é chltz)ﬁgdChS)f Sa(lgijoﬂﬁot th rh@l@ﬂ@k%n&@%%p&@@%'ﬁr&ﬁ@h%é@ﬁ%%@

plays an important role 1n determmmg requisite time to complete 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
production equipment to manufacture each product. This selection is essentially

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

[00107] To ensure the above production decisions can be executed 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 piece of blending equipment 7 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 » e BULK must be

less than the available hours for production such that:

Z Z Z Z{é‘z‘,b'Sgn(Mb,f)'nj,f'(Ti,b—i_l/rz',b

i{€eBLENDING be BULK jePACKAGING fePACK

'5f,b'Mb,f'Qj,f)} + Z an,b'(ff,b"‘Qf,b/”f,b)

i{eBLENDING beBULK

< D (d] S h+p)

ieBLENDING

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

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

h!: hours per shift blender i is operated for production; and

i



Wherein the following terms have the foll owi ng nmeanings: Etjf: additional
residence tinme in tank t, greater than or equal to zero in value, of |ike
bul k prodwmot20iweprioduci ng packaged product f e f' on paekagisegqoesurprent | .
[00117] FIG 2 represents pictorially the requisite time on a bulk storage
tank for the case wherein production batches for |ike bulk product consuned
in producing two packaged products are4gonbi ned. The requisite tine
requires that a tank be available to receive the bul k product throughout
each of the following periods: (a) while tank is set up (cleaned and
prepped up); (bp wovkeinhuhdrpfadlower . punped into the tank; (c) while the
bul k product awaits quality assurance and certification; (d) while waiting
for the necessary packagi ng equi prent to be setup and for additional

resi dence ti at . be necessary due he i ned-bl en { sion;
ind (o) i 19RORL s Ry o e PRI Sl bRy BRI BHER o Ohe
two packagegrdiie@Ugt-PACR fihée bellesd BRnbhe g aiee @dudsofor h®idcvion Ragkaged
products are conbi ned and then punped out separately in two stages. The

first punpi flgetout stage is for the packagi ng operations for the first
packaged product and th econd punpi ng out age is for the packaging
operations for therﬁeco ’Eyackfa,gécijr/bdlﬁét_. ﬁ@%}%]hj £ 3 depicts the
i nteraction anong”a“Bl"€ndi'ng equi prent, a’/St'6¥dge tank, and a

fi11ing/ packggiNge {GmbBNEREribidHs f’é%’é’&géeé;ﬁdiﬁﬂ%@rﬁt / Gfc GQABHY HeN@meakches,

product m x and batch size production Ions on the quantity of each
product t hathgsafortifeiticd d Wbed ivith@pprapria@ucibi@ipt Stbistitutionn FI'G 3, the

deci sion to conbi ne batches in blending bul k product A to be packaged into
packaged products 1, 2, and 3 and that in blending bulk product B into
packaged pr and,: 5 ¢ . . bl L Ng I t tor . k, and
fiIIing/pacE@é@%S g%h?%%@%}ﬂf§$%§%@P?éh &ﬂi%ﬁ%%ggggﬁfgaé'%Fqgg?%} i me that
may yield stbenhoiR) faeiddiction s allgilityCof sBilledSidiie®Am@pédsni 1zattiodnhe

al gorithm values of categorical WD 2011/066210PCT/ US2010/ 057578 - 52 -
and quant i t AExBURSERBY N PEediichehater Rlpng (hadna faptyrge SkHledyeerkeys #thce
nmetric toward. i Pl ptipal, v 19] S
pictorialIyr%%g%géﬁié#gﬁ&¥%£c%ﬁ§%ﬁ% %?ggﬁ%iﬁgﬁﬁgd%%%éé%fggh HgAPEQQ bul k
product in aqgwbhbical ad weldbs paekadedequimaeatvhileThend of@atoal ket oflpaint Wi | 1 be
produced with a batch size | arge enough to neet the dependent denand for
such bul k pegdgent i ayrqs@m%suq%éhﬁtaﬁ@kl okersdiset $0 spamdeondpaspegilded | v,
suppose the,pr ! r for t Nt L Ncl i ff ypes of
oroduct s. (1 1TRHGOF )T g0 Hlor @Y Lol s b ek G Mo Biided P The
deci si on- nakiadtigeniaRbllyay foleief M ne that these two different types of |ube
oi |l products should be grouped together in f as a single demand for

bl endi ng pur pgses. YTHe, plant, 47%) Spepatedhf o, tdke<bade estbel)atd additives
fromthe raw’ifgterta tanks and bl€nd*t hem usi ng bFERAT ng equi pnent i to
make a batch y b, f<of a bl ended luybe @t product, \Thisxbatc bl ended

| ube oi | pr odyéd, i s2ii ézd’fiTrY'thJr’Z:f&lr%tngAg;Ggngéy #iﬁ/f’fi)n%jeg jgn@ﬁ?‘ ) P
produce a batch (:?,,f for each of f1 and f2 in the production order. Thus,
different famlies of products may be grouped together for conbined

bl endi ng t o Wiegttiaeherilloiaag viridtlesdRst she followayamphieug:i f the bl end needed to
make the two different types of lube oil products (f1 and f2) were nade in
separ at e bat ched, : étalaurslar-of dep@slent andundensadent ashes ofciohed i n t he

manuf acturing process. O course, the npdel considers the increased

i nventory hol di fig: cksled measkerts ngeferBraduHENG ¢ da seUPlsteHERMREH P&z e i n
maki ng the decision to conbine blending. [00120] In addition to the tine
requi r enent above, @%& production batch size for the bul k products nust fit

ina tank into which. I ' [ 2R °
cxpresse et 1T 8 ERgBAREL I bR T et b o

equi pnent i to nee%pggﬂggendent demand;

e.,: skilled workers assigned to equipment (-);



and - 53 - Vt for product b on equipnment i to neet dependent demand for
conbi ned- bl end packaged product f'. (6u,b 11/1 b,f @ ,f)tfor inported
product bwororegesznent u to nmeet dependent demand for f Pom/USqUIOPEEME |
[00121] I n another enbodi nment, the above synchronization is not necessary
if the storage tank(s) used in the decision is (are) dedicated to store the
i ke bul k product. In this enbodi nent;4@roduci ng packaged products becones
decoupl ed from producing the Iike bul k product in these packaged products.

I f producing |ike bulk product is decoupled from produci ng packaged
products, then dependealtwadmgritbuioforicheh dallell watkler;pndduct to ensure neeting
demand for packaged products at a desire%»denagg fulfillment |evel is net
by mai ntaini ng nvEMERYTVERNK PRicedags thand Biosfes cr ¥ o8 BudiMent2Y s to have
both in the nodel far spol.ver, tq determmne a configuration yielding an
opti mum perf or rrancé)%rsrg P @.Ca@%%g%‘?ﬁs%r %@lgwgﬂta?oéltrﬁgtf h in the nodel

requi res packaged product set PACK be divided into two subsets:

DEDI CATEDPACK conpri sing of packaged products containing |ike bulk products

havi ng dedi ¢8R1d81 stlor gae anzhadimeniddiechmemeDRATIiICE o alicadet byi keemal k
roduct s havi n i.fi r . t ank n | k..pr.o et K be
8 i Vi ged i nt \éi’%%ﬂr@?%%@'{i' %rgatrtrl(épﬁgi?hcga%lﬁﬁ &I@aﬁ%&éﬁa@lﬁ 1st %ts hag%’(ﬁhta@%ce%%%yc at ed

st or age t ankgnsfachdBULKasSiB drsbhatmbit, Kispli@gingtrscilMiéshat tendod byl estbeat ed
tanks. The requisite times for the plant equipnent are, for this
enbodi nent , ogerpEk(shyol PalrEghrdy aqaudmehelr raguplilite it icapsteinctlf 1y thg £ QJ |

GPACKAG NG T, (FRDL GATRREACK
> o Doyt 0SS e (hd+ )

ieBLENDING xeDISCHARGING be BULK xe DISCHARGING
< De, (1+B)H
xeDISCHARGING
Note that in a preferred embodiment, the above constraints on requisite time on
each production resource (i.e., each set 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 need 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 materials 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:
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Z Z Z Z Z {51-,17 -sgn(M, ,)-n - [Tr,b
i€ BLENDING tcTANK beBULK jePACKAGING fePACK

'5f,b 'Mb,f 'Qj,f ‘(l/r;,f,b +1/rt,j,b)+ C, +Tj,f]}

+ > > > Z{5u,b'Sgn(Mb,f)'”j,f‘[Tz,b

ucUNLOADING tcTANK beBULK jePACKAGING fePACK
Oy My Qp (1, +1r )+ Cy + Tj,f]}
DD D M '[Tz',b + 0, (1, +Yr )+ Cy + Tx,f]
ie BLENDING tcTANK bcBULK xcDISCHARGING

< Z(dt/ St ht/ +ﬁz)

1<TANK
Among the decisions that must be made in the expression above are the
following: (a) the decision to assign storage tank ¢ to receive bulk product b
from blending equipment 7 ; (b) the decision to assign storage tank ¢ to receive
imported bulk product » from unloading facility «; and (c) the decision to
assign packaging equipment ; to use in producing package product f that

contains bulk product » from tank 7.

[00112] In addition to the above constraints on time requirement, which in a
preferred embodiment should be imposed on individual tank or tank cluster 7,
each batch of bulk product must fit in a tank in which the bulk product is stored
while awaiting quality testing and certification. Expressed mathematically:

(Ql-,b), <V, for product b on equipment i to meet independent demand;
and

(6,,-M, -0, ), <V, for product b on equipment i to meet dependent
demand for f on equipment j

(0., M, ,-Q, ), <V, for imported product 5 on equipment » to meet

dependent demand for f on equipment j

[00113] Having bigger batches delivers economies of the scale by spreading
the cleanup and prep time over a larger quantity, it also increases the wait time
of the next batches of products to be produced to a point that the actual

replenishment lead time exceeds normal replenishment lead time. This requires
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ordering replenishment earlier than otherwise to meet customer demand during
the actual replenishment lead time. The inventory level at which a
replenishment order for a product is issued to the factory is commonly referred
to as the replenishment reorder quantity that in this case also serves as safety
stock. Ordering earlier means keeping larger quantity of safety stock; this can be
costly and yield mediocre performance with respect to a performance metric.
When making the replenishment decision, a plant inventory planner/manager, in
essence, decides on the level of safety stock for packaged products. This
invention allows one to make quantitative decisions on capacity (e€.g., requisite
number of equipment, shift structures, overtime, workers, etc.), inventory (¢.g.,
safety stock), and production (e.g., number of batches, 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



EEo Mb,f Qj, f I rt,j,bgt , j,f )]} j GPACKAGNGf Ef EEIEE {6u,b
.sgn(nb, f ) nJ, f t ,b u GUNLOADING t GTANK bGBULK j GPA CKAG NG f
GPACK o6wvb20itetz1h Q j,f (lku,b 111t,j,b)+ C b r fl} pCEEmSEHONMGISES K i, Db
Q.,b (yrt,,,b GBLENDING t GTANK bGBULK xGDI SCHARG NG 11 rt,x,b) Gl,]

[ 00123] Constraints on requisite tines in this enbodinent are simlar to
those in that involving conbi ned-bl endd®ig wi t hout dedicating tanks. In

addi tion, production decisions to nake bl ended bul k products havi ng

dedi cated storage tanks nust neet: E1 Ib E [sgn(nb,f ) nj,f Mb,f

j, f]1+E ni, bmagitake inGBLIENBDIcNGoNCRATKAGH N@t frrcGDEDINCAT EDPATKH GBRINENDFNG [ 00124]

|1 2 BLant LUELE Mok RS dSat HLShaNg, SR %ol Sl puli,products o one
connectivity. For)exaiRir§intsd dh Whieh biendiﬂgeec@'iﬁrﬂé’iﬁ chii peRrbaechhsingd ng
equi pnent and the storage tanks represent the connectivity that allows the
fl ow of products 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 £, that is:

o, , =1 if f belongs to the combined cluster f* 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:



- 55 - fromone conponent to the other. Fromthe storage tanks, the bl ended
bul k products may then proceed to one of various types of filling equipnment
or | oadedwonba/mexrioscharging facility (e.g., truck, bar@er/useomwasisroad
car). The arrows fromthe storage tanks to the filling equi pnment represent
the connectivity that allows for the flow of products froma storage tank
to a filling equi pmrent or discharging-f@cility. As such, in the operation
of the plant shown in FIG 1, one or nore of the followi ng may apply: (1)
restricted to certain methods of blending, certain products nay be and/or
vice versa, certéipspyaduaMszhnyﬂpel,rmﬂmcﬁvdy. (2) restricted to certain

bl endi ng equi pnent, and/or vice versa; restricted to certain storage tanks,

and/ or cert giho aps@oisséfiall|yniagyes fofmingraset of EOMBINEDPACKc®hé®i n filling
equi pnent, certain products may be o
member ' is a subset within the set of packaged products, PACK, comprising

several packaged products containing like bulk product. The requisite time

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

by:

Z Z Z [nz',b,f’ '(Tz',b +Qz‘,b,f’/rz',b)]

ie BLENDING be BULK f'cCOMBINEDPACK

+ Z Z n;, '(Tz',b +Qz’,b/rz',b) < Z(dz, Sz’ hz, J"ﬁz‘)

ieBLENDING beBULK ieBLENDING
Wherein the following variables have the following meaning:

n,, - number of batches of product » by blender i for combined-blend
packaged product f'; and
Q.. - size of each batch of product » by blender i for combined-blend

packaged product f’.

[00116] In one 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:

Z Z Z Z {nz‘,b,f’ : [Ti,b + Qz‘,b,f’ /rt,z',b +C, + Z Z(5f,b

i{eBLENDING teTANK beBULK f'cCOMBINEDPACK JePACKAGING fef’

My Q[0 E ) ]}

+ > > > Z{5u,b'Sgn(Mb,f)'”j,f‘[Tz,b

ucUNLOADING teTANK beBULK jePACKAGING f<PACK
Oy My, Qp(Ur 11 )+ Cyt T, ]}

+ Z Z Z Z R [Tz',b +0., '(l/rt,f,b

i{eBLENDING tcTANK be BULK xeDISCHARGING

—i_l/rw%b)—"_(jb:|S Z(dt,St ht,—‘rﬁt)

teTANK



and/ or vice versa; restricted to certain discharging facility certain
products may be types, and/or vice versa; certain warehouse space, certain
product s wayoheesastri cted to and/ or vice versa; cert ai rColuseaiong7segui pnent
may only supply certain storage tanks, and/or vice versa for storage tanks
recei ving from bl endi ng equi pnent; certain bl ended bul k product inports may
only supply certain storage tanks, andfbr vice versa for storage tanks
receiving inported bl ended bul k products; certain storage tanks may only
supply certain filling equi pment, and/or vice versa for filling equi pnent
recei ving f Mimreinghaelovank tsrms brvaiha felﬂwialgemaamgs may only supply certain

discharging faci |1t1 55 N0LO% L0010 | el RRULIGLPG S Lo

value, of like bulk product in producing packaged product f € ' on

packaging equipment ;.

[00117] FIG. 2 represents pictorially the requisite time on a bulk storage tank
for the case wherein production batches for like bulk product consumed in
producing two packaged products are combined. The requisite time requires 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
equipment to be setup and for additional residence time that may be necessary
due to the combined-blend decision; and (¢) 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



(11) certain filling equi pment may only supply certain warehouse spaces,
and/ or vice versa for warehouse spaces receiving the packaged products from
the filliwgQ 2equiépament. Costs of Adjusting Overtine [00126J/USa@oxwsns7of
adjusting capacity in the short termis to use overtinme. As such, in sone
enbodi nents, the decision-making tool may account for the cost of using
overtinme. In practice, the anmount of oy2rtine may be constrained by |egal,
regul atory, or contractual requirenents. Such requirenents nay be expressed
as limts on overtine in the nodel. In sone cases, there may al so be a cost
associ at ed wnd ljuahtegatiige dedisionecan e delssimntgdetiot dreve gesparformanee negat i ve) ,

whi ch may al so he fact edlntoth del . Negative overtime is a way to
tenporari | y FEYHLE OBFHW‘[ 01'0%‘?3"58?1&”?&1 ¥-cost of using overtime is generally
a function of the anmount of overtine, which can be non-linear in terns of
overtinme usage, and can be typically proportional to the anount of overtine
except when [@(Hd9hnokitt. 4 shovegatiovielly Vileedeciegatd vembwe mrodnetins batsbds t o

t | d t t d due t
| abor aws 60 e e oatr o8 ERT G PelP Lok B MR TAE e 1O
compensat | OprQASLHiPBe RRAI RO # bi@EAIA 6% e%ugl & Akblidk ddBElderg hours.

Cost of Adjusting Production Assets/Equiprent I n some enbodi nent s,
t he deci si odemaid rigr tsooh lmally m@dmrnto fpmdu@ap‘dﬂcl pa}ckagq:djsptforhmss neloec by

ddi di sposi ng of t t f ch
om0 o OLSREELIN. DKL o 5K e BLBIE TRy Ty 1onl 0
construct i oppeangt g@ya&ha@ﬁ <6831 SibOShAdd! i RE bRIRRY LURNGH Podiae pdi scar d

and di sposal (salvage va costs for renoving equi prent.
deci si on- rramhngiemmin malymggecnlnaay Idauermime thatrtbbsestavocdigterdng tgpesofdtbon of t he

addi ti onal I, ctlo iS. C ntoh hetotal -
S por o G o he 4P ne OB TER b £t 4 Fof SO g uert on
equi pnent . Bﬁﬁ)o%@sO' TH@)bla%{ %Ooﬁe‘%%ﬂ@o Ttah&tba{s@%tdéksa%gsﬂhltﬁ@§tfrdn§ tie fawnction of
the reductionin the nunber of production equipnent; it is comon to have

the cost benprtopdtankenad blandtthemnsihgdtlénshng aquipeenitbenakefa patdd (i on

equi pnent . en.re i the unber, .o ti.on ui t may

i ncur cost g\ﬁ gﬂ%‘&%ﬁg E‘gPH Iga meslﬂF L?}E ?%ﬁ%ﬁﬁlﬁ: ‘E (#US‘F f)g -up as
vel | as di SM§%bntfaﬁf%§s by Al reauiﬁﬁ%r@m&ﬁrodac@é Bitch @)/forr%ﬁ@ﬁ/@ﬂ‘fl iahd f,
investnment by collecting sal'vage val ue of said equipnent that is accounted
in the nodeln 8 m@gacumweomiesp&@as diffstent Gusilicofof Queduts n@yd_‘mdgﬂvapm ai ni ng
Pl ant and | rrent 0 cases t he de |s on- nmaki t ool may
AR e M R R R e e S e A
production q%l@ﬁ@ﬂéedea% %naﬂ@%hé A6 aﬁ&rérh%(ﬁégaif 19be @N‘@M&Elctsc(ﬂeaﬁﬁit ,ng,

and/ or mmi ntai ni ng pro uct lines. This cos can assuned be a function
t he nunber @»ferq)mdaon |sopar@tqthamire$1textﬂatseh‘ap Costs omnhd)hat/@bmunnm‘rcd]at t he

cost is proportion to the nunbe uctio ui nt and to the tine
such produc oﬁnaé]&fgﬂ Pﬁ‘?ﬁss%eu% CBPF g%ed de??étcg’ 'ﬂ"gt fq‘féeaﬁfi kers
[00128] In mt&y‘qa@ﬁhﬁ@eé@ re§d1‘ﬁngd%h§ih‘érlné'@féeﬁ@olérﬁpbatﬁlﬁhz@%%ﬁkﬁng or
capacity adjustnments by addi ng or disposing of workers. The tool uses the

cost s associtlzt dagiswrt to dohieaelcndiop. or reduction of workers. The cost of
changi ng the nunber of workers may include integration and hiring costs for
i ncreasi ng the nunber of workers, and/or severance costs for reducing the

number  of (ﬁ%f Tnnd et iooﬂﬁe%ﬁﬂe f&ﬂ%ﬁl'eﬁtnatfc%t&e%r@dﬁdﬁ%h%’tdhﬁ@e function
of the adjustment that, in sonme cases, may be assumed to be a constant

val ue or i ndiepéndadk mdllcrﬁenmslq fis imertank Hntm\m@cmhft bubkr prodoetrorillybea
function of the ditional nunb h in _so ses, may be
hssuned to BN ofibP EHD GRS B e Tt e ggowits 8

( 0, b) <V, for product b on equipment i/ to meet independent demand;

and



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 wor kerwowhilalsernan be assumed to be proportional to tireTrsduonsM8 i N t he
nunber of workers. Changeover Costs [00129] 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, sndler batch sizes will |ead to higher
changeover costs and/or |ower throughput. There may be various costs
associ ated wth changeovers. One such cost is the cost of slop, which are
mat eri al s that az@gb,y, | apPeidr produbied opstqemniet ige mast dehenticikizngedver s and
are wasted when the lines are flushed. For exanple, the slop nmay be raw
base stock oil or bl erdddndaibleng padkagtd pilodticti §'.wast ed duri ng changeover of
bl endi ng or packagi ng equi pnent, either preceding or subsequent to the

bl endi ng or pack ib”&b,@p@ﬁﬂ)ﬁ <dhdor impoped pradeict b onRsuaBeent of tasnegf may be
expressed as sone nonetary value of the slop per unit quantity (e.g., per
liter). Changeovers ciperdepafcnpybione’ 0ACARIPEWNHUr i ng out - bound | ogi sti cs
activities at the rack transport units. Inventory Hol ding Costs [00130] In
sonme enbodi nents, the decision-making tool accounts for the hol ding of
inventory ago@ 2¢PStmPeRtlck ¥mbBd@nont, 3RS hbHRY syh@%n&%ti&?is%d@%e@es@@r&'i?t of
packaged products). Inventory holding costs nay be cal cul ated using various
t echni ques. tlkostomganpikés) uskhe it dlst dfanon isoaré)odednmkadi togstonevibatide youbkmy be
proportional to the inventory levels,.with th r riionali f act or

epr esent | ngradiet BTN P] MG POl RAc T2 HEOR I FEORPS e en ¢1 e
period. | nveRhphodusing!thie Y buMepbdaGSa rtHés@%aEQagfeaei)rédiR?s. Off JrBNRMLrY
policy. In some cases, the replenishnment policy Tor products is (r,Q in
whi ch a replikni bilkeptodocdas desoupledofronr grediwet whekageHepraduetst dhen | evel
reaches the reorder point r. The .size of this replenishnent order.is the
batoh si ze. ErRandent SERRt fer sy ST A QERFSh O (HaUSr UGS SRIBES (f5H.

Anot her  typgaQlagB@pkddictsSatlGesired BerBAS FuFlIAct Rkl ‘Fs)/mewﬂf MeR¥tafhing

repl eni shment order 1s rel eased when the inventory level talls below the

m ni mum | evaivestory o€ bulégiredics.hAeprefeorcdembodimes it toehdavabetit mrthe heodel to t he
base stock |.evel ? The inventorﬁ ]I%t.evel s for use in the cal cul ati on of

i nventory h&df iy B P sIGETERY G HOUEIERLPIS Y ISIRNE B0t ORUAVEPE BB ed for a
gi ven reordegfetpoi nt and demand fulfillment 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 shne ch sjze. Co Shi pment Cost 001311 ,Cro hi pnent cost
o e e 3L o0, o4 Secormmatus RyRon b ERCEC RO sk Dot o %S
products i ntpg ctfaepp! @M deds Phrst tWESsfysom @ED@ATEMCK”CBﬁ?rﬁHQpr

networ k. The cross shipnment costs are commonly a function of the inported
vol une or qpackagey pufdubtsldontrnipadikadetk producis heying elegieateid sedrgge Mhies | nport ed

I i f I ck d d tively, deci si
variani o5 sdonCPRRBEAGH B RRERT B R pHat Bt oS aRo webil ¥ “cost of
menuf act ur i RgRT SO | FroBud 38t BUINKR! ¥Ei 8Fidde %8s DrSicaditsBUNK

capacity, to the total cost of iInporting such products and recomrend
make- v- buy dewpssiogsbulkaproduaisnitiz havealdedmsted brorage éarbodiandnBULKat
optim zes the performance of a suppl e .worg, n di ti onal .cost. el enent
of cross shiBREH?ING Tl Pragipis dviBRY afg dEgicRred swkag cthepieaiote 768 hben

di stributi opCRRkRIGSipnidht bR foreRRRAFRMent2RvaPHY:M zation al gorithm can
conpare the econony of scale of manufacturing sone packaged products at a
speci fi ed pl ant Badkagimgreqtuparempaoequisite tithose products fromthe specified
plant to a distribution nter i QR,whi chﬁpool ed saSety stock of those

products will be kept~ver&us theloosti.ro Tj,sﬁi%pi/’hg t hose products from each
pl ant to each distribut?T ol “Ceni@fmmcx60 - O her Operating Costs




[00132] In sone enbodi nents, the decision-nmaking tool accounts for other
operating costs. Exanples of such other costs include the cost for tank

mai nt enarwe 208/@6210cost per hour tank tine), cross shi premuSe@ss7s7H a

mul ti-plant application, cost for punping (e.g., per hour), or the cost of
bul k product held in tank (e.g., per liter). Another possible cost is the
penalty for having a demand fulfillnmenf4rate that is |ower than the target
(i.e., the backlog cost). Performance Metric [00133] The performance netric
inthis exanple is the total cost that is the sumof the above cost terns.
Rel evant Const r aBhend efj0pag4] refinsite ¢inevant constrai nts incl ude the
availability of warehousg,stora to recel all ets of packaged products
and availability of Wﬁrk%orce ti(ﬂ méQﬂé gqui prent. \Where capacity is
nodel ed as avail abl e t &€ ”“”ngfs) producti on, qe capacity
constraints will ensure that t éﬁbﬂpﬂeﬁt'daes/nal exceed avail abl e
hours for production on the "ggti'irméiit [~<Addi"t‘t'onal exanpl es of nodel
constraints include constrainty reDati ngr;eg,ﬁebbol | owi ng (which may be

| i near or non-linear terms iwdihesapdel ): (1) t he openi ng and cl osi ng of

equi pnent; (2) tﬁ%cﬁg ‘%ﬂﬁgﬁlt}p%a{l% té?ﬁjohours (3) the maxi mum overtine

avai l abl e for the equ war ehouse capacity (e.g., for packaged
products); (5) anount= ofEaf et Estocg plngxge@ib/(rf}b)) packagi ng | ot sizes;

i{eBLENDING xeDISCHARGING beBULK

+ Z Z Z R, - (Tx,b + Qz',b /rx,b)

i{€eBLENDING xeDISCHARGING be DEDICATEDBULK

Non-dedicated tanks requisite time

= Z Z Z {zbf [sz+szf/tzb

i{eBLENDING tcTANK beBULK f'<Ci OMB[NEDPACK

+ Z Z(5i,b'Mb,f'Qj,f/rt,j,b+gf>j>f)]}

JEPACKAGING fef'

+ > 2 > > {5u,b sgn(M, )-n; '[Tr,b

ucUNLOADING teTANK beBULK jePACKAGING fePACK

‘5ub M,,- Qf (I/I?ub"'l/”tjb)"‘c +Tj,f]}

+ Z Z Z anb [sz"'le (l/mb

i{€eBLENDING tcTANK beBULK xc DISCHARGING

+ l/rt,x,b) + Cb]

[00123] Constraints on requisite times in this embodiment are similar to those
in that involving combined-blending without dedicating tanks. In addition,
production decisions to make blended bulk products having dedicated storage

tanks must meet;:

anb b 2 Z Z[Sgn(Mb,f)'nj,f'Mb,f'Qj,f]+ an,b'Qf,b

ieBLENDING JePACKAGING feDEDICATEDPACK ieBLENDING

[00124] In a plant, there may be restrictions on the flow of bulk products from
one component of the plant to another based on, for example, compatibilities or
connectivity. For example, in FIG. 1, the arrows from the blending equipment

and the storage tanks represent the connectivity that allows the flow of products



- 61 - (7) inpact of packaged product inport on blended bul k product | ot
size; (8) blending batch size limtations; (9) blend nunber limtations;
(10) tot avoammuwt210f bl ended bul k product nmanuf act ur ed; PCTAS2606EIE t ank
assignnments, which can depend upon whet her or not blends are conbined; (12)
| oad assignnents to rack transport units; (13) |oad volunmes on storage
tanks; (14) | oad volunes on batch bl enffng tanks; (15) blend batch size
constraints (which may be different dependi ng upon whet her blends are
conbined or not, i.e., there may be separate constraints for conbi ned

bl endi ng t hétonaoee diofrfpenenit tof tho mthdros Erono tha steragentaikse dhé Ibbandied duik ( 16)

PSS 00 D8R8, ERTTHAHTI ko L TF  PbSOBRE of b oToer

onto a discharging facility (e.g., truck, barge, or railroad car). The arrows from
the storage tanks to the filling equipment represent the connectivity that allows
for the flow of products from a storage tank to a filling equipment or discharging
facility. As such, in the operation of the plant shown in FIG. 1, one or more of
the following may apply:

(1) certain products may be restricted to 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 warechouse 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



(18) nunber of blends and total quantity of blended bul k products on
bl endi ng equi pnent; (19) limts on |loading onto rack transport fromin-line
bl endi ng wquopmeszlp (20) batch bl end count requirenentspCctamkpomiosisrng
equi pnent tinme requirenments; (22) blending equi pnent time requirenents;
(23) rack transport time requirenents; (24) storage tank time requirenents;
(25) batch bl ending tanks punp-in tinmeséequirenents; (26) nunber of bl ends
in each tank by product; (27) quality assurance (QA) tine requirenents;
(28) storage tank changeover tines; (29) storage tank punping tines;

(11) certain filling equipment may only supply certain warchouse spaces,

and/or vice versa for warchouse spaces receiving the packaged

products from the filling equipment.

Costs of Adjusting Overtime

[00125] One 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 either 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 negative 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



- 62 - (30) blend punping and blend tines; (31) active tinme on tanks for
each bl ended bul k product; (32) total time on tanks for each bl ended bul k
product, weaeed/mwminesi dence tinme and punping tine; (33) PCottakomionEs7s
limtations on tanks; (34) availability of packaging equi pnent (e.g.,
limts on operating tine for packagi ng equi pnent); (35) availability of

bl endi ng equi pnrent (e.g., limts on opéfating tine for blending equipnent);
(36) availability of storage and/or batch blending tanks (e.g., limts on
vol une and/ or occupancy tines for tanks); or (37) availability of |abor

wor kf or ce. Derdhast ecostibdprogettiddehtritic RddifiohdlmentbeRat prodocti@bdquiipmertti s

mbodi nent , t denand ful fill pent i s i nput . ter that nust b
et . Demand THatS0 cafpr p ewins s BE bR for BRI rSheettung.
hi stori cal @%T%ﬂﬁlbfepfofbgfolﬁu@ﬁ&ﬂ%hipﬁwnemntss comMford§s | 1RiveNFBKb b 00!

cal cul at es demand probability distributions for each packaged product and
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Cost of Operating and Maintaining Plant and Its Equipment

[00127] In some cases, 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 equipment are being

utilized.

Cost of Adjusting Workers

[00128] In some embodiments, 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



- 63 - Solution Approaches [00136] Because the constraints in the nodel

i ncl ude one or nore non-linear terns (e.g., bilinear terns) involving the
nunber ofwbabtimes2ibo produce and/ or the size of each batrchusthe/osmsul ti ng
nodel is a m xed-integer non-linear progranm ng nodel (M NLP). As an
approach to solving the MNLP, the decision-mking tool may use any

sui tabl e rel axati on and/or deconpositié%-nethod known in the art. One such
technique is to deconpose the M NLP into a mi xed-integer |inear programm ng
(M LP) subproblem and, optionally, a nonlinear progranmm ng (NLP)

subpr obl em nwindee of heorkemisil Pl seddemgnqhogemnbemtof wotkersarm MabPnzaybpcobl em and

an NLP subprobl em the r uIt| n and su%)urC%b ene, can hen.be

N
solved in aScesHEF£0PyH B2 fuI?CtHQPaﬁITPt@%Ir PBA4 3h9 D¥meePL P
subpr obl em Wk&@ﬁt@étﬁ&&n%e%s@ﬁe@td Bé‘ﬁr%boﬁi%ﬁﬁlo%'tﬁ@téd‘a@n&{ it A8 niyhieP- The
resulting MLP subproblem may be sol ved by any suitable technique known in
the art, inofwdilegs.branch and bound techni ques or cutting-plane techniques.
For exarrpl e, cuts may be added and the M LP subproblem solved iteratively
until the violations of the original constraint(s) becone |ess than a
pre-determ ggthnbPb Ry ANGE | €vel . In sone enbodinents, the deci sion-nmaking
tool may further refrne the solution in a post-processing step that
mnimzes tank activity tine. AIternativer, in sone enbodi nents, tank

activity ma i mzed b he. cost. .of occu the tanks as a
Funct i on of 10H29T e SRS sbeg iy B8 defiSichnBtuiRe uBRn AREP for Eans N
may be sol vedaly @ Qt?dih Eé\féraﬂr&ﬁrbﬂoﬁﬂélﬁé'&ﬁ priaedahetheal @mpPpaRagh to
deternmine the opti mal tank-product assignments, conbine bl ending deci si ons,
and/ or the amtallwrdtatmmqwlﬂelpm@rteghqr Cbangﬂomdtmtstscamd/@qdmwrehtoughmt

wor kf or ce. ncor. orat| on ference [00138 ubli.cations,

pat ent s and THERAREY BTG POV SRENEaEd PP S e Qe ehEPtris At “her ei n
i ncor por at edodbfTsRipS WdLark Indtbigal§ AR aRXEHiPed a8 thd sﬁﬁ%‘ bétAL ipFyRkt
publication, patent or patent application was specifically and individually
i ndi cat ed tohmeovmerapdna&t wdstby whehehehioes aioleded.s Soonxamspleathe démt  any

reference cited, herei is rior, art I,S Broader than.the Specific
Embod nent s MTB0SIPe TR B! PRk TotercBE Y rfRac i cope. by
the specifi %h@z@é@@ér@ﬁﬂéﬁdﬁﬂé&rI%a{%ﬁggﬂgre@hl@mehﬂféﬁﬁgr r48ddifH 8t m::cideﬁatl ons of
the present invention, in addition to those descrl%ed herein, w

apparent totae Hesklcading od ipaciragingkorierations tespeativelfyr drhet ¢dost t)ﬁsleg(mnaygbe
description and a conBanyl al t ho t he pres

d Furt h h
i nvent 1 on h&SPEERA eCRr! B! Sy oSe e o Bl ABPHE (L e p Bl

i mpl enent at i(@AngdbvarsP@ts Gl Afo 3@Yﬂdu%€f%trm§caut%oﬂﬁd 1dgGdcRrachRyitiR2E, those
of ordinary skiTl in the art will recognize that its useful ness is not

limted thetletmclatrdngpostunitie present i nvention can be beneficially
i npl enented in any nunber of environnents for any nunber of purposes.
Accordingly, the clains set forth bel ow should be construed in view of the

full breat highchtsi HoldiRé Cob® Present invention as disclosed herein.

[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 example, 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 (r,Q) in which a replenishment order is



- 65 - CLAIMS: 1. A nethod for operating one or nore bul k product bl ending
and packaging plants in a manner that noves operations a given plant, or a
gi ven colweabilawenh pl ants, toward an opti mum for a per Pornsace/08Bsrs i C
during a designated tinme horizon conprising one or nore tine intervals
under operating constraints and physical and/or economical limtations,
each such plant conprising bl ending egf9 pnent, one or nore storage tanks,
packagi ng equi pment, one or nore packaged product storage facilities and
unl oadi ng and discharging facilities, wherein said nethod conprises the
fol | owi ng st@g@edoﬂyaihommumsnyHﬂpﬂeﬂ@he%dwgmepwopOﬁm¢eKﬂwngﬂaOHQﬂa set

conpri si ng: tald ntif tinme r|zo onpri sj one or. nore tine
nterval o° (oeuisac e oy Hiseh S cadf Rt rENe Ao GG oy 6
operat i onal pRRfRAE Eﬂeﬁoahe%%fher (e daat ﬁondgézeﬁt oy (09 bh& $tRkagsichanks and
one or nore oper ational paraneterS thereo

whereby a replenishment order is released when the inventory level falls below

the minimum level s. The replenishment order brings the inventory level to the

base stock level S. The inventory levels for use in the calculation of inventory

holding costs depend on safety stock that can be calculated for a given reorder

point and demand fulfillment rate. The cost of holding inventory can assumed to

be proportional to the average level of inventory that can be approximated by the

sum of the safety stock and half of the replenishment batch size.

Cross Shipment Costs

[00131] Cross shipment costs may include the costs for importing blended
bulk products or packaged products into the plant, sometimes from another plant
in the supply network. The cross shipment costs are commonly a function of the
imported volume or quantity of bulk or packaged products, respectively. The
imported volume or quantity of bulk or packaged products, respectively, are
decision variables such that an optimization algorithm can compare the total cost
of manufacturing products in a plant, including the cost of adjusting capacity, to
the total cost of importing such products and recommend make-v-buy decisions
that minimize total cost. In an embodiment that optimizes the performance of a
supply network, an additional cost element of cross shipment costs is the cost to
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.



(d) data identifying the packagi ng equi pnent and one or

nor e oper ati onal

paraneters thereof; (e) data identifying the packaged product storage
faciliti esoand/@sEO00r nore operational paraneters there@eCI/uSodanars’s

i dentifying the unloading and discharging facilities and
operational paraneters thereof; (g) data relating to the
bet ween pl ant equi pment; and (h) data-é6@tlating to the hi
each packaged product; (I'1) a conputer inplenmented
data to popul ate nodel paraneters of a m xed-integer non-

one or nore
i nt erconnecti ons

storical demand for
step of using the
| i near

mat hemat i calOthpt Dpepatinm@ostedel - 66 - constructed to mathematically

descri be the operations of the blending and packagi ng pl

ant (s);

[00132] In some embodiments, the decision-making tool accounts for other

operating costs. Examples of such other costs include the

cost for tank

maintenance (e.g., cost per hour tank time), cross shipment costs in a multi-plant
application, cost for pumping (e.g., per hour), or the cost of bulk product held in
tank (e.g., per liter). Another possible cost is the penalty for having a demand

fulfillment rate that is lower than the target (i.¢., the backlog cost).

Performance Metric

[00133] The performance metric in this example is the total

sum of the above cost terms.

Relevant Constraints

cost that is the

[00134] The relevant constraints include the availability of warchouse 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 exceed available hours for production on the equipment. 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 (e.g., for packaged products);

(5) amount of safety stock required;

(6) packaging lot sizes;



wherein the nodel conprises nodel paraneters, decision variables,
constraints, and an objective function; wherei n the deci sion

vari abl eswoeprigsenit quantitati ve decisions to be nmade i RCeashomwions7s nt er va
regardi ng plant capacity as a function of one or nore of the follow ng:
nunber of production equi pment, nunber of workers, production shift
structure, overtinme, nunber of productéthangeovers and setup tinme required
to conpl ete a product changeover; wherei n addi ti onal decision variabl es
are quantitative decisions to be nade in each tine interval regarding pl ant
producti on and i Wentaragt ofgprekegad rirbéuct onpont ah bteded hplkipseduct &)t one or nore
ternms [imting the availability and capacity of the bl ending equi pnent; (b)
one or nore terms |i¥#f%ing the availability and capacity of the storage

tanks; (c) one ofg)mopendiff BhtchisPellinfithtiole availability and capacity of the
packagi ng equi pnent; (d) one or nore terns limting the availability and
capacity of the @ackblgedinpmbetionitatiamsage facilities; (e) one or nore terns

LG e oV R ARG HuE et APl Aa g, oo, & scharging
of each packaged(inyogdbbe tMkREAGHEEnR AN KRN Thif 8epcABpbA MR tcP br AR €
non-linear terns relating the sirze of each batch

blends are combined;

(12) load assignments to rack transport units;

(13) load volumes on storage tanks;

(14) load volumes on batch blending tanks;

(15) 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);

(16) packaging batch size constraints if blends are not combined;

(17) number of fills and total quantity of fills on the filling equipment;

(18) number of blends and total quantity of blended bulk products on
blending equipment;

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

(20) batch blend count requirements;

(21) filling equipment time requirements;

(22) blending equipment time requirements;

(23) rack transport time requirements;

(24) storage tank time requirements;

(25) batch blending tanks pump-in time requirements;

(26) number of blends in each tank by product;

(27) quality assurance (QA) time requirements;

(28) storage tank changeover times;

(29) storage tank pumping times;



of packaged products to the quantity of safety stock required for the
product; wherein the objective function is a performance netric - 67 -
(I11) a cwopotieweiinpl enmented step of running an al gori t roT@WsSs@owsrs7s o
obtain a solution to the m xed-integer non-linear mathematical optim zation
nodel ; and (I'V) operating the plant(s) substantially according to the
sol ution obtained or according to an operating plan made based on the
solution obtained. 2. The nethod of claim1l, wherein the performance
metric is selected fromthe group consisting of energy consunption, total
or specific packé§edblondpunpingrandbdtridompespr oducti on tinme, demand

net profit. and GunadivEorT o1 ekt o e oieaded i nBHEG Or cl ai m 1+ wher ei n
the performance peyrioglitiend G} @hkERR bach BlenddiBodepRRAcObalizihm 3, wherein

the total cost is ?he sum of one or nore of the ]E)OHOWI ng: (a) total
operating cost, (b) tesidahcd thuesndpwnping taak] capacity, and (c) total

di vest nent cost reduce capacity. 5. The nmethod of claim1, wherein the
Gata sor s furtho) @galffﬁlﬁéeg“‘ﬁga%féloml’:‘k% a) the data identifying the time
hori zon conpri si g Oéﬁilgﬁilifpbiepafckﬁ'?n% BE@pMRhS(cSP Ot @ﬁoﬁ&@tiﬁ% ficperiod of
pl ant operations to be opti'm zed; (b) the data pertaining to the

oper ati onal par amet efos padkagheg djugmeinty equi pnment specifies one or nore of

t he bl endi ng equj nt .cl eanup an reparation ti the punp.rate, the
Foqui st te namber Cop SiePEa En Rl ul FEBREEL § B b e S BT R ng

equi prent, the bl endgien@iph RhipnRRGeds and the blend rates; (c) the data
pertaining to the operational paranmeters of the storage tanks specifies one
or nore of the st¢)ageilabibky viodtonags andier basdf bieygiag tartks (bgt, lionistoppe, t he
heel vol une and the stlora%eg/ ank cl eanullé)l a?d ﬁﬁ(e yaration tinme; (d) the data
pertaining to the op&tHFARNICT BETRAREENIGCHFOT Sgzﬁ)('ikagi ng equi prent

speci fies one or3Mr g phbilideolP@BEAYLMRGBHUI prENt cl eanup and preparation
time, the packaging rate, the requisite nunber of skilled workers necessary
to operate the packaging - 68 - equi pnent and the volunetric bul k product
package filling rate; (e) the data pertaining to the operational paraneters
of packaged product storage facilities specifies one or nore of the

avai | abi | i t peiithCARPELEYet Pentifd FRRMINAGR RAE 0oduct war ehouse, the size of,
the size of Ta batch unit of eac ackaged product and the average warehouse
residence tinme of each packaged product; (f) the data pertaining to the

oper at i onal r ters. of t unl padi an i.scharging facilities

abeci 11 es onBAGR ofubisreryiedin{ile BErer AR FRGTAR! S AP Gl S BERS prrent
the unl oadi pgt dhaghed Fhatg DRhRSd| @lta QRGrRE a6 SoRtal CEMMAE R, phdk8ged

unl oadi ng/ di schar gi ng equi pnent cl eanup and preparation tine and the

aver age | oagraovycesqend estoricad sdcimmdefari bk f prodeetc shipmeuitsct Th¢ gdecishen dat a

relating to the intercqnnections hetween. plant .equi nt c rises. one or
ot o of "t he I . FIASESERPRy PP R I R Rg BERETNt to
one or nor e pt kBl WbiéifinPR Y §FiBhal RbRBoSPNIIBE& Wetih P%dh_bt'iﬂﬂ Rdcieashof ank to
one or nore types of packagi ng equi pnent and/ or unl oadi ng and di schargi ng

facilities; cathdpidkagedh erothica andllavélngf sajetyhssotk $ooeaahapadkegeth@rddmct each

packaged product specifjes one or nor the arrival time. aof .customner
Germnd evenOSCiay 7 b Qe e RRTE/aHa mi g F i folia GUERERED of ¢ ne
products i n4ihecedBARANhE YesYability 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.



6. The nethod of claim1l, wherein the data set further conprises data
relating to the conpatibility of different bul k products and/or bl ended
product s wot2hittdse21pl ant equi pnent. 7. The nmet hod of cl acmusomioerses n t he
data set further conprises data pertaining to the financial value of each
packaged product produced. 8. The nmethod of claim 1, wherein the nodel

i ncludes a decision variable for one o63nore of the following: (i) the
requi site nunber of product batches and the size of the batches 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_cC i ne bl endi ng operations for like - 69 - bul k products;
(iv) the reé@ﬁgﬁ¥%gﬁﬁﬁﬁﬁﬂﬁ§ of equi pment including, but not linited to,

bl endi ng equi pnent, packagi ng equi pnrent and storage tanks; (v) whether and
when to dedicate a storage tank to a bl ended product; (vi) the requisite
nunber and [@HF6h oBechid the qmstr&iag% in (thed m)odtlh'mChldqumsiotren(vrarriOeflir@ﬁr wor ker s;

(viii) the requisite .nu rIi our.s th S|te
Guant 1 1y of SHRdRye- DRy iR g FiedoiRt el BAchit ot Kt ' and
sone bl ende@hdors%us,f %ach gt)atc-ﬁhetthﬁeE'Lﬂﬂng’fmGJiﬁ' 9 & MR Edyet hﬁan%&t raints
limting the availability and capacity of the storage tanks specify one or

more of t hepfagrirowiing mc(de) (MBBHLP).ct Aoree approded phyelviogl theoMdERP: vie y

i nking different pieces af plant equi t tothe s ra t anks

oot 1ot ondcusonES oderBypie, S RRERE b Put i ghepE tReo R it el Vi ng a
batch of bl epged Bibvwn RrREEaT Onkistitd tbBSikhid fé&b%@orﬁﬁbs@ﬁﬂeng%%t ry and
size of storage tanks; (iv) restrictions on tinme for punping a batch of

bl ended bul mmcbdmgerllmtw progtaonage (MHKY) fobprabésn rinds optrmady, & inoe- f or

conducting quality assura bl e roduct

oot rrcti andig peErrgne RER) SuReRe Frbto s SRt SOt L ur e a
bat ch of pagkaged NTIdYGHproRBE 4nd b NEBLUbSLbRAS tﬁ@ regdmn MIUPUQ% ng

bl ended bul k product out of different storage tanks. he net hod of

claim1, wh&NId subprahderss ea then besdwcdnglaMpgramemanaelcﬂe g;,ataratl\@ﬂy)packaged
products to the quantity of safety stock does so by nmaking the |evel of
safety stock for each batch of packaged product having the specified batch

si ze correspgnd7| o Tl'ﬂ;-elvHEP%bﬁﬁbeeﬂﬁFna?% forthfilatdd WusligeRrappe@RgiQver a

|l ength of tinme during which a repleni Shnment order "has been placed. 11. The
met hod of clo&ilm MINWRerBienresilang mmmbpmhhemamyrb@ sdvaghky anyrsuitabler val ;

vher el e e S ECTRY LR OB Thagubh IRl 3 BOREE o @
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.



wherein obtaining a solution to the M NLP nodel conprises transform ng the
M NLP nodel into a m xed integer |inear program (MLP) nodel by |inear
appr oxi nrawpaniiawe2isol ving the M LP; and wher ei n t heCcstuspoiofsia ai ni ng
a solution is conpleted in a time frame of two hours or less. 12. The

met hod of claim11, wherein the tine horizon conprises one tine interval;
wherein the m xed-integer mathemati cal 6optim zation nodel is posed as a

m xed-i nt eger non-1linear program (M NLP); wherein the MNLP is sol ved
by using netaheuristics selected fromthe group consisting of one or nore
of evolutionary algorithm sinulated annealing, ant colony optim zation,

tabu search gattern sga Clil algorithm and the like, to solve the

conbi nat or i MMMem posed by the M NLP; and wherein the
step of obtaining a solution is conpleted in a tine frame of two hours or

|l ess. 13. The method of claim1l wherein the tinme horizon conprises two or

more tinme i M@EB8HI sAll publighiconsi patchis arakt hatoett aprdicaogisi mepaonaninptlobl em i s

posed as a ni xed-i.nteger non-|inear nani c_progr.ami ng; wherein the
i xed- | nt 6gBbeGTRIO FEG ey AP BORT S PR ATICHF 20 L51 VRBr By Histsh el

appr oxi mat e Y PHANAIC PROREHRIM Rled: CORNPALR; apPanbBer fad {feifkhRp Qid
obtaining a solution is conpleted in a reasonable tine frane. ~14. The
met hod of clizdivadtialish erdécatdtetoabd inmormpfrated by imfasencal sSNo adagspinnr 8 ingdanot her

deci sion a hul k product h di ng.and packagi ng plant nakes in order to
satisfy denﬁ?‘i’aaﬂ%f&geﬂﬁ?l{?ﬁ%eﬁe@gégQ?éorrfa{)tr mance and a constraint in the nodel
is that the acquired raw materials nust fit in the storage tanks.

Invention is Broader than the Specific Embodiments

[00139] The present invention is not to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the present
invention, in addition to those described herein, will be apparent to those of
ordinary skill in the art from the foregoing description and accompanying
drawings. Further, although the present invention has been described herein in
the context of a particular implementation in a particular environment for a
particular purpose, those of ordinary skill in the art will recognize that its
usefulness is not limited thereto and that the present invention can be
beneficially implemented in any number of environments for any number of
purposes. Accordingly, the claims set forth below should be construed in view

of the full breath and spirit of the present invention as disclosed herein.



- 71 - 15. The method of claim1l1l, where in the demand probability
distribution for each packaged product is calculated fromhistori cal

cust oner wodaderisesald demand forecast; and wher ei n amrcorusesiofostsis | | ment
rate for each packaged product is calculated fromthe demand probability
di stribution and repl enishnment lead tinme for the product. 16. The net hod
of claim1 wherein the nmethod is used-6®-optimze a performance netric of a
supply network conprising a collection of bulk product bl ending and
packagi ng plants and a collection of distribution centers, both of which
are | ocat ed GImMABMSpeci fi ed zone or geographi ¢ nmarket; wherein a
distribution center is nodeled by using a nodel of a bul k product bl ending
and packagi ng plant having only facilities for storing packaged products,

i nporting packaged products, and exporting packaged products; wherein
guantitative decisions to drive the performance netric toward opti num or
near optinudmvaIAen@bmbﬁnsmngmntheptammebdbam@hyrbbnd@g@nd@adﬁ@ﬁg

i nventory de f |ons %h bulkfgroduct ﬂl d Bac qgin plant and
(ii) mventB%?Sa}Hd”B?IB“c?ﬁ PESFR AP ARG SUeT égt geNS S dach

di stributio gla@l%nkﬁﬁard‘éﬁ%bﬁhﬂn{ 1R agRiRriifice ietAE Quk gQ dfaﬁgn?ﬁé’&ﬂmlé' ant and
each distribution center wherei n additional paraneters and

constraintsheNZ@Icmnpmmngnmamhemabun¢nymvwemedmusmammgapnﬁemMSan@ts of

transporti n%hbsllcea g/op[ago%%%}lcatf

?1m%a%%n£le%a§ Sich plant comprising blending
equipment, one or more storage tanks, packaging equipment, one or more
packaged product storage facilities and unloading and discharging facilities,
wherein said method comprises the following steps:
(I)  a computer implemented step of receiving a data set comprising:
(a) data identifying a time horizon comprising one or more
time intervals;
(b) data identifying the blending equipment and one or more
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;
® data identifying the unloading and discharging facilities and
one or more operational parameters thereof;
(2) data relating to the interconnections between plant
equipment; and
(h)  data relating to the historical demand for each packaged
product;
(I)  a computer implemented step of using the data to populate model

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



wherei n addi tional paranmeters and constraints exist to define the ability,
benefits and/or detrinments of supplying a distribution center froma

speci fi ¢ Wol2kiipwseroct bl endi ng and packagi ng pl ant; andPCT/US20005E7%

addi ti onal paraneters and constraints exist to define the ability, benefits
and/or detrinents of transporting packaged product between distribution
centers. - 72 - 17. The nethod of cléahm 16, wherein the tinme horizon
conprises one tinme interval; wherein the m xed-integer nathemati cal
optim zation nodel is posed as a m xed-integer non-linear program (M NLP);
wher ei n t he cvstuptedgo swithaohtivglly desegibmshcatremations o€ thedbéstingand r om t he gr oup
consi sting of one or e of evolutionary algorithm sinulated annealing,
ant colony & Qlfalg}ngé%l?%ﬁs tabu search, pattern search algorithm and the

like, to solve t{jfeankRXRI Edh 1%%%'n%d%ﬁbér@&ef&@%@i@oﬁ%ﬁ&'bl@é’ the M NLP;
and wherein the step of obtaining a solution is conpleted in a reasonable

time frane. comalnThemdr@nlmbjtcuf/e Ginstiom;16, wherein the ni xed-integer
mat hemat i cal optl zat osed as

d del AB
Ther et nal o MR R Ref o atig By R esf R AR RETS ASAIRR e Thad) "1
obtai ni ng aj$edcuitiROint§vAERI8IgDIAM cApdcBPIQ @4491'1&1091' d®ne or more of the

following: number of production equipment, number of workers, production
shift 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 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 facilities;
(e) one or more terms limiting the availability and capacity of
the unloading and discharging facilities;
) 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 size of each batch
of packaged products to the quantity of safety stock
required for the product;

wherein the objective function is a performance metric



frame. 19. The method of claim 16 wherein the time horizon conprises two
or nore time intervals; wherein the mat hematical optim zati on probl em
i s posed wWe 2a11mieEAd- | nt eger non-1i near dynam ¢ progr anmPag;UuS2010/05758ner ei n
the m xed-integer non-linear dynam c progranmng is solved by using the
approxi mat e dynam c progranmm ng techni que; and wherein the step of
obtaining a solution is conpleted in a67easonable tinme frane. 20. A
deci si on maeki ng tool for identifying quantitative decisions regarding one
or nore of the follow ng: plant capacity, production, and inventory that
yield opt| mum or (INgara @pnpmemnpéem@ltcﬂ step péﬂﬁmm@awégmhmmsdlmr tone or nore

bul k - - . produ t bl endi n cka t nd.one .or nore of
di stributi po@Eh? glpdgn tostg Hgf‘?fg nt%& ﬁ%ﬁ?%g é%%?%@%l@g%onent s: (1)a
first conputgidel;@adabl e menory deV|ce storlng a data file conprising

(IV) operating the plant(s) substantially according to the solution

obtained or according to an operating plan made based on the solution obtained.

2. The method of claim 1, wherein the performance metric is selected from
the group consisting of energy consumption, total or specific packaged product
production, production time, demand fulfillment lead time, total or specific

utilization of plant equipment, 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



(a) data identifying a tinme horizon conprising one or nore time intervals;
(b) data identifying the plant blending equi prent and one or nore

oper at i onab 2pavmpAEDer s t hereof; (c) data identifying thecplisealonsBrage
tanks and one or nore operational paranmeters thereof; (d) data identifying
t he pl ant packagi ng equi pmrent and one or nore operational paraneters
thereof; (e) data identifying the packaged product storage facilities and
one or nore operational paranmeters thereof; (Odata identifying the

unl oadi ng and discharging facilities and one or nore operational paraneters
t her eof ; (grqdatment @idahe nglunettihbulkpredusd nackege 6Hmgoetentm thdlaamt equi pnent ;
(h) data relati.ng to the historical de d for .eac ckaged .pr.oduct; and
() dat a | abRtsRgien§ it bind] B aeektes TR b Ae et HfiSoper at | onal
paranmet ers th&h®Qf one or more OF fe RaFGRRGhRIRAPALIST ofBaH BRI SEpREYCtdeVi Ce,
that may or may not be the first conputer readable nenory device, storing a
mat hemat i calwandweke, tonpré eff rthe piae afebeaich unhat cadspackhgesl firbducdped tiei ons of

e 1 ending, g Backanng BLAN, oD 00t R L B08 Pt

deci si on vapbahhgg to €SIt @idhaPpardfeicAofRt BRlobdiBg aH alsc R ging
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 comprises 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 each 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



wherein the decision variables represent quantitative decisions to be nade
in each tinme interval regarding plant capacity as a function of one or nore
of the -w@4oti/deedibowi ng: nunber of production equi pnenPCTASIONSTHIS

wor kers, production shift structure, overtinme, nunber of product
changeovers and setup tinme required to conplete a product changeover;
wher ei n addi ti onal decision variables-ae quantitative decisions to be nmade
in each time interval regarding plant production and inventory and
regarding inventory at distribution center; wherein the constraints

conpri se: (‘&plkaredwnts; o) ¢het rgmsite guantity gt ¢eepaetiihelbdingt jutanotilicaedci t y of

t he bl endin uipnent; (b) one ar nore terns limting the availabjlity and
capact ty. of RRGEE chyPrbeli ek e SRuPBIER B raR Ry L MR

avai | abi | i t y1aRdy aanagk h¥tRbgd thek RAEKRAIRDNBEMtPARN the rddfllsi®NRinfer MOr € terns
limting the availability and capacity of the packaged product storage
facilities; afeé)engtieofmhiftropes dapr(ve) therrequisite nmsbanedivaakdrk;i (vii)ahel capacity of
the unloadi T u?sqt% nqllmsb%p %{; &e%m%%%h%sl; Elrllc? aX) 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 each 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 time
interval;
wherein the mixed-integer mathematical optimization model is posed as a

mixed-integer non-linear program (MINLP);



(Oone or nore non-linear terns relating the nunber of batches of each
packaged product to product batch size; and (g) one or nore non-I|inear
terns relwoi2og/a6bEo0si ze of each batch of packaged produecs/useomwhsrsquiantity
of safety stock required for the product; (h) one or nore ternms limting
the availability and capacity of distribution center(s) wherein the

obj ective function is a performance nefpic; and (r1rr) a processor
conprising an optim zation platformthat conprises an algorithm c solver,
wherein the optim zation platformis operable to |oad the nodel, read the
data file, popul ehercithebtamdela phutametoshes VAN &Y mibede) comprikes data file, and

execute the algorithmc er, wherein the algorithmc so rds WO
2011/ 066210 bEIBEGROYAH Thoad] oG Bk Fuled Mok ormbe MBS on
variabl es i pddaebyRAGH af)gro'xﬁﬁéﬂdnf%dtseﬁi%fheqfﬂm_rahéb| e val ues that optim ze
t he objective function. 21. A program storage devi ce readable by a conputer,
cont ai ni ng a conpbtrem fhe stpparhobiavng alsbltiby isacanopipiet en a tinkeelranaof he

conput er r ram conpri ses
P P %go ours or 1¢ss.

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);

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 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.



code operable to cause a conputer to identify quantitative decisions

regarding o

ne or nore of the follow ng: plant capacity, production,

and

i nvent or ywohat1/0s6mbd opti mal or near optinmal val ue of aPperiSesmmeTses netri c
nore bul k product bl ending and packagi ng pl ant(s), by causing

for one or
t he conpute
a conputer

bl endi ng eq
I denti fying
t hereof; (d
oper at i onal

I denti fying

r to performthe follow ng actions: (l)reading a data fi

le from

readabl e storage device conprising: (a) data identifying a tinme
hori zon conprising one or nore tine intervals; (b) data identifying the

ui pnent and one or nore operational paraneters thereof;

(c) data

the storage tanks and one or nore operational paraneters

data, identifyi t he .packagi equi nt. and one or. nore
1Sar o ol 1 FaREuite PuRR pPRE loRd e RSB or oduce
storage facihdlf pRRaGANrOMGt N cAIR K@ RBLALLORRA] RRIAIRLEISs ded@®ind (Odata

t he unl oadi ng and di scharging facilities and
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 set 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.



one or nore operational paraneters thereof; (g) data relating to the

i nterconnecti ons between plant equi pnent; (h) data relating to the

hi st ori cavodenemse2zibor each packaged product; and (i) datraTiusenbiosyssig t he
distribution center(s) and one or nore operational paraneters thereof; -
76 - (I'l') using the data file to popul ate nodel paraneters in a

m xed-i nteger non-linear mathematical -@pti m zation nodel, stored on a
conput er readabl e storage device, constructed to nathematically describe

t he operations of the bl ending and packagi ng plant(s); wherein the
nodel, in addition to paraneters, conprises decision variables,

constraints, -and_an ohjectiye fynction; . Wwherein the decision variabl es
repr esent ngnti?g‘ﬂr\? Ogié) iCign: POt thedimg PorzeiFomntises MEYVSI r egar di ng
pl ant capaciji¥~as a function of one or nore of the follow ng: nunber of
production equi prent, number of workers, production shift structure,
overtinme, nunberwbérepr ihdmiked-huegps ovathanaid! simigatiommodedgspowd as@ conpl et e
a product cha ' itional decision variables are

ngﬁover' . wherein
quantitativé"d jPE%%hEO?éw%@1ﬁ88@n1 H>time interval regarding plant
production and i gueRiPihy Mhatp Arendaisrtinadcararistit el ddtedVrbh thitose
regardi ng plant capacity;

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.

20. A decision making tool for identifying quantitative decisions regarding
one or more of the following: plant capacity, production, and inventory that yield

optimum or near optimum value of a performance metric for one or more bulk



wherein the constraints conprise: (a) one or nore terns limting the
availability and capacity of the bl ending equipnent; (b) one or nore terns
limting wbeoavwasiiabi lity and capacity of the storage taokaS2qiopsmne or
nore ternms limting the availability and capacity of the packagi ng

equi pnrent; (d) one or nore terns limting the availability and capacity of
t he packaged product storage facilitie33-(e) one or nore terns limting the
avai lability and capacity of the unloading and discharging facilities;
(Oone or nore non-linear terns relating the nunber of batches of each
packaged produbmtbbnﬁngduépaﬁagt@1§m16)a@@ymmeﬂnmﬁnﬁk@%ﬁbmmﬂinear terns

ggigz;ngtgggmﬁgéér ﬁ%? Eogﬁgggggﬁhgﬂpka edIRroducts to the quantity of
@D a first computer readable memory device storing a data file
comprising

(a) data identifying a time horizon comprising one or more
time intervals;

(b) data identifying the 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 the plant packaging equipment and one or
more operational parameters thereof;

(e) data identifying the packaged product storage facilities and
one or more operational parameters thereof;

® data identifying the unloading and discharging facilities and
one or more operational parameters thereof;

(2) data relating to the interconnections between plant
equipment;

(h) data relating to the historical demand for each packaged
product; and

(1) data identifying the distribution center(s) and one or more
operational parameters thereof;

(I)  asecond computer readable memory device, that may or may not
be the first computer readable memory device, storing a mathematical model
comprising parameters that describes the operations of the blending and
packaging plant(s) with or without the distribution center(s);

wherein the model, in addition to parameters, comprises decision
variables, constraints, and an objective function;

wherein the decision variables represent quantitative decisions to be made

in each time interval regarding plant capacity as a function of one or more of the



(h)one or nore terns limting the availability and capacity of the
distribution center(s); wherein the objective function is a performance
metric; amo2011/06611b1 1) executing an algorithm c sol ver PoTn®100EIE
decision variables in the nodel to identify a solution set of variable
val ues that optim ze the objective function.

-74 -

following: number of production equipment, number of workers, production
shift 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 and
regarding inventory at distribution center;
wherein the constraints comprise:
(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 facilities;
(e) one or more terms limiting the availability and capacity of
the unloading and discharging facilities;
) 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 size of each batch
of packaged products to the quantity of safety stock
required for the product;
(h) one or more terms limiting the availability and capacity of
distribution center(s)
wherein the objective function is a performance metric; and
(III)  a processor comprising an optimization platform that comprises an
algorithmic solver, wherein 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, wherein the algorithmic solver is
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operable to manipulate decision variables in the model to identify the set of

variable values that optimize the objective function.

21. 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 quantitative decisions regarding
one or more of the following: plant capacity, production, and inventory that yield
optimal or near optimal value of a performance metric for one or more bulk
product blending and packaging plant(s), by causing the computer to perform the
following actions:
() reading a data file from a computer readable storage device
comprising:
(a) data identifying a time horizon comprising one or more
time intervals;
(b) data identifying the blending equipment and one or more
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;
® data identifying the unloading and discharging facilities and
one or more operational parameters thereof;
(2) data relating to the interconnections between plant
equipment;
(h)  data relating to the historical demand for each packaged
product; and
(1) data identifying the distribution center(s) and one or more

operational parameters thereof;
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(Il)  using the data file to populate model parameters in a mixed-integer
non-linear mathematical optimization model, stored on a computer readable
storage device, constructed to mathematically describe the operations of the
blending and packaging plant(s);

wherein the model, in addition to parameters, comprises decision
variables, constraints, and an objective function;

wherein the decision variables represent quantitative decisions to be made
in each time interval regarding plant capacity as a function of one or more of the
following: number of production equipment, number of workers, production
shift 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 that are
determined concurrently with those regarding plant capacity;

wherein the constraints comprise:

(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 facilities;

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

) ong or more non-linear terms relating the number of
batches of each packaged product to product batch size;

(2) 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; and
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(h) one or more terms limiting the availability and capacity of
the distribution center(s);
wherein the objective function is a performance metric; and
(IIT)  executing an algorithmic solver to manipulate decision variables in
the model to identify a solution set of variable values that optimize the objective

function.



