WD 2009/ 082454PCT/ US2008/ 013818 SYSTEM FOR OPTI M ZI NG BULK PRODUCT
ALLOCATI ONS, TRANSPORTATI ON AND BLENDI NG BACKGROUND OF THE | NVENTI ON FI ELD
OF THE | NvVBNosdis2459001] The i nvention rel ates to the fi elpdTafS2mslokssps oduct
transportation and |nventory managenemt. More particularly, the invention
relates to an apRrli : Rci-um whi ch, when
execut ed, causes cital. ' -‘-\‘ ' l}“ ation routing,
transport atA@L@E(DA@TIaQ)NSL d R@WO&T@QTIQNeANB) IBLENSINIG bl endi ng,
in the novenent of one or nore bulk products fromsupply locations to
consunption | ocations u5|nﬂ$a het er ogeneous fleet of transportation

vehi cl e BANVKEROUNDIA TREINVENIHONf 't i ne. DESCRI PTI ON OF RELATED ART

[ 0002] Current approaches to optl m zi ng product transportation, whether for
t he novenent of discrete products or bul k products, generally focus on

t r ansporRIBLDAF THE INMENTH)Nr vehi cl e schedul i ng and do not consi der

i nventory managenent. In addition, these approaches typically require one
or nore of the followi ng: a single hom)geneous cargo or multiple cargos

t hat ca be m e el
betmeenqﬂaigngle ?ﬁ%pvﬁpﬁgggﬁﬁg%sgﬂd a sin Q#Zbgkngbgﬁgbggfﬁghﬁmm{éﬁM

const antinveatozy afansggnmny. Mdrectmmmmhrlycsdmemabﬂtwn rehtsaoapappiciten ddrsd f ocus

on mnimzing cost t her than m.zing net profit. [0003 TurboRouter(r)
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cal cul at1 ons. The purpose of the tool Is to allow a
product blending, in the movement of one or more bulk products from supply locations to

consumption locations using a heterogeneous fleet of transportation vehicles over a pre-

defined period of time.

DESCRIPTION OF RELATED ART

[0002] Current approaches to optimizing product transportation, whether for the
movement of discrete products or bulk products, generally focus on transportation routing
and/or vehicle scheduling and do not consider inventory management. In addition, these
approaches typically require one or more of the following: a single homogeneous cargo
or multiple cargos that cannot be mixed; the use of a homogenous fleet of vessels; travel
between a single supply location and a single demand location; and a constant rate of
supply and demand. Generally, these approaches also focus on minimizing cost rather

than maximizing net profit.
[0003] TurboRouter® is a tool recently developed by the Norwegian Marine

Technology Research Institute, MARINTEK Logistics. It performs vessel routing and

scheduling calculations. The purpose of the tool is to allow a

SUBSTITUTE SHEET (RULE 26)



WO 2009/ 082454PCT/ US2008/ 013818 - 2 - commerci al shi ppi ng conpany, as
opposed to a chartering party, to maxim ze the revenue obtai ned by shipping
opti onal wengw/asmsaddi tion to contract cargos that nust pog/tskéospessis Thi s
tool, however, does not account for invgotory managenent or envision

bl endi ng. [0004] The shi ppi ng of ammoni a has been addressed by M
Christiansen et. al., Deconposition of a conbined inventory and tine

const r ai nednaherridlahippiogonipany, ad oppegedrtoal ¢hranteBmgeparty, t8dfdximiZe 16
(1999). This article poses the problem where inventory managenent and

routing arthe covpnueaibiained pytshipping optiangkepre émeddiione canimef gargos

bul k. pr odubft BetbeABpe . ThAT ROk W e S a0 o 6 TR anom ¢

cal cul ati ?nagen#éﬁt%rgﬁgfs?&?ﬁleﬂ§ﬁ{c%i nplify real problens and assune
rates of pr

const ant oduction an nsunption. [0005] The m ni num cost
I nventory routing problemfor nultiple bulk Iiquid products (which cannot
be m xed) is addressed by D. Ronen, Marine inventory routing: shipnents

pl anni ng, [0004hal The shippingcofamoomia Raskbeancaddsossediby Ms L hrigt@nsaniet 2002) .

The vessels in this routi probl em have mul ti ple conpart ts and each
vessel is aiegercpﬁ"h"@d”f%’ ?ﬁﬂ?’ﬂg’”& FIUEIHEBEARG tlte Erlt ‘B’fﬁ%‘?e prouting

Addi t i onal [ ' a 0 of

vessel o, BB rPBSHA AR AR T ALK 1S 10D, TRIPHERRESDH Of veose
routing agﬁoﬁ&mwﬂewﬁweﬁt&y&ﬁaﬂ nférit lafll @obifin SRt Pcbtdined By éingechedul i ng:
status and perspectives, Transportation Science, 38(1): 1-18, M

Chri st i anseindoi¢ reigagentenits andimessels de perm{t&iDw) carGnpamiat laddswAafledtalfe i s
Marine Transportation, Handbooks in Ter ations Research_and Managenent

Sci ence: T™essRlpHenspaerba single bulk pradugt between praduetion and gonsygpiden D,
Ronen, edit

b . B h d,. s .
2009/ 0824 o 66%3‘%‘2@%%?‘8‘%?“8% IE)@@‘% efie égglz’u)vﬁﬁ‘ﬁ‘\qg#fweﬂ&‘8b'ie§‘s
Schedul i ng,@CRIAMEBNIRAAE Eftkd 8P pRiduetiBA%nd consumption.

[0005] The minimum cost inventory routing problem for multiple bulk liquid
products (which cannot be mixed) is addressed by D. Ronen, Marine inventory
routing: shipments planning, Journal of the Operational Research Society, 53:
108-114 (2002). The vessels in this routing problem have multiple |
compartments and each vessel is restricted to loading and unloading at only one
port. Additionally, this routing problem only allows a homogeneous pool of

vessels.

[0006] There have been numerous publications in the field of vessel routing
and scheduling. One survey article is Ship routing and scheduling: status and
perspectives, Transportation Science, 38(1): 1-18, M. Christiansen, K. Fagerholt,
and D. Ronen (2004). One overview article is Marine Transportation,
Handbooks in Operations Research and Management Science: Transportation,
M. Christiansen, K. Fagerholt, B. Nygreen, D. Ronen, edited by C. Barnhart and
G. Laporte (2007).



O l, Managenent Science, GG Brown, GW Gaves, D. Ronen, 33(3): 335-346
(1987). This paper addresses a crude oil marine transportation problem The
nodel i ng woahésseabescri bed therein includes the foll ow RGT/US2008/013818

assunptions/sinmplifications: (1) each cargo (i.e., crude oil to be shipped)
noves between a single |oading port and a single discharging port; (2) the
cargo shi pped nust always be a full vessel load (i.e., the cargo nust be of

a fixed sipp@p7] andOhdpublichtioress abteiis SchedingeOzear Trhmspiitionosy, Cklute
objective function of the nodel is to mnimze cost as opposed to net

prof it mar@inMAnegeBENbEpisnceUBIG.JAaveh GiWnGrevess DF Ranenma s casht Model s
Sheral "SI Thisiomer agiibsdia dide PEmirine HahGhonaith RbleBosH)e i s
paper al s 55 AR IEnCIAUAE! IndTBl REIEBMPRIIG AN, TodC! | N probl em

Again, the no probl'ém characteristics are such®that each voyage mnust

consi st ofasgumiptighs/simpldfiodatidiar t(1xeactcaigodl.e., ¢nsddéil @ B shippedpitbvesch
cargo nust be a full vessel load. In addition, the objective is to mnimze
cost as opptwedn acingle lgading ponteargl asingledischiriging poidly @)gbel cargat hi s paper
is different fromthe precedi ng paper. in that the vessels do not have to be
the sane siRpesdmustalnays eaﬂwﬁak}S‘FSSE{ltoaar(é&t’ theearge musthe ofcebﬁﬁaqi BN s.

[ 0009] There is a.need in.the art f. l.icatiaon teopt.im t he
total net e RaBETEsselistie e 9Pk e dBPobo diecdVE pRBkoF of s
outing, aRddéridns Rfhimledibsy BilbebGledduiiet procitga, and, optionally,
product blending. There Is a need In the aft for an application that
performthis function in a nmanner that permts the novenent of multiple
types and qualities of bul k product, each with non-constant rates of supply
(product i dﬂ}m&hd dAneather publisatign pbngte is ddeasarenagemendimadelsand nonet ary

val ues, fr

iei ng b hAEPaEsin ol MRy roudaded et iEaiphige B OO SR 8 U1 o

| oads and gj_ [R3s] C N .

009, 0a24d b RORETSLM, HiRat 1l Trans, 398M406(1999) Jris paperalso ¢ cant

financi al dinedses a crildd 6i¢ niarne B ahsportafiohmbéclngpebbidehl A galn) ther i ved

products from supply locations to demand | ocati ons. BRI EF DESCRI PTI ON OF

THE DRAW Nasdélimg piobhemfohiarasiemsfidssare syetnthadlcacle yoyaga must ednsisteofdet ai | ed
S n a

drawi ngs that, for art of this appljcation: FIG 1 depig¢ts,.|
gener a et JoRHIBE PR AL 2 Fitel6 BisRbReIng ROt ang:Ach SABRR IS, BS Akl car | on
stored on @.CANBYA Cin hAdi?iR, RIPPELERM isqb hillithild W&k YPposed to net

profit margin. The problem addressed in this paper is different from the

preceding paper in that the vessels do not have to be the same size and there is

an explicit treatment of vessel compartments.

[0009] There is a need in the art for an application that optimizes the total net
profit associated with product allocation, transportation routing, and
transportation vehicle/route scheduling and, optionally, product blending. There
is a need in the art for an application that perform this function in a manner that
permits the movement of multiple types and qualities of bulk product, each with
non-constant rates of supply (production) and demand (consumption), and each
with different monetary values, from one or more supply locations to one or
more demand locations, using a heterogeneous fleet of vessels, where each

vessel may make multiple loads and discharges. In particular, such an



FIG 2 provides a general process for using one enbodi nent of the

i nvention; FIGS. 3, 4A, 4B, 4C, 4D, 5, 6, 7, 8, 9, 10, 11A 11B, 11C
12, 13 armlOoRdoywdskasgtrate data entry spreadsheets in a daCa/usaeosp13ses kbook
utilized in one enbodi nent of the invengi.on; FIGS. 15, 16, 17, 18, and
19 illustrate screen shots froman application user interface utilized in
one enbodi nent of the invention; and FIG 20 shows a tine-space

net wor k f oapplicationwould whovideaigrfisant fisareial dremefits in thednovenentrafpr esent a
possible visit to a port at a particular tinme. [0011] The aforenenti oned
figures arretprlowmand pesrolewa darivednreduetsifram shpplyi logatbems to demanght a in t he
illustrative spreadsheets and user interface screen shots is representative
data from Q°H hetical, not an actual, problem Accordingly, the results
derived there from which are set forth in the illustrative user interface
screen shots and sanple reports are representative results to a

hypot het i CBRIBF @0 SCRIBUMYNRYFOFHEHBRAWENGSON WO

2009/ 082454PCT/ US2008/ 013818 - 5 - [0012] A conputer application stored on a
conput er readabl e medium a conputer apparatus conprising the same, and

process enpl oyj ng e_sane, is described herein, The c ter. application,
when exec[ﬁ@giﬂ cauﬂ% fgl?%ww@rgqr};r@&&sgﬁlgtégn Pglthen‘i%?ﬁﬁ%@f"é\gg Uprofit
margin, th r I i . transportation routing and transportation
vehi cl e/ ro@ _ Ig%ﬁé%ﬂﬁ% ﬁéﬁﬁ%ér&{}he_ novenent of one or nore bulk products from
supply |ocati onpr;01 ¢RERAS ih ACdriePAlmitric} thednidradiomBetWienZOfser @alizonal |y,
but preferably, the conput'er application, when executed, al so causes the
conp ut er tmoldgllixh%rhpp!limw'rl:ﬂtmbrddl (ﬂ?al ignglpuﬁcﬁ(imiﬁderemh@dimﬁm abif tleistinverition;
conput er application, en execut ed, . i

w PP FIG. 2 provides a general process for using one embodiment of the

invention;

FIGS. 3, 4A, 4B, 4C, 4D, 5,6, 7, 8, 9, 10, 11A, 11B, 11C, 12, 13 and 14
illustrate data entry spreadsheets in a data entry workbook utilized in one
embodiment of the invention;

FIGS. 15, 16, 17, 18, and 19 illustrate screen shots from an application
user interface utilized in one embodiment of the invention; and

FIG. 20 shows a time-space network formulation in which a vessel is a

commodity and nodes represent a possible visit to a port at a particular time.

[0011] The aforementioned figures are provided for the purposes of
illustration only. The data in the illustrative spreadsheets and user interface
screen shots is representative data from a hypothetical, not an actual, problem.
Accordingly, the results derived there from, which are set forth in the illustrative
user interface screen shots and sample reports are representative results to a

hypothetical problem.

SUMMARY OF THE INVENTION




causes a conmputer to consider the inventory, production schedule and
properties of each supply stream produced. Alternatively, or in addition,

t he conpuwenro@pskiseati on, when execut ed, causes the conparars2es/ocisnsi der
the inventory, consunption schedul e andsproperty requirenments of each
demand stream Alternatively, or in addition, the conputer application,
when executed, causes the conputer to factor in the ability to blend
products poh2)ehi clA dongulitewapplivatiog stered @nea tompater readabpomedaimnch e

di scharge, to raise the overall value of the products delivered. The
conput er XODIPULEE ARPATAE SeMising the same s8¢ prReessHMPloyING hesdms, der t he
vehicles ip an ayailable fleet, their. associated capacities and costs. The
conput er é%ﬁ?qlkﬁd/ﬁgﬁ}n'mﬁgﬁ chqr&Rpllgpégn,c\gﬁg%gx? CESATR? c?glp(':lg‘?{si der
t he avai | aRiJqiy; of : : 116¢ in supply
and/ or thfalgactJ aﬁ{% 1?‘1}?@&8@@23 taﬁgét;t&%figgrr&égn?o d fgdé%gslcl)\slée%tggés in supply.
A conput ertrarspBithién Fb\&irfamd transpifitionaddhicle/roate stiipdaling forutieer  of

sol uti on nethods and, depending on the nethod of solution enployed,
cal cul at e mavepentef ong ommare bpitki predustsfnemfsupp elacatignsitnderiand de

ti i I i duct ion. 014].Th licati
or ot oAbl JosAtianRw RIS laBngiEhegoa - DRnent Lyl ARC AN T SHRRET ol o
| ocati on, 1 i red 0 [. 818 - 6 -
vent ory AN bbb ke, Ui eadtts GROCUMBEE IO bRILRA HRIAULED'D.
val uation.p]ghdinkarly, the conputer application preferably allows nultiple
denand streans To be consuned at each denand | ocation, each with its own

stored inventory and consunption schedul e, tol erance ranges for the

properties of delivered product streanms and property dependant ngnetary
val uat i ond0P83] del i iarens grnbedissentthe Ganepuiet applicatiopy ¥MepSXEEUEH: avai | abl e

capaci ty SaeEAFompRlerp FaBiset it ByEoRRL bk Pon SRR AT Hodies, o i
mar gi n. H%‘é%ﬁsugﬁl 2 treéafil PRf ckdl, mf&h&i&El?I@mbAdaiﬁsﬁJ @elconipgifterpl i ft in

val ue, m nus cost soclated with transportation, obtained by transporting
product s fapphicatien,suhen gxdouted,icanses thetdoenplrtemtodcdmsiderithe tnvemtonyg t he

pl anni ng hori zon. Mdre preferably, total net praofit margin is the assessed
| ocal spotcmumlméph@‘?@ﬁ and Properdy ceqiitpanents o gach deand strgaMessed | ocal

spot nmarket, val ue of the oduchs | oaded and.the costs associ,ated with
P onspor t lgRaliReh ot 0 pdSoRS i crPies AP licst e RteR SRR RIA one
00167 Al l [ i i f d | i i
E:onve]nti ona cgrlglgrllll@%rtgtg tﬁg@?ﬁﬁ%@@hbﬁ%?{e@?;{? ﬁ%g%&gﬁt‘?gﬁ?iﬁéﬂ%ng of sone
t er ns usedjuring VéHicleRregisit xraipopnvdlticlealisdhargd) tbehisithe overall value of the ’

products delivered. The computer application, when executed, causes the
computer to consider the vehicles in an available fleet, their associated capacities
and costs. The computer application, when executed, also causes the computer
to consider the availability of spot market purchases to augment deficits in
supply and/or the availability of spot market sales to deplete overages in supply.
A computer, running the computer application, can employ a number of solution
methods and, depending on the method of solution employed, calculate an
optimal or near optimal means for meeting demand side consumption using

supply side production.

[0014] The computer application preferably allows multiple supply

streams to be produced at each supply location, each with its own stored



[0017] " Al l ocation,” when used with respect to the novenent of product from
supply locations to demand | ocations, refers to determ nations regarding

t he i dentwoOyoevds4sns anount of supply-side product to bePCrarss@sniisds and
demand si de product needs to be net. Mg-2009/082454PCT/US2008/ 013818 - 7 -
[ 0018] "Bul k product”™ means any product that is unbound and substantially
fluid as |loaded; in other words, it is in a | oose unpackaged form Exanples
of bul k prindettdosy amd protiucp s¢hicduds) propertiy specifif £idi] dridostehetanp vahmsiohot h
source code and object code. [0020]" Conput er-readabl e nmedi unt' i ncl udes any
mechani smSinylagkye thengproputer apphivatiompreferrbbhal ows multiplerdgmandsigeams by a

T toq. t 40 B SOOI ot EnE PRl P R T CEL E SKEY v aipp) and

manetic d. . ol : | ces.
cte. [ 0021 P ERREAAERFRAL Fol ARhtc RingSh BB pFBrfies o ORIy BRIpAAR o
| ocati on, "streamd@d prvpery depehdant dicidtary eflesticm far deHoeredproduét: antport ed

cargo is unloaded. Simlarly, "dischar %e port," "demand port" and
"dest i nat ippadyass ate moved asingymavailable fleet ofsvatieles thatoantbe, angort where

cargo i s disgch d.. [0022] "Load .| ' "o v | i on" "ari ai
I ocgt i :)ﬁ 'ﬂréﬁerﬂéggs, heLerogeJ)eou%ain boct)l(l:%gql)gcrify and ool ¥ 'ocation and "origin

[0015] There are many ways to calculate total net profit margin.
However, total net profit margin preferably reflects the uplift in value, minus
costs associated with transportation, obtained by transporting products from the
supply locations to the demand locations during the planning horizon. More
preferably, total net profit margin is the assessed local spot market value of the
products delivered minus the assessed local spot market value of the products

loaded and the costs associated with transportation and inventory holding.

DETAILED DESCRIPTION

DEFINITIONS

[0016] All words in this specification are intended to have their conventional
meaning. For further clarity, the conventional meaning of some terms used in

this specification is set forth below.

[0017] "Allocation," when used with respect to the movement of product
from supply locations to demand locations, refers to determinations regarding
the identity and/or amount of supply-side product to be transported and demand

side product needs to be met.



synonynmously herein, refer to a place where transported cargo is | oaded.
Simlarly, "load port," "supply port,"” and "origin port" are each
synonynousoterwns24shat refer to a port where cargo i s | o®d4&aiS2008/013818

[ 0023] "Transportation routing,” when used with respect to the novenent of
product from supply locations to demand | ocations, refers to determ nations
regardi ng the nunber of trips, sequence of stops, and assignnent of vessels
t o per f or nj0@18} oduct "Builkqiratinctl meah® a2@QsrbdaethaPETUNEROdaNd13818 - 8 -

[ 0025] "Vehi cl e" neans .any vessel, barge, pl.ane, t{ai n, truck or_ other
mechani cal substangially fluid a5 peadesk imather B ds. ivissie loosg ampagkagedfopm. par ge or

ot her wat farin ehicle he elin pligation [0027] One aspect of
t he inven?éWPifsgfﬁblﬂi)B{@rucgsp c’\{g‘%ﬂ?e&?qg‘t’ r 888?‘;[83 conput er readabl e
medi um conpri sing an optim zation nodel. The conputer application, when

execut ed, causes a conputer to simultaneously optimze bul k product

al | ocat i o001 9pns por t@éderembraices Bothasviiré ¢ avdpard aebjeathcoddi cl e/ rout e
schedul i ng, for the novenent of one or nore bul k products from supply
| ocations to denmand | ocations within a planning horizon, in order to

i mi fi .l .ef d enbodi he.
oo | cat 1 IVAPL o caudQempuiEEdinte melimliBeRBGTeny T e R o
bl endi ng. { AQZRIIHHLIfBiMatibh fn b Toh rEftfabl 8] lacompiter! F6 bffthplel B uP! 1 Tt

in val ue,
computer-readable medium includes, but is not limited to, read only memory

(“ROM”), random access memory (“RAM?”), magnetic disk storage media,

optical storage media, flash memory devices, etc.

[0021] "Discharge location," "demand location" and "destination
location," as used synonymously herein, refer to a place where transported cargo
is unloaded. Similarly, "discharge port," "demand port" and "destination port"

are each synonymous terms that refer to a port where cargo is discharged.

[0022] "Load location," "supply location" and "origin location," as used
synonymously herein, refer to a place where transported cargo is loaded.
Similarly, "load port," "supply port," and "origin port" are each synonymous

terms that refer to a port where cargo is loaded.

[0023] "Transportation routing," when used with respect to the movement
of product from supply locations to demand locations, refers to determinations
regarding the number of trips, sequence of stops, and assignment of vessels to

perform a product allocation.

[0024] "Transportation vehicle/route scheduling" refers to the assignment

of time to each activity to perform a plan for transportation routing.



m nus transportation costs, obtained by transporting products from supply

| ocations to denmand | ocations. Myre preferably, the total net profit margin
i s the aswossedsbasaal spot nmarket val ue of the product sPpdelist@s@dsns nus t he
assessed | ocal spot market val ue of thegproducts | oaded and costs
associated with transportation inventory hol ding. Transportation costs can
include flat rates, overage costs, denurrage costs, etc. Holding costs can
be i ncurr €@038pp! y'\¥élddele" deeamnchrsi vissel; bargebphing, erairg ek or[@R&9] I n a first
enbodi ment, the application, when executed, causes a conputer to take into
account ormeechamenl anegnstafdransppeablan: (i) existing inventory, anticipated
production, properties and nonetary value of the bul k product(s) produced
at each supply location; (ii) existing inventory, anticipated consunption

and proper qui ' ) . .

5000; 0aatinzk uszo%%%gfﬁﬁ%’%o%kg?mg’eﬁmgd%("?é’ca f“gﬁt@é%"?@g&&ﬁ}r@ ary val ue
of bul k products that neet the property requirenents; and (iii)
opportunities to blend different bul k products to benefit the overall value
of del i verEie Mddelipgoipplicatio®r ef er abl y, the executed application causes a
conputer to take into account at least itenms (i) and (ii) above. ldeally,

t he executed application causes a conputer to take into account each of

itenms (i),abbky and Liii). _abo Q i roduce
e L) ezl 20 Ghk g FRAIBPRIEE MR AAARYIRY sHRaRpRE e
properti esccﬁHﬁxtEPfh%HﬁBbé ed it 'c@fhpl?ﬁﬁ@aﬁ Bﬁfiﬁﬁihti(ﬁf'l‘i‘noﬁél? hTRE ESﬁ‘iﬁu’E@V' ng Its
own accunul at'ed 1 nventory, storagée constraints and production sChedule. In
addi tion, appiicatienpwhen exedited, camses # gompatentbtsinhkankowhdoptimézerbulid  bul k
product, each stream having its own property range requirenments and
property tRroductallecation, ransportationfrepting: and trangporigtioaehiclefigutear e
delivered t et those require ts, and each stream having i,ts own

i nvent ory, S g&'ﬁ%@ﬁﬁ&?‘&i ﬁ{nfngﬁ OE%HEUWF&’b‘ﬂ(BE%&%ﬁ E'.oml'ﬂg”pd}'fferent bul k
product st 2 ' L hAN 1

Fr anspor a0 CRochliots SRR Fetymflk RORp T Gfet IEmaARine

bl ended, wped) nleopebfitdmanin C labaE poéfethediengbddiieat tthe icbn@umn(]gﬂiohﬁah
changes t he propgrti es to% one or p@nf)re of the | oaded bul k products and
benefits tdlso osusealal computer tif simultangously aptiniegk ipyeduat blendingt t he denand

| ocation requirenents. Each of these points is further el aborated upon

bel ow. [0031] Each supply location in the problem considered by the
applicati pr o i . .

appl i cat i OQOZRY Pt o PETerARbL RE Solthes ROREHEL B feBIAR WHERVAILE | sduce
nul tiple shifaPardpofthfibrcoss, btaafedndiransfrafg prédudiyifonpsopplgt . Thus,
for exanple, the bul k product produced at one supply location mght be a
si ngl e st rleaatiars to dareand locatjonsieMydre paeferably, thaltotal mat prafitymargie ibihiek

product produced . at .the supply | ocation m ght . multiple streans of
di fferent f&ﬁaﬁsg logal spet/marketsvalig Obhwrpdgﬁénﬁﬁyem&ngm P asReSedd gh

sul fur VQ&&@%E%&#}&@Q% Q'ﬁﬁé p}o%'a{si 1ba88d aPcosts associated with

2009/ 08245
transportation inventory holding. Transportation costs can include flat rates,

overage costs, demurrage costs, etc. Holding costs can be incurred supply side,

demand side or on-board a vessel.

[0029] In a first embodiment, the application, when executed, causes a
computer to take into account one or more of the following: (i) existing
inventory, anticipated production, properties and monetary value of the bulk
product(s) produced at each supply location; (ii) existing inventory, anticipated

consumption and property requirements of bulk product(s) needed at each



- 10 - each supply location to be considered by the application and its
correspondi ng production streans. [0032] Each production streamin the

pr obl em cwosb@eset4by the application will have its ownprprasesmsioesiand
property based nonetary val uation. The. groperties may be chem cal or
physical, but typically relate to chem cal conposition of the production
stream For exanple, the value of fuel products, such as V& and gasoli ne,
typi cal | y deénsandolochtidh ahd skeeimonetayvahid ofbulkeprgductsithatageet the preperty sul f ur
content, etc.). Preferably, the user designates each supply stream nonetary
val ue baseadqeiremgntsiand ﬁu%@@portnnxtm tpddend diftarentabudkiproducts e bengfit v

appl | cat | ohe AVEIRTEYaluE pl gefih 60 Flk RECaFTS oPEBIoRbe S ISPl or Iﬁé H‘Ei mum
and maxi PR 00 CaGRA Y ddthicdr ?&@g@%to%d%%hﬁfiaﬂregaqfém@gaaﬁa%ﬂ);hg- The

production®sch s n ave be constant or continhuous.

appl i cati cibovenddeldns thdegecuted hpplicatioarcadeyeh @@iﬂ}b@térhe taltd fit@ttosunt
transportation routing and transportation vehicle/route schedul es.

Pr ef er abl ygachlof itess (1) €5) gnd (i@ abloweexi sting i nventories, preferred storage
constraints and antici pated production schedule for each production stream
[ 0034] Each demand | ocation in the problem considered by the application may

consurme K] € bul n_of . ' _ its,
but does mF@pljw@qui r e]!:(acglgéé.ﬂ%g}z?%;ﬁ@%pocggﬁrgﬁﬁ{égﬁfgé@@ns@Bm ftl?%mg?gfﬁ{élgﬂm of
di fferent gryaes, i Qe AdOmeaits HwhlorBp&rdies tand hesetafyoval@x@sPbesed he bul k
product consuned by one supply |ocation m ght be a particul ar grade of

gasol i ne. théteennand eathystredme hhving its odncccomuiated dnisntotye stheaged | ocat i on
m ght be nultiple streans of different grades of VGO Preferably, the user
i dent i fi ecossEAingeartharodushionsehednlpe e gddition: sach dempad Jogationfanon and its
correspondi nﬂ. denqgld sé‘r eans. VO 2%89 082??54§CT/ US 008/01381&} -11-

[ 0035] EacHeHREMPILP|SIemand sirearps 8fPRik RIOGNCL EAER By P vARH 1% O3 on wi 11
have its i astsch y

val uati ond PR e repRTEmEind BrpCHY ARG BGREAL Y aafon THIHAL

requi r enertidk pfddudes tiaeaté deliveryd lbe nidee thaselrequirgingaisc ahd elich strggyhcal |y
relate to the chem cal conposition of the delivered bul k product. For
exanmpl e, fhavingits @wmn inventary, steragicfqoasaintyandieensmpienscheduly. Vo, nust

(oo, i EgEm: Byl BRduck biFpains oBhibaed o sepaile atereBaioh e hfover

all fuel . t LI t he
ctual vl e BpHAeR e ERE HEMR el TH (P bl el W BRI Moy vary
dependi ng ueNlonbiizies dischaldeor digingaandig dn ArMaeidrthaectgdges thepiopentsst i es
of the particular product actually fall. Accordingly, a base nonetary val ue
i s typi caldfyoreeer more aﬁtmeaégbbpﬁ(qmducus land benefiss theecoverdbealug Qfdwé

requi renents of the demand strea I n addition, property_based adjustnent
factor o armrogutss debucres apeeythe Remaaddosaten Haybisaens. ERCRGE HERE bul k
products tnﬁf J stg& eir properties relative to the
properties 0 ts?lglgmg@éeljrégglé&%}od C .Bng?erabl y, the base nonetary val ue and
property adjustment factors are input by the user based on val ue

assessnents in the local spot market for the demand |ocation.
[0031] Each supply location in the problem considered by the application

may produce multiple bulk products. In other words, the application permits,
but does not require, each sﬁpply location to produce multiple streams of
different types and/or grades of bulk product. Thus, for example, the bulk
product produced at one supply location might be a single stream of a specific
grade of gasoline. Alternatively, the bulk product produced at the supply
location might be multiple streams of different grades of vacuum gas oil (VGO),
such as low sulfur VGO and high sulfur VGO. Preferably, the user identifies



[ 0036] Each dermand streamin the probl em considered by the application wll
al so have its own accunul ated i nventory, preferred m ni rum and nmaxi nrum

st orage cwobeisetss and anti ci pated consunpti on schedul eCT/iseoosomsuspt i on
schedul e does not have to be constant _qp-conti nuous. The application
considers these factors when devel oping the allocation, transportation
routing and transportation vehicle/route schedules. Preferably, the user
desi gnat esatheugpliydodcatipr w/eatonsiéered byetheappcatiar and its cosespomding and
antici pated consunption schedul e for each demand stream WO

2009/ 0824 p46QWtigHVORMWEI 3818 - 12 - [0037] The vehicl es may be honpgeneous
or heterogeneous in capacity and cost. In one enbodi nent, the vehicles are
het er ogeneous in both capacity and cost. The vehicles utilized in the

i nvention g typi A j is j it the
transport [Q?ﬁn]ul ti pf%dc%r%rggg{:@br\?f%%tlﬁhﬁel Eﬁgﬂﬁgg&r@? @r%cggg?gér: sing the
conposi ti applicatidreg/ill hiveltstdven prepéetiésand sropestytiisid ne@tatyw dugtieduct
that is | oaded fromeach supply |location is transported in one or nore
separ at e ddgrpopeitiesgnay be ichesaeal or phiysical, that typicalbhrelats. tojchesstalhe
different bul k prodgﬁthié | ogded onto each trans orﬁati on qv;eré}l? | e can be

bl ended a$OMROsHIAHRLthe RrPdustionisieaint & o5 cxampls, the Xalue, oducts,

transportat.i ~Cl e, ar..duri j: € i i ] hat changes
the pr ope%ﬁ”?@gs \éﬁﬁgnéél%oga%%ﬂg’ %ﬂ‘tat\@wf%age%ﬁ@tﬁka BP o‘&?@?@%t%gﬁefi ts the
overal | V@Jiﬁs%ér?c&ltenﬁ‘gﬁﬁﬁﬁwnﬂéﬁtlé?&.).OPrélbhlalbl)QrtBQu%ﬁdé%@éda\t@sf @4tht 0 neet
demand | ocation requirenents. For exanple, different products can be

bl ended byupplysttcane monetargd/abue Hasedrar gearertpribes iim ¢hie loxabspottrharkegh t he
sane | oad or discharge tube. In other words, by opening and cl osing val ves
for differdenthepiupilictocstipBans | eading to a common | oad or discharge tube,
in a controlled manner, products can be mxed in the tube at different
rates. Further, different products can be bl ended by consecutive | oad or
di schar ge,rgps3def i nesh AHIBLErof StréAnGHRhY pRYI&Grisided by tReldi tion, due
to the fl ng?]ldi ti egﬁ} n%e ccl)(r)rparrt ment s OP vessel s, a vesgel may | oad

sever al pra?ﬂlieﬁﬁ;oxﬁwﬁlll atsochavetithowndcchmulatad inveenerya prefewed mmhimuem dur i ng
transit. Blended products may be prepared for several denand streans,

dependi ng andanaxinwire storege eenstrintsomsiansicipaied aredncsion sebedelgandhest r eans.

The Gommnd@tpiietian Sedule e ia; dve 46 b RoiSantOr Coifuipus, TheAmbicatiofs: { o
| e, | . . |

exanpl e &%@ﬁ@iemhtegkffdc?&‘% wﬁapaevr@%@gt on11bBs &?mqppﬁéﬁm@@m e

i ncl udes ng a | ower val ue pro é.g., high sul _ ),
which is n@d teasppitatids vERiclérBduite Yehe ditem PreférabBBhe whdridesighiagds theal ity
product (e.g., low sulfur VG (LSVAE)) ), to create a new product streamt hat

is WO 20GxivBgdnrenttiesmesinddsogage damstraints and anticipated production

schedule for each production stream.

[0034] Each demand location in the problem considered by the application
may consume multiple bulk products. In other words, the application permits,
but does not require, each demand location to consume multiple streams of
different types and/or grades of bulk product. Thus, for example, the bulk
product consumed by one supply location might be a particular grade of
gasoline. Alternatively, the bulk product consumed by the demand location
might be multiple streams of different grades of VGO. Preferably, the user
identifies each demand location to be considered by the application and its

corresponding demand streams.



acceptabl e. Therefore the nodeling application not only saves
transportation costs, but can also create value by reducing quality

gi veaway.wpQO®9j8k454anot her enbodi ment of the inventi on, PChaSa@sloi3sas i on,
when executed, additionally causes a cqmqputer to account for one or nore,
and preferably all, of the followng: (i) the availability, cost, capacity
and current cargo of each vehicle in an available fleet; (ii) the relative
separation, in travel tinme and/or distance, of each supply |ocation and
dermand | ocation from one another and travel cost for traversing the sane;

(ii) any V@@38] e si zBachedemprd sispam in deeipraplemsaansidered by dheiapplicatioshar ge
t t t h | t dd | t hol di

costs, i 1 Ml BavSH SrdniRgt Fings GaUEFmAN U RGRETY ased iR Ode'ngﬁd

| ocat | ons & nﬁiz{t?({ns {Q%r gb{lﬁ(ep%l‘tola Qéﬁﬂ&tﬁ%'d&ﬂvg% t%lrﬂé?t tﬁgg? \Qu s anés spot

avail abilit Spo ases to augnent su

mar ket Sa'"ﬂi?e fopeé ﬁﬁ)ése:m;(svemlemeaaem icaEasift 1chh§2réld€8€dme®|heﬂﬂ¢alts is
di scussed in m)re detail bel ow. [0040]Fi rst, en assigning specific

vehi cl es tcomyositiomo$ trecdélivered hnpprodact. dﬁon@(mmslp, fued papgudts,suchas
considers the tinme an;Jabl |ty \&g{)};} 8 g{:lty,, ssoci at.ed
t r anspor t #ifigrent ggadesqf gasolipe of eMUsy, Bies 1C GRIRRPFILgRAL LS

oL oo e B e S SO tE L ohPa SRR 1 e o

any m xturg é&%hﬁa%ie LESvedRs, d1PRleY gréduc&shﬁxa@ﬁ?éekﬂk& fquirften® afealttahes is

nei ther fully khown nor antici pated general |nformat|on regardi ng a desired

class of wahicambthecacgual \vailue’df amppanicutar faoduetethaemeets)the aequisementsi zed.
Preferably, this information is input by the user for each chartered or
anti ci pat eraawenr)cd@pthm&epawfhem\@lthmet&xp regmMpmmdanmﬁ @esi gni ng

cons der  deRPRIeRtarJBe pedriRodpa aRrlly it Refd i o BRHEREE of cacn

supply |l o e relative
cost of ¢ rnuclh ARRSh REAaEgRI el HRTARES Aobperg ke

2009/ 082454RGiFeMEREOSY the Whthnd strbam. | In‘ axid*rnbnppro?eggrhiise@ aﬂjistmeﬂnat ive
separations for each |location and relative trav cost (e.g

Wor | dscal dfactors ateoprowrd;ed meatbustdhc bypse mosttary yalue ﬁma,e,tuarlab@ﬂﬂatqd@ﬁts s i nput

by the us for atl on, demand | ocatjon and.each.travel |eg
bet ween | éﬁ“@ E%ﬁ%? CW%HP%?%E‘%H@'%?Q?&BW&??% th§ut es and

assi gni ng ai%?zggée¢l%d\fleb'ﬁ4e%é ai)g' BB b OUEE Salde RIS S FRBhfEt | 0"

causes a CcoO consi

restricti %@tcﬁ@dl‘@irnpdt B¢ hhé G&rr&%éd bﬁt\laﬁi@a@bsﬁﬂ&hs st/ e bochb tlrﬂm'k%ﬂd
demand | ocati on. For exanple, sone ports have inlet draft and outlet draft

restricti dios the daand dideationi schar ge bl ackout days, and mi ni mum and maxi mum
amounts of cargo that can be | oaded and/or discharged. Preferably, any such
restrictions are input by the user for each supply |ocation and demand

I ocat | on. [0036] Each demand stream in the problem considered by the application
will also have its own accumulated inventory, preferred minimum and maximum
storage constraints and anticipated consumption schedule. The consumption
schedule does not have to be constant or continuous. The application considers
these factors when developing the allocation, transportation routing and
transportation vehicle/route schedules. Preferably, the user designates the
existing inventories, preferred storage constraints and anticipated consumption

schedule for each demand stream.



[ 0043] Fourth, holding costs are generally incurred for every unit of bulk
product production that is not noved i medi ately. Hol ding costs are al so

i ncurred worzoewse4s4uni t of bul k product delivered that PETrusRo0sONSUSTE

i medi ately. Holding costs are also inqg@rred for every unit of bul k product
that sits in a vehicle without being | oaded, unl oaded or actively
transported. There may be a single universal holding cost applicable for

al | hol di r{@03ZEnar i 0Fhe »éhietesahay bk honidgeneousngr betergenkolslimeapacity f or al |
supply locations,_one holding cost for all demand |ocations, and one
hol di ng ccand gast. En pne embediment; thmvehiples lase hetaregangaps iebgth ¢apacky may be a

cach tr andBEr i SRE vehls e ge e tion Wb BRF U R RP BT RIe e
yé%faiians ?@ﬂerfn'li@ glllé ¥randglitt ¢ Hﬁﬁtéﬁﬁ eqrtBEE@tQ %ﬁ&cym%%tteﬂﬁoﬂélggum I on

user. [00%%%?
at the supp ocati ohs under cortsi derati er cannot neet, or ceeds,

t he consurg@mprondsingtthe dofpiditiciatintegsty dfNtheysrbdaaseAccobdingBTedtier
application can factor in the availabrli t%’l()f bul k product purchases on the

spot mar kédwulk prodyot 2eads derledAraTy dashcopplyllvgation isitsanspagigdentonsrasduct i on
and/or the availability of bulk &r§oduct sal es an tggi ot market to deplete
product i oﬁ?’oﬁr@ﬂ’é@&%ﬁ?gmgﬁtém&%%f PR traRSPOFBULR 501G § | ocati on, amount

and price of bulk products that can be purchased and/or sold on the spot
mar ket. The Moddeling Application and Maritime Transportation [0045] The

vehi cul ar [g098] of Dbutle BIFRSGEAL billkaHOARES Abdd¥d dritoRAth bRAspoEdtRsh PélicleRy be
vessel, plane, train, truck or any conbination thereof. wever, in a

pref err ed canthedblended ag the proldictsravel letdedamdo or dischargeddrom thessel .
Accordingly, in this preferred enbodinent, each vehicle is a vessel, each

route to BENsppratieRychicle of dpsige vehiels teansi) in 2 Baanenhat ehangssdbey port

and each dperp)gg iels %(f%tnie & nilgreaofdt%g{iggde%%&lk products and benefits the overall
value (e.g., moﬁetary value) of bulk products delivered to meet demand location -
requirements. For example, different products can be blended by simultaneous
load or discharge, at' defined rates, through the same load or discharge tube. In
other words, by opening and closing valves for different product streams leading
to a common load or dis_charge tube, in a controlled manner, products can be
mixed in the tube at different rates. Further, different products can be blended
by consecutive load or discharge, in defined amounts, to an empty holding tank.
In addition, due to the flexibilities in the compartments of vessels, a vessel may
load several products and move and blend them into several new products during
transit. Blended products may be prepared for several demand streams,
depending upon the economics and consumption rates of the demand streams.
The valué of a blended product is its value, in view of its properties, to the
demand port where the product is delivered - which can be assessed, for
example, based on the local spot market for the demand port. An example
includes blending a lower value product (e.g., high sulfur VGO (HSVGO)),
which is not acceptable for many VGO demand streams, with a high quality
product (e.g., low sulfur VGO (LSVGO)), to create a new product stream that is



[ 0046] Theref ore, one enbodi nent of the invention is a conputer application
that resides on a conputer readabl e nedium and, when executed, causes a
conput er WO 20pa8edszae bul k product all ocation, transport &Cirars2eos013sngy and
vessel / voyage scheduling, for the novengnt of one or nore bul k products
fromsupply ports to demand ports within a planning horizon, in order to
maxi m ze total net profit margin. In this enbodi nent, the executed

appl i cat i eRceptabRy abhotefory 3k nodetifip Wpplication AkEonlytsaves ranspgortaionor mor e
of the following: (i) existing inventory, anticipated production,

proper t i esoatsg bubeast asg cvedteyabie hyheedvaing qralify giyewar oduced at each
supply port; (ii) existing inventory, anticipated consunption and property
requi renents of bul k product(s) needed at each demand port and the nonetary

val ue of roducts, t . . I v [11)
opportuni ttllﬂéggfo bl glhaa “&Q@’eﬁﬁ dﬁh%&%%?t@eﬁ@é%gﬁ?@,%gﬁa@ ?i]tég?%lgr\gl\}éedr all val ue
of del i veregdchiglik aaaRBHALS- cdises £LaRiphtertdAcBiRUbedndRRIMErR! agd causes a
conputer to take into account itens (i) and (ii) above. | deal | y, the

execut ed gueferatdyiably of shes follawingmik the availabikiey,icost) capacignandautrent it ens
(i), (ii) and (iii) abave.. WO 2009&0&2454PCT/ US2008/ 013818 -. 16 -
[ 0047] Mor €afeg of eaghayehiclednan avaslable Hesti (IDdhe selative sepamtipp) in Eaysd) v

val vt on it ead Rk abdhce, SR ae WPET G REhd doRil BB ih AR, ™ °
| NVent ory a3t 398 (FRRE thet foF %a@@%i%ﬂ%&%&ﬂé} ’(}%Z Sﬁf%hﬁ:le §i2e 36dtittiOns, €ach
I'tiple deman ans of b

demand port can require multiple stre ul k product, each

st r eam havoading tréstietions and/iot ischage reswidtionsaneactnngpply dpeation dmked
monetary val uation for actual bulk products that are delivered to neet
t hose requiemansniosatiomdivelkolding eosts, Mbanydor storimgrbulk\nsadustyat the supply

B
vehi cl e. 'fﬂé"ﬁ%i‘iabifiﬂﬁoﬁérﬁscftt‘?ﬁﬁlﬁkﬁt gﬁ'nlcha?ésqgt@% gng%fg' ﬁg&%anﬂ%rdo?ad' ng,

di scharge or during-tra manner properties of one

or nore ofmidket sflasiesldéplete supplvioveragss Bactebf tie dduitionslrdintsvisl ue of bul k
products delivered to nmeet denmand | ocation requirenents. [0048]1n anot her

enmbodi mentdisqussedeinemore detadlmlowr appl i cation additionally causes a
conmputer to account for one or nore, and preferably all, of the follow ng:
(i) the availability, cost, capacity and current cargo of each vessel in an

available ghagt: e BHERTELBhINSRRRALAUIONS 1) BelERelpckife and! or

di st ance, sup emand por m-one ‘ano r and cost for

traver si nGrdmlBoRati®n rduites,)thd AppMeRes cshisaddrs "tl%iifriecé\ja@l%ilitlly,oéﬁ'kﬁﬂg
restrictions and/ or discharge restrictions at each supply location and

demand | ocapacity, assadiateddranspditation oests (e.igf, flatyatef ovemigocosty, demkrageduct
at the supply ports, demand ports and/or, .on-board t vessel s; .| ocati ons;
and (v) t icosthy 1ot a e ictgrept C@ﬁ@tfohﬁ?%Yefﬁﬁkdﬁﬁ’e%V%g%Euéﬁ%ﬁﬂfs ehicles,

deficits I to depletg. p. oV el . t hese
poi nt s haaeReE PGt SsRd ol SBop kB R s ERs jpaht Hindice
2009/ 082431&ebt UBRQO&trkdPLaf theldvailable fleet of vehicles is neither fully known

nor anticipated general information regarding a desired class of vehicles (e.g., an

Aframax or a Panamax vessel) can be utilized. Preferably, this information is

input by the user for each chartered or anticipated vehicle in the available fleet.

[0041] Second, when designing transportation routes, the executed
application causes a computer to consider the relative geographic location, in
time and/or distance, of each supply location and each demand location from one

another and the relative cost of traversing the same. Preferably, the user inputs



[ 0049] The types of bul k product transported in the problemto be solved by
the application are not restricted. However, in a preferred enbodi nent, the
bul k prodwoteovsetsgdel ected from one or nore grades of peCTalSeansioassds or
products derived frompetroleum In a.mare preferred enbodi ment, the bul k
products are selected fromone or nore grades of the follow ng products:
crude oil; gasoline; gas oil; condensate; distillate; and internedi ate

pet r ocheniinfdmiation rsgacling flecreliativivgeparaivhsSof eachr bchO6h@hd relativdel i ng
application runs on a conventional conputer processor

e.g., a 3G+«
si ngl e- pr dravel epstiegs.dhel Weddpeale rate fonthetr )- c%rﬁ,%erag}y, thiss not have
to be, a sipgle standal gne processor. The essor can also he a
col | ect i or}ngc %‘toé'rlﬁém?%}yp&'ﬁdgg’é seat‘fBr?HBB{ye caﬁ?%c(fqm(i)lsogﬁgoﬁm}fiher or a
col l ection,af, d'a%pre%g&i em&&?ﬁ)ﬁ?rs connected indirectly to one anot her
over a computer networ t«'?e.g., a local area network or the internet).
[ 0051] The application, when executed, utilizes a data entry and storage
interface. The data entry storage interface may be integral to, or,
i nterface [A04B] the Hpipd, when desigmmgaranspoytation revies agd assigningsspesifi¢ cat i on
can be ac}c)%g;l)l i shed in.a nunbey of wa application can L{SE Excel, or

. _The
anot her t Jes Wthesifie pttes ?ﬁé‘?“é‘,tg‘zgpflﬁ@t CAUSER # FOIPYLE IO age
i nterface. i . - j system
such ae. SASISIFLARL VERlpYe 128 s6iston, ToRl R HARAUAE LR ORIV AL o
be utilizedstrittibfs BEédcheiuppllddatioRand démanrRRBtiosY Foe Bk aple, 36médS Access,
M5 SQL server, or DB2 can"al’so be utilized. [0052] The application conprises
code that mefs heve inkit dedfaind ostlet draft mestrictionsaloddrandiomdidehargabihckout
optionally, one or npre optimzation based sol uti on net hoiis. The
applicati di@yﬁuarqu@mwrmrqnsl@aé@wntmur&&p § abearhPe 19adediand(Prsol ver

w0 2000/ orlditedt) PasstiaplysaBl sTER Testibiont i AR bR B BrdpN T, oG ™

and/ or thrsg?gg, RRGLISH alR' il lbehtics. Preferably, the code is witten
usi ng nodel system software such as Al VIM5, GAMS, |LOG OPL, AMPL, or

XPress Mosel. However, the code could also be witten using any conputer
programm ns | anguage i ncluding C++. I n one enbodinent, the application is
witten ud0A43l M\I%wrm holding\costsrarpigoneraliydncumed fenevery mnif e tidky | t he

o b OB Ao ot el bS8 oLh ML BBk U5k L ARG, (oo
XA. [00531%&%@&%&1&% LRIt TR Peo AT RARELTAhLOR n¥tlcbnSRfEdTY @

recommende
immediately. Holding costs are also incurred for every unit of bulk product that

sits in a vehicle without being loaded, unloaded or actively transported. There
may be a single universal holding cost applicable for all holding scenarios.
Alternatively, there may be one holding cost for all supply locations, one holding
cost for all demand locations, and one holding cost for all transportation
vehicles. Alternatively, there may be a separate holding cost for each demand
location, each supply location and each transportation vehicle. Holding costs are

preferably input by the user.

[0044] Fifth, and finally, there may be instances where the production at
the supply locations under consideration either cannot meet, or exceeds, the
consumption at the demand locations. In such cases, the computer application

can factor in the availability of bulk product purchases on the spot market to



transportation programdetailing each of the followng: (i) the allocation
of products produced at one or nore supply |ocations to neet the
consunpt iwo 2d@evmeests of one or nore demand | ocations; (i PLTAISRO0NSIBOSt at i on
routing schedule to inplenent the allagation plan; and (iii) a
transportation vehicle/route schedule to inplenment the routing schedule. In
a preferable enbodi nent, the transportation programw ||l also detail (iv) a
schedul e faugnidm paodgctipnoaivd/or ther dvadlapilivd wdbulloprbdugt salesoaithe spotdi schar ge.
The solution wll be one that maxim zes total profit margin for the

combi nat i onaget tpdepleteoproduttien: Brefierably, the aset spasifigstheiidentiys case, is
the difference between the nonetary valu f the products | oaded d the
onet ary DA A ROk pEsaifts fiat 3 B ARd A T RTPR ¢ e
transport af| ipqventory hol di ng. Dependi ng on whet her the

applicati gt?\lbgﬂﬁglglgr]g&are sol ved using an exact nethod, using heuristics, or
using a conbi nation thereof, and dependi ng upon the degree to which the
nodel is permitted to run, the results obtained will either be an opti nal
sol uti on cfhaMusslingphpplidatiy aritifine Transpbottationn t hen be stored in the
formof one or nore reports, spreadsheets, etc. [0054]1n a preferred

enbodi nent, data entry and storage is acconplished using an Excel interface

S e SoPYEPAE, 5 VI KRk DAl qine e i aoon
2009/ 082454 RAGHAYBEARBEA 1 BRRE, trath? truck Briall§ ddnfhaidy HeteofHBNWRVEr, BB O,
or using one or”nore heuristics, or using a conbination thereof In this

enbodi mentprefedreedoembodimeritj thHezlndk produdiere tramsposied Hyovessgkcut i on and
output. The results can then be transferred e.ea_é, exported or copied) back
to Excel afhecardingly, inghispretersed embedimgnteeagh Yehirle is prvespels saghsraie, be

stored an naged in, AILMNS. [0055] FI 1l illustrates the _interaction

et ween o QOB PRI L EIEs SATRtHRRY fosahenS achpRly BePdsdrBn. it h
its vari oUghidEldcanss is”lﬂ‘i’leﬁﬂnﬁ‘ﬁcﬁ{i on engines, in a preferred enbodi ment
of the invention. A user inputs "Data" including, inter alia, data
pertaining to supply production schedul es and demand consunpti on schedul es,

avai | abl e vessel s, and the planning period to be optim zed. The data is
i nput usi ni@046} Dat a Thengforenpne cmbgdimentefithgdnyentomcisia ¢RPRBEEK. The dat a

is th red int .Cal cul at i Engine’ (L.e., t del d
acsoot at cchRRICoEp ShekrEHIRE pB A araNer EIAPIe e b Al wHER sratHk

: ec . a2 ehE=sp det b

ol endi g ot oy § Peliffer L ASAREIEIL PRoAEEALFIEN ISR KBRS oo

then be stgideessdl/Voageadche@ilinddbptiesmobpmeatishens or ntsre bulk products
[ 0056] Accordi ngly, one enbodi ment of the invention is an apparatus that

conpri ses fiom pply pods te demand posts Withista planpingppenizan,dn esdgrrtoses a

processi ng device selected froma sjingl.e ogessor,, multiple interactive

pr ocessor sME%IREE LR APt REAItyETgIR nb‘ &H%F'%@Pﬁ‘%?ntn{het ?’ﬁﬁcé‘?‘?‘ﬁ?%ﬁq‘a‘@f‘io\'}‘e

gr ocessor ﬁpr%?é}gﬁ t(?a%sépg'cﬁﬁﬁ)tulté(r tBQaQ@&t§QQEMt dheSdr ﬁofé)gpfhte?olla%ﬁgzr K.
econd, tHe apparatus conprirses a conputer application stofed on a tonputer

readabl e ngylieyistin3dhvOmOrAt S3icopated grd&mﬁ@ﬁ,sbﬂ@eﬁee@ &l mbheta9 vauiesf

application is as previously described. The conputer application, when
execut ed, thalbsds ptdduct@iprodicetat epth suppy tpost; §u) kxistinganverdbiypcat i on,
transportation routing and tra sportation,vehicle/Lo te schecsgrlli ng ,f or
movenent cAntigipated cRBRUMBLPR apd HEARSTEY Feqviresnts 9t Putkprognst(s crelbeh

| . it hi I , hor i . g £
mar gi . Trifch Heieb @R ATy Rigrfh \R SRy prBRcS R hebethenet Prott
2009/ 082454Bpdi/2e%#éHes8 1 8nd (iii) opportunities to blend different bulk products to

benefit the overall value of delivered bulk products. Preferably, the executed

application causes a computer to take into account items (i) and (ii) above.
Ideally, the executed application causes a computer to take into account each of

items (i), (ii) and (iii) above.



- 20 - account each of the following: (i) existing inventory, anticipated
production, properties and nonetary value of bul k product(s) produced at
each suppw9 2o@omeisen, (ii) existing inventory, anticiparet/usersonsis on and
property requirenents of bul k product (.s)g heeded at each demand | ocation and
the nonetary value of bulk products that neet the property requirenents,
and, optionally, (iii) opportunities to blend different bul k products to
benefit the overall value of delivered bulk products. Third, the apparatus
conprises a data entry and storage agplication, stored on a conputer

readabl e nf@@4@h t haMoare particwarlpzgachsupplyper can pyoduserraultipde sepplyr

ot herw se capabl e.of . co I cati W th,.the conmputer .applicatiqgn, for
Cnput £ ng SHRATR oF FH PRATUCpeaaStrRay hingAEs QA PIBPELCS ARd SOPRAE nes.
Fourth, t i 4 St o g rfaces
wth, the DIGRRTLFAD GO, 3T oHIE QAR Hhlte 1S ol RO RIHEM ifVcrk Bl

appl i cati ofiog@eeofisiraingsarid prudieictiof sphedilemn abéitivageddingenand bernoamy be
expressed in a nunber ways, either as single problemor a series of

sub- pr obl ereguirPmatléipkbigmand etrearde of bylkppuisduemeash sirpamdwwing s @vai ngl e

m xed i nteger progranm ng probl em which m ae sol ved LiSi n(gﬁ ?n exagt net hod
and/ or usiPTGPREY RRES ECYUINEHDE HIEPTOPErYhAS maanetary 3 lufilon {5 AcBRi ne"

cPLEX ol ank rpadh K pERRY A8 30 o Brosc LR RS, sl B STt EAm £ 8

i nt eger prw%ﬁh v IPIRRh IRy ﬁo%eaédﬁsﬁfﬁirﬁ%ﬁﬂf%bnﬁﬁh?ﬁéﬂ Bechddul@ddi tion, the

cal cul ati on engi ne conprises one or nore hueristics that can be enpl oyed by
t he user tBinhllpddififeraptbuliiproducisaeamptareridadedlinto smpardte8&Siekatiomeof

enbodi nent, the cal cul ati on engi ne sol ves the nodel exactly, using a branch
and cut nethesamerteansporation yebisle.nHiowsayshethe different bulkygsoduct can be

2009/ 082454PCT/ US2008/,013818, - 21 - enbodi . th
preferr _edslﬁsﬁ %‘E Pagll’il@’ acggget% ﬁg@% t!ﬁgl‘?aﬂté lgfaé{ﬁglhjﬁeiﬁhgtﬁhaﬂégghﬁed or
rely, eithg6pRaidslof dife dithbfbdtheABaddEbBIR! prelutts aB@MRhEHE theDvayl cut s.

value of bulk products delivered to meet demand location requirements.

[0048] In another embodiment, the executed computer application
additionally causes a computer to account for one or more, and preferably all, of
the following: (i) the availability, cost, capacity and current cargo of each
vessel in an available fleet; (ii) the relative separation, in travel time and/or
distance, of each supply port and demand port from one another and cost for
traversing the same; (iii) any vessel draft restrictions, loading restrictions and/or
discharge restrictions at each supply location and demand location; (iv) the
holding costs, if any, for storing bulk product at the supply ports, demand ports
and/or on-board the vessels; locations; and (v) the availability of spot market
purchases to augment supply deficits and spot market sales to deplete supply

overages. Each of these points has been previously detailed.

The Bulk Products




[ 0060] I n anot her enbodi nent, a hybrid hueristic / optim zation approach is
utilized whereby one or nore heuristics are used either once, or

iterati veWwg2oeomseistai n a feasible solution that is thenPariuse@s®13ses fi nd an
optinmal solution to the nodel in a sharjtzer anount of tinme. In another

enbodi nent, one or nore heuristics are utilized, either once or in an
iterative manner, to determ ne an optimal or a near optiml solution. The
latter ap0048h i sTheeypeasifdmlk protiucs trahspartesf ierthe prapleroache solved blyvi ng
conpl ex problens. In general, using heuristics alone, a near optina

sol uti on tthe appligation arggmgsirestrigteslo| Hawewer, b2 poefgried embodiment thgdulki rt y

m nutes runni,ng on an uni,mpeded 3GHz si ngl,e- processor personal, conputer. In
this regarﬂff’d‘ég‘??b? E%FC%Q%‘?IBPI‘&%HP% ﬂggesﬂf-g 12 uBb%f Or BrodueiSs char ge
ports, a S&%&H‘f?&ﬁﬁ%ﬁo@@ﬁh Ift a°0ke pﬁl%'f&ré)d)éﬁlboairﬁéﬁeEheoﬂulizgnléaﬂétﬁ lags. at

| east one production stream per supply port, at |east one cdnsunption
stream persefictsdRoBEoRObF nititd gaddustofahatslldwitig Prodabisherider ¢ibhasbifél] The
heuri stics enpl oyed preferably conprise a construction heuristic and/ or one
or nore | sggagwiheopténrabe alistildate canbintémeddiataipeirochemidad de¢d stiock. enpl oyed
conprise a construction heuristic and nmultiple |arge nei ghborhood searches.
Each heuristic is typically enployed at |east once. Preferably, each |arge
nei ghborhgﬂde ﬁﬁﬂ!ﬁgei% %gxg&d in an iterative manner until no further

i mprovene f | ution are obtained. [0062] The construction
heuristic determnes a feasible solution to a sinplified version of the
conpl ex probl em bei ng nodel ed. Typically, the construction heuristic is
created by0056] ti ng Thenmdehing apptitstiemrhmernadopeentonahabmpatdr avai | abl e

vessel can visit. This reduces the problem size. The solver is then
utilized tRFOERSSEF (8- ge 2l GHasINgle-psocassoupersenalkompKey (dic RIPCAON| st i c.

The WO 2009/ 082454PCT/,US2008/ 013818 - 22 - | i | | d
when a T ed9PLPHL QO GVEO BRo? Stile FaadronE medieeser FREBI Gratorcalbanee
the const rzﬂ%c; ?99 c!agiéf:ﬁéﬁ bf iﬁt@fﬁcﬁ%@%écéséﬂé%ﬁhe%d%c '8 drANoterBrdel i ng

problem t easi bl e solution to the construction heurfstic is a feasible
sol ution tpcdlhetionrdf interadtive procbison corineetddemslirectly 30 lontianothidr@ver a
construction heuristic cannot be found, then the full nodel is run to find
an i niti alcomepebhnetverkeigord Iqcebaspinetwork oF bredntesaeldnbodi nent, one or -
nore inprovenent hueristics are utilized to inprove the feasible solution
found by the construction heuristic. Preferably, the inprovenent heuristics

il ude o8 Tor &, AN B G2 bien Bebidley 36 6 GIRRPAROGragar ches.

In a pref enbodi e € process uses’two | nprovenent heuristics,

both of whihtdifacenMIHesdata eharyGeorage Gerfabe athySieaintépral to, dniisteeficodvitignt , the
first heuristic is a "Solution Polishing" functionality offered by CPLEX
Al t hough tthe apphcatiaiet Bataserdfy ands asdhe applicatisin e beyacgamplishedi et ary

to CPLEX, it appears.to be conhi nati on of netic algorit and a |l arge
nei ghbor thd’%‘g'g ehof Yays-hil 8e @pplgatiRman E‘frf’eg§%§o%a¢f§s?ﬁg'§’tﬂec‘mnel axes the
schedul e LN i i i i ning
vessel scﬁgga%%ggft%%?é?z%gsﬁ%%@% %??Eh{?kgmﬁggd;r%%?gl tso ﬁl%ﬁém%lﬂge%?? mal
ansver to ERPREhfRpAYSRRESurRe Plamiihg) systéa! wieth AYSAPeOratiéaind JErch _

i nprovenent heuristic can be utilized alone or in series. \Wen operated in

series, tHedwarsigeor & businessedtarvgarehopseoBI ) came be intilizedi Alternativelyt ie next
i nprovenent heuristic. Preferably, each jnprovenent uristic i sed

mul ti pl e tP#aBas¢ Managemens Systenysnehess M&AicpessoM%SE}e{eﬁeriVﬁbr%ﬁﬁéﬁ@ni n the
feasi bl e sgl uii . s.obtained. [0064] Optionally, but preferably, the
solution f %‘Fn{’%%ﬁ!a‘Fg% nei ghbor hood

[0052] The application comprises code that defines calculations, simulations,
and math models and, optionally, one or more optimization based solution
methods. The application further comprises code that calls upon an optimization

solver which is integral to, or interfaces with, the application to solve the math



search can be further inproved by running a tinme and vol unme optim zati on.
Preferably, the tine and volune optim zation is automatically invoked each
ti me a spwoi2hesad24sar ge nei ghbor hood search is invoked. PoTAISPE0SHEISIEd
enbodi ment, where a series of two or ngge | arge nei ghborhood sear-ch
heuristics are WD 2009/ 082454PCT/ US2008/ 013818 - 23 - enpl oyed, the tine
and volune optim zation is run on the answer obtained by the last heuristic
in the serhedels,theouginen exatt\naé¢thow angdiorthaaighanef orxmsrahéurisigsr out es i n
accordance with the solution fromthe |arge nei ghborhood search, so that
the rout ePrafesably, therepsde is wrilternpsiag medeling sysiara softwarg segh ahAIMMSs and
how much i i gedis relaxed.and then solved t timality.
Thi s of t el AN OTRO NBE s BRP ot XBreisadds e gveke: Mscerds e sRRed T on

[ 0065] Mot 'W{ittgnﬁ B§ink a?l&at%q 7 bt ?ﬁgg&%@gﬁaﬁél&%gﬁcﬁgﬁn e8! MMy bul k

product allocation, rta rou transportation

vehi cl e/ r etsodifieadthé applitatians weihies usigt AIMMS pahdeagsiogo anAIDEMS hr ee
steps. [0066] The first step in the process is entering data into a
dat abase. uPheinderfatsasRreferabhy, gag solvenis aapabletafisodviag lwean pregramminger

application stored on a conputer readable di u he data typically

conpr i ses AHdntredpieger QiRFas) Brgramyngproblsmsy %J%T?fgwlxs!s ifplide

i nformati ' tream at each supply location to be
PRLES o Bt IR

consi dere perties, ary val uation, accumul ated inventory,
storage constraints and production schedule; (ii) information regarding
each demand stream at each denmand | ocation to be considered and its
property @853 r edfhe sotetios to thoomedeling applicatiomewill gpecfiuarécomimendedt ual
bul k products that are delivered to neet those requirenents, .inventory,
storage cdranspartatien pregravndeiaidingsiach afdhe fellowing:) (i) Hreallacation ofegar di ng:
t he avail abi Lit cost apacity and current..cargo of .each vehicle in an
avai | abl o HEPRSHS ProdiEe 4 SRR G el iR R lioREIPReR] F RS, i n
travel tinRnfids At dleTran6f ddhakffdtafibhs) (zlg laGfAHspBrtafod r@@t'if Oriﬁé:gcﬂe%{’é I on

from one another and cost for traversingt sanme, (v) In tion
regar di ng tyémpldmenti the atlositior plannand (1 thanspestation tvehitde/aoutedicheddege
restrictions at each supply | ocation and demand | ocation; and (vi)
i nf or mat i 4@ impiementrthe nonting schasie  In a pegforableembodiment, g k pr oduct at
;889}58222 | oca{gi?:tg%ggy(?g%ggq‘gﬂi gﬁgfde?ar}f (i%;' g/sgfnedu\i\gfor blending product
during product loading, transit or discharge. The solution will be one that
maximizes total profit margin for the combination of operations. The total net
profit margin, in this case, is the difference between the monetary value of the
products loaded and the monetary value of the products delivered, minus costs:
associated with the transportation and inventory holding. Depending on whether
the application's models are solved using an exact method, using heuristics, or
using a combination thereof, and depending upon the degree to which the model
is permitted to run, the results obtained will either be an optimal solution or a
near optimal solution. The results can then be stored in the form of one or more

reports, spreadsheets, etc.

[0054] In a preferred embodiment, 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



on-board the transportation vehicles; and (vii) information regarding the
availability of spot market purchases to augnent supply deficits and spot
mar ket sawve00m8espl et e supply overages. [0067] The secomdTaiSe@siomsise
process is running the conputer applicggion on a processor. The conputer
application is as previously described. The conputer application, when
execut ed, causes the processor to optim ze bul k product allocation,

t ranspor t dhithe programngsiag dntexacispethoa bonsinglonel 6/ motd keuristied o wgng hor t he
movenent of one or nore bul k products from supply |ocations to demand

| ocat i ons cpmbinatien ghezeef. nlp they ¢smbadimentsthgarrogrammutilizes an AJMMSet profi t

Take | nt o IHEERRHOEREIGOnARd Pl Ryfestlty ook FASH PR CRRVEREANE s
ke it . . NG
oroduced SRPRRER of cofteh BRGRES EXER ATV ERE e ARURIPEDTHEE |

consunpt i qasERCcaR PabEad dtditianagedis ABMMSL k product (s) needed at each
dermand | ocation and the nonetary val ue of bul k products that neet the

property requirenents, and, optionally, (iii) opportunities to blend

di fferent pr ts.to benefit the pverall value of delivered bulk
product s. [Bﬁ esmvrfﬂi'bﬁq%‘?%ei@teéaqt SER @ YSCEANd BCORMWED oduct

al l ocatio [ OR: I Oul | . tr r i velRi edul i ng
andbr enaiadePRBRINS P RineCatbiSHiohy ARSI sRloh InteFHcER find SHRufon
recommendegsiRlsUid # Prefbite@efBodiffeifof tHeSnveAHSA.OR ek insls Ivahe product
to be noved between different |ocations, routes to be perforned to nove the
product, \intiudimgs ikrer béiaptatai prethiningdashpplyyireduetioh s¢heduléscartal éerramd)

operations to be performed duri ng t he | oadi ng, discharge and/or novenent of
bul k pr od¥enswppas ischedules.avagal h\@égﬁlgrmdege\r&mng period tadeassi gned t he.

identified route ad, t he .desj gnat ed,pr.oduct t -t he desj gnat times from
cach suppQPHREESod AEiiatd BPEt RERE S P IehSnBireackS -5Rgh 87 A Tois ot ons
either o hRg THdi iy okt i : s n (s

506, 624 ERBRORITHE GEAE den YepBHed Hhold A0RlchlarioBngin endiesdhe madel ¢ at

t he desi gradedsddiord sobtvdrhevidels dereanatesdtheaptingd predicrallobatiomsi gnat ed
dermand streans. [0069] More particularly, FIG 2 illustrates user

i nt er act i dranaperatiemoouting, rasgpopietionoyeliglefyoyageschpdulingandhlending) G 2,
D e RRea onoL & P b Bt o oReSies, and diamnds, denol g check
LT 3 AT of ek pARg e e Dol EnLy Lncerface.” The data o
[0056] Accordingly, one embodiment of the invention is an apparatus that
comprises at least four components. First, the apparatus comprises a processing
device selected from a single processor, multiple interactive processors
connected directly to one another, or multiple interactive processors connected
indirectly to one another over a computer network. Second, the apparatus
comprises a computer application stored on a computer readable medium that
operates on the processing device. The computer application is as previously
described. The computer application, when executed, causes the computer to
optimize the bulk product allocation, transportation routing and transportation
vehicle/route scheduling for movement of one or more bulk products from
supply locations to demand locations within a planning horizon in order to

maximize total net pfoﬁt margin. The executed computer application takes into



[0071]In FIG 2, the second step is the conputer inplenmented step to "Read
data to application” and the third step is "Exam ne data pages and validate
dat a tramnsbenediost4s4t hi s enbodi nent, for the sake of convemiusa@s/013she Dat a
Entry Interface is separate fromthe appjication. For exanple, the Data
Entry Interface may be an Excel workbook. Therefore, data transfer to the
nodel i ng application and validation of data transfer are necessary steps.

Hovever, tdheouhéathotfithy fonowidgc) existiig iemend ahticipateipradattiof,r om t he
application and can, in fact, be an integral part of the application. In
such casespropemiesandrgonetdnt vialng oftb@iispmtbm(sgp@dv@pd meesessupply[ 0072] I n
FIG 2, the fourth steg is the cogguter i ipl enent ed st&ag of checking for
"Dat a Err dP§ation, (i) gxisdpginventory, apfigipatad ¢oRSUBSONand ProPSHY data errors

or found, &Hﬁgeﬁ%htsc&fwlﬁﬁ@&u&gst)h%@g%/?&@eééﬂtc;]éfnm cgﬁsﬁana%§ ect the data

and restart e process. ernati ve I n other enbodl nents, he user can

make changnsnétafeeilug dfbusie PRodiicts that fiepthd PIOP3HY Tefhifemantst a@%fi fth step

is the conputer inplemented step of solving the optim zation nodel. As
pr evi ous| yopdeswatlyp@i) oppogunities e biemdedififererg tantk preductsita bengfitubé ng

heuristics, or _usjng onbi pation thereof. . WO .

2009/ 0824 ) Mshi@o@tfdfi@waf bulkeprodyess7 Ahing, theppparatuscomprises &datai s to
check to insure the solution is feasihl T ' a i.cation
Wt na D MBlede ritathhoteteR R S helae R EHRE S RS L o
sol ution, difiRp pbﬁ%ﬂﬁﬁégﬂaﬁ?tc%hhéctwQo,%l%ﬁéﬁwidé cApaliB oflcofitnidatiAg Set -
Alternatively, "the user cah view the highest ranked (i.e., |east peénalized)
i nf easi bl ewith) theicomputereapplitationpforrinputtingchnel stering ldata pertaihingrtoithe ei t her

(a) no feasible solution exists or é_g) the application is prematurely
t er m nat edvagiaglesi andsepnstraigs.s Fourth, thelappasrus somprises a spbver featdgst sol uti on

given the .data set and tJ ne Ltted. The appli.cation should flag any

2ol bt i on AGErsI0, of Mierfadks Rt cmldefIkaHSRhe i nf oasi bi l i ty. 11 the
solution is not feasible, then the process is typically restarted with
either an adjusted data set or nore tine permtted for finding the

sol ution. THROTalculatidnEnginet he seventh step is to "Analyze results in

sol ution pages" and the eighth step is to determ ne whether the results are
"Satisfactory.” The user reviews the solution results to insure that the

results ar eptable. 1f.the resul are not deeneq.satisfactqry, or if
the user WIBEf To pePforRRlicrica e RlinenRdt o I BIGREE: THoRoMREBSer can
restart t r}ﬁoﬂfe‘ﬁ?ﬁﬁﬁl By E)&bl%gse%l%tﬁsﬁlﬁﬂbgla%yieéither as single problem or a series

of sub-problems. Preferably, the modeling problem is expressed as a single

mixed integer programming problem which may be solved using an exact

method and/or using heuristics.

[0058] FIG. 1 identifies a "Calculation Engine" that includes a "Solver"
and one or more "Hueristics." The solver (e.g., a CPLEX solver) preferably
employs a branch and cut method to solve the mixed integer programming
problem to obtain an optimal solution. In addition, the calculation engine
comprises one or more hueristics that can be employed by the user to find an

optimal or near optimal solution.

[0059] In one embodiment, the calculation engine solves the model

exactly, using a branch and cut method, to obtain an optimal answer. In this



[0076]In FIG 2, the ninth and |last step is the conputer inplenented step
of generating the reports. These reports represent the solution found. The
reports rwbl2earosssiut i ons recommendati ons regardi ng pro@gTiust@shessnoved,
routes to be perforned, vehicles from.phe available fleet to be utilized
and bl endi ng operations to be perforned, in order to maxim ze total net
profit margin. Conparative Advantages of the Moddeling Application [0077] The
transpor t ambsoditeat, thé ubér can suppiy peeferrad dcutsh $ordde ablveradvusadetient over
prior processes which, generally, utilize spreadsheets and expert econom c
anal ysi s thsaggh andewamg rely, ledibar partly eremirphy; oatthe sobvsnte ggneratep
2009/ 082454PCT/ US2008/ 013818 - 27 - vehicle/route scheduling and bl endi ng
oper ati ond"S KRBt or art procedure is effective for a limted nunber of -
deci sions where there only a few vari abl es but beconmes nore and nore
ineffective as the conplexity of the decision to be made increase. For
exanpl e, t[0@60)ypi callnpelotidrasmbadiatbngla hybrid Raetistid Ooptimdaitdm dpproach e
conpl ex and p{pically involves, inter alia, multiple supply |ocations each
wi th nul t iiphtilipeduwherébynone otmore hearisticsvare msed £itbereoncep oo perativedy,dad

di fferent ecanom c yalugti.ons, nultiple.deman ocati.ons each with multiple
demand st ﬁ&é@ié?%ﬂﬁtlﬂa&hﬁgs than wilizad to %ﬁeﬂwiaﬁﬁltmmpégent price
val uati on del j r . t Lqui.r on- const ant
rates of ér&%%{l)}ggn%\éggeﬁgﬁﬁu%g%ghgn%g@ e?ﬂég@%re%ﬁgoélﬁgeﬁt’ %E&E gjr%%or tation

vehi cl es. HelfiéftsThre tliRa! bt 'sit® HIMaRGRSaivE Bldnner, 30 @ebdthiifit aat | on
technol ogy to enable a conputer to find an optinal or a near opti nal

al | ocat i oroptinmaltarragneav @ptiohal sebitanu| T latted apprradhiig the fastesThmd opthieni zat i on
application causes a conputer to search through_far nore sol ution, options
than an i Maeleredappeearhaios sobdng icamplexrpeotdemas u i gengrpl.iusing Beusiios| es a
conputer to find an optimal,solution if . allowed tg,run tq c | etj.on when
sol ved by A6 ARG Pl Rahiticndpialypica Somplct pieblemban by SWRIELIR cs
conput er g ft'h§ﬁiﬂﬁ fmAe hifiing 8h 4! HEXBGH £ sitigle-pfodesoy than a
thirty m nutses it So vnelgpiy orm%ghng Lﬁgﬁﬁiestélfcs. TﬁilﬁgellsJ faest enough to
for the ugetsdnal cempptermlachisregardntltypieal ¢ompplex probkm hbsidiéksasl ports,
pararreter\sf‘)e change and fast enough to support real-tine allocation,
routing, Aehidischargerports,iaripohpurdiase poriga gpet salepert, Fileet ofplvehiclegen
running the applicatipn,. considers all the relevant and i rtant econom c
effects siAIfASLARS RLAACtiQn kA B SaRIX Rgrt, fideas e Sansuptlionitieem e user
to run a " [Ty GFoiE i e in side-lby-side conparisons. of
alter natep\gg%stcp%rrgse andat 3‘?’?“%%%?} espggg}%%e%gﬁg%@'c i npact. The results
obt ai ned sonetines align with conventional w sdom and sonetines are

counter-intuitive. WO 2009/082454 ) )
[0061] The heuristics employed preferably comprise a construction

heuristic and/or one or more large neighborhood searches. Preferably, the
heuristics employed comprise a construction heuristic and multiple large
neighborhood searches. Each heuristic is typically employed at least once.
Preferably, each large neighborhood search is employed in an iterative manner

until no further improvements in the feasible solution are obtained.

[0062] The construction heuristic determines a feasible solution to a
simplified version of the complex problem being modeled. Typically, the
construction heuristic is created by limiting the supply ports and demand ports
that each available vessel can visit. This reduces the problem size. The solver is

then utilized to determine a feasible solution to the construction heuristic. The



I ntroduction to METEORITE - 28 - PCT/ US2008/ 013818 [ 0079] Thi s exanpl e
descri bes one eni bodi nent of the invention and its use in finding a near
opti mal swburbisns245er the all ocation, transportation rourCmgiS20089s31¢ voyage
schedul i ng and bl endi ng pl anning to maybmi ze total net profit margin in the
novenent of VGO from supply ports to demand ports to feed FCC units within
a given planning horizon. In this enbodi nent, each supply port produces one

or nore stsbbais 9énerally sesppediwieana fiensiblg salutiondenthp denstreaimoldristic and/ or
property set, and each stream havi nﬂl an i ndependent inventory and

product i ons oumskiUB ecausk the eonspructigotheysistia depresents egubsetfdhe morenor e

streans of V@) for,its F uni h eam havi n | ndependent . ranges of
property rcé’Elel%’éHque ngame Lgtf?aégﬁF lﬂt}%‘ ©rfhe g E@H‘H SURStic Brg and

consumpt i oneaaheduliSrof fo A BomBRA bloBfithh 21fla FLATR AR hehas uni aue

physi cal enpora res I oNsS usage an each vessel has

uni que si Z:%nstﬁ(étidrﬁﬁédrﬁﬁ% canMBABE fyund iBerf &l fullerhddel Birén td fdedid ocat i on,
transportation routing, voyage/vessel "schedul i ng and bl ending are

opt i m zed initial féasiblesohitionof t hese factors, to neet the demand consunption
using the load port production in a manner that maxim zes total net profit.
For reference purposes, the particular application described in this

VETEOR! T IPB6H0] VeI ET o PSRt e Bl AP SRR b o
are utilized to improve the feasible solution found by the construction heuristic.
Preferably, the improvement heuristics include one or more, and preferably
multiple, large neighborhood searches. In a preferred embodiment, the process
uses two improvement heuristics, both of which comprise a large neighborhood
search. In this embodiment, the first heuristic is a "Solution Polishing"
functionality offered by CPLEX. Although the exact details of the CPLEX
Solution Polishing are proprietary to CPLEX, it appears to be a combination of a
genetic algorithm and a large neighborhood search. In this embodiment, the
second heuristic relaxes the schedule of two vessels in the feasible solution and
fixes the remaining vessel schedules in accordance with the feasible solution.
The optimal answer to each improvement heuristic is solved by the solver. Each
improvement heuristic can be utilized alone or in series. When operated in
series, the answer from the first improvement heuristic is used in the next
improvement heuristic. Preferably, each improvement heuristic is used multiple
times, in an iterative manner, until no further improvement in the feasible

solution is obtained.

[0064] Optionally, but preferably, the solution from a large neighborhood
search can be further improved by running a time and volume optimization.
Preferably, the time and volume optimization is automatically invoked each time
a specified large neighborhood search is invoked. In a preferred embodiment,

where a series of two or more large neighborhood search heuristics are



configurations. First, METEORITE prefers a relatively nodem processor
(e.g., a 3GHz processor with 2G of RAM. Second, METEORI TE prefers a

rel at i velworroaase4sper at i ng system such as M crosoft W n@#oRaSX0sBisiessi onal
(v. 2002, SP 1). Third, since METEORI TB3i-s an Al MVS nodel i ng applicati on,
it requires a licensed version of a relatively nodem Al MV5 nodel i ng system
(e.g., AIMVS version 3.6.2). AIMV5, a product of Paragon Deci sion

Technol ogyniplbyed,ithe imeaatvdhnoking optimizariont is sys oarthé answer odbaired by

optim zation WO 2009/ 082454PCT/ US2008/ 013818 - 29 - based deci si on support
appl i cat i dhe lasphemstisy ipthgserigs.mhhe simee ardivolwsae ppHBIZatipEYes alhthe i s

i oract | FOUSedf afS PR e ige SRV er BaraRedveE neBafipdd BRI cati ons,

and an abig, Lt i i OIS L izt . 9.,
CPLEX, XPrdééstst?ie iﬁ"bimﬁ“ﬁ .a)‘?a?{ggur'tﬁpwﬁggEé% ?@‘ngbftgﬁéggp? e gt ively
nodem ver siowmrichd toaedfandetiSelarged & reld¥edragiahen @Ned&olign‘ﬂ:ali@%) :
METEORI TE uses an Excel workbook for data entry and, in addition, the
resul ts fridvis ofien VMBPEDRsTHe soligioncan be stored in Excel format. Fifth, and
finally, although prograns witten in AIMVS can perform sone cal cul ati ons,
METEORI TE requires a solver (e.g., CPLEX, XPress, XA, KNITRO etc.) to .

sol ve the I Std: {he xed- | nt eger program ng nodel i ng probl em
in the aplj}&%SI ﬁg".q Mo(?fel A E [0081] The basic process for
METEORI TE is well organized and conforns to the general process set forth
in FIG 2 and previously discussed. First, the user enters the necessary
dat a i nt o [606%x c el Anathkbaspect SEthenidyentien issepracass fw deterntiaimgibelk t o read
the data fromthe Excel workbook into ,a METEORI TE Al MMS application. Third,
the user ®xadyqiatlocpiionidranspatiation repting apdtteansparatien VGBICEFdf%He Al MVB
interface .1 f oerraors in,the data exist, the user r arts the process.
At or nat | vERgungs B SnhBaimretichyBles comptir Mt fPLr The dat a

t hrough the AIMVB interface pages, however, such changes are not saved in
t he Excel workbook for future programruns. Fourth, the user executes the
opti m zat i[od66jodel Thenfitsh stepanythe prociss ientetingdgta imto exdatdbaset The or

t hrough various heuristic options. |If_the nodel does, not have a feasible
sol uti on, database ieintegral tos of inteefacercwWithoe eempuderrapplicatipn stased @atan set .

i cast bl SoguEn Eadane e, of e dRta BRENY doRP s e brmpBaanduar i ous
Al MVS i . . ;.
vant's o BarTeral anvel Sl SRARES KR REBS T RRR S SibpI R R ACR

the user reash suppslytlbeativrOREBS condidéred atdfifsgsropertital monetary Maludon; eport s
are sati sfactori;éethen the user saves and/or generates reports that record

the sol ut iageumulated insientorynstonags eonstraingd hnd ipppduction sehedwigs éiit esul t of the
process is

he assi gnnent and, ,t hereb novenent, of ssel s fr.om vari ous
Pocat | ons IRfPTMeHan RgArging, each demand, stéam b enc dempad I0tAHANJORE ons 1 o

| oadi ng, S aenaredi A7 BrodeRly i BT RAILRLoR, HOUELS BaREHR " 1o dur i no
[ 0082] METh@RlatfonUee actial bulkeproducishhakaredelidefell Nhedt thobe BRfiffedhent§,ne dat a

conprises information regarding identity, physical restrictions, production
schedul e amventomestaragesonstrangsping qomsumptioheschedule] (i) infoymatian

restrictions, consunption schedule and i nyentories of denmand p?rts,

vari ati ondegardiig Bs AveHRbIItSAcest C@naewaé CHTGAT e8Pt eagga@htq @i ahd the
hvsi cal i . . ; . o Y o
Vessel o, BRaRERHe (R ot NesR e BE AT S e i VBB LBS T 11

twel ve workahselistahéd dfledeh 5appl9Wobatisipams demend U6 ERRRSFrofl dndandthef
wor ksheet that contains prelimnary inputs regarding the planning horizon,

opti onal padawst fordraveesing thesamed Vi) infommatipnregatiding velsitle (iz¢ ) a Port
wor ksheet that .defines the | oad and a%g}c‘harge ports to be considered in the
model i ng pEYHrERAcRERAY SPLHCtIgRyaRd pisshatgerestrictions ghsaghosurly sane; (iii)

a Product 4Spec Def rk et ..tha s . for . erties. u t.0 assign
2 ronet ar JouA A AR e RS and Vi3 i R b BRI BRE hotipe S8 f o P
units), t %ygfdr%%ﬂix?g‘bhlk Imidﬁ@t £RB Qﬁﬁply’lo@h‘t‘i&hdﬁ,’ deRRnldi 188atiddsesid/opnet ary
val ue and typical property values for di'fferent grades of the bul k product;
(iv) a Product-Supply worksheet that identifies the supply streans to be
considered in the nodeling problem properties regarding the sane and the
nonetary val uation of the sanme; (v) a Product-Denand worksheet that
identifies the demand streans to be considered in the nodeling problem
property range requirenments for the sane, the nonetary valuation of a

typi cal




WO 2009/ 082454PCT/ US2008/ 013818 -31 - stream of the required grade that
neets the range requirenents and property specific nonetary adjustnent
fact ors twodewdsxsae t he nonetary val uati on of actual stPcearsgoodsiistered to
meet the range requirenents; (vi) a Prcoduction worksheet that details

proj ected production/inventory for each supply streamduring the production
hori zon assum ng no inventory is noved; (vii) a Consunption worksheet that
detai | s t k-boidakt adnsporsatiad vetitiesvand (if) ihfimeaion @eaRiiflg e eam during
t he consunption horizon assum ng no additional inventory is delivered,
(viii) a lavgdabiditk ofispot mhrket purchasestoangment supphy deficitsoans $pegsnarketveen
specified ports; (i'x) alﬁgi p wor ksheet that identifies the spot vessel
charters tRES GBI EWPRIKAYCEIEFSt hat are of interest, as well as the
physi cal and cost paraneters for the sane and any rel evant port
restrictions for the sanme; (x) a Tinme worksheet that records the average
days it tqp@67R VeRRedechbAdisieh i thePR6EsBM ﬁiﬁdiﬁé tﬂ@@om‘ﬁu&r‘éggﬁgﬁior{ bx) a
Cost worksheet” that records a leg rate for each potentlal voyage |eg

bet ween parprecessod Theicpmpubtmapplicationnk shpetvidously deserivedls Finy compateni t hi n
the rel evant production horizon or consunption horizons in which a | oad
port wil| applicaiompehensexacutest, causesdhe prerassodio eptimizertakeroduat wi 11 not

Cuetve wordoRadory PiRBoraion Paftfug Hid RERnkEbn hidelroiStnigylive, o
tuel ve v s i 118 rpeter”
Statio (o Mt ehi of o ol (R Wk pRAGRHOM RpNApE R e 8 deld 110

each avai llefdtibngasisiein,a plahhingoliediza, ii drde2ttc maxintige UREY n&tprbfis margin. a copy

of an existing data file and updates dynam c information therein to the

ext ent t hdthectrampitsr Applécation, when. execuatedy eansgs thercemputeddodakeounto nel y as
Each of, t hese worksheets.i,s illustrated in the

part of a reqular praqcess. i v
heconpanyiaREowH@ach ot thaoligwings ()exiseng fiventory, agticipated pradudhion. 11¢, 12,

\%gr Eg ﬁeétAf pr@%ﬁﬁggéﬁg&%ﬁ%&%ﬁgggg#gélﬁ\ffg%éﬁk’g@%ﬁu%%gg’?aﬁﬂﬁgi té}?{ t wor ksheet

s the finstativh, (Hpetisehy snveméshentisiphrd dnsiRBEGRIaFHd propkhgok. The Start
wor ksheet contains prelimnary inputs regarding the planning horizon,
optional pequinanents of batkaprodrt@hde¢dedatteach deoiamidrigcatoen and FheG. 3

illustrates a typical art worksheet. The data in the Start worksheet is
set fort h%‘é‘?%@&%})‘fébgz@?i’ﬂh?@’&dr“@?s t&? mgekthepreperty TeUFRIRSRS, 1d.days in t he
pl anni ng optionally, (iii) opportunities to blend different bulk products to benefit the

overall value of delivered bulk products. The resultant solution is a
recommended plan for bulk product allocation, transportation routing,

transportation vehicle/route scheduling and blending.

[0068] The third step in the process is enacting the recommended solution.
In other words, the solution will designate product to be moved between
different locations, routes to be performed to move the product, vehicles to be
utilized on each route, and specific blending operations to be performed during
the loading, discharge and/or movement of bulk product by each vehicle. Each
designated vehicle will be assigned the identified route, load the designated
products at the designated times from each supply port on the route, perform the

designated blending operations (either on loading, discharge or during transit)



period. [0085]"Nunber of Rollover Days" - Production nust be produced and
noved before it can neet consunption. Therefore, there should be an offset
i n the prwouroetwmmsand consunpti on horizons consi dered. Phirasedolsoeisis s t he
nunber of rollover days. [0086]"Productisan Start Date" - The first day in
t he production horizon. This is the start date for the planning period.

[ 0087] Production End Date" - The last day in the production horizon.

Pr ef er abl yandtdulisved deedesigmated pedduved atythprdesemated thyes tolthegddshgnatedrber  of
out| ook days to the production start date and deducting the nunber of

rol | over déymndm@% ribherdasignatedtdemeang streamie first day in the consunption
hori zon. Preferably this date is automatically projected by addi ng the
nunber of rollover days to the production start date. [00891"Demand End

Date" - T t ' mt' | : f Y Uhi ate is

aut omat i c;@ P§9Er oqu%){ éegfl%{/&%é%??ﬁng ’hieﬁﬁlg%{eérszl%? r }@Fﬁggé?%d%gfsﬂ[@htg he

%Ogggg} 8355 X P&C%rgjsegg éflé:diggqgéaﬁﬁﬁﬁsﬁxn!‘ml detherrectahghlae bokénadémde per i od.
steps or processes and diamonds denote check points to determine if problem

inputs are valid.

[0070] In FIG. 2, the first step is "Prepare and adjust data in the Data Entry

Interface." The data to be entered is as previously described in this section.

[0071] In FIG. 2, the second step is the computer implemented step to "Read
data to application" and the third step is "Examine data pages and validate data
transfer." In this embodiment, for the sake of convenience, the Data Entry
Interface is separate from the application. For example, the Data Entry Interface
may be an Excel workbook. Therefore, data transfer to the modeling application
and validation of data transfer are necessary steps. However, the "Data Entry
Interface" does not need to be separate from the application and can, in fact, be
an integral part of the application. In such cases, the second and third steps

shown are not necessary.

[0072] In FIG. 2, the fourth step is the computer implemented step of
checking for "Data Errors.” In the simplest version of the process, if any data
errors or found, the user can return to the Data Entry Interface, correct the data
and restart the process. Alternatively, in other embodiments, the user can make

changes directly to some of the data.

[0073] In FIG. 2, the fifth step is the computer implemented step of solving
the optimization model. As previously described, this can be done using an

exact method, using heuristics, or using a combination thereof.



- 33 - [0090] "M ni mum Total VA& Transported" - An optional field where the
user can input, if desired, a m ninum anount of product, in ktons, to be

t ranspor two 2009/a8k4s4pr obl em sol uti on. [0091] "M ni num Nunipem/uskoo8iyss8 - An
optional field where the user can inpubgJf desired, the m ni mum nunber of
vessels to be utilized in the problem sol ution. [0092]"Maxi num Nunber of
Shi ps" - An optional field where the user can input, if desired, the

maxi num nunber of vessels to be used in the problem sol ution.

[ 0093] " Maxi mnum Cost r Ton of VGO' - An optional field where the user can
i nput, if [@0%4ked Intl%l@n%thmth@tﬁpells to cheelpter tnauta)ﬁhatﬂmsoluﬁiomﬂss k$/ t on,

D ob! em meigIDlE. MEedPUAE ARl ca;mrtwﬁiﬁkdlafs piton; LG TeOGHE | 2ol & 1o
view rankg 11@£t? hBLe u‘1'& Lq0 lbl‘é‘ ns't 6 fHeANEr P&?Qx‘t cB& used to
app pd gible L heHoe

eval uat e ea5| € SO i ONns. ue 1's assig very kton

of pr OdUCtUS AN HRéYedrdata @etafAltétfnﬁﬁ%F?' ﬁxéﬁeﬁbhﬂﬁléwmlﬁe hfghl&@ft ragkeder stored
in supply side inventory hol ding or noved to a di scharge port. For exanpl e,

if the | oddesilahst pémiizeﬂéandfeayblessoiutmdehe inoede] poay ngbﬁedatfeaSﬂZIE kt ons of

VA0 during production horizopn and can only r tons,. and the
sol ution isé’?lﬁmfylfé r {3) nq fe3sible solytign e?‘lfés Pbé@ tﬁFﬁBPJEEa 4Q1biss to di scharge

ports, th n on i for and
the | oad aﬁ.lrgé' K ebt'}%tfg/ g"&ﬁ?’l n silgil f afe{s Ehe Jo{ﬁﬁg@lf&%ﬁlm? 8’83@% %%Stsc har ge
Si de Slac %oﬁﬁﬂfﬂ given thé\dataset and@ iR SEFATRE N Atheplicatidn should flag any
solution that is not feasible and the reason for the infeasibility. If the solution is
not feasible, then the process is typically restarted with either an adjusted data

set or more time permitted for finding the solution.

[0075] In FIG. 2, the seventh step is to "Analyze results in solution pages"
and the eighth step is to determine whether the results are "Satisfactory." The
user reviews the solution results to insure that the results are acceptable. If the
results are not deemed satisfactory, or if the user wants to perform an additional

what-if analysis, then the user can restart the process with an adjusted data set.

[0076] In FIG. 2, the ninth and last step is the computer implemented step of
generating the reports. These reports represent the solution found. The reports
reflect solutions recommendations regarding product to be moved, routes to be
performed, vehicles from the available fleet to be utilized and blending

operations to be performed, in order to maximize total net profit margin.

Comparative Advantages of the Modeling Application

[0077] The transportation tool of this invention is a considerable
advancement over prior processes which, generally, utilize spreadsheets and

expert economic analysis to determine product allocation, transportation routing,



feasible solutions. If so, it nmay be desirable to view ranked infeasible
solutions. A discharge side slack penalty can al so be used, either alone or
I N conj urwoi2009/08Y34 2009/ 082454PCT/ US2008/ 013818 - 34 - WCTIuSa00808381%i de

sl ack penalty, to evaluate infeasible_ggutions. A penalty value is
assigned for every kton of consunption demand in an infeasible solution
that is not either nmet through existing demand side inventory hol ding or

t hrough adebhi¢lefraitel sehiedilingy aniéblending operationsniihe prior arfygrodedureds ge si de
slack penalty is 3, and a |scharge port demands 10 |Ictons of VG during a
consunpt i cefféntiviedonadimitechnymbgs ob deeisions srheyethers onky sifewgvasiablesgeut and

e ol b S8k S5 BBBBCSH beSBSdR bR
| ack ' he 1 = , . | : Load
2 ect Ponabbes? ol byt S brob AR TN i od B Pt o

i nvent ory qiiteScdipRxSn@ t9pRealllivalves, HmrdHlia, RRiltipld SEHPIY '|ddutivms @ayh Hol di ng
Cost at Discharge Port™ = This§ is an assigned value, in US. $/ kton, for
every day withemsltiple pradsiction produats,reach avikh differenepropertiesrand different

[ 0098] "I nvent ory Hol di nhg Cost.qn Ship" - This is,an assigned value, in U S
$/kton, fdiCOBPENG valuatioRs.aRulinle demand]ogationgfach with ot andrhe Por t

worksheet [0Q39] TNR EOU haWhs HifElent fedifer&fis Afa Alreb At pYEL VEIMARLRS heet s

in the
for delivered products that meet the requirements, non-constant rates of supply

and demand, and a heterogeneous fleet of transportation vehicles.

[0078] The invention uses advanced modeling and optimization technology
to enable a computer to find an optimal or a near optimal allocation, routing,
vehicle scheduling and blending plan. The optimization application causes a
computer to search through far more solution options than an individual can ever
consider. The executed application enables a computer to find an optimal
solution if allowed to run to completion when solved by, or using, an exact
method. The executed application enables a computer to find a near optimal
solution quickly (e.g., in less than a thirty minutes) if solved by or using
heuristics. This is fast enough to for the user to re-optimize frequently as inputs
(i.e., business parameters) change and fast enough to support real-time
allocation, routing, vehicle scheduling and blending decisions. The computer,
when running the application, considers all the relevant and important economic
effects simultaneously. A computer running the application permits the user to
run a “what if”’ case analysis, and obtain side-by-side comparisons of alternate
solutions and their corresponding economic impact. The results obtained

sometimes align with conventional wisdom and sometimes are counter-intuitive.

Illustrative Example




METEORI TE wor kbook. The Port worksheet defines the |oad ports and di scharge
ports to be considered in the nodeling problem and physical and tenporal
restrictiwo069m8245he sane. FIGS. 4A, 4B, 4C and 4D showsCaruszéososisigt i ve
Port worksheet. In FIGS. 4A, 4B, 4C andgD, the | oad port nanes are generic
(e.g., LPI, LP2, etc.) and the discharge port names are generic (e.g., DPI,
DP2, etc.). In actual practice, the port nanes are generally nore

descri pti Viat{odugtion AVMETBORITIOr rance) . WO 2009/ 082454PCT/ US2008/ 013818
-35 - [00100]FIG 4A shows a first portion of the Port worksheet. FIG 4A
contains two tables entitled "XOM Load Ports" (LP) and "3rd Party Load

Ports" (T t e tables, for, each co n X and t.hird,party | oad
bort - the 100251 noTRE AEATE Hesktibes msresh TRt b the, VEBlPB ARG Rt urmo:
"Load Port:" . . e : PO 1" is entered
for each Ilgaf(ljn (%ggta'}geggﬁ érrbag%gl&#fsa?l é)?éﬁﬂdé aal}]%paélonou%}épq@@erﬁlattlé)rne u{%lg, each | oad
port shoul wesselfvaiage RbRédiAiMEand blendind Plafinin@rto mhaxikiaé totat néhrolfiead port

nane is re-entered for each 1oad port that contains draft restrictions (a
bl ank i ndiratgs in Het movemenh of 34G0i fecomauppbxparty to derdand ports 'toideett F@khax
Load Ports" - the load port name is re-erht],ered f(gr each hoad ort that does
not serve YRitsaithing given planaing hogizgng dp thisgrebedimenggachsuppbhport

restrictiaq lSt.). 0 S 0, i . thir ntitled
st et RaBK S of SRIO TR f G0 RSt b B AR rk ™
(USSPOT_Pwompddionafdl/ok peObére b&, fiod b ﬁﬁednﬁ‘hﬁ{lﬁ%édrpﬁ)d!egeﬁdﬁtf ol | owi ng

col ums: "Spot purchase (by barge)" - the name, which may sinply be a
pl ace hol daventoty ead praductwnpsthedulep Gimplarlyh asech dembndiperteregpires pne ohases

m ght be made to augnent production (spot market purchases are generally
handl ed bympeg HegamueiVGO for its FCC units, each stream having independent ranges

of property requirements, and each stream having an independent inventory and
consumption schedule. In addition, each load and discharge port has unique
physical and temporal restrictions for vessel usage and each vessel has unique
size, availability, capacity, and cost parameters. The allocation, transportation
routing, voyage/vessel scheduling and blending are optimized, in view of all of
these factors, to meet the demand consumption using the load port production in
a manner that maximizes total net profit. For reference purposes, the particular

application described in this embodiment is nicknamed "METEORITE."

Basic Hardware and Software for METEORITE

[0080] METEORITE has some basic preferred hardware and software
configurations. First, METEORITE prefers a relatively modern processor (e.g.,
a 3GHz processor with 2GB of RAM). Second, METEORITE prefers a
relatively modern operating system such as Microsoft Windows XP Professional
(v. 2002, SP1). Third, since METEORITE is an AIMMS modeling application,
it requires a licensed version of a relatively modern AIMMS modeling system
(e.g., AIMMS version 3.6.2). AIMMS, a product of Paragon Decision

Technology B.V., is an advanced development system for building optimization



"On/OFf" (Spot Market Purchase) - a "1" is entered by the spot purchase
port if the production on the | oad supply side can be augnented with spot
mar ket puwohe®as24ad a "0" is entered if such purchasesparaSa@s/0a3810pt i on.
[00102] FI G 4B shows a second portion_gh_the Port worksheet. FIG 4B
contains tables entitled "XOM D scharge Ports" (DP) and "3rd Party

Di scharge Ports" (3rdP). In these tables, for each conpany (XOM and third
party V\oba@&aaeaai@'ﬁﬂsaﬁsbwwaé@aﬁﬁ 18IMMS provides hanghepmtical todelisgr

i nputs the following information in the follow ng colums: "Di scharge Port"
-t he nandanguaggdhatdis sebigngd fpothe; developmentrpfomodeling applicationsager ed f or

each di scharge port that should pbe consjd d d a."0"% i t d f h
di schar ge BSePHictlnterastig Usorantepiace diadiderlapers can Gilopfar s applisaionsy
Draft" - t i . is - ent ek.ed: 'WE ort that
cont ai ns c?lrﬁgfﬁ% %’ggg{@?tl@g%ﬁse {@%ﬁ%ﬁ{ﬁ fon(gﬁ:lglg%glo Q%tl‘?%grcg%}fh regfg?i (F:)t I ons

exist); akPress, XA, KNAREE. \DiFsi, METPORITE pidferstd feliavele meddmname i s
re-entered for each discharge ‘port that does not serve Afronax cl ass
vessel s (avendiankfMitrestfeExtéle. gndvVEcroboft @ ffidedixah200%). sSMETEORITE] FI G

4B al so contains a third table entitled "Spot, Marke; Sales.” In this table,
for a spotussnapl Exset wotkhomiyfosdata ‘?ntﬂhén‘irsléradidﬁb(m’stlt’? FFé“ﬁtélfFQJwth%

i nf i QO | | pwi ng . : " .sal hip)" -1th

nars. of ¢ RMELRIRFTE AR EA8 o3 3o Exgrl frmafc B oy houn 1o

sol d on theoshtls WhEtERin (ASMAMSTBAK BérfSfth 38ni Gi1SHBE6RY, METEOREFEDY shi p) ;
requires a solver (e.g., CPLEX, XPress, XA, KNITRO, etc.) to solve the

hueristics and/or the mixed-integer programming modeling problem in the

application.
Process for METEORITE
[0081] The basic process for METEORITE is well organized and

conforms to the general process set forth in FIG. 2 and previously discussed.
First, the user enters the necessary data into an Excel workbook. Second, the
user causes the computer to read the data from the Excel workbook into a
METEORITE AIMMS application. Third, the user examines the data and
validates data transfer using an AIMMS interface page. If errors in the data
exist, the user restarts the process. Alternatively, the user can make changes
directly to some of the data through the AIMMS interface pages, however, such
changes are not saved in the Excel workbook for future program runs. Fourth,
the user executes the optimization model on the computer either through an
exact method or through various heuristic options. If the model does not have a
feasible solution, then the user restarts the process using an altered data set.
Alternatively, the user can view the highest ranked (i.e., least penalized)
infeasible solution. Fifth, the user reviews the results through various AIMMS

interface pages. If the results are not satisfactory, or the user wants to perform a



"On/Of" - a"1" is entered for the spot sale port if production can be
depl eted by spot nmarket sales and a "0" is entered if this should not be an

option; WwWO20098Bpsst sale (by ship) w draft” - the spot Psalus2@si3smgne i s
re-entered if the spot sale port that -Isgs. draft restrictions (a blank nmeans
no such restrictions exist); and "No Aframax Spot Sale (by ship)" -

the spot sale port nane is re-entered if the spot sale port that does not
serve Afr anhat-iflanalysise ssehiser resthita e prosess using adifferentt datd seon Ifthiest s) .
[00104] FI G 4C shows a third portion of the Port worksheet. FIG 4C

cont ai ns trEpontspressatisfadtenye thenxio user spves andfr geaeratessrepants thatrigcerd t vy Load
WD 2009/ 082454PCT/ US2008/ 013818 - 37 - Port Properties." | se tabl es,
Tor “each dBRaaIionschRE V2 dbebFraces fie selffion TRE Btimate rsanll a5 (i by, the
user input : ' L, Af | [ ' Wiy Load Port™
- the na 8{;&36{%@% %ga%oé} g‘&?‘? é?fdf‘ﬁ’iér@% Iﬂoﬁ}gs\ﬁp&%argﬁfﬁ%wm a}rlts)unt , In
ktons, thdbcaasity tbdaad,RAbVe vhdl ldifdarid praduestiem supplp istations to demandFl ow' -
t he maxi mum amount, in ktons, that each |oad port will permt a vessel to

| oad; locations and the transformation of products through blending during loading,

discharge or transportation.

Data Entry for METEORITE

[0082] METEORITE uses an Excel workbook for data entry. In general,
the data comprises information regarding identity, physical restrictions,
production schedule and inventories of supply ports, the identity, physical
restrictions, consumption schedule and inventories of demand ports, variations in
stream value based on composition and/or properties and the physical
parameters, capacity, cost and availability of transportation vessels. Preferably,
the workbook comprises at least twelve worksheets. The twelve worksheets
have the following names and purposes: (i) a Start worksheet that contains
preliminary inputs regarding the planning horizon, optional parameters, penalties
and inventory holding cost; (ii) a Port worksheet that defines the load and
discharge ports to be considered in the modeling problem and physical and
temporal restrictions for the same; (iii) a Product-Spec_Def worksheet that sets
forth the properties used to assign a monetary value to the bulk product being
transported (e.g., VGO for FCC units), the direction in which changes in such
properties affect monetary value and typical property values for different grades
of the bulk product; (iv) a Product-Supply worksheet that identifies the supply
streams to be considered in the modeling problem, properties regarding the same
and the monetary valuation of the same; (v) a Product-Demand worksheet that
identifies the demand streams to be considered in the modeling problem,

property range requirements for the same, the monetary valuation of a typical



"Qutlet Draft |imt" - the maximumdraft, in ktons, that a vessel can carry
to each | oad port considering the load port's outlet route draft limt
(this valwe 2begpisessh| y changes with each vessel, but a sipoglus2aslossis s
utilized here since the vessels in thigjexanple are all either Aframax or
Panamax cl ass ships); “Inlet Draft limt" - the maximumdraft, in

| ctons, that a vessel can carry to each |oad port considering the | oad

port's i nlsgfeanpof thedeqiired grdde thaomiests thBirsngeteqaireyEncsind propeayes Wit h
each vessel, but a single value is utilized here since the vessels in this
exanmpl e arspeeific monetary adjustrasntofactoan tomdeteningstheinprgtary valuatiome{i sj t

limt" - the ximumtinmes any vessel can visit each |0 r{. on a single
voyage; arfftua streaméé{; v Eﬂdatl%??et\?f’g irilngea{ﬁqgggF[W*?S,RV{)ﬁgpl}ﬂ%?hﬁhﬁﬂ] nunber of
days t hat ' : IS ad port

e Trput PRy e ARaCoely ilegel pRGlER ORRG Yoredch BeEREReadl B0
portion ofdyrfiy Merprod@étisiBstizomAdsunfiby feihdemMdry ameved(vii)lacd " XOM

Di scharge Port™ Properties” and "3rd Party Discharge Ports Properties.” In
t hese t abl@ensuimpticawiorkshepttiat (26l thé prdjectgd cposumpip)/imyentonyi far party

di scharge port. (3rdP), the user inputs the follow ng i.nfor .on in the
fol | owi ng €@§hdeman "qyesaahgvrgegﬁmonme@WW asshapngnoaddigenglor ¢

permi ¢ a veegpy [ GIOHLE IO 8y ok Sice! B 0R50 sl SE 0GB S,
" Max Fl owyg a%@%é%%%%@%@é_iﬁ%d ﬂo?tsi‘&iﬁ)‘ﬁﬂh‘iﬁ%orﬁﬁf&t@'hait(ib_éﬂtﬁ?gmét will
permt a vessel t©O discharge; anhamax Inlet Draft Limt t he
maxi mum wespghtessel clearters that Have ibeen iade andihatiarexoLimberest; ay webl asathb

di scharge port considering the discharge port's inlet route draft [imts;
"Af ramax |physicaband costiparameters fer thesamerandeamyhtelevant pogigesirictions dos, t hat

a Aframex can car i £ qeaclod ReNAAPRBHs SIRbAR s PG SRIET POt S
transit each potential leg in a voyage; (ix) a Cost worksheet that records a leg
rate for each potential voyage leg between ports; and (xii) a BlackOut worksheet
that records any days within the relevant production horizon or consumption
horizons in which a load port will not be available for cargo loading or a
discharge port will not be available for cargo discharge, respectively. Entering
data into the twelve worksheets for the first time can be work intensive.
However, thereafter, the job is much easier since much of the data is relatively
static (e.g., travel time between ports, the physical characteristics of each
available vessel, port constraints, etc.). The user starts with a copy of an existing
data file and updates dynamic information therein to the extent that changes have
occurred. Preferably, this is done routinely as part of a regular process. Each of
these worksheets is illustrated in the accompanying FIGS. 3, 4A, 4B, 4C, 4D, 5,
6,7,8,9,10,11A, 11B, 11C, 12, 13 and 14, respectively, and separately

discussed below.

The Start worksheet




"Revisit limt" - the maximumtines a single vessel can visit each

di scharge port on a single voyage; and "Days For Next Visit

(adj acencwd 200%dsessmi ni rum nunber of days that nust el apPeThiseuson3s18
consecutive vessel visits to each discharge port is input for conpany (XOV
di scharge ports only. [00106] FIG 4D also contains a third table entitled
"Spot Sales (by ship) Properties.” In this table, for the spot sale port

( USSPOT_SH033] t he UBlee Staptieoelshebeisfthe [frsd ofthe niveveaworksheétSintthSal e ( by
ship)"” - the nane of the anticipated spot sale port; . . "Mn Flow' - the
nmi ni num arEREORKIE verkbopkaTherar prerksheat CQQFatmsAprthw@ﬂm ihpats essel to
di schar ge; . "Max Flow' -.the Xi num anmount , in. ktons,. that the spot
sal e port rﬁgﬁdl%%éﬁaan%slggfz%ogﬁggﬁu%gpe&rs, pemgéﬁsffr?@nm’i‘at@{y Dr af!tO
ML o AR oTT R O il SRpibd] 6EPSshOR! 1h AR InLSRACar Ty

to the spot saPPe port ‘considering spot sale port s i route draft

limt; work'shéstageet forthehelwaft Limt" - the maxi num wei ght of cargo, in
| ctons, that a Aframax can carry to the spot sale port considering the spot
sale port's inlet route draft limt; and "Di scharge Revisit limt" -
t he maxi I mes a single.yessel can,vigit the s sal e port on a single
voyage. %&%9/ Og‘fﬁggg’@féSQQQI g18 € @gnger ‘Pfoéays n thgpianmng

period.

[0085] "Number of Rollover Days" - Production must be produced and
moved before it can meet consumption. Therefore, there should be an offset in
the production and consumption horizons considered. This offset is the number

of rollover days.

[0086] “Production Start Date" - The first day in the production horizon.
This is the start date for the planning period.

[0087]  Production End Date" - The last day in the production horizon.
Preferably, this date is automatically projected by adding the number of outlook

days to the production start date and deducting the number of rollover days.

[0088] "Demand Start Date" - The first day in the consumption horizon.
Preferably this date is automatically projected by adding the number of rollover

days to the production start date.

[0089] "Demand End Date" - The last day in the consumption horizon.
Preferably this date is automatically projected by adding the number of rollover
days to the production end date. This date represents the end of the planning

period.



The Product - Spec Def worksheet [00107] The Product- Spec_Def worksheet is the
third of the twelve worksheets in the METEORI TE wor kbook. The

Pr oduct - SpecodaR245er ksheet sets forth the properties usedTUS2&8913pm8 a
monetary value to the bul k product beiLng-transported (e.g., V& for FCC
units), the direction in which changes in such properties affect the
nonetary val ue and typical property values for different grades of the bulk
product. FO@0]5 sHddmimam Totd (V@O TenEpodedt SAaopiinalvickswheie the a

typi cal workbook, The worksheet comprises twg tables. [00108] The first

tabl e, entuser ean ingybdf desired, wi minimym pwougtof produsttintktens,tddepr operti es

t hat can ?ffect t(ge g_lonet SB%BV ation for the bulk product. In this case,
the propefanSROME N, (SRIO SOMHOPur content; analine content; Conradson
carbon residue (CCR) content; nitrogen (N2) content; sodium (Na) content;
nickel (Ni) content; copper (Cu) content; iron (Fe) content; vanadium (Va)

content; 4009H0% t"MipgmahiNeniber®f SHipe' t AfRptidndl ficRt whiletheigtf caif t he

product evaporates). For each identified property, the units of measurenent
are speci finpu, ifideswdd; theaninimum sumibeppbdpessels, totecutilizddoin thg preblan s

provi ded: . "Reverse" - whether higher (Y) values or |ower (N) val ues
of the pr8BMHOR raise the bul k product val ue: and "Val ue Base Unit" -
t he degree of property change for which the nonetary adjustnent factor

(di scussed later in the Product-Demand worksheet) is based. [00109] The

second t alpp@92]ent i"MAGmiush ANHABEE PSS T OB FGRIEDHEI® Merd B ek B8n t yPi cal

property values for different grades of V&. The different grades are | ow
sul fur VGipputeifidesiredy themakihuan cubibegh of wiebseds 1d6®Pe uddikin thelproblest s t he

m ni mum and. nmaxi num sul fur content for each grade as well as WD

2009/ 082452M¢PNUS2008/ 013818 - 40 - the typical values for each property
set forth in the Spec Definition for FCC V& neasured in the sane units.

[0093] "Maximum Cost per Ton of VGO" - An optional field where the user
can input, if desired, the maximum vessel transportation cost, in U.S. k$/ton,

permitted in the problem solution.

[0094] "Load Side Slack Penalty" - A problem may not have a feasible
solution. Ifso, it may be desirable to view ranked infeasible solutions. A load
side slack penalty can be used to evaluate infeasible solutions. A penalty value
is assigned for every kton of production inventory in an infeasible solution that
is not either stored in supply side inventory holding or moved to a discharge
port. For example, if the load side slack penalty is 1, and a load port generates
20 ktons of VGO during a production horizon and can only store 10 ktons, and
the solution is only able to transport 9 of the remaining 10 ktons to discharge
ports, then one ton [i.e., (20 - 10) - 9 = 1] remains unaccounfed for and the load

side slack penalty willbe 1 (i.e, 1 x1=1).

[0095] "Discharge Side Slack Penalty" - Again, a problem may not have any
feasible solutions. If so, it may be desirable to view ranked infeasible solutions.

A discharge side slack penalty can also be used, either alone or in conjunction



The Product - Supply wor ksheet [00110] The Product-Supply worksheet is the
fourth of the twelve worksheets in the METEORI TE wor kbook. The

Pr oduct - SMppbgo/osersksheet identifies the supply streans POThS2@8/0838der ed i n
t he nodeling problem properties regacdyng the sane and the nonetary

val uation of the same. FIG 6 shows an illustrative Product- Supply

wor ksheet. The wor ksheet conprises two tables. [00111] The first table,
entitled 'Vadppllyad siddatdckipermltyhto suahpaty infeasibisselotionnmA pamlty valder nat i on
pertaining to the sane. The supply stream nanes, are generic (e,g., LP

| _typel, Upassigprsbfor@very ktonp nsamp@\oacdqr%@dtrh@g&wlble wign Hafes are

| d Q.. Al -LSVA1). Al th h I
Gent 1 odb Aot € meLibfolsh BisiaggmARd iRy ERiory BARIGE o7 dhreieRor v
i.e., LSVGR 5 ery T | DO geH i ?&ﬂ?
'('ISugpI y" ?égﬁt}a g@eegl(rt: suppley's?rsreg%&ﬁﬁérre gf&ﬁﬁfﬁ%ﬁ&m@ég t eé?lgL gfy

stream 3, and a@iééMarge port dehiards lNktohedf MGOrduriigo® ynsum hbridbnl be
considered and a "0" iIs entered if the supply stream should not be
consi der e@nd only has Pdteris of VGO lin gdispiogtstavage canshiblk soligpinyissanlg ahle to

produced is .indicated (s | o oris produce ltiple s |y, stre );
And QeHyPT kgt aional LG the, Bno i of demend {6 tRF- Deh<Ehol
streami s .gj r i Vs k Lk . 0 cally cal culated from
aser 1 mpadenphiet B URTBE AR geSidEs e bEr iR LICE M e andor
"density." [00112] The second table, entitled "Spec," identifies, for each
VA& supply streamto be considered, the property values for each property
listed in[0086] WO "Ioostos Hbidag /(482 a0Boad Paits --Phis is & estignedSpalue Daf
wor ksheet neasured in the sane unjts. Accordingly, for each supply stream
to be condi-§edédon;ingurred for evgry day pyentery sifinaplosestank at a;supphe
"On/Of' colum of the Supply table), values for the follow ng properties
are set f&fh: sulfur content; analine content; Conradson carbon residue
(CCR) content; nitrogen (N2) content; sodium (Na) content; nickel (N)
content; copper (Cu)

[0097] "Inventory Holding Cost at Discharge Port" - This is an assigned

value, in U.S. $/kton, for every day inventory sits in a holding tank at a demand
port.

[0098] "Inventory Holding Cost on Ship" - This is an assigned value, in U.S.

$/kton, for every day inventory sits in a transportation vessel.

The Port worksheet

[0099] The Port worksheet is the second of the twelve worksheets in the
METEORITE workbook. The Port worksheet defines the load ports and
discharge ports to be considered in the modeling problem and physical and
temporal restrictions for the same. FIGS. 4A, 4B, 4C and 4D shows an
illustrative Port worksheet. In FIGS. 4A, 4B, 4C and 4D, the load port names
are generic (e.g., LP1, LP2, etc.) and the discharge port names are generic (e.g.,
DP1, DP2, etc.). In actual practice, the port names are generally more

descriptive (e.g., Antwerp or Torrance).



content; iron (Fe) content; vanadium (Va) content; and 50% tenperature. In
addition, for each supply stream a stream "Value" is provided, which is

t he nonetwoyo@ssessnent, in U S. S/B, of the supply streamusadosm1ismst he
appl i cabl e spot nmarket of the supply pggg. The Product-Demand wor ksheet

[ 00113] The Product-Demand wor ksheet is the fifth of the twelve worksheets
in the METEORI TE wor kbook. The Product-Demand wor ksheet identifies the
demand streans to be considered in the nodeling problem property range
requi renents for the sane, the nonetary valuation of a typical stream of

the requi ri99180hde t FEG. AActhowsa firgmgstior gfitheRertvorkshedsy FJ&rt4A specific

tary adjuystment factors .to, i nest he, panet tion, gf agt ual
ot eams detnyunsavpdaREs entied r XTHE ToaEphef. i iy rd Pl ahy for®! U2
illustrati - ' in@ tables.
e A B PRSEE hobor e oM KB B B o8RO, | o8 oo
for which wepdihymits the folkpeaidgtinfdrmatiohiivehe folénwingoedudst ¢ i nformation

pertaining to the sane. The demand stream nanes are generic (e.g.,
LPl _typel, LP2_{lygrebPomt! ethe name af each lgadaart;ce, t he demand stream nanes

are usually nore descriptiye (e.g., Torrance- LSVQ@1). Al though not
expressly %ldenti(?\‘&?ﬁvgisgs&}éﬁs,é%t&%ﬁi @éﬁéﬁ]ElT%"(dr%%'ls ﬂz'lflthes“%ﬂ? edapd a3 gr ade
of VGO (i .@m: LSV \/ ing. data is provided in
the " DeEran ' ltc’lgﬁ}eg% g&%aa%c?ﬁgggelﬁabﬁéﬁgﬂde%%&égélrlr?g&r-@gt he nane gf each demand

stream WO 2009/ QRPPod R/ 00Be A4 ZBPpSrtnafide 1s re-entered ot Ghdh loaddpord” 1S

entered if the demand stream requirenents should be considered and a "0" is
ent er ed i fthaheonteimsrdiafitresteictions)(d blanknndicatesthat mosudherestrivsions rexikt);

"Port" - the discharge port where each demand streamis consuned is

i ndi cat ed ?(U.ﬂ)rre di scharge ports consune nultiple streans); " Feed

Type" - the typg,of, unit ¢e.q. «C.unit), that each denmand r f eqds;
e o PONE A B Rorls” = Y H AP ke BRIS r RIR L FOLERT 198
streamis sid Beh dods A0PdrvaIA framak ClRY SdsRls gaumﬁﬁtih&ﬁhiex tha fhpded from
user input's in subsequent colums entitled "Barrels/ Ton,”™ "API" and/ or
"density" restrictionsfemistpti on is an estinmate since actual values will vary

depending on the properties of the actual streans delivered to neet demand
stream consunpti ons).

[00101] FIG. 4A also contains a third table entitled "Spot Market
Purchase." In this table, for a spot purchase port (USSPOT_Pur), the user inputs
the following information in the following columns:

"Spot purchase (by barge)" - the name, which may simply be a place
holder, of each anticipated spot purchase port where spot purchases might be
made to augment production (spot market purchases are generally handled by
barge); and

"On/Off" (Spot Market Purchase) - a "1" is entered by the spot purchase
port if the production on the load supply side can be augmented with spot market

purchases and a "0" is entered if such purchases are not an option.

[00102] FIG. 4B shows a second portion of the Port worksheet. FIG. 4B
contains tables entitled "XOM Discharge Ports" (DP) and "3rd Party Discharge
Ports" (3rdP). In these tables, for each company (XOM) and third party



100115] The second table, entitled "Product Base Value," provides a base
nonetary valuation, in U S $/B, for a typical streamneeting the property
range regworeemastss4of t he demand port stream The nonet acy/vsadosAaiises i s a
val ue assessnent of the typical streamyg.-the |ocal spot market applicable
to the demand port. For this calculation, the properties of a typical
stream are taken fromthe Product-Spec_Def worksheet. In other words, if

t he denanddisthiazgepost, the wdY@puts deafollowiag ihfeentayiondalths foléewingsed in this
base val ue calculation will correspond to the typical HSVGO stream set
forth in t¢dumndduct - Spec_Def worksheet. 100116] The third and fourth

TS L TR D R A,
e Sermnc St SamenteLiPL e e ALSHESHLERllcHRELR 1000 B

properties set forth in et neasured in the sane
units. Acceymdideséd and @r0eas BnefstPfift cath dithhfzedsore Gt isHeiRIhdtibee. , for each
demand stream marked as "1" in the "On/ Of' colum of the Demand table),

m ni num anebnsideredjm val ues for the following WO '
2009/ 082454PCT/ \US2008/ 013818 - 43 - prqperties are provided: sulfur
content: anal i nd)SehATEA? ;O”Canpéégo t@%?ﬁ& m@@&%ﬁa@@me'%‘ﬁf%ﬁf‘?r §3chr ogen

(N2) contept.. i enta Nl i o] X r )
Content: " eshEepOHshPEor el b sRitiCiont Gl Maf M ERres SRR Y i c. 1
shoul d be pofR#chEdkispPandf the m ninum and maxi numvalues will be a soft
limt and the other wll be a hard Iimt, depending on whether the nonetary
val uation ri ses"No Aifedmax Wisdharge Peets? nthevdisciear gé portt eme iomeeerntgredos of t
limt for a demand stream property neans that the refinery will accept

del i ver ed gacbddiseharge podtethahdogs apleserye Aiffamax elage sessglntarklask irdigates
consunpti g but the refinery.will not pay any additional value for

exceedi ng tﬁh%m? Flml{r_esqu{% %ﬁ"}%t for a denmand stream property neans that
the refinery will not accept delivered product outside the property limt
to meet demand stream consunption. To determine which |imt for a property
is hard an@0wd3fh FEGf 4Balsieontaizdsa third table aititlede” Spox dvarkec ShleaY im t he
Spec Definition for FCC VG table of the Product-Spec_Def worksheet. If the
nonet ary \ihisutablep ford spotssalrepem (BS SHQ B USale), imonseriipputsithe followingasi ng
property val.ues (e. | i ne colntent), then the upper limt is the soft

limt and 19#&@6%%@&%? PYIMHEOMHANY: |init. 1f the nonetary val uation of
he roduct | oveg T e AR HELSR i H Wyt =n)

then the [ower [Tm : of t the er s the hard
limt. Becawess prodlucibh ﬁiﬁ?ﬁt Bé kbldgyy tHeospail dhdrken@potRiaekérsulesalrge for
exceeding a soft limt, it a product is delivered with one or nore
propert i esgemgrallydbardledby shipyit , t hen the product properties that are

outside the soff Ijmt wl]| .be assuped by the nodel ing praogramto equal,
rat her than excé@‘&dor}]ftheasé{‘ is entgred ﬁr‘h? g@tc‘&lecﬂn‘l’rét‘fﬁ‘i?dg‘m‘g’élcﬁ’é %dj ust ment .
[00117] T i t tibled ' Vahu t. " i.des tary
adj ust _man'?cF géct%%l)fbg S?ﬁgfn aerlgé;t gg?)‘%%gléie?rgdr)ld sf%ﬁ_?eergglggfelglgﬂ?%ldg{;log%gfaglpo_r (%;}E
specific. Mre pgjo; lssrél(Bylslsip)avnaﬁwafme%?buﬁlé@ah rlaté B rel éntBFc@vifdigsl f or

each demand stream for each of the properties listed in the

Pr oduct - Spspot Bt peot thahhat drafarsstryctions! (b lbdardomteans noaneh restricoonsent ;

Conr adson carbon residue (CCR) content; nitrogen (N2) content; sodium (Na)
content; rf%EandNi) content; copper WD 2009/ 082454PCT/ US2008/ 013818 - 44

- (Cu) content; I Fe) oC t. vanadi Va) content: and 509
Cenperature. Nons Atynal SEORRAR Gy PARC -4 SelsgtOROE Boing B tered
monetary \ﬁﬁlthbegﬂft_sh_ it HRAM eI bHSvE ARAMAR s Mesd@ela FRARMels RAM
consunption and m ni mum and maxi mum property requirenents. The reason

monet ary alichaesteiotiof @gists)s are needed is that it is highly unlikely that a

delivered streamw ||l conformexactly to the typical stream for which the
base value is derived. In fact, the actual value for the delivered streans

may vary ba ont he actyal,properties of th el jv d reans.
The degr egroﬁibhzi s \S/Eﬂi;aﬁf;es,hoﬁvesra tjﬂf%ﬁoﬁg’ eOtlLfﬁFtP%ﬁa‘fvof ﬁ{'i ﬁighéi’l
Product - Spegmedii f htitle® "XSMECO KPS Prb ehad Y30 TRl
factors. [00118]“02@}5%)@(%@71)?& suppose a proper?@ﬁ%? gﬁ%e?ﬂﬁ% streami s
wi thin the maxi num and m ni nrum val ues required for the denmand stream but
is nonetheless different than a typical stream upon which the base value in
the Base Val ue table has been calculated. If so, then an adjustnent to the

base val ue needs to be calculated in the foll owi ng manner: A= [ (PT-PA/ VBU|
X NAFI



where Ais the adjustnent in U S. $/B, PT is the typical property val ue
taken fromthe Product-Spec_Def worksheet, PA is the actual property val ue
of the diwohargsesspr oduct, VBU is the val ue base unit f®CTiuseoosnI3Es ty
taken fromthe Product-Spec_Def workshegt. and MAF is the nonetary
adjustnent fact in U S. $/B. This is done each tinme there is a property
vari ance Each adjustnent factor is then added or subtracted fromthe base

val ue, depRerdPrgpertieselnnthesd tablesh forgsachreopipamngr @OV load past (ni)emdr i | y
beneficial or detrinmental as indicated in the "Reverse" field of the

Pr oduct - Spbrdmartynead pese(TLR)s theowser dnputs ithe fellquingripfeimation/ g thet i on of
t he deli vgtr&)ﬁ(éw\produ t. The Production worksheet WD
2009/ 0824 S50 3818 - 45 - [00119] The Production worksheet is the

sixth of the t‘“i'd’a% PEYKS ainé Bf L& ]/}4;55) .TE wor kbook. The Production
wor ksheet detai I'S projected production/inventory for each supply stream

during the produdin Plowior tieomiriffuiviantbun®, in'kiens,ahat éachrioadgorthvill 8
illustrates a typical Production worksheet. The illustrated worksheet
consi st s gferthit @wvessebtaelad] 00120] The first table, entitled "Production

Schedul e for XQM Lo Ports," details the daily projected i nventary (1nv)
and mi ni mum (Mqr\ﬂﬂaégiongit RaxyRRm i“ﬁ(?la‘ﬂft’é)‘?kt ng{*ﬁf“ﬂlﬁ g"ﬁ‘ﬁ?orééﬁﬂh conpany
(XOM) supp i ng.the production time horizon. The inventory

m ni mum i#{.@{)ﬁg?@l‘eg% L(;e&%l’n' ni mum anount of the supply stream (typically

zero) that the gyRYDRFA HmitIUhe SPaxihudh 8FA89n Klor] ¥hati &/ @sseiedan carry
Conversely, the inventory maxi mum in ktons, 'is the nmaxi mum anount of the

suppl y st rteaach hedd powt conpideyingdh¢ 1qadr port's ootletroptey tdreathlioay (thissvalueli cat ed,
as production continues but inventory is not mpved, the jnventory_ maxinmm
i s event udypicallychaagenwith qaghvessel hut asinglesedye iovtalizghhers sancsdba day .

This tinme tabl.e.of,.inventory build-up, and inveptory capacil:y.\.S consi dered
for voyagevqsﬁﬁﬁ 1 é&ﬁ?@?_. © %@(ﬁl‘&iﬁ’%%ﬁm&%?@&f‘%ﬂx @ﬁ?si 4‘1‘@’ "3rd Party

Load Ports Suppgxg/r\mahqhhgv%é nlad&Mbibd 8%, iR RIGHP R aSes68Ban dabrydy,
that can be | oaded at third party ports to augnent conpany producti'on, the

start and eicH 1dad perttdoatidering thedodd pert'simdovousk drafs linhit fagalin, this vaue occur
and the anpunts, In Ictons, that can be | oaded. General I%},@pthi s data

reflects dypicalytchangeswithomehyessalebutia singleavalue icwtilizedheresingatbe
a0 ki xRl b ] BB A b R L
Gener al Ly remi i etk inl” “HGnaKERARmE S PERs b Bl dgid BoRon
a single voyage; and
"Days For Next Visit (adjacency) - the minimum number of days that
must elapse between consecutive vessel visits to each load port is input for

company (XOM) load ports only.

[00105] FIG. 4D shows a fourth portion of the Port worksheet. FIG. 4D
contains tables entitled "XOM Discharge Port Properties" and "3rd Party
Discharge Ports Properties." In these tables, for each company (XOM)
discharge port (DP) and third party discharge port (3rdP), the user inputs the
following information in the following columns:

"Discharge Port" - the name of each discharge port;

"Min Flow" - the minimum amount, in ktons, that each discharge port

will permit a vessel to discharge;



[ 00123] The Consunption worksheet is the seventh of the twelve worksheets in
t he METEORI TE wor kbook. The Consunption worksheet details projected
consunpt iwo/20owmsetsery f or each demand stream duri ng thepconseonsioizsms wi ndow
assum ng no additional inventory is deljgvered. FIG 9 illustrates a typical
Consunpti on worksheet. The illustrated worksheet consists of three tables.
[00124] The first table, entitled "Demand Schedul e for XOM Di scharge
Ports," detail s'Nile Filai! y the njagixharh ameent, dn ktdnsnthat @ach dischange fdvt n) and
maxi num (MaxL inventory constraints for each conpany (XOV denmand stream
duri ng t hevidbperompeivessel tordissbarged under consi deration. The inventory

m nimum in |ct,

, 1st 1 ni 0, t of duct f t he.d d st
that "the dermnd T3BAmaX dA EaRgTay - DI BARmg BebLPEERES, ihEMvent ory
that the doachERTambs corlEad il Bieh SRR ecorl L g R R RO e
the maxi mjfletrOitedRafidinagd;t y) . As inventory depletes and is not

repl eni shed, the demand stream needs will event uaI_IK cease to be met and,
t hereafter, prdjAframdxilnletRroftylinzt’ nhganaxisnwmlweight gheargo; mektoab) e of

inventory depletion and i nventory capacity is considered for voyage,

del i very dbakaidfeamay eamoary "f%a%lbé@ﬁﬁaﬁgsm%t eonsIqarg S’es‘ilﬁcmég%/?gﬁisschar ge
Port Avai l.abi Li . sales,"” identifies the demand streans, if any,

t hat can Bﬁﬁéfé‘%‘ﬁﬁ%@&ﬁ‘?@é’t hird party ports to deplete overage, the start
and end dates tadyidRlithi"hethll fiBximuie Wh 2 Singicesdel taeVisRaghoul d can
occur, and the anounts, in ktons, that can be discharged. Generally, this
dat a ref| adischacggporon 4 singke voypt26hdThe third table, entitled
"Availability for Spot Market Sales," identifjes the demand streans that

may be sol d on 'DaysdisstNewdr Kisit (adjagepey: thevwmmonr pembsy pEdryssthabs/ 013818
- 47 - . Th i | i ect ed i Lapility, af h st i.n ktons,
s pr ovi BT AlARA DrEREr PYSBRE VSR iR o i YschBrek Ao FEM Y 6577 The
L k i i: I ksheets i t he METECORI TE
\/\g?ib\ggrk. ﬁ@i@&x%)%ﬂé&#ggPPg\?\gng e \tjge\rm{ osfgrebisdI \r/]oyages t hat have

| egs between specific |oad ports, between specific discharge ports, and
bet ween specific |oad and di scharge ports. FIG 10 illustrates a typical

Legs wor k488206] The FIG. 4Pradsaeoniginsshihind teblesensitledotSpat Sakest Byl shép) -
[00128] ThePr]:)ipé 1Ies.t"aPr|1 this ?aq)tlie,t tlo?ghé I§;?oatdsaieopcl)'1? ?glssgbof[_igaqg), %enﬁgerri u)%d%{esl oad
the following information:

"Spot Sale (by ship)" - the name of the anticipated spot sale port;

"Min Flow" - the minimum amount, in ktons, that the spot sale port will
permit a vessel to discharge;

"Max Flow" - the maximum amount, in ktons, that the spot sale port will
permit a vessel to discharge;

"Panamax Inlet Draft Limit" - the maximum weight of cargo, in ktons,
that a Panamax can carry to the spot sale port considering the spot sale port's
inlet route draft limit;

"Aframax Inlet Draft Limit" - the maximum weight of cargo, in ktons,

. that a Aframax can carry to the spot sale port considering the spot sale port's
inlet route draft limit; and

"Discharge Revisit limit" - the maximum times a single vessel can visit

the spot sale port on a single voyage.



port origins ("fronl) and | oad port destinations ('to"). By entering a one
(1) into a cell representing any origin/destination conbination of two | oad
ports, amwyovoyagetsaonprising a leg fromthe indicated orcgius2éosamsport to
the indicated destination |oad port is3fgorbidden. [00129] The second tabl e,
entitled "Load to D scharge" provides a matrix of |oad port origins
("from') and discharge port destinations ('to"). By entering a one (1) into
any cell rHp Peehici-SpearDebwogkshedest i nati on conbi nati on of |oad port and
destination port, any voyage conprising a leg fromthe indicated origin

| oad port to the indicated destination discharge port is forbidden.

[ 00130] Th | ta entitled "Disch e to Disgcharge,' pravides a matrix
of di schaﬁ&h%@ft oﬁ-g‘? Rgoiué'ﬁfa%;gaﬁ&’ﬁ@}?ﬁg}sgtge3@%’3_03_3@?F‘H YFons ("to").
By enterl 'Woﬁtsz?&s irhihd RORAT \RISH{b%%ﬁPtTHkQPﬁmﬁcBS?Eb %Qﬁﬁbk@%bf)“
conbi nati on of two dischargé ports, any voyage conprisimg a leg fromthe

i ndi cat ed setd forth ﬂhie%bgé@i%sh@é&itd)@isﬁ 8 nidreetaryvalaé &dtlfbelailkroiﬁbdm di schar ge
port is forbidden. 009/ 082454PCT/ US2008/ 013818 - 48 - [00131] The Ship
wor ksheet heing transportad @fg.t NGO fer ¥E€Cuanits)hthet dir¢agtianhia @Ramgessy kbook.

The Ship worksheet . de&@ifies t he spot, vessel .chgrters t hat have been
char t er ed Yehprepgtics attertihe mongtary yvalue apd lypicg SPRAPET Y u@n&"oys spot

l's), I t ' d t d
For ovant SOl gr s IGRE L BRIAREFTET s ROWIHR flubafile FRSAREE 2"
i [T ustrat esped DeFivictksiREt in WA BRBERbrktfdokd DRE'RlorksHeef EbRPaiseyBpsel nanes
(e.g., Aframax 1 (Al), Panamax 1 (Pl), etc...). In actual practice, it is

easi er to tablekoy the regi stered nanes of the vessels under consideration.
The illustrated worksheet consists of three tables. [00132] The first table
entitled "Ship," shown in FIG 11A contains the colums and infornmation

“Vessel  UJB01081, .ot R o FBE. et Snesaf iR RR Fl YR entifist or e,
must be usgdhbrOfertiBsiiecah AtfeiPile MERGEHY VAlthHoR Foftheilk prH@idten this

case, the properties are as follows: sulfur content; analine content; Conradson

carbon residue (CCR) content; nitrogen (N2) content; sodium (Na) content;
nickel (Ni) content; copper (Cu) content; iron (Fe) content; vanadium (Va)
content; and 50% temperature (i.e., the temperature at which half of the product
evaporates). For each identified property, the units of measurement are
specified. In addition, for each property, the following data is provided:
| "Reverse" - whether higher (Y) values or lower (N) values of the property

raise the bulk product value; and

"Value Base Unit" - the degree of property change for which the
monetary adjustment factor (discussed later in the Product-Demand worksheet)

is based.

[00109] The second table, entitled "Standard Specs for FCC VGO," sets
forth the typical property values for different grades of VGO. The different
grades are low sulfur VGO, medium sulfur VGO and high sulfur VGO. The

table lists the minimum and maximum sulfur content for each grade as well as



"Vessel Type" - whether the vessel is an "Aframax" or "Paramax" class
vessel . "Max Capacity" - the maxi mum vessel capacity of the vessel in

kt ons. WO 200Msbafgcal e” - the vessel specific rate, relParivseoosm13818

Wr | dscal €100, that the spot vessel chagpes. Wrldscale is a periodically
updated average rate (in U 'S. $/kton) for carrying cargo on various routes.
This average value is designated as Wrl dscal e100 (W5 100). Dependi ng on
mar ket congiiettypical valass €dr eichepropérty setosthdh the Spet DainitibafgeFEare or | ess
than W6 100 for perform ng voyages. This variation, expressed as a

per cent ageV@‘vaSam@d inythe samieyunitsnges from 40% (0. 40) to 200% (2. 00).

"Base Vol une" - the part cargo mninum in ktons for which the vessel wll
charge even if less volune is |oaded; "Overage" - the percentage of

t he basic ﬁ@?snﬁfctt%{u gg W&ESI#EF spot vessel charges for each additional
ton of cargo transport base volume; WO

2009/ 082454PCT/ U82008/013818 - 49 - "Denurrage" - the idle cost of the
vessel in U S. k$/day; "Max Demurrage Days (Actual )" - the maxinmum
denurrage [@4H30h! | ov\EUe; Product-Supdy Mmsha:e( ththetfonst afdheywelye vessel " -
fg:dr 'ng,sf_.,nv%gh% 8%@22&%’&@@?@(} ntr book L'?ﬁé Pygdqu%?\guppiy worksthe%t last day

identifies the supply streams to be con51dered in the modeling problem,

properties regarding the same and the monetary valuation of the same. FIG. 6
shows an illustrative Product-Supply worksheet. The worksheet comprises two

tables.

[00111] The first table, entitled "Supply,” identifies the supply streams and |
some basic information pertaining to the same. The supply stream names are
generic (e.g., LP1 _typel, LP2 type2, etc.). In actual practice, the supply stream
names are usually more descriptive (e.g., Antwerp-LSVGO1). Although not
expressly identified as such, each of the supply streams listed is a grade of VGO
(i.e., LSVGO, MSVGO or HSVGO). The following data is provided in the
"Supply" table for each supply stream:

"Name" - the name of the supply stream;

"On/Off" - a "1" is entered if the supply stream should be considered and
a "0" is entered if the supply stream should not be considered;

"Port" - the load port where each supply stream is produced is indicated
(some load ports produce multiple supply streams); and

"Barrels/Ton Calculated" - the barrels per ton for each supply stream is
either automatically retrieved or automatically calculated from user inputs in

subsequent columns entitled "Barrels/Ton," "API" and/or "density."

[00112] The second table, entitled "Spec," identifies, for each VGO supply

stream to be considered, the property values for each property listed in the



"Actual Arrival Date for Chartered Vessels" - the first day a previously
chartered vessel is actually available (which nay be earlier than the start

dat e fromvealzoednseesnwurrage is cal cul at ed) ; " Penal t yCir/uSkovsonisiye) to
use Vessel" - penalties or incentives.t4yq use a specific vessel; and
"Mn %Basis Vol" - the m ni mum percentage of the base vol une that nust be

| oaded. [00133] The second table, entitled "Prohibited Ship to Port," shown
in FIG  PirBdugt-Syéd Bxefavorkshegtimeasunéd irethealanteauriss. andcdrdatklpofdreashd
another matrix of vessel names and di scharge ports. By entering a one (1)
in a cell supphesteeam t@bacpnsidetsd{aei,dar eachasupiply Atreamgnarkeddisa’ 15an the any

voyage wherei he gi ven.yessel  tr s to the.qgiyven port is f.orbidden.
001341 TROVRIF Caldmneot e Suppetabic) Valuls & 15t ovaRe peopertipbals 1 Fi G
11C, provi . r . Sel t ) .t hat,
at the st afgftﬁbf uﬁ]e °Bﬁ9§g‘§fi angﬁl%g rcf)gge{ﬁ?’ss%?rleﬂgs Wﬁée%\(/)és%%?gg t(gt{)Re?r?é&cgl rtlés}lﬁder ed
in the | O%trageﬁgdZF%ﬂtéﬁf;BSpdﬁi?ﬁ(iNh)Bﬁoxﬂéﬂt;@'iélébi@Ni)O@dﬂtéﬁd; ¥ppér (CU) y

| oaded. If so, the anount, in Ictons, of each supply streamal ready | oaded
on the veseoatentsiremi(Ee)cbritent; NenadinmeGyayrabintents and 0% tegspdratunel {me | oaded

streans. W0 2009/ 082454PCT/ US2008/ 013818, - 50 - [00135] The Tine worksheet
s the. t erRITEM, dAECAUEIURDISHREROR EGoRT] (AILRFEURY HEBIRGL BMEThe T e

wor ksheet recqrds_the avera i es t 0. { Sit. h

ot ent | ol MEGE asseSpRE AP0 S B, bf PRI SHEAT Sanddin SR AErlisHRE et
The ”'UStsE@E RANGdrSheshpp it s of three tables. [00136] The first table,
entitled "Load to Load" p?ovi des a matrix of origin |load ports ("from') and
destination |oad ports ("to"). The average travel tine, in days, for a
vessel to nove fromeach origin |oad port to each destination |oad port is
set forthTheruﬁbDemmwegfﬂﬂlﬁ' el the origin load port / destination |oad
port conbi nation. ,

[00113] The Product-Demand worksheet is the fifth of the twelve
worksheets in the METEORITE workbook. The Product-Demand worksheet
identifies the demand streams to be considered in the modeling problem,
property range requirements for the same, the monetary valuation of a typical
stream of the required grade that meets the range requirements and property
specific monetary adjustment factors to determine the monetary valuation of
actual streams delivered to meet the range requirements. FIG. 7 shows an

illustrative Product-Demand worksheet. The worksheet comprises five tables.

[00114] The first table, entitled "Demand," identifies the demand streams for
which product will need to be delivered and some basic information pertaining
to the same. The demand stream names are generic (e.g., LP1 typel,

LP2 type2, etc.). In actual practice, the demand stream names are usually more
descriptive (e.g., Torrance-LSVGO1). Although not expressly identified as
such, each demand stream in this example is a grade of VGO (i.e., LSVGO,
MSVGO and HSVGO). The following data is provided in the "Demand" table
for each demand stream:

"Name" - the name of each demand stream;



[ 00137] The second table, entitled "Load to Di scharge"” provides a matrix of
origin load ports ("fronf) and destination discharge ports ("to"). The
aver age tweawvetdy/asp4se, in days, for a vessel to nove frompeaals2amsiogisms | oad
port to each destination discharge porLtgois set forth in the cell
representing the origin |oad port / destination discharge port conbination.
[00138] The third table, entitled "D scharge to Di scharge" provides a matrix
of discharge | d@h/Qdftsa (11 fsasritgredrid titedémand stoeardireqinacrgentsshbald B¢ 0" ) .
The average travel tinme, in days, for a vessel to nove fromeach origin

di schar ge qoosideres anda "Bbis entereddf thi demand streamirequire@entsshonld notttm cel |
representi n 1fqu Cﬁ:ol gin di scharge port / destination discharge port

conbi nat i SIONSHREEGost wor ksheet [00139] The Cost worksheet is the el eventh

of the twelve h %Iﬁ heet
records the tra ell(‘irs'oﬁt E%s%@éfék% ggézg?ﬁq%%gﬁgggegﬁﬁs%%mﬁ%ﬁ) for
nmovi ng Carlﬁélc@féde(@,@ﬂleﬂﬁﬁétﬁtr%@boh§@oh;ﬂlrﬁeWﬁﬁ% stidagnd)f ade route specific
Wr | dscal e100 rate, when mul'tiplied e base volunme (provided in the

Shi p wor ksheet )"F&nd Tyipe" t ke tygleanf wdt @aachﬁl(égmt))that warh demand stream
2009/ 082454 / US2008/ 013818 -51 - the Wirldscal el00 rate a vessel charges
(provi ded feeds; ped shi p worksheet), equals the flat rate the vessel w |

oo O ovir oo BAdS TR -thFnoRilYperBp ol Zafh dUERGTRIPL BT PY
overage argyaf auﬂo%a{tﬁ:taﬂgsretr?éw:d((ﬁ)a&&ﬁaﬁéallgé bé’l@ula?écpﬁ‘ﬂhﬁ%r%% utSén

Wor | dscal e100 rate a ve charges (provided in the Ship worksheet),

equal s t heubsejuege colasing entitbed/Bargels/ Tep, " TAPH andjogPdensstp ihiis ¢ | eg does
not have any overage, if a voyage has_any overage | eg, overage cost is
char ged t dnfarmatiea 15 @g§stlmattmmag>agg@ vakies voH vame depsndingontbent of

overage in tha tot al ,cost rma Lven vo t hen
t he sum ofP rPPI%'%]FF Qﬁ?‘“a'{“‘é ééve(ggé?%ﬁ}egi 88@%3%883%1&%8*\?8&9&5 usi ng
the vessel. [00140] FIG 13 |IIustrat es a typical Cost worksheet. The
illustrated worksheet consists of three tables. [00141] The first table,

entitled "[0ORIS] 0 Tieastcondarblesentitledit Pioduof Base Valud, dpebvidesiSbdsef ront') and
destination |oad ports ("to"). The average cost, in U S. k$/ kton, for a

vessel to menetarycwulyation,am .Sy $48; fpirm typeeal p@camtme@tmg theqroperty 6angeoad

f h | |
Fggé Ipzr tS ertﬁﬂ‘d‘?‘tgrltl?én{?g%ti tF%Qgg’é‘l‘M S, lWletrrrllc(;"nectgrnyb LRGSR iOf Vil ortain

assessment of the typical stream on the local spot market applicable to the
demand port. For this calculation, the properties of a typical stream are taken
from the Product-Spec Def worksheet. In other words, if the demand stream is
an HSVGO stream, then the typical stream used in this base value calculation
will correspond to the typical HSVGO stream set forth in the Product-Spec_Def

worksheet.

[00116] The third and fourth tables, entitled "Min" and "Max," respectively,
provides minimum and maximum property requirements for additional
inventory delivered to meet the demand stream consumption. The properties
listed are the same properties set forth in the Product-Spec_Def worksheet
measured in the same units. Accordingly, for each demand stream to be
considered (i.e., for each demand stream marked as "1" in the "On/Off" column

of the Demand table), minimum and maximum values for the following



[ 00142] The second table, entitled "Load to D scharge"” provides a matrix of
origin load ports ("fronf) and destination discharge ports ("to"). The
aver age ocwenpows243+S. k$/ kton, for a vessel to carry carge/usecasioassys ori gi n
| oad port to any destination dischargeggart is set forth in the cell
representing the conbination of the origin |oad port and the destination
di scharge port. [00143]The third table, entitled "D scharge to D scharge"
provi des EprﬁpéntlieXaﬁépwvildédt s l$urhcorgentpandline( cdntemt, Connadsdastarbert i on

di schar ge ports“(: . The average cost, in U.S. k$/ kton, for a vessel to
carry car dgesiflne Q@m‘tg}tnnm%ﬁﬁaﬁ‘@ coatant; spdium @¥tcontgntonickek@har ge

port is set forth int

repr esent |qﬁ’é‘tan'ie°QRﬂ%|(§H? B8R eEH 1{%8%% /ngﬁmgf po USZ /t%lgfﬁﬁl% ;HEPZ )
destinati %)ﬁ“tt%ﬁB?f qu El?oﬁliﬁg)eeﬂcﬁ WEshe @ﬁhn{rﬂgﬁd'%&rﬁbr@:kmt

wor ksheet 1s 't twe ve wor ets Int

wor kbook. th\@esBlvﬁpB@atsomm&mﬁltthemmrdmlawadxay@lmnt iepehdimgral evant
production or consunption horizons in which a | oad port will not be

avai | abl e Whnthcraﬂ)ganbmetdr}ngal@atlan disss hnfajse Wmthtmmelatsmgovalb@ forghe abl e for

cargo discharge, respectiyv FIG 14 illustrates a t Iack
wor ksheet .PTORETY | IAu%QﬁB ?Q%QQ%YH@%Q SIEERRIREPRETLY rrt%\stt%& gre RRIY A% fl'he

first tabl n the first
and | ast dgyerdiyeRet B! SUITS frahep At RLiRe: RGhAnd Yebnt O 4ay "l o
the producdonSimptibHoOvGERE refiféryl WAlnoOpdy ary addlﬁbnalnvalh@qf@lr Skeedirighthee Wil |
be one or nore days when cargo 'cannot be | daded at the port, then a "Yes"

i s ent er edimitt A haed limit for @cdereaipbstddany prapdrtyoseansjimnt dhe rdfmelrpa’dllpmtt

O herwi se, the default for all the cells is "No" - neaning that cargo can

be | oaded aseeptielyevachpinsiuct @HtS!CF?ethSlRf@Rer@é}lml[ tromeet dermand sBRYM abl e,
entitled c%lng&r%ofionmlyo dét(ejlr'm%es\%ﬁlcli)ghmlt%r a property is hard and which is fot,

one needs to look at the Reverse column in the Spec Definition for FCC VGO
table of the Product-Spec_Def worksheet. If the monetary valuation of the
demanded product (VGO) rises with increasing property values (e.g., analine
content), then the upper limit is the soft limit and the lower limit is the hard
limit. If the monetary valuation of the product lowers with increasing property
values (e.g., sulfur content) then the lower limit is the soft limit and the upper
limit is the hard limit. Because the refinery will pay no additional monetary
value for exceeding a soft limit, if a product is delivered with one or more
properties outside a soft limit, then the product properties that are outside the
soft limit will be assumed by the modeling program to equal, rather than exceed,

the soft limit for the calculation of value adjustment.

[00117] The fifth table, entitled "Value vs. Standard," provides monetary
adjustment factors that are both demand stream specific and property specific.
More particularly, a monetary adjustment factor is provided for each demand
stream for each of the properties listed in the Product-Spec_Def worksheet,
namely: sulfur content; analine content; Conradson carbon residue (CCR)

content; nitrogen (N2) content; sodium (Na) content; nickel (Ni) content; copper



sets forth the first and | ast day in the consunption w ndow and provides a
matri x of each day in the consunption wi ndow and each di scharge port. If,
for any dwvechavigessport, there will be one or nore days WwRa@USce@sgo3seennot be
di scharged at the port, then a "Yes" iggentered in the cell corresponding
those days at the discharge port. Oherwi se, the default for all the cells
is "No" - neaning that cargo can be discharged at the given port on the

gi ven day.(Cuy/QoRRY/ i8S2 ABHRGht B2 0N AR M)-conbent; 4RD36 tefliRrMEFEOR! TE
nmodel is witten in the AIMVS nodeling | anguage and enpl oys an Al MLVI S

gr aphi cal Mseetarnadjustment fabterearerwseduh ealaqulatingthe masetappualaced the updat ed
t he Excel workbook, 1t(r;(ﬁedata i n each of qEhe wor ksheet s, nust. be .transferred
to an Al mgeapsactualiydelivered to mest dempand sHeam consymptiop,and mpHMUM® f eat ur e

of Al MVB t hat X ropri.ately ceqfi TECRI.TE devel oper.
The METECHRun RS FRoPRL Alitnfent nthe iR el almblmaBi o B i oar
confi gur esyré AgeddilisitRatly iSRRALY Mhﬁgelyhﬁaﬂheaa%é&,s{rhahs\mpéd}ﬁgﬁnt he data in
t he Excel workbook and identifiers 1h the underlying AlMVS nodel in a

poi nt - and-exhatitk torthrentypical kreamicdfor whitls thegleasenaflws isaddrivtedorintfaet, tlegppears in
t he Excel tool bar and is nanmed anything the devel oper desires (e.g.,
"Execut e Retud matue for the delivered steams nEoRyam) sregile hasedeon the agtugleks t he
"Execut e Read ta .action k on the,Excel tog] .bar.or, alternatively,

cal s o cmpBepEnar M r BikreT Sulfios ThedcBree ShibisHiriide. BREVERE RG0! kbook
IS exporteg: ﬁg{ﬁl 1] : RO ' LS, Iead
data st ep?ﬁéﬁ&é?@g}# I}{gl a oé) wcrggg%lp%gfiwi%ﬂ(%fgglls. %gcﬁiw%w?%%aé% a has
been read adiistmehefddbdisORlI TE nodel successfully. The METEORI TE Al MVB
Interface [00148] METEORI TE uses an Al M 1\4S user interface to enable the
user to review and alter the data, solve the nodel, and review the

oo o0, DI SR BB oAb e B ik
screen a bk iRSng 66 JalueUfirof e 08tnd shSRUbLPIY" SCreen. Each

of these screens, as we Ional 'screens access there from

i's il ust mynethelés idifferst BRERA Y pical Stie@m don ‘lx@micﬂ%l[e) Bdde vanst ihtheBhse

separately discussed bel ow. The Front Page screen

2009/ 08245/41qx talide bagboarsdlgulatédt If so)etodn ydjestmdrd taske basepealie data to

t he METEORI TE ap Iicati}gn fra{cpeftpﬂe Excel wor kbook, the "FrontPage" screen
of an Al MUSEES Ehbe calcu n QRN EWMMGEd for the METEORI TE application

automatically appearg._ [fhs | a licensed version of Al MVS for
METEORI TE appl i cati 01?1 tgﬁ%ﬁ ﬁm’gmy 1001501 The FrontPage screen is
illTustrated inidee Algsa g{hgrhf?ljlfsftﬁﬁhf’ﬁg@.§.}}$s/3?'PTCiQEH@tgﬁcSzH oﬁéi’t}l' Q4tued

navi gation buttons: " Options,” ol've," an ol ution." These

but t ons t akleent fromutherProdustes pen Detheorksheet, By ds threactua\prepettheraluepef t ed
data, vary options for the problemto be solved, solve the problem and

revi ew t hdhedisgharggdpsadngts VB dpthervalue pasq wnid dor theqmoperty takearfremge
Efgg?gmco%g i’{']gdu%?-sli)%)élbe%%%e-g? ;mé) Wr}s ttllPea }no"%llekacl)'ymadﬁlps?mléﬁ? f‘acrt pexit i he
U.S. $/B. This is done each time there is a property variance. Each adjustment
factor is then added or subtracted from the base value, depending on whether the
change in property value was monetarily beneficial or detrimental as indicated in
the "Reverse" field of the Product-Spec_Def worksheet, to generate the actual

monetary valuation of the delivered product.

‘The Production worksheet




The Data screen [001511Wien the user hits the "Data" navigation button on
the "FrontPage," the "Data" screen appears. This screen allows the user to
revi ew arsloabesas24she data i nported fromthe Excel workbeok/usp@dntiisfhe Dat a
screen is illustrated in FIG 16. Al ongsthe left hand side of the Data
screen are several navigational buttons entitled: "Planning Horizon;" "Load
Ports;" "DischargePorts;" "Properties;" "Supply Stream" "Stream Val ues; "
"Denmand S{0eHI8]" " S Brodutfenavatkihdebhs theBRakth; of thadweBesworkshiedtsie. " Wen
the user clicks on _any of one of these navigational buttons t he screen of

d?t akreLeW}é@lMEBEQ?d yoekkaak. HitprmdUCFl@fl veorksheat detailsproierted were to

[ t Val t | d

that Iist @@4%@%@%@@ %ﬁ?ﬂ Sehoh SLEDRO° Bro R ot 26 e
uSr an el a5 ct;hsalﬁfsh%t‘é“s o PTG oot ons w1

not update ere or e, e store ror the tine

t he user Ivﬁorkﬂw.n%bhﬂubﬁtEW&EsM@@bﬁﬁsts dﬁﬂtﬁ’&&%blbﬁ2454PCT/ US2008/ 013818
- 55 - [00153] After reviewing the data, the user can return to the

Front Page screen by clicking the "Front Page but t on on the Data screen.
VETECR: TE0BANon T st ableconttles rompsi e eI kN o ¢ e
Lo s el 0 Do BB H o oy O, S Lo
problem (Max) inventory constraints for each company (XOM) supply stream during the

production time horizon. The inventory minimum, in ktons, is the minimum

amount of the supply stream (typically zero) that the supply port requires in

storage on any given day. Conversely, the inventory maximum, in ktons, is the

maximum amount of the supply stream that the supply port permits on any given

day. As indicated, as production continues but inventory is not moved, the

inventory maximum is eventually reached and, thereafter, surpassed more and

more each day. This time table of inventory build-up and inventory capacity is

considered for voyage load schedules.

[00121] The second table, entitled "3rd Party Load Ports Supply Availability,"
identifies the supply streams, if any, that can be loaded at third party ports to
augment company production, the start and end dates that rtlark the time window
when such pick-ups can occur, and the amounts, in ktons, that can be loaded.

Generally, this data reflects contract terms.

[00122] The third table, entitled "Product Availability for Spot Market
Purchase," identifies the supply streams that may be purchased on the spot
market to augment production. The daily projected availability of such streams,

in ktons, is provided (which generally remains steady).

The Consumption worksheet




[ 00155] The Options screen is illustrated in FIG 17. The right hand side of
the screen displays constraints for the probleminported fromthe Excel

wor kbook.wBapovaesg4sance, there are tables showi ng the cuPcErus2wsonisss on t he
m ni mrum and maxi mum nunber of vessel s, 4ghe maxi num denurrage days, tinme

wi ndows for |oad ports, penalties for using a vessel, maxinmum
transportation cost/ton, mninmumtons transported, slack penalties, days
bet ween consecutive visits to ports, mninmmpercent of base volunme, and

| oad only denurrage. There is also a table indicating, by an entered "YES"

or a "NO, '100k:3lher tFhe Gppsumphen saskshast inthe seweuthcoighe swelied not be
recogni zed. ser..c n this,data directly. te ti,vely,
e user - Siprkafizets eI TAORTTE Wogkhook: Fretsinsirapifon doakeah Ogails e
screen to i j [ [ . nd are not
consi der edﬁ !t?j%e%tﬂaén g?@ﬁé’ﬁ?ﬁ%@ﬁ g%rl%’jﬁé tngz?@%tf/ef’dg\?mhﬁaﬁ E}é@opti ons, the
user can roehsiimption WiadGwaskndes A6 hdditidnal ivepkoryds deHveledorFIGO®" but t on
on the Options screen. Alternatively, the user can exit the application by
clicking tilesttates a tyHTHGRTEMpion worksheeheTlmpillustsated woeksheet\pnsists

2009/ 082454%PCT/U 008/ 013818 - 56 - The "Sol ve" screen [00157] Wen the
user hits OftRreedabled navi gation button on the "Front Page," the "Sol ve"
screen appears. This screen allows the user specify how the nodel should be
sol ved. [00158] The Solve screen is illustrated in FIG 18. The Sol ve screen
gi ves the [g§EZ4]S VA irse PAHIO EntitRd "TRMARE SERGRIIE ToCROMDEehxge. A first
option button, entitled "SOLVE - Construction Heuristic + |nprovenment

Heuri st i c Pottsyli détadotheaddilyepropetted isiemtpry (Govisanrdmminionurh€Min3and and

i nprove the solution through one run of two_ inprovenent heuristics (i.e.,
the | ar ge TGRSR (M) irvemteryeeonstrapts forseachecompanys¢X QM) damangdistgeatar al | y

ield . | . Sim.l arJ . d i h . i.tled "SOLVE -
1oL SOuinESH onahBloR ik pBiST ARG R ARU Shp bty SV
model usi BginiMEnt SRRISHC TS @R hfiunt hﬁ%ogﬂgofpf‘dhdc%&l‘i‘x% rﬁ% thainPn USi Ng

iterative runs of the two | nprovenent uristics unti addi t1 onal

i mpr ovenemhatithe domand|poirt quires ohtanyngislen day s Oonversely,ghé invesitomer opti on,
but generally yields a better result. In a third option, the user can run
t he const magtimym.Hadtprs, jig thenaagimumormewnat afiproduet oy dhe dempad sireame s

o001 byl i 5 A2 e SRS e LSRR S,

" SOLVE - - | Siked J - [ - rstic 2
only, " and PUBIGESUmeE LRty S, AsBldhtory AFpitles and TR ROY SEEhRRG RS, 7
button, emehianddtregflieds will évdridally E&dse to beirhét &, YigerehferYPsiectedt hout

using heuristics. This is the slowest option 1g].generall too slow), but wll
yi el d an omventerry hassnfigative valvesh Tdps tiore tablexohipyentpriialeplettoncansbt i i zat i on
option, entitled "SOLVE.- Constr &iion + lpprovenent. + Full Model." In this
option, a'SHNIPIYSAPAEEY AYCORS! ‘363 ar ¥ayage dedivesy sesules i ¢ and one run of

the two i nprovenent heuristics, is thrown into the full nodel and the full
nodel is solved. This is a faster way of obtaining an optimal result as the

Q.eﬂ { 'hsé Lf?gﬂ%ea%émoﬁd tEbleeAMHEAN Bri Pas§ DRchife®sie Availabllay!fyr in a
spot sales," identifies the demand streams, if any, that can be discharged to third
party ports to deplete overage, the start and end dates that mark the time window
when such deliveries should can occur, and the amounts, in ktons, that can be

discharged. Generally, this data reflects contract terms.

[00126] The third table, entitled "Availability for Spot Market Sales,"

identifies the demand streams that may be sold on the spot market to deplete



WD 2009/ 082454PCT/ US2008/ 013818 - 57 - solution, found using the
constructive heuristic and iterative runs of the two inprovenent

heuri sti cw0 20@/@845ewn i nto the full nodel and sol ved. Aecoruseevgloyisig he user
has many options to select fromin decigging how to solve the problem
Generally, options 1 or 2 will yield a suitable answer in the fastest
anmount of time. [00159]1n order to stop running, the user can press

ctrl +shif td‘&r@%murhadamjupkojeaﬁedwllablm of bechustecanss)in tkivens, goptovidéd

Front Page by clicking the "FrontPage" button on the "Sol ve screen.

Al ternat i v(@ﬂ'glCh gh@eraagrremamsateadyt)he programby clicking "Exit Meteorite"
button on the "Solve" screen. The "Sol ution" screen [00160] When t he user
hits the "Sol ution" navigation button on the "FrontPage," the "Sol ution"
screen appAAY Peososkshicbeen allows the user view the best solution found by
t he nodel ﬂpidg%'f'rlg—porn{ where the Sol ve option was ended by the user or
reached its natural conpletion. [00161] The Sol ution screen is illustrated

in FIG 19. On the left hand side is a summary of the sol ution obtained.
The sol uti[0012Tmary set sTheLeps worksheetis t\halel@tblofthleSNek&)WotkahQ%taed and

S%ﬁé“ara%?%pré’ e SE o vedicbask. nEhe e Mskkanies Allansite peen @ ffpﬂéletai‘?g e
and anount SVaEeb ek et L HerSpeR SRIEK MAGPSRE S Ve ot Bl E aidiRllad Y OO °°

In addi ti Gyrs2hRdBehiiéen ﬁferclﬂ"@[&dsdlﬂiem@élﬁargébéi‘@' FI&/ 195 hugftaies aut t ons
entitl ed Load:; Di schar ge: Overa hip Specific:" "Bl ending

FCC. " " BartgpichlTegs Wonkseetr S[‘hbl@lluhtruyed wannkisHeeh oonsisth @f tthree \thieles t he user
clicks on any of one of these navigational buttons, a screen of nore
detailed solution information correspondi ng to the topic will appear. Sone

(2)];)0?9?8;(23 4@@%8263@&%? (Ji_gbnlse entltlec{J "a‘L ad t%ufgéadj pr%lv?d%s a r\l/l\gtrix of load

port origins ("from") and load port destinations ('to"). By entering a one (1) into

a cell representing any origin/destination combination of two load ports, any
voyage comprising a leg from the indicated origin load port to the indicated

destination load port is forbidden.

[00129] The second table, entitled "Load to Discharge" provides a matrix
of load port origins ("from") and discharge port destinations ('to"). By entering a
one (1) into any cell representing any origin/destination combination of load port
and destination port, any voyage comprising a leg from the indicated origin load

port to the indicated destination discharge port is forbidden.

[00130] The third table, entitled "Discharge to Discharge" provides a
matrix of discharge port origins ("from") and discharge port destinations (‘to").
By entering a one (1) into a cell representing any origin/destination combination
of two discharge ports, any voyage comprising a leg from the indicated origin

discharge load port to the indicated destination discharge port is forbidden.

The Ship worksheet




- 58 - [00162] For exanple, if the user clicks the "Load" button, then a
"Load" screen (not shown) appears that lists each supply stream and the

t ot al anowotgo9dseuskt ons and kB) | oaded in the sol uti on. PCh/UGsd@isonismg f or
each supply stream the user can view_t4ge. vessels that | oaded product from
the supply stream the corresponding | oad dates, anounts |oaded (in Ictons
and kB) and nonetary value (in US. k$) of the |oad product, and the daily
i nventory |evel of the supply stream over the production period. [00163] O,
in further exa if the user clicks the "D scharge"” button, .then a

" Di schar gef00431 en (Fb% Sb!fbwfl’}k?élﬁpta&rtbe ninth ofite swebvervearkisherts én theam f or
whi ch | t
ot ons’ andViEBE ORI TG ok 8kbSPk. e Shib vorkshese dienuirdishg Bt BRIt can

vi ew t he v t f

corr espondﬂ?lngﬁ%I\lrcesﬂ(;:‘%w}:fi)1 ol E%I&BF el%gl SC ar(g{éabgﬁrbét}z E nﬁﬁl??@%?ﬂ% %ﬁecB)
and nonet %btweéséﬁ),(amwldllas th&phisicalt dirl &@tp‘dﬁfmé’térs fordhé bemeavdnt ory | evel
of the demand stream over the consunption period. [00164] O, in further
exanpl e, irelavast pemresirucbaes forghe BamediFigs. 188G 118;tand 1G Héusnaitesaa ending -
FCC' screen (nfg sho ears Thi,s screen details, {)ey ?ach

del i very rFé(Hlf? HSIB&ane‘il?l@ICUBPﬁ'quSﬁ%I RAIBCSAC &ra a“c‘?'?‘é demand

stream na y, the
amount s (16" ?gﬁg}héﬁa% A A R S
the nonet %FlSYéi‘Eﬂ?lafﬂés%f th§/v8ss%rs%dae$ coh@d)erazfont hené Alisnated woekshieet base
val ue of a Typical stream(in U'S that woul d neet the demand
stream s ponsists §f thaegmablesqui rerrents If the user clicks on a particular
vessel's delivery for a particular demand stream then the bl ending recipe
for the delivered product (if applicable) appears. For each cargo that

contri but he .agount (.i.n 0 and kB nonet ary
vale ot (0137he® or TRESES! (RERiGHE ed RIS va in gl fGE KEA EOnGiRs wE°5r

pr OVI ded. B K BtSeaRAY el di scharge value (in

Sk/ B an‘éﬁﬂgghﬂgﬁo Oﬁvr% ?&%P%@MMPC@}/ USZ%8/013818 - 59 -
propert| es of t‘FNaIde’I’Lvlwgdnbloe‘nﬂedegsenduct are provided. Finally, value
adj ustnents made to val ue of the discharged product, conpared to the base
val ue of a typi Cégsspkdaei tm&xermV@ssnbétaltqa@lyd@hamredf u(@@dntberlsf@rserty
I

0 er ST ) B S b ool Vel Sa e RAaEO Bk “Th o e
Chart" screen (s " - t elpe r @a&hart
listing, by vesrs\g 5 ém é ﬁglﬂrgg{ﬁé%yggﬁs‘%{%h% %ggr%a%g ge?;‘“(s)d p%r ?oadl ng,
di schar gi ngesgéld ot her act|V|t| es of each vessel. The Gantt Chart screen

al so shows a second chart listing, by load port and discharge port, the

nunber ed day i n"Max Cmpanwy'hgtmmanmlﬂmrvdssdcnapgmtyj of ﬁmwgesnbmakmn&t her
f gg h
activities of & orl%scale" - the vessel specific rate, relative to Worldscale100, that the

spot vessel charges. Worldscale is a periodically updated average rate (in U,S.
$/kton) for carrying cargo on various routes. This average value is designated as
Worldscale100 (WS100). Depending on market conditions, vessel size, etc., a
spot vessel may charge more or less than WS100 for performing voyages. This
variation, expressed as a percentage of WS100, typically ranges from 40% (0.40)
to 200% (2.00).

"Base Volume" - the part cargo minimum, in ktons, for which the vessel
will charge even if less volume is loaded;

"Overage" - the percentage of the basic transportation rate the spot vessel

charges for each additional ton of cargo transported over the base volume;



[ 00166] Ot her screens (not shown) include the "Ship Overall,"™ "Ship
Specific," "Barge-FCC' and "Inventory Hol di ng" screens. The "Ship Overall”
and " Shi pvepewdse4sd screens |ist the vessel assignnmentspcrasagssissivadi ng
and di schargi ng anmounts, associated fl.af9 rate, overage and denurrage costs,
etc., both as a whole and by individual vessel. The "Barge-FCC' screen
details the identity, anount and nonetary val ue of spot market purchases in
the sol ution. THRembrrdget othe idid cosroT tievessel eUB.Ik$/d4ye daily inventory at
each | oading port, discharge port and on each vessel and the associated

i ndi vi dual and 'tMexDesourragé Bays (Acthe - themargmmap demyirragerdayE TEOR! TE
[00167] All of the grids and tables described above fromthe Sol ution screen
and its c&‘%ﬁ?‘n‘é‘ﬂt screens (e.g., the Load screen, Discharge screen,

Bl endi ng screemy i net rieby sol ution
found by NETEORlSf@ﬁ%@%%%@ﬂ%&iﬁﬁ%ﬁ%i ftiﬁg)ﬁ %tf’gftﬁ ,°'fc?féé1n9%§esgg%ved in
report forgepraBy clicking the "Export Reports"” button on the Sol ution
screen. The reports can be stored as Excel docunents, M crosoft Wrd
docunents or i n"Lasy WindosoDateysahsdmttaydoaling ©n3be YessedGhould: fimishdesi r ed

format. In additjon, each case (data and sol ution) can be stored gnd
managed in the M@?ﬁ@ﬂl@iﬁ\?lfgr%%?E?ﬁeﬁsrﬁé}’ﬂrfgéﬂ?% ﬁBr%f’Wz}?ati cs of
METECORI TE Rrobl e finitio . | | pitd 00168] The
ot homat | ST GTEbY R feb B BpulsBIENh Hhay b Raffe: Mo e R sl rout 1 ng
probl ens. ¢HoMEYRIch dépfirfady B (AdMardyli tional features that differentiate it
fromthe conventional inventory routing problems. Each |oading port may
have mul tipl e s'Banhaity$t(Ieentiveptoduss ViesseEacpersaltigs or mcemtdvespoaeces a

di fferent product, the problemis a nulti-product problem It is not a
convent i orfdectif Yessel; @8dct di stribution probl em because each supply stream

has its own prodyct eci fii catipns .and each demand.stream has its own
accept abl e speci frbg‘tsﬁaﬂévéur'ttﬁ%mmgﬁw%etrg? agef ﬁ}eoﬁq}&v q'(‘,%]ﬁ tﬁﬁt pr oduced
by bl endi ng oale®r oducts during | oading, discharge or transit. The

val ue of Hﬁeﬁgr ggd product streamis determ ned based on the
specifications of the discharged product. An exanpl e includes bl ending of

| ower val ue product (Le., HSVGD, which is not acceptable to sone

parti cul ar[08433hd The scoond table, entitied[iPrphabited, Shipol@Rert,{' ishewn indk&s) t o
create a n roduct streamthat is acceptable to the denmand stream
Theref or o 115 RIGUEIES AnsomalHt of vasehgahs Apdfeasbrars pof ABGLEE MR of <o
creating valug r{a?néshaqldsai%ﬁzipgmboﬁﬁqlﬁ\}; %eﬁﬂgla' dne AH\A &Y representing

any combination of a given vessel and a port, any voyage wherein the given

vessel travels to the given port is forbidden.

[00134] The third table, entitled “Initial Carrying Volume,” shown in FIG.
11C, provides a matrix of vessel names and supply streams. It may be that, at
the start of the planning period, some of the vessels to be considered in the
loading and delivery schedules are already partially or fully loaded. If so, the
amount, in ktons, of each supply stream already loaded on the vessel is entered

in the corresponding to the vessel and the loaded streams.

The Time worksheet




[ 00169] The obj ective of the mathematical optimzation problemis to

maxi m ze profit, which can be defined as the sum of the val ues of

di schar gesloprodsetss f or demand streans m nus the val uesPofi/ush@slonssde d
products at the supply streams m nus algg.of the transportation related
costs. Due to the flexibilities in the conpartnments of ships, a ship may

| oad several products, blend theminto several new products, and di scharge

them at sq@0135] deTeTim¥\raROY D S tRARKIN ¢f3heABEDIES®dikshedts-inthe eans based
on the econom cs and consunption rates at the demand streans. The fornal

def i ni t i oMBTEORIFawhrkhopkaThedkinte workshegt reconistbe pveragsidaysibiakes s ar e
distributed f t Jt, of ts t D, of...di.sch .par t

2 bl anni ng: YOrr LIt ansh RoeR A G i 45 Fee-t FIG- 2 BRrHE e Gpibe et et e
model and g torl&‘flleepgflaé ﬂlﬁslﬂr% d&f\?voflgsh%et consTs}t of Alrkb MM Fsdt he time unit

used in practice I's one rent unit o tlne cou easily be
substituted and applied as necessary A set J of all ports is the union of
JL and J . The set J c J represents the set of ports owned and/or operated
by conpany[0013&] set The fiessrtalslenertitidue"Toend tofL 'tmowmesmatrnaoﬁetigm and

the set .13 esents the set of ports ¢ third arties.

W t hout |3J§@3 Bprtgz*?é?laﬁ) and destigationdga pedor haﬁe puerage grayebiime, i, ¢ he
pur poses Q r f | nodel .
The set - ey SftR E Bl ool o Eadh ofieR 0Rl BRFEYv| &Rh REORIAITION, P00
or di schangesistiét forth irPtiR! cdlor réseﬁﬁﬁﬁol?ﬁe bh%lﬁ Rﬁdspéﬁf'/ déinaief losdpertmay
not | oad di scharge at sone port | re than times. [00171] Each | oad
port j E cbfnl:ha_stlmset ssi of supply streans, and each di scharge port | E

JD has a set Ds of demand streanms. The set SS and the set DS represent the
set of all supply streans and the set of all demand streans, respectively.

Let Q repr of all e nd l,et it subsets Oor Q
repr esent [ﬁﬁgﬁl ff e(ratl?ﬁ ca;op (’t?l?l%ngnt?t&?c{ &g?%%{o@ ﬁ?ﬁf‘%ntpg"}sﬁ‘%ﬁra&aﬁ&"s based
on' pr oper toforfgafiflofll o (ori" dnd@éskiitibh diédHife FOAS (R UFhd'@¥erbge DOt -
travel time, in days, for a vessel to move from each origin load port to each
destination discharge port is set forth in the cell representing the origin load port

/ destination discharge port combination.

[00138] The third table, entitled "Discharge to Discharge" provides a
matrix of discharge load ports ("from") and destination discharge ports ("to").
The average travel time, in days, for a vessel to move from each origin discharge
port to each destination discharge port is set forth in the cell representing the

origin discharge port / destination discharge port combination.

The Cost worksheet

[00139] The Cost worksheet is the eleventh of the twelve worksheets in the
METEORITE workbook. The Cost worksheet records the trade route specific
Worldscale100 rate (in U.S. $/ton) for moving cargo on each potential leg in a
voyage. The trade route specific Worldscale100 rate, when multiplied by (a) the

base volume (provided in the Ship worksheet) and (b) the relative percentage of



g E Q then value increases with higher specifications of property q. If g
E Q then value increases with |ower specifications of property . Each
supply stweanss244SS has an initial inventory |the begiPamiusgooday3sand a
val ue VLs., per unit at its supply ports).and produces Pssj anount of
product fromtinme t -1 to WD 2009/ 082454PCT/ US2008/ 013818 - 62 - tinme t.
The inventory | evel of supply streamis E SS has to be larger than or equal

to 7 and |theWbHdscabe10okasd atvessed chargesi(ptovided in theeShip svbtkshéetrequalspl y
stream ss E SS has sss/ si_).eqification for property 2 e g Each denmand
st ream ds the [fiat zate thérsiessghwilcharge torpesfaray theayagpdeg.nhimiadyythisrede,

consunes ,,, anmount of product fromtine t -1 to ti . e inventor
Covel o cenihin QiR by e heeveiagd Bl o yssset erdrids T PRy 1t Cand

| ess t han i . [ i E,
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total cost to perform any given voyage is then the sum of the flat rate and

overage costs for each leg of the voyage using the vessel.

[00140] FIG. 13 illustrates a typical Cost worksheet. The illustrated

worksheet consists of three tables.

[00141] The first table, entitled "Load to Load" provides a matrix of origin
load ports ("from") and destination load ports ("to"). The average cost, in U.S.
k$/kton, for a vessel to carry cargo from any origin load port to any destination
load port is set forth in the cell representing the combination of the origin load

port and the destination load port.

[00142] The second table, entitled "Load to Discharge" provides a matrix

of origin load ports ("from") and destination discharge ports ("to"). The average
cost, in U.S. k$/kton, for a vessel to carry cargo from any origin load port to any
destination discharge port is set forth in the cell representing the combination of

the origin load port and the destination discharge port.

[00143] The third table, entitled "Discharge to Discharge" provides a
matrix of origin discharge ports ("from") and destination discharge ports ("to").
The average cost, in U.S. k$/kton, for a vessel to carry cargo from any origin

discharge port to any destination discharge port is set forth in the cell
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available for cargo loading or a discharge port will not be available for cargo

discharge, respectively. FIG. 14 illustrates a typical BlackOut worksheet. The

illustrated worksheet consists of two tables.

[00145] The first table, entitled "BlackOut Days for Load Ports" sets forth
the first and last day in the production window and provides a matrix of each day
in the production window and each load port. If, for any load port, there will be
one or more days when cargo cannot be loaded at the port, then a "Yes" is
entered into the cells corresponding to those days at the load port. Otherwise,
the default for all the cells is "No" - meaning that cargo can be loaded at the

given port on the given day.

[00146] The second table, entitled "BlackOut Days for Discharge Ports"
sets forth the first and last day in the consumption window and provides a matrix
of each day in the consumption window and each discharge port. If, for any
discharge port, there will be one or more days when cargo cannot be discharged
at the port, then a "Yes" is entered in the cell corresponding those days at the
discharge port. Otherwise, the default for all the cells is "No" - meaning that

cargo can be discharged at the given port on the given day.

Transferring Data from Excel to AIMMS
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generates a button that appears in the Excel tool bar and is named anything the
-developer desires (e.g., "Execute Read/Data" in the case of METEORITE).
When the user clicks the “Execute Read Data” action key on the Excel tool bar
or, alternatively, calls a corresponding visual basic function, the data in the
Excel workbook is exported to the METEORITE model. If an error occurs
during this read data step, an error dialog will appear in Excel. Otherwise, the

data has been read into the METEORITE model successfully.

The METEORITE AIMMS Interface

[00148] METEORITE uses an AIMMS user interface to enable the user to
review and alter the data, solve the model, and review the solution. There are
numerous pages in the interface. The main pages to the interface are the
following: (i) a "FrontPage" screen; (ii) a "Data" screen; a "Options" screen; a
"Solve" screen; and a "Solution” screen. Each of these screens, as well a few
additional screens accessible there from, is illustrated in the accompanying
FIGS. 15, 16, 17, 18, and 19 and separately discussed below.

The FrontPage screen
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. "Solution." These buttons take the user to screens where the user can review the
imported data, vary options for the problem to be solved, solve the problem and
review the solution results, respectively. In addition, the FrontPage screen

contains an "Exit METEORITE" button that allows the user to exit the program.

The Data screen

[00151] When the user hits the "Data" navigation button on the
"FrontPage," the "Data" screen appears. This screen allows the user to review

and alter the data imported from the Excel workbook.

[00152] The Data screen is illustrated in FIG. 16. Along the left hand side

of the Data screen are several navigational buttons entitled: "Planning Horizon;"
"Load Ports;" "DischargePorts;" "Properties;" "Supply Stream;" "Stream
Values;" "Demand Stream;" "Supply;" "Demand;" "Ship Data;" and "Cost and
Time." When the user clicks on any of one of these navigational buttons, the
screen of data relevant to the topic will appear. For example, if the user were to
click the "Stream Values" button, a data screen (not shown) would appear that

| listed the monetary valuation of each supply stream. If desired, the user can
modify the data directly on the screen, but the modifications will not update the

Excel workbook and, therefore, only be stored for the time the user is running
the METEORITE program.
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their tail node. The set of arcs that have node n as their head node is
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[00155] The Options screen is illustrated in FIG. 17. The right hand side
of the screen displays constraints for the problem imported from the Excel |
workbook. For instance, there are tables showing the current bounds on the
minimum and maximum number of vessels, the maximum demurrage days, time
windows for load ports, penalties for using a vessel, maximum transportation
cost/ton, minimum tons transported, slack penalties, days between consecutive
visits to ports, minimum percent of base volume, and load only demurrage.
There is also a table indicating, by an entered "YES" or a "NO," whether the
aforementioned options should or should not be recognized. The user can
change any of this data directly. Alternatively, the user can hit the "Set Default”
button on the right hand side of the screen to change the designations of which

constraints are and are not considered to standard defaults.

[00156] After reviewing the options, the user can return to the FrontPage
screen by clicking the "FrontPage" button on the Options screen. Alternatively,
the user can exit the application by clicking the "Exit METEORITE" button on

the Options screen.
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constrai "Re user several options for how the problem can be solved. A first option
“button, entitled "SOLVE - Construction Heuristic + Improvement Heuristics,"
will solve the model using a construction heuristic and improve the solution
through one run of two improvement heuristics (i.e., the large neighborhood
searches). This is the fastest option and generally yields good results. Similarly,
a second option button, entitled "SOLVE - Constructive Heuristic + Iterative
Improvement Heuristiés," will solve the model using the construction heuristic
and then improve the solution using iterative runs of the two improvement
heuristics until no additional improvement in the solution is obtained. This is a
slightly slower option, but generally yields a better result. In a third option, the
user can run the construction heuristic and each of the two improvement
heuristics singly and in an iterative fashion, one step at a time. This option is
represented by the buttons entitled: "SOLVE - Construction Heuristic Only,"
"SOLVE - Improvement Heuristic 1 Only," "SOLVE - Improvement Heuristic 2
Only," and "SOLVE - Iterative Improvement Heuristics." A fourth option
button, entitled "SOLVE - Full Model Only," will solve the model without using
heuristics. This is the slowest option (generally too slow), but will yield an
optimal result. A fifth option is a hybrid heuristic/optimization option, entitled
"SOLVE - Construction + Improvement + Full Model." In this option, a
solution, found using the construction heuristic and one run of the two
improvement heuristics, is thrown into the full model and the full model is
solved. This is a faster way of obtaining an optimal result as the heuristics

decrease the time necessary to solve the mode. Similarly, in a sixth option, a
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solution, found using the constructive heuristic and iterative runs of the two

improvement heuristics, is thrown into the full model and solved. Accordingly,
the user has many options to select from in deciding how to solve the problem.
Gerierally, options 1 or 2 will yield a suitable answer in the fastest amount of

time.

[00159] In order to stop running, the user can press ctrl+shift+s
simultaneously at any time. The user can then go to the FrontPage by clicking
the "FrontPage" button on the "Solve" screen. Alternatively, the user can exit

the program by clicking "Exit Meteorite" button on the "Solve" screen.

The "Solution" screen

[00160] When the user hits the "Solution" navigation button on the
"FrontPage," the "Solution" screen appears. This screen allows the user view the
best solution found by the model up to the point where the Solve option was

ended by the user or reached its natural completion.

[00161] The Solution screen is illustrated in FIG. 19. On the left hand side
is a summary of the solution obtained. The solution summary sets forth the total
value (in U.S. k$) of loaded and discharged product, shipping costs for the same,
holding costs for the same, any assigned penalties to the solution obtained if it is
infeasible, the total amount (in ktons) of product transported, and the identity
dates and amounts of each stream that each ship or barge loaded and discharged.
In addition, along the left hand side are several navigational buttons entitled:
"Load;" "Discharge;" "Ship Overall;" "Ship Specific;" "Blending FCC;" "Barge
FCC;" "Inventory Holding;" and "Gannt Chart." When the user clicks on any of
one of these navigational buttons, a screen of more detailed solution information
corresponding to the topic will appear. Some of these more detailed screens will

be discussed below.
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screen (not shown) appears that llists each supply stream and the total amounts
(in ktons and kB) loaded in the solution. In addition, for each supply stream,
the user can view the vessels that loaded product from the supply stream, the
corresponding load dates, amounts loaded (in ktons and kB) and monetary value
(in U.S. k$) of the load product, and the daily inventory level of the supply

stream over the production period.

[00163] Or, in further example, if the user clicks the "Discharge" button,
then a "Discharge” screen (not shown) appears that lists each demand stream for
which product was delivered in the solution and the total amounts (in ktons and
kB) delivered. In addition, for each demand stream, the user can view the
vessels that delivered product for the demand stream and the corresponding
discharge date, the discharged amounts (in ktons and kB) and monetary value (in
U.S. k§) for the deliveries, and the inventory level of the demand stream over the

consumption period.

[00164] Or, in further example, if the user clicks the "Blending - FCC"
button, then a "Blending - FCC" screen (not shown) appears. This screen
details, by vessel, each delivery made to each demand port, including the vessel
name, the demand stream name for which delivery was intended, the date of
delivery, the amounts (in ktons and kB) delivered, the density (B/ton) of the
delivery, the monetary value (U.S. k$/B and U.S. k$)) of the delivery and the
base value of a typical stream (in U.S. k$/B) that would meet the demand
stream's property range requirements. If the user clicks on a particular vessel's
delivery for a particular demand stream, then the blending recipe for the
delivered product (if applicable) appears. For each cargo that contributed to the
blended product, the amount (in ktons and kB), monetary value at the time of
load (in U.S. $k/B and U.S. $k) and properties are provided. In addition, the
amount (in ktons and kB), discharge value (in U.S. $k/B and U.S. $k) and



[00184] Only one ship may stop for load or discharge at a port at a tine.

The followi ng set of constraints ensures that this is true.
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adjustments made to value of the discharged product, compared to the base value

of a typical product that would meet the demand stream's property range

requirements, are detailed, in total and by property.

[00165] Or, in further example, if the user clicks the "Gantt Chart" button,
then a "Gantt Chart" screen (not shown) appears. The Gantt Chart screen shows
a chart listing, by vessel, the numbered days in the planning period for loading,
discharging and other activities of each vessel. The Gantt Chart screen also
shows a second chart listing, by load port and discharge port, the numbered day

in the planning period for loading, discharging and other activities of each port.

[00166] - Other screens (not shown) include the "Ship Overall," "Ship
Specific,”" "Barge-FCC" and "Inventory Holding" screens. The "Ship Overall"
and "Ship Specific" screens list the vessel assignments, voyages, loading and
discharging amounts, associated flat rate, overage and demurrage costs, etc.,
both as a whole and by individual vessel. The "Barge-FCC" screen details the
identity, amount and monetary value of spot market purchases in the solution.
The "Inventory Holding" screen details the daily inventory at each loading port,
discharge port and on each vessel and the associated individual and total costs

for the same.

Saving Reports From METEORITE

[00167] All of the grids and tables described above from the Solution
screen and its component screens (e.g., the Load screen, Discharge screen,
Blending screen, Inventory Holding screen, etc.), describing the solution found
by METEORITE in both general and specific detail, can be saved in report
format by clicking the "Export Reports" button on the Solution screen. The

reports can be stored as Excel documents, Microsoft Word documents or in any
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(14) ( managed in the METEORITE AIMMS application.

The Underlying Mathematics of METEORITE

Problem Definition and Formulation

Problem Definition

[00168] The mathematical problem can be viewed as a variation of ship
inventory routing problems. However, there are many additional features that
differentiate it from the conventional inventory routing problems. Each loading
port may have multiple supply streams, and since each supply stream produces a
different product, the problem is a multi-product problem. It is not a
conventional multi-product distribution problem because each supply stream has
its own product specifications and each demand stream has its own acceptable
specifications. Further, completely new products can be produced by blending
several products during loading, discharge or transit. The value of a discharged
product stream is determined based on the specifications of the discharged
product. An example includes blending of lower value product (i.e., HSVGO),
which is not acceptable to some particular demand streams, with a high quality
product (i.e., LSVGO) to create a new product stream that is acceptable to the
demand stream. Therefore the model is not only saving on transportation costs,

but also creating value to the system by reducing quality giveaway.

[00169] The objective of the mathematical optimization problem isto
maximize profit, which can be defined as the sum of the values of discharged
products for demand streams minus the values of the loaded products at the
supply streams minus all of the transportation related costs. Due to the
flexibilities in the compartments of ships, a ship may load several products,

blend them into several new products, and discharge them at several demand
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streams based on the economics and consumption rates at the demand streams.

The formal definition of the mathematical model follows.

[00170] Multiple products are distributed from a set J* of load ports to a
set J° of discharge ports over a planning horizon T . The model presented in
this report is a discrete time model and time ¢ belongs to the set {1,2,...,T} .
Although the time unit used in practice is one day, a different unit of time could
easily be substituted and applied as necessary. A set J of all ports is the union of
J* and J®. The set J° c J represents the set of ports owned and/or operated by
company, the set J represents the set of ports for spot markets, and the set

J* < J represents the set of ports operated by third parties. Without loss of
generality it will be assumed that J°> =& and J" =& for the purposes of
presenting the details of the mathematical programming model. The set J?* cJ
is the set of ports with- draft limits. The number of loads or discharges by a ship

at port j may be limited such that each ship may not load or discharge at some

port j more than u, times.

[00171) Each load port j e J* has a set §S/ of supply streams, and each
discharge port j e J” has a set ps’ of demand streams. The set SS and the set
DS represent the set of all supply streams and the set of all demand streams,
respectively. Let Q represent a set of all tracked properties, and let its subsets @

or O represent the different directions for value adjustments on products based
on property. Each ¢ € O may only belong in either O or Q, but not in both. If

g € 0, then value increases with higher specifications of property ¢g.If g e o,
then value increases with lower specifications of property g . Each supply stream
ss € SS has an initial inventory I, on the beginning day and a value VL_ per

unit at its supply port, and produces P, amount of product from time -1 to

sS,t



WO 20091082454PCT/ US2008/ 013818 - 69 - [00188] The next set of constraints
enforces draft limts. Wthout |oss of generality, it is assuned that draft
limts fowoshigpsesare | ess than or equal to ship v 's c&padisegosio13s18
EDL-DC) (1- z:),Vn = (j,t) e N, VS) E_\§A18) sseSS Epewit/7- +(/,,,:a -Dexi
-4),Vn =(j,t) EN W E V.(19) SSESS [00189] Overage cal cul ati ons can be
taken care of as follows. Wthout |oss of generality, it is assuned that

t he capacitinge of Thiiinvértory kvel efibepply Babamr sseg8shak @o bedatpes chanonunt B.
EB', W EV, Wt E{1,2,...,T),(20) sscss 0:0" - (I -B")(1 - x a), W EV, Va
E .(21) equalto 77 and less than or equal to I77 at time ¢. The product from supply

stream ss € SS has s? specification for property g € 0. Each demand stream

ds € DS also has an initial inventory I, , on the beginning day, and consumes
D,, amount of product from time ¢-1 to time ¢. The inventory level of demand
stream ds € DS has to be larger than or equal to I7; and less than or equal to
177 attime ¢. When a ship stops at load port jeJ*, it can load from any

ss € SS’, but the total amount of load has to be greater than or equal to ;™" and
less than or equal to F". Similarly when a ship stops at discharge port jeJ b

it can discharge at any ds € DS/, but the total amount of discharge has to be

greater than or equal to F;™ and less than or equal to F™.

[00172] The calculation of the value of discharged product for a demand

stream is somewhat complex. Each demand stream ds has its standard

specification stdj for each property g € Q. If the level of property g of
discharged product is different from stdZ, then its value needs to be adjusted.

The following notations are necessary for the presentation of the model. The

level of g € Q of discharged product for demand stream ds € DS needs to be
greater than or equal to /bh] and less than or equal to ubh?, . These are called
hard bounds. If the level of g € Q of discharged product for demand stream

ds € DS is less than Ibs?, or the level of g € O of discharged produét for demand
stream ds € DS is greater than ubs? , then the value adjustment is calculated
based on /bs? or ubs? , respectively. These are called soft bounds. Without loss
of generality, it is assumed that Ibh}, <Ibs} <ubh, for each geQ and

IbhS, <ubs?, <ubh’, for each g € Q. In the METEORITE implementation, when

ge 0, weset ubhl =, When ge 0, we set Ibhj, = 0. These settings are based



[ 00190] The follow ng set of constraints ensures that a ship nmay not carry
products in excess of its cargo capacity. EVi E {1,2,...,T}, W V. ssess
(22) [OoOxerpmms24s4nal set of constraints provides the Ppowngoosnishs

vari ables. xa {0,1},Va e A" W E V, (23)63{0,1},Vn ENW V, (24) 17 <<107, ss
ESS t E{1,2,...,T},(25) /::: </a) <1Z ,ds DS, t(26) O,Vh = (j,t)e N"V
ss E &U, W E V,(27) 0,Vn = (j,t) EN"V ds E DAY,Vss ESS, VIP E V, (28)

0, Vss E S®n Mer réquebts. The.base Vhlue\perunyt ¢2discharged product for demand

stream ds is denoted by VLB, . For every value base unit VBU? difference
between the specification of ¢ of discharged product and the standard
specification szd? , the value per unit of discharged product for demand stream
ds increases or decrease from VLB, by VSZ , value versus standard, depending
on whether ge Q or ge Q. As mentioned earlier, if the specification of g of

discharged product for demand stream ds is less than /bs} with g Q or greater

than ubs?, with ge Q, then Ibs?, —std’, or ubs’, —std’, is used for the calculation

of value adjustmeht, respectively. The value adjustment steps and hard bounds
are closely related fo the on-board blending. Linear blending rules are assumed
for all the properties. In reality it may not be true for some properties, however
this practical assumption is good enough for the level of detail in this kind of

distribution model.

[00173] The set V' is the set of ships available for the transportation. A ship
may stop at multiple load ports, load from multiple supply streams, stop at
multiple discharge ports, and discharge to multiple demand streams. If a ship
stops at a port with multiple streams, it can load from or discharge to multiple

streams at the same time. Each ship ve V' has an initial inventory I}, of supply

stream ss on the beginning day. Each ship v has a maximum amount of product

I, . it may carry. Travel times between ports j and ;' are denoted by T, and it
is assumed that T, is a multiple of the discrete time unit (one day in this case). A

ship ve ¥V may belong to a set V" of previously chartered ships. Each ship

ve V" becomes available at time 7" and must be used in a model solution.
Each non-chartered ship ve ¥ \V“*" may or may not be used. For each veV,
jeJ, and re{l,2,.,T} the inlet draft limit DL, and outlet draft limit DL)"

need to be satisfied. For each ship veV, B,, WS,, DR,, and OVR, represent
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60" 51-B, We V. (31) [00192] The objective is to maxim ze profit. The profit

I s def i newolyowvmsbases of di scharged product m nus val uesPoff/uso@dmu3sps oduct
mnus all the transportation related cggts. maxE>VLBJ"' Ani-E E E ESAV VEV
ne(j,t)eN, dsEDSi ssESSveV nE(j,t)eN,qgeQ-E E E VL",f,""-E E caxa- EOVR, , W&"
E c00.(32) veV n=(j,t)eN, ness/veV se"veVae fer' Sol ution Techni ques

100193] Thebasiszgmeiinttof1prod pecc@ Ceineh otdd seale mléiplies sdenyurpggeorats anér y

overage rate respectively. The flat rate for traveling from port j e J to port
j'eJ is C, . If ship v travels from port j to port j', the flat cost for this leg is
B,wS,C . The demurrage cost for ship v is calculated by DR, multiplied by the

number of demurrage days in ship v’s voyage. Overage refers to the product

tons over the basis amount B,. If any leg of ship v’s voyage incurs overage, the
overage rate OVR, applies to all the legs of ship v’s voyage based on the largest

amount of overage of that voyage.

[00174] The objective is to maximize profit while satisfying all the
requirements. The profit is defined by values of discharged product at demand
streams minus values of loaded product at supply streams minus total

transportation costs over the planning horizon T .

Problem Formulation

[00175] The time-space network formulation can be viewed as an integer
multi-commodity flow formulation in which a ship is a commodity and nodes
represent a possible visit to a port at a particular time. The network has a set of
nodes and a set of arcs. The node set is shared by all ships, and each ship has its
own arc set. The set of nodes N consists of one origin node (0,0), one sink node

(0,T +1), and a set of regular nodes N, ={(j,?): je J,t €{1,2,..,T}}. Each ship v

has its own arc set 4’. Then set of arcs A=u__, A",

velV

[00176] Each set of arcs 4" consists of five types of arcs. A travel arc

,(,0),(j,t+T,)) suchthat veV, (j,0)eN,, (j,t+T;)e N, ,and j= ;'
represents the possibility of ship v to travel from port j to port ', leaving at

time ¢ and arriving at time ¢+7 .. Let 4; denote the set of all travel arcs for ship



| arge as the size of data instance increases. It is therefore very

i nportant to reduce the size of the network in a preprocessing step.
Pr obl em swecnivm24sat s and speci al branching rul es can i FpT@se008l0e3818
performance of a Branch-and-Cut al gorifggm In subsection 4.9.8(iii)(a)
bel ow, sone effective branching rules and cuts for application in this
probl em are below. The problem studied in this report is a difficult

probl em tQ}.SHhétﬁA.ﬁbileeﬁﬂ; tépteSei® thd 988 off hllitFavielBAYst Anderhtirr@g@aid ce to have
a good solution that nmay not necessarily be proven to be the globally

optimal sqhytimn; Wik} with ¥ e®sofablevpand @, i) & NTerepreRbhtstthe passibilizp rent
of a heuristic algorithmis inperative in order to find a good solution in

that reasqFahisevagauit aChort! Merorf e s ¢6 tinRd: Pe! Pt 42 &&idt€theXNet of all
optim zati on-based heuri'sti¢cs has been devel oped for“such purposes. In

subsectio %ﬁ%ﬁ%ﬁ%@gﬁﬁmﬁ' Qe L he e ’?Iéé{eEer?tQ i é&%ﬁg@g&gﬁnggéf el oped

for the new RITI i's pyes’éﬁt ed "Thi's systeminclu
o ocedur e Foackatert @080, APl £30 g BoA ke ARG
and Ot - Ui RERAIRPO0RL 1360 LODISALAY Lo B, O] 4l (lppuiye have been

i qeﬂti fie at aid i tening I on. ese s can be added
[00165) FortBgs it pfesnd Wiy 12BRCs QoM AR N ORIETH BT oo
Py shicPisse R IpRSIAnbPaE » FRERNAR el S ECH PR ok [P oL

Pro - 1120k PR b Offle EOQBUHRY #aPl 780 S5 wHibh Fodd Yot Bob@5r) RoUNd.
node (j',t+T;) is B,wS,C . The cost of using demurrage arc a € 4, is DR,.

The cost of the remaining arcs is set to zero. Let §*(n) denote the set of arcs that
have node » as their tail node. The set of arcs that have node » as their head

node is denoted by 6 (n).

[00177] FIG. 20 shows an example of the network structure described

above. In this example, a ship enters the system at time ¢, by arriving at port i.
After spending several days of demurrage, it visits port j at time ¢, and leaves

the system.

[00178] The binary variable x, for each ae 4’ takes a value 1 if ship v
uses arc a and takes the value 0 otherwise. The binary variable z! for each ship
veV and each node n=(j,f) e N, indicates whether or not ship v loads
product(s) from port j if jeJ* and discharges product(s) to port j if jeJ” at

time ¢.

[00179] The continuous decision variable £’ with n=(j,)eN,, jeJ’,

n,ss

and ss e SS’ represents the loading amount of product from supply stream ss to



+Et,. pss.,, -Psn: LB", - 'mn {Fr+11/ -'z}} on the nunber of l|loads up to
time t fromthe beginning date for supply streamss . Since Ism, 1.7, and
PssJ ar e wotzoomaissdsant over time, can sonetimnmes give a tipghmtuseoosouwsds t han
LB"., [00196]For any t E 11,2,...,71gpnd j E .J', Essess,{ '.0 +Ls, Pss,,,}
represents the conmbi ned amount of product available at port j up to ti me t.
Any ship on any tine no later than t cannot | oad nore than m nfrr, max,

{Less, Fg,v abiEe ¢ . rhé&&ntﬁﬁlroubqeélsfdxpmfm& A TWith AL\§F) &N, over bound,
+ m nI max, {Less,

jeJ?, dse DSJ ,and sse SS represents the discharge amount of ss product for
demand stream ds from ship v at time ¢. The continuous decision variable /_,
with sse SS and r€{1,2,...,T} denotes the inventory level of supply stream ss
right after time ¢. Similarly, the continuous decision variable 1, with ds e DS
and t€{},2,..,T} denotes the inventory level of demand stream ds right after
time ¢. Another continuous decision variable I, represents the inventory level

of product from supply stream ss on ship v at right after time ¢. The continuous

variable SAV,, . represents the specification adjusted value based on property
q € Q of discharged product for demand stream ds € DS by ship ve V where
n=(j,f)e N, and ds e pS’. The continuous variable 0" for each ship veV

represents the largest amount of overage of ship v’s voyage. Another continuous

variable O] for each travel arc ae 4; and veV is equal to O if arc a is used.
Otherwise O, takes zero. The variable O is used in the objective function for

the calculation of overage costs.

[00180] The remainder of this section presents the time-space network-

based formulation for METEORITE.

[00181] The first group of equations represents the flow conservation
constraints.
z x, - Z x,=0 YveV, VneN,, (1)
{aeA’:aed™ (n)} {ae A" :aes* (n)}
x, =1, VveVl, )
{ae A" :ae5*((0,0))}
Z x, =1, VveV. 3)

{acA”:aes™((0,T+1))}



WO 2009/ 082454PCT/ US2008/ 013818 - 72 - on the nunber of loads up to tine t
fromthe beginning date for load port j. Since pz." 17, and Pn., are not
const ant woepowasms4 LLBJ., = max", can sonetinmes give a trcghisesosoossngl t han
LB,. Then the followi ng set of ineqgglities is a set of valid inequalities.
EEmax {LLBL"nmax, wess, {LL13,,}}, Vj E vEv in=(j,11)eArd' Si) [00197]Sim | ar
valid inequalities for discharge ports can al so be defined. Let L134, =1

m n{ Fr{e8182jx cEhedext set HBEdnstralntd endyred nvemdony ksalance at supply

streams from the ports owned and/or operated by a company.

A= S P, =1, Yn=(j,)eN, VjeJ nJ° Vssess/, 4)

vel

Iy, 1+Z Z Smdsss = =1,,Yn=(j,0)eN, ,VjieJ’nJ° Vds e pS’. &)

vel sseSS

The following set of constraints ensures inventory balances for the ships.

Ivt l+ Z f;:ss— Z f;rdrss_l:sl’

{n=(j,1),s5e88":jeJ*) {n=(j1),dseDS’:jesP)

VsseSS,Vie{l,2,.,T), VeV, (6)

[00183] Loads and discharges by a ship can occur only when the ship is at that
port. If a load or discharge occurs, the total loading amount or total discharging
amount is forced to be between the port specific minimum and maximum

amounts. These are represented by the following constraints.

zZ< Y, x, VneN,VveV, @)
{aeA":aed” (n)}
Frz) < Z, frs SF™z),  YjeJ',Vn=(jt)eN, VeV, (8)
sseSS
CFM2 < YN fras SFEZ, VjeJP,Vn=(j,)eN, VveV. )
dseps’ sseSS
[00184] Only one ship may stop for load or discharge at a port at a time.

The following set of constraints ensures that this is true. If more than one ship
can stop at a port at a time, the right hand side can be adjusted appropriately as

necessary.

>z,<1  VneN,. (10)

velV

[00185] The following constraints ensure that a ship cannot load/discharge

more than », times at port ;.



= LBJ., =E dfD8j11117Ddct )1 [00198] Then the follow ng inequalities are
valid inequalities for discharge ports. EEmax {LLB j." max &Bps, {LLB,}},
V] eET1l. waVoiwrss@eNrit' Q [00199]If the limt on the momseoosfoiisomds or
di scharges at port j is inposed, theggollowng valid inequalities can cut
off the optinmal solution of LP relaxation. Z xa + xa , Vj W VW

O =0,0fre{l,2,...,T})fa+ (.0),(P.))E4. | (a+ (p), (0, THWEA) WD
2009/ 082454PCT/ US2008/ 013818 Y 7'<u,,  VvelV,Vjel. (11)
n=(j,t)eN,

[00186] Each demand stream has hard upper and lower property

specifications, or bounds. These hard bounds represent acceptability of product.

D S fraes ZIBRL D frr s, YVEV,VYn=(j,t)eN,,Vdse DS’, Vg e Q, (12)

sseSS sseSS
Z S S ds.ss S UbR, Z Jnassss VVvEV,Vn=(j,t)eN,,Vdse ps’/,VqeQ. (13)
sseSS sseSS

[00187] The specification adjusted valuation of discharged product which
may be blended on-board is one of the most interesting features in this model.
The following set of constraints and the objective function at the end of this
section deal with this feature.

A¥

SA I/n‘,'d.'r,q SF& Std:ils ZS:S f;l‘,.ds,ss - ZS:S qu n,ds,ss |?
VveV,Vn=(j,f)eN,,Vdse DS’/,VqeQ,
(14)
VSi

S4 I/n‘,'d-\',q VBU? (Stdq lbsdi ) Z f;l ds,ss?

sseSS

VveV,Vn=(j,f)eN,,Vdse DS’,VqeQ,

(15)

v VSi
SAVn,ds,q VBUq _ggs 5§ ndss: Std Sgsf;rdsss H

VYveV,Vn=(j,t)eN,,Vdse DS’, Vg€ Q,

(16)
SAV, 454 < VI;S" (ubs‘b Squ)and.m:

sseSS

VYveV,Vn=(j,t)e N.,Vds e D§S’,Vq € 0, (17)



- 73 - [00200] [00201] Even though no exanples are provided here to
illustrate this point, the solution fromthe LP relaxation of the original
nodel i s woab@vmessby t hese sets of inequalities on occa®conus2g080232¢ The
follow ng set of constraints is inmgged. WE J,W V. (a=(v .0 "at
ht *Ar) (a+. (0. 0), (1. 0) EA)

[00188] The next set of constraints enforces draft limits. Without loss of
generality, it is assumed that draft limits for ship v are less than or equal to ship

v’s capacity I’

> I, <DLy +(I.,-DLi)(1-z2)), Vn=(j,H)eN,VveV, (18)
sseSS
> I, <DL+, -DL)Y1-2), Vn=(jH)eN,VveV. (19)
sseSS
[00189] Overage calculations can be taken care of as follows. Without loss

of generality, it is assumed that the capacity of ship I, is greater than or equal

to its base amount B, .

0'>> I, -B, VveV,Vte{l,2,..,T}, " (20)

sseSS

0. 20"-(I,.-B)Xl-x,), VveV,Vaed,. @1

[00190] The following set of constraints ensures that a ship may not carry

products in excess of its cargo capacity.

I, <I., Vie{,2,.,T},VveV. (22)
sseSS
[00191] The final set of constraints provides the bounds on all variables.
x,€{0,1}, Vaed VveV, | (23)
z, €{0,1}, Vne N, VveV, (24)
Ig7 <1 <ITY, sseSS,te{l,2,.,T} (25)
Ipn <1, <IzT, dseDS,te{l,2,..,T}, (26)
Snss 20, Vhn=(j,t)e N,,VsseSS/,VveV, (27)
Snds.ss 20, Vn=(j,t)e N,,Vds € DS’,Vsse SS,VveV, (28)

I, 20, VsseSS,Vte{l,2,..,T},VveV, (29)



[00203] Due to the direct revisit, a special branching Me can be enpl oyed.
We divide the solution space intox =1 and ta4v,u,,), (t,o0sAT) a

E{G fro, ,wWpD,2009/B2B4,, O for each v ¢ V, j ¢J, and |'eJ ®OTlusedamiisgis’' . W
apply a simlar branching rule to theygurcs from SRC and arcs to SNK . This
speci al branching rule nakes the branch tree nore bal anced so that the

hi ghest priority is given to this special branching. Optim zation Based
Heuristic Methods [00204] Mgl 9f <tthe_tg e, vm@,@ra@;w@l i nstances of t(3@)
proposed M LP nodel are too |arge and conplicated to solve in a reasonabl e
anount of tine. However, the deyelppreg apgi m zeiign al gorithm works wel(igl)
with small instances. Due to this fact”, the optim zation algorithm can be
used in the framework of a | arge nei ghborhood search. This nmethod is
simlar to the 2-opt algorithm devel oped for the Traveling Sal esman Probl em
in the s@83182]} hat The objdctiveds td araximing proéit.obte profittis dofinéd byhvahas! ens i n
whi ch nost ship routes are fixed and only twg ships are free to be

r e- scheo®d dischaiged prasduse miaps yalugs jof hoaded nreduefuntnusmdbtheni ti al i zati on of
this met hod rﬁﬁyi res t(ﬁrti ng with a feasible solution. The primry

diffi cultlr?n%o lf’ﬂéelﬁ?ﬁ SPFY's that sonetines findi ng an initial integer
feasible solution igs e p AvCO ughi o LSl C 1S
therefore WO 2009/'6%%@%;/ n@,@%ﬁ?@sﬂ% B O S

veV n=(jt)eN, dseps’/ qeQ

> > Y VLD D cx,— D OVRWS, Y. c,0; . (32)

veV n=(jt)eN, ssess’/ vel aed” velV acAy

Solution Techniques

[00193] The size of time-space neMork-based model easily becomes very
large as the size of data instance increases. It is therefore very important to
reduce the size of the network in a preprocessing step. Problem specific cuts and
special branching rules can improve the performance of a Branch-and-Cut
algorithm. In subsection 4.9.8(iii)(a) below, some effective branching rules and
cuts for application in this problem are below. The problem studied in this
report is a difficult problem to solve, but at the same time it is important in
practice to have a good solution that may not necessarily be proven to be the
globally optimal solution within a reasonable period of time. Thus the
development of a heuristic algorithm is imperative in order to find a good
solution in that reasonable amount of time. As described below, a series of
optimization-based heuristics has been developed for such pﬁrposes. In
subsection 4.9.8(iii)((b)(1-4) below, the entire solution process developed for the
new METEORITE model is presented. This system includes a construction
heuristic, an optimization-based large neighborhood search erocedure, and a

time and volume optimization step.



devel oped to find integer feasible solutions quickly. The next step is to
call the ILOG CPLEX Solution Polishing algorithmin order to inprove the
sol uti on weforsaapl yi ng t he optim zati on-based | arge necghisesdsomstisear ch
procedure. This solution polishing nmethgd is a proprietary conmerci al

sol ver -technol ogy invol ving some conbi nation of |ocal neighborhood search
and genetic algorithns. It should be noted that his solution nethod is
dependent Branchand<autof the | LOG CPLEX sol ver technology. In the event that
anot her M LP sol ver technology is used, some substitute would be required
to replace the ILOG CPLEX Sol ution Polishing algorithm Dash Optimzation's

Xpr essMP coul e used.as.a potential replacement far CRPLEX. A
speci al i zgﬁbxg‘?bhbor'ﬁggﬁ' sbei%pg}ga?lgf ﬁ%trsitl\aﬁﬁb@% l‘iqpfgﬁfeﬁﬁate‘& lBﬁé‘%PITVblngepl ace
t he Sol uti IS hi ol i LSt oal of
t he Const rtggtfﬁgﬁﬁlaghﬁgﬁ% %‘é%gﬁngaﬁée‘? gﬁ%lésro ohﬁa‘:ﬂﬁépﬁfﬁeﬁ‘%ﬁﬁ%’gﬁ?f |l e
sol ution mhchmu-@healgaﬁtmenent heuri stics devel oped bel ow can use this
feasible solution as an initial starting solution. The brute force nethod
of achieving this goal would be to run a Branch-and-Cut al gorithmon the
frill MLP nmodel until it finds a feasible solutiaqn. SUCP a rreiod IS
unaccept ad08183k aus & orranyy pe dht. o &3 cand; ss ¢ §Sconghuthatiimdl | ¥si Mepsfye to
find a feasible solution due to the problem conplexity. Due to this,

i nst ead ofrepmisentstthe amoiunt ob gedduch atvaitable af supplplstresml st uprio tine ¢ dAnyd
nodel is buyilt in such a way that any of its feasible solution is also a

f easi bl e RPN @AY tine e later thama! capnetload mare thae r educed nodel which is
smaller than the full npdel increases th é#kelihood of finding .a feasible
sol ution ARy MG bautda, midel) PersloBd dFom SBBPL SEE et IS BIVES Act i ce

to find an initial solution. There could be many ot her ways of designing
al t er nat e lewgsbpurd, on heuristics. Since different initial solutions can

produce different final solutions, it nay be useful to dewelop WO
2009/ 082454PCT/ US2008/ 0138 - 5 - selgrad. cdhstrilfti on aeuri stics that
al | have fast conputational™%5pégd, -~ T T enl opiyemfiOof future .
research. [00206] The idea of th %lé’gl?éedmﬁﬁd’é ”"T-grﬂt"t' helﬂ-é struction

Heuristic is_ sinple: instead of .allow ng _each .shj 0 he able to visit any
oad por t ,OmEatEn Tt 58 e fe e & ot the Bemianing s dfr SImRy itee® on
production_s ulbges faF 1o ports and avail abl.e dates for ships. ‘
Al gorit hm?'?ﬁﬁ%slhowlm’ %ég)ecgﬁeeﬁo%qr}???"gﬁvgr tlgneaccessi ble to which | oad
port in the reduced nodel for the Construction Heuristic. The size of the
reduced rodel is controlled with t HdBarametedlAR |, which is short for

Aggr essi veness Factor for the Construction Heuristic. Algorithm-1

Const r uct ican seinetavescgive MtighteSbound than=-LAax{0, LLB j.,} ,EO0,2,..., ‘Set T
to the earliest available tine of ship V E V Set Accj, =0 bej ew E V

I .+ P

55,0 <y oSSt

[00196] Forany re{l,2,..,T} and jeJ", > } represents

ssess’/ {

the combined amount of product available at port j up to time ¢. Any ship on

any time no later than ¢ cannot load more than

min{Fj’"‘“,max,.s, {ZUESS, {Iw+P,,—1I ’"‘"}}} per load from port ;. This gives a

sst’ ss,t’

lower bound,

DI SPED I T o

LB, = |,
min{ 7 maxrs {3 g U + Py = 1203}

A




Set count = 0 while count < AF do |I' = argmnj ft J K, 1} v' = argmn,{7;}
Accity =1 for t do if Kic, 1 then = Ky., -1 end if end for if Ed.,= 0 then
Set K1, =woarqustdsBL,} , Vj JL Vt E count = count +1 \WECT/US2008/013818

2009/ 082454PCT/ US2008/ 013818 =72 -

on the number of loads up to time ¢ from the beginning date for load port ;.

Since 1™, I™ and P_, are not constant over time,

sst2 Tsst 2 ss,0
LLB,, = maxc<{LB,,},
can sometimes give a tighter bound than LB,, . Then the following set of

inequalities is a set of valid inequalities.

Z Z z, 2 max{LLBj’,,max

wess! (LB}, et Ve ,2,..,T).
veV {n=(j,/')eN, j'st}
[00197] Similar valid inequalities for discharge ports can also be defined.
Let
I Z": - (1 ds,0 — Zug Dd.v,t')
min{F"™ ,maxc<{lns + Dy, —Lard} |

LLB,, = max;«{LB,,},
Zd—‘EDSI {I‘T‘"" _(Id"o T Lurs Dd-f,l')}
min{ F™  maxr« {Z dseps! {137 +Dy, - 11{7,}}}

LLB;, = max,«{LB,,}.

LBd.v,l =

LB, =

S

[00198] Then the following inequalities are valid inequalities for discharge

ports.
> ¥z 2max{LLB,,max, ., {LLB, }},VjeJ"Vie{l,2,.,T}
veV {n=(j,I')eN,|t'st} ' '

[00199] If the limit on the number of loads or discharges at port j is

imposed, the following valid inequalities can cut off the optimal solution of LP

relaxation.

z, Su Z x, + Z x, |, VieJ,Vvel.

a

J
{n=(j e, 2,..,T}} {a=(v,(j.1).(J'"))e4r) {a=(v,(j,1).(0.T+))e4)



- 76 - end if Tv=T+1 if mn,{T,}=T +1 then Set 7:, to the earliest
available tinme of ship VE Vend if end while [00201Ship v can visit |oad
port j orWQ 2e#va8245d¢c j,,,= 1 in the reduced nodel. That peEarsgoosloais18 f Acc =
0, all associated arcs are renoved in_the reduced nodel. The default val ue
of AF used in practice is 2, which seens to work well nost of the tine. If
t he reduced nmodel is infeasible, AF is increased to 3 or 4 to build a new
reduced mjo0i@20@]jor the Construction Heuristic. The Construction Heuristic
applies the Branch-and-Cut algorithmintroduced earlier to this reduced
model . 1t [G0YPH atEviendheugh nofexamipi¢scareqiravidsd here tg illustratqthésipeiatni ned

col 1 ect vERg QB ipBdtora e LErFelsbdibn sF e ariul sioddf s wioliRE obl Bef ST ne
Construct iO?E%‘%_“ﬁifkgiitiﬁg bfi Ob%?gslgﬁllo{/\et o find an initial solution even though the

original no easi ver, in practice, this rarely happens. Wen
the Construction Heuristic fails, the original nodel is used to find an
initial feasible solution. Large Nei ghborhood Search 1002081The real world

i nst ances [002Q2]e pr dissfellomimg setdefl canstraindgs i smpesednd conpl ex to solve in a
reasonabl e amount of tjinme. The optim zation aj‘c’%i thmintroduced earlier,

however, works well fagr s | instancessThis es it.ags\?i blLe to use the
optim zation algorithmin efrd‘lﬂré'v(\g(rka a Tdrde nefghbof h6dd search.

{a=(v.(/"0)(J1))eAr} v,(0,0,(/.0)e4)
[00203] Due to the direct revisit, a special branching rule can be employed.

We divide the solution space into )| oGy argery Ko =1 20D

> e Yo =0 foreach veV, jeJ, and j'eJ such that j= . W¢

apply a similar branching rule to the arcs from SRC and arcs to SNK . This
special branching rule makes the branch tree more balanced so that the highest

priority is given to this special branching.

Optimization Based Heuristic Methods

[00204] Most of the time, the practical instances of the proposed MILP
model are too large and complicated to solve in a reasonable amount of time.
However, the developed optimization algorithm works well with small instances.
Due to this fact, the optimization algorithm can be used in the framework of a
large neighborhood search. This method is similar to the 2-opt algorithm
developed for the Traveling Salesman Problem in the sense that we continue
iterating the optimization of subproblems in which most ship routes are fixed
and only two ships are free to be re-scheduled until no better solution can be
found. The initialization of this method requires starting with a feasible solution.
The primary difficulty with the method is that sometimes finding an initial

integer feasible solution is not an easy task. A construction heuristic is therefore



WO 2009/ 082454PCT/ US2008/ 013818 - 77 - [00209] The search starts with a
feasi ble solution. By fixing sone of the binary variables to the val ues of
t he curr ew0 2h@asedsite sol ution, a small subproblemis comstrrusees®d13sii s
procedure continues until it is deternijged that a better solution cannot be
found with this nmethod. The Large nei ghborhood Search algorithmis
described in detail in Algorithm2. Algorithm 2 Large Nei ghborhood Search

Set count developltlte firlinteger YedsibleéolutionbZudek1HETRE hekvstep lis scall dred V'
whi ch have never been sel ected since the current best solution found FiXx

bi nary varlL&Xs éPIBXdJolutien Relishingdgotithan in ordes o pmpreveithe sofwtiethei r
val ues in the current tEest .sal utiopn Solve new ubl%ro | em 'hf Bet&er sol uti on
{ B borhoo C

found t herPeiygAPR1YDg the gptimizatinshpteddaggehdd search procedure.

This solution polishing method is a proprietary commercial solver technology
involving some combination of local neighborhood search and genetic
algorithms. It should be noted that his solution method is dependent on the use
of the ILOG CPLEX solver technology. In the event that another MILP solver
technology is used, some substitute would be required to replace the ILOG
CPLEX Solution Polishing algorithm. Dash Optimization’s XpressMP solver
could be used as a potential replacement for CPLEX. A specialized
neighborhépd search algorithm can also be developed to replace the Solution

Polishing algorithm.

Construction Heuristic

[00205] The goal of the Construction Heuristic developed here is to quickly
find a feasible solution such that the improvement heuristics developed below
can use this feasible solution as an initial starting solution. The brute force
method of achieving this goal would be to run a Branch-and-Cut algorithm on
the full MILP model until it finds a feasible solution. Such a method is
unacceptable because in typical cases it is computationally intensive to find a
feasible solution due to the problem complexity. Due to this, instead of using the
full model to find a feasible solution, a reduced model is built in such a way that
any of its feasible solution is also a feasible solution to the original full model.
The reduced model which is smaller than the full model increases the likelihood
of finding a feasible solution faster. The reduced model has been used
successfully in practice to find an initial solution. There could be many other
ways of designing alternate construction heuristics. Since different initial

solutions can produce different final solutions, it may be useful to develop



count = count +1 end if end while [00210] Note that there are many factors
whi ch can affect the perfornmance of the search procedure. The initial

sol uti on wearroovaisessuihe performance of this search differeotr/ustss/ocises ce of
two ships for each subproblem can produyge different solutions. Atine limt
or sone different stopping rules can also be enforced for the subprobl ens
in case the solution takes too |ong. The best setting of these paraneters
can be di fseeemhtonstauotionsdicurizeict thataslitieivefastiduimpetationgl speed MEhisVWO

2009/ 082454PCT/ US2008/ 013818 - 78 - paraneters of Algorithm2 is tuned

t hrough a remainsra teipie éer fudwieaesearplut at i onal experinents. Tine and Vol une
Optim zation [00211] When a feasible solution is available, a Tinme and

Vol une optim zation problem can be generated by fixing route information of

each ship based on the feasible solution. If the feasible solution
avai | abl e [0920&} an The idealofsh¢ redused nsodealifaythen@omstrectimnd biaristiveis

overal | soREP eéﬁnbs'a?@caﬁéh VRGOS o P i S a5l ReFTRARSIRE vol ure
P ! 168 PORSAFITSRIHEN for dclihin bifed SFpREI:0Bn ERAES (idoHl) o7 O

whi ch we genera I e an ure ‘op |mza|on proble he route
i nformati %ﬁs%d&ﬂ%ﬂaﬁw dhté§fd%%'hfu§b' mgoﬂqusﬂwvst hew fiofs| R WRRE T ai nt s
Vi

to the original problem =.ia ,W
ship is accessible to which load port in the reduced model for the Construction
Heuristic. The size of the reduced model is controlled with the parameter AF ,
which is short for Aggressiveness Factor for the Construction Heuristic.

Algorithm 1 Construction of Reduced Model

Set X,, =max{0,LLB, }, VjeJ" Vie{1,2,.,T}
Set 7, to the earliest available time of ship veV
Set dec,, =0 VjeJ' VveV
Set count =0
while count < AF do

J'=argmin{t|K, >

v' =argmin {T,}

for tdo
if K,, 21 then

K., =K, -1

end if

end for

if >, K, =0 then

Set K, =max{0,LLB, }, VjeJ" Vte{l,2,.,T}

count = count +1




fac(v,(0.0),(j,t)eA))(adv,(0,0),(j,t)EA) xa.EL0,WeV,Vjed,V]'ed,j,
ta=(vALIM . "SAT))(a+, (LIVi I)EAr)) (33) (34) X01,V1i/ E V,E J. (35)

(a+, (j,t)wOQpdoHEBXEAS [ 00212] There is another excel | ent pasarsedosionss1gi ne and
Vol ume optim zation. This nodel can bep4sed to evaluate user's existing
solution to the business problem The nodel can produce a better solution
by just using the route information. The need for a user to nerely provide
the route dyf grmation for each ship fromthe solution they have

i ndependent |y derived is convenient. The optim zation technique thus nmakes
it a sinple fyedesk in practice to conpare with an existing solution since
a conpl ete solution specification would be conpl ex involving both routes
and ti m ndf mon, {&)}l=Tedsthea and woul d be very cunbersone to nmanual |y i nput
into a decision support tool. Users can also WD

2009/ 0824 BERQT to/H2O Oar R3BBB] able’me afashipmives W hei r own i ndependent sol uti on
with those the algorithmdeveloped in this report. This is one way of

eval uati ngnd quality of the solutions fromthe algorithmand it also
provi des a user confidence in the solutions determ ned by the heuristic

al gori t hneend while

[00207] Ship v can visit load port j only when Acc;, =1 in the reduced
model. That means that if Acc;, =0, all associated arcs are removed in the

reduced model. The default value of 4F used in practice is 2, which seems to
work well most of the time. If the reduced model is infeasible, AF is increased
to 3 or 4 to build a new reduced model for the Construction Heuristic. The
Construction Heuristic applies the Branch-and-Cut algorithm introduced earlier
to this reduced model. It stops at the first feasible solution or after a
predetermined run-time expires without finding a feasible solution. These
procedures all collectively compose the Construction Heuristic. It is possible that
the Construction Heuristic can fail to find an initial solution even though the
original model is feasible. However, in practice, this rarely happens. When the
Construction Heuristic fails, the original model is used to find an initial feasible

solution.

Large Neighborhood Search

[00208] The real world instances of the proposed MIP model are too large
and complex to solve in a reasonable amount of time. The optimization
algorithm introduced earlier, however, works well for small instances. This
makes it possible to use the optimization algorithm in the framework of a large

neighborhood search.



Overal |l Procedure [00213]By conbining the Construction Heuristic, |1LOG
CPLEX Sol ution Polishing, the Large Nei ghborhood Search, and the Tine and
Vol une opwOrn@atse4sa, a very effective optim zati on base@csalsatosomnsmet hod i s
desi gned for the problem The Branch-arng-Cut algorithmis inplenmented with
the 1 LOG CPLEX 10 MW sol ver. The sol ution nmethod begins by running the
Construction Heuristic. If it finds a feasible solution, the Tinme and

Vol une optim zation is applied to the route of the solution which may all ow
it totermnate with a better solution. This solution _is called i ncunbent
sol ution. [#0209]L0G Grherseasdh starts withoa ifeasiblg salusion. Binfiking sesee abghe ed in
order to inprove t solution for. sone given . unt..of tinme. The incunbent
i s update q%ry avagggfeértogﬂ? YRGS °if§ﬁ"f S‘Efﬁ%“t()%ﬁlﬁg%cﬁ}lgmbr%%gg. The Tine and
Vol unme optgi.ii | I i I . - e L shyphent

sol ution. ts}lpblt%%}lésrﬂtq %F?ﬁl%\tg‘?g%&gﬂlﬁ P g&%"g;u F%?&ggflit}t%idggﬂgfﬁg{rletétrq{gn%cunbent

sol uti on ibzttePsEluEon caiigot B fotinwith ¢hidirh@hod SThé ar@aasigHbdmoode Lar ge

Nei ghbor hood Search algorithm If that finds a better solution, the Tine
and Vol umdeanth algerithimns despoitiedimdetaibppAlgatithgu2n. Al gorithm 3 descri bes

t he whol e procedure in detail. Algorithm3 METEORI TE Sol uti on Met hod Run
Construction Heuristic if Construction Heuristic fails to find an initial
sol uti on then-Run Brancimandr ot t o dtheorgirmat—nodet—unti+—t—finds—a
feasi bl e UEAritRMm #¢Lazge Neighbothood Searels oacibl e then WO

2009/ 08245ZPCIT TISP7HUBT 013818 - 80U - lermnate end 11 end 1f

S

while count <|V |*(V |-1)/2 do
Select two ships v and v' which have never been selected since the current best
solution found Fix binary variables which are not associated with ship v and '
to their values in the current best solution
Solve new subproblem
if Better solution found then
Update best solution
count =0
else
count = count +1
end if

end while

[00210] Note that there are many factors which can affect the performance of
the search procedure. The initial solution can make the performance of this
search different. The choice of two ships for each subproblem can produce
different solutions. A time limit or some different stopping rules can also be
enforced for the subproblems in case the solution takes too long. The best setting

of these parameters can be different from instance to instance. The setting of the



Solve tinme and vol une optim zation nodel constructed fromincunbent Run WOG
Solution Polishing for a given anmount of tine Solve Tinme and Vol une

opti m zatworroomdeds4sconst ruct ed from i ncunbent Run Lar ge pEiushdwsninssesl Sear ch
starting fromincunbent Solve Tine and7gal une optim zati on nodel
constructed fromincunbent [00214] Tinme limts are enforced on the
Construction Heuristic, Tinme and Vol une optim zation, and subproblens in

t he Lar ge paeargéters dibAdzdséthre D iptuneddhraughma pumber bbreudistic somputitéormter al |
procedure ternminates in a reasonable anount of tine. These limts are tuned
t hrough eXXPREMEBtSconput ati onal experiments. Mst of the tine, these
routines termnate before they reach their tine limts. This inplies that,
nost of the tine, the construction heuristic termnates with a feasible
solution, and the ti me and voI ume optim zation nodel and subproblens in

| ar ge nei drimeranshMolime € 78H60r e are sol ved up to optimality. Tine-Space
Net wor k Model : Vari ations For Practical Requirenents [00215] Many vari ati ons
of the nodel introduced earlier are confronted in practice. The purpose of

this sectijgpif) O dBeHTeRAMALGAR d AEARBR, A Pdae yagE oo

vari ation t he party ports are rent from
conpany owlpﬁ @an@ppfaﬂaﬂ o Besghireated dyt ficingupnte/inftuin stestrofleadhy shap

i nventory vel s are not tracked For each streamat a third party port,

ti me wi ndbasecon thm&aarbd@aolumbnabfdhbébaseblpﬁohUNH dailabbaisi myf asroptieahar gi ng
for each ti

&g]o( W ar.e .I ven. l‘ft1 "s, " V\qfl _
2009/ 0824§Q ec apd trmg °Pt‘r"é‘|§ﬁ‘(%9’éﬁf R GAILPEOdUGE 2and t he
ending of fth §<}1{Iﬁoﬁﬂu§‘9@i¥e lﬁétgﬁcés yoxﬁe}z{lf?zgpgi%n'f>r§8@du%8€1@sér%dJ e .13

n.lL respective present avail
below includes solving Time and Volume optimization problems several times.

Let x, be the feasible solution from which we generate a Time and Volume

optimization problem. Fixing the route information for each ship is performed by

adding the following constraints to the original problem.

x, = > %, VveV,Vjel, (33)
(a:(v,(0,0),(j,l)eA)} {a=(v,(0,0),(j,t)e.4))
X, = > %, VveV,VjeJ,Vj'eld, j#]J, (34)
{a=(v.(.0.(J" 1 )eAr )} {a=(v.(j .S )e4r)}
X, = > X, VveV,Vjeld. (35)

{a=(v,(j.).(0,T+1)eA)) {a={v,(j,),(0,T+1)e4))

[00212] There is another excellent use of the Time and Volume optimization.
This model can be used to evaluate user’s existing solution to the business
problem. The model can produce a better solution by just using the route
information. The need for a user to merely provide the route information for
each ship from the solution they have independently derived is convenient. The
optimization technique thus makes it a simple process in practice to compare
with an existing solution since a complete solution specification would be
complex involving both routes and timing for all vessels and would be very

cumbersome to manually input into a decision support tool. Users can also



anount for loading during kth tinme wndow for third party supply stream ss

Simlarly, let Tdsi and Tds2A represent the beginning and the ending of
km time woadow/®ets4sa demand stream ds E DS such that | PET/UB2008i0p3818
respectively. Let Q represent maxi num@wunt for discharging during km
time window for third party demand streamds . W assune that tinme w ndows
for a third party streamare nutually exclusive. [00217] I nstead of

Const r ai ntcopdparenkkif bvndiatiepatienasbiution witk tliasel theiatgprithnsdealoped v e
required for each tinme window k of a third party supply stream EEV] ./3 n

JL, Vss dBis report; Khis|iapneovs of evalnaténg the qualityiod demsalupns fﬁomtlps:arty
d d st the foll t t ., vd
Do 1o Ak Snd & a1Se pRiAPOR b58) Asitidthes BB iitions dferminedly ore
case of tt}hé egﬁgﬁya%&;mhbecause their tine w ndow Is essentially the

I ke

entire time horizon ird party streans, inventories are not tracked
for spot market streans and there is a maxi num anount for | oading or

di scharging for each day at a spot market stream Let as and Q k denote

t hese anoydverall@rosedurent (4) and (5) are replaced with the foll ow ng
constraints for spot market streans. In typical METEORI TE busi ness data

I nstances, the U S. spot sales market is in this category. E friv,ss Q@ ss,

[00213] By combining the Construction Heuristic, ILOG CPLEX Solution
Polishing, the Large Neighborhood Search, and the Time and Volume
optimization, a very effective optimization based solution method is designed for
the problem. The Branch-and-Cut algorithm is implemented with the ILOG
CPLEX 10 MIP solver. The solution method begins by running the Construction
Heuristic. If it finds a feasible solution, the Time and Volume optimization is
applied to the route of the solution which may allow it to terminate with a better
solution. This solution is called incumbent solution. The ILOG CPLEX Solution
Polishing algorithm is then applied in order to improve the solution for some
given amount of time. The incumbent is updated if a better solution is found
during this process. The Time and Volume optimization is then again applied to
the route of the incumbent solution. If this terminates with a better solution, then
the incumbent solution is updated. The incumbent solution is then passed to the
Large Neighborhood Search algorithm. If that finds a better solution, the Time
and Volume opﬁmization algorithm is applied again. Algorithm 3 describes the

whole procedure in detail.

Algorithm 3 METEORITE Solution Method

Run Construction Heuristic
if Construction Heuristic fails to find an initial solution then
Run Branch-and-Cut to the original model until it finds a feasible solution

if Original model is infeasible then




vcv EJmVss E SSI, vt E{1,2,...,T}, n=(j,t), WE .14 n ,Vds E DS, Mt
{1,2,...,T}, n =(j,t). veV sseSS WD 2009/ 082454PCT/ US2008/ 013818 - 82 -
[ 00220] Awvbawewoskésmi t AT and an upper limt Num on thecmusb@s/oofsishi ps
used in the solution can be easily congpdered in the nodel. tsil" s EO-x",
(0, 0), (O0,T,1))).sNusv. veV

Terminate

end if

end if

Solve time and volume optimization model constructed from incumbent
Run ILOG Solution Polishing for a given amount of time

Solve Time and Volume optimization model constructed from incumbent
Run Large Neighborhood Search starting from incumbent

Solve Time and Volume optimization model constructed from incumbent

[00214] Time limits are enforced on the Construction Heuristic, Time and
Volume optimization, and subproblems in the Large Neighborhood Search
procedure in order to make sure the overall procedure terminates in a reasonable
amount of time. These limits are tuned through extensive computational
experiments. Most of the time, these routines terminate before they reach their
time limits. This implies that, most of the time, the construction heuristic
terminates with a feasible solution, and the time and volume optimization model
and subproblems in large neighborhood search procedure are solved up to

optimality.

Time-Space Network Model: Variations For Practical Requirements

[00215] Many variations of the model introduced earlier are confronted in
practice. The purpose of this section is to discuss how one can incorporate these

practical variations into the model.

[00216] Third party ports are different from company owned or operated
ports because the supply and demand stream inventory levels are not tracked.
For each stream at a third party port, time windows and the amount of available

product for loading or discharging for each time window are given. Let T

S5

. and



[ 00221] A m ni rum anount of product Mto be transported nay be inposed as an
optional constraint. The follow ng constraint equation adds such a

consi der aWDen09/BESE f nvd. 2-m vV(tr=ttCeNrijeJD)t he al | sPeSISP@BDLIB|I8 For
each ship VE V, there may exist a demgyage |limt DW . This is
represented by ExaDW/, W E V. (as 4) [00223] Each ship V E V may need to

| oad at | east pct, percent of base volune. To satisfy this requirenent, we

define therksete éseﬁﬁﬂfdlﬁé%v‘e inghmdcthe \ehdirg 4f XO)tinty veidow(foFQ su Fbl;AcUel .
SSESSlfcr—(v ,(0,0), (0, T+MeA) [00224] A port may have a special requirenent

on the m niygifm 93”@% i sQEh Eﬁaﬁf‘ D9t pepnr& Béﬁ’@ély'l‘!@t g@’ar‘égré%én%@ﬁﬁ%'l&es Let

port j need at |eas /71 a unt of t| bet ween nsecuti ve | oads or

di schar ges;m G f‘éﬁﬁﬂndﬁ rﬁ%ﬁ%ng g nm]é wuﬁi%%slfopthirﬁ%aw QPP SrEMRSs”. al nt

ensures this requirene
Similarly, let 7, and T, represent the beginning and the ending of k" time

window for a demand stream ds € DS’ such that je J* nJ” respectively. Let
Q" represent maximum amount for discharging during £" time window for

third party demand stream ds. We assume that time windows for a third party

stream are mutually exclusive.

[00217] Instead of Constraint (4) and (5) defined earlier, the following

constraints are required for each time window & of a third party supply stream.

> > i <0k, YjeJ'nJ', Vssess).

veV {n=(j 0T}, <1ST2 )

[00218] For each time window £ of third party demand stream, the following

constraints are necessary.

Z Z Z f;rtds,ss < Zs’ V.] € J3 mJD, Vds € DSJ

veV sseSS {n=(j Tk 2 S1ST3 )
[00219] Spot market streams are an extreme case of third party streams
because their time window is essentially the entire time horizon. Like third party
streams, inventories are not tracked for spot market streams and there is a
maximum amount for loading or discharging for each day at a spot market

stream. Let Q! and Q) denote these amounts. Constraint (4) and (5) are

replaced with the following constraints for spot market streams. In typical
METEORITE business data instances, the U.S. spot sales market is in this
category.

S <0, VieJYnJ', Vssess), Vtell,2,..,T}n=(jb),

veV

YN frus<0h  VjeJYNJP,Vdse DS, Vte{l,2,..,TLn=(b).

veV sseSS



<1. veV{rt=( j.e )eNrI(St' 51+7 1 ) [00225] Inventory holding costs could
al so be added to the nodel. Since product may be purchased fromthird party
ports andwepowyasetsket s, the anount WO 2009/ 082454PCT/ UBR0QBL@EB83BRS - 83 -
and timng of these purchases can nakegan inpact on such costs. If all the
ports are conpany owned ports, it is not necessary to consider inventory
hol di ng costs because production and denmand profiles are fixed inputs in

t he nodel and cannot be controlled as decision variables. Let hi' represent

t he i nvent Oril hol di ng cost _perwunit per dai/_ for lBJoducts at load ports. Let
11 represé®Z220]e iAlawenlimithdl“Hi and enapppeliminidpon thayumberpfshipst s at

di scharge ports, Let hs represent the.inventary hal ding cost per unit per
day for pPE%‘LH’tg‘ecﬁ?tl‘Hb%ﬁaxg{’gﬁPﬁiy ??nsé‘hﬁfﬁﬁdnﬁﬁmﬁsg that these val ues can
be easily made product and ti spectt i ¢ wit hout \addizng any additional
conplexity to the nodel. The f Iowc%étéﬁ-m%@ﬂﬁ%c saty to be added to the
obj ective function in order to consi'der inventory holding costs. |hLE E E
z",,hseE E rs's,,-FhDE E E jeJrvO ssESSII vel, ssgESSI jell' n.113 the, DSl
[00226] Up to this point, it has been assuned that only spot ships nmay be
used for {02l anspdk minimumoimpunidefprodeeind de bettransppged mayabevays t he
case. Spot product is delivered o .80 ef.ineries by barges. ,This feature
can be | miPBAH 2 PpieRal sgpsiraint, The follassnaconsijaintisqusdon addssyickia

i npl enent @Bféﬁ? ﬂgﬁ%ﬂs the nodel too conplicated and this is not the key
conponent 0 Be"odel . These special features are inplenented inplicitly
in the METEORI TE nodel , whi mean hat e&ch s&gfs npygnents are not
nodel ed for these special cdges,.|R2248] qu is "gr*hg product fromthe

U. S. spot market, total discharge

[00222] For each ship veV, there may exist a demurrage limit DW, . This is

represented by

Z x, <DW,, VveV.

{ac4p)

[00223] Each ship ve ¥V may need to load at least pct, percent of base
volume. To satisfy this requirement, we define the set of constraints |

> Y fuzpeaB Y (1-x), Vvel.

{n=(j1)eN,|jes") ssess’ {a=(v,(0,0),(0,T+1))e 4}

[00224] A port may have a special requirement on the minimum amount of

time between consecutive loads or discharges. Let port j need at least 7,

amount of time between any consecutive loads or discharges. For each

te{l,2,..,T- 7}"‘” }, the following constraint ensures this requirement, by defining

Z Z z, <1.

vel  {n=(j")eN, [isrs+T7Y)

[00225] Inventory holding costs could also be added to the model. Since
product may be purchased from third party ports and spot markets, the amount



on a day must be enforced not to exceed daily product availability. There
I's no blending all owed when barges are used and the inventory |level at the
dermand stweamwmsess t o acconmpdate the products from U. 8CTAsewspussehase

mar ket. CLOSING WO 2009/ 082454PCT/ US2@88/ 013818 - 84 - [00228] While this
description utilizes a variety of screenshots, exanples and illustrative
equations to fully illustrate the concepts behind the invention, the

i nvent i on and tiyingofithesspwrehhsesi dagdnakéaan dupactasti Suchatostn df aldheiponent s and
applications of the disclosed invention will be apparent to those of

ordi nary <ké téompany hwngdtpogisditzis aot peeasearytte qonsidsk inyantenydyolding cagts hi n

et er i i HECRYE RepOHGHST £ AEMaB Peofies o et dnpwS i ARERger gd Sgpnot

processi ngeAShlGfied &k abefidIPURANbIEE 1t -t difhe R AvERR:§ MR cost
per unit per day for products at load ports. Let 4 represent the inventory
holding cost per unit per day for products at discharge ports. Let 4° represent the
inventory holding cost per unit per day for products on board a ship. It should be
noted that these values can be easily made product and time specific without
adding any additional complexity to the model. The following term is necessary
to be added to the objective function in order to consider inventory holding
costs.

SIS I AEY I WD I MEY 5 I I I S

t jeJt~JO ssess! t veV sseSS t  jeJP~JP dselps/

[00226] Up to this point, it has been assumed that only spot ships may be -
used for the transportation of product. However, this is not always the case.
Spot product is delivered to some refineries by barges. This feature can be
implemented either explicitly or implicitly. However, explicit implementation
makes the model too complicated and this is not the key component of the
model. These special features are implemented implicitly in the METEORITE
model, which means that each ship’s movements are not modeled for these

special cases.

[00227] For discharging product from the U.S. spot market, total discharge
on a day must be enforced not to exceed daily product availability. There is no
blending allowed when barges are used and the inventory level at the demand

stream needs to accommodate the products from U.S. spot purchase market.

CLOSING



(a) an identification of a plurality of supply locations and a plurality of

demand | ocati ons; (b) at each supply location: identification of one
or nore swppby/msesseans of bul k products, and the nonet aPgTumkes®133i8 t he
bul k products fromthe supply streans;. g4 - (c) at each demand | ocati on:

identification of one or nore demand streans of bul k products, and the
nonetary val ues of the bulk products that neet the property specification
requi r emer[06228] t he WaitenHissdeseription utilizes 4 @xrietedf screerhos) eRdmplds! eet  of
vehi cl es that_can |oad bul k products at the supply locations and di scharge
bul k pr od@@ddllastrative empragions to fally Jhustrate the canepptsthehingbthei inyentiombé
vehicle in tQﬁ.fle t; and 3éj%ﬂt e transportation gpsts related to the
transport B8Y® H?k”SPUHhEF?n§FBA¥ I 'SUBHP?SF5¥§'F§H§“tB.Bﬁgnﬁgﬁéﬁé

| ocati ons; ot L0 L d : i LEAE ssi ng
devi ce 1 o PRISaliots S the B AR RieREh Wift ol MbaiHE 4 PRIE RO RrR SRAE
menory devh éige attafderd coteredad ieerakteaietheydaR witkin the ssepe 6ftHedppeaaed bl e
bul k product allocation, transportation routing and transportation

vehi cl e/ r elaimsschedul i ng for the novenent of bulk products from supply

| ocations to demand | ocations within a planning horizon, wherein the nodel
conpri ses an objective function for net profit margin and a plurality of
constraints including inventory constraints at the supply |ocations and the
demand | ocations, and wherein the objective - 86 - function for net profit
margi n conpri ses the sumof the nonetary val ues of the bul k products

di scharged to the demand streans, including specification adjusted

val uati ons of the discharged bul k products that are bl ended fromdifferent
supply streans, mnus the sum of the nonetary values of the bul k products

| oaded fromthe supply streanms and costs including the costs related to the
transportation of the bulk products between the supply | ocations and the
dermand | ocati ons; and (iv) a calculation engine conprising a solver
operabl e by the processing device to obtain a solution to the mathenati cal
program nodel that maxim zes the objective function for net profit margin.
2. The apparatus of claim1, wherein mathematical nodel is a m xed-integer

| i near program nodel and the cal cul ati on engi ne applies one or nore |inear
progranmm ng optim zation algorithnms. 3. The apparatus of claim2, wherein
the one or nore m xed integer |inear progranm ng optim zation algorithns

i ncludes an algorithmthat fixes routes and optim zes based on the timng
and vol une of each |oad and di scharge of bul k product.



4. The apparatus of claim2, wherein the one or nore m xed integer

| i near progranm ng optim zation algorithns includes a branch-and- cut
algorithm 5. The apparatus of claim2, wherein the cal culation
engi ne applies one or nore heuristic algorithns to obtain an initial
feasible solution to the m xed integer_ktinear progranm ng nodel. 6.
The apparatus of clainms, wherein the one or nore heuristic algorithns
i ncl udes a construction heuristic and a | arge nei ghborhood search.

7. The apparatus of claim6, wherein the |arge nei ghborhood search is
performed CLAMIMS vely. 8. The apparatus of clainms, wherein each
heuristic algorithmcan run up to a predeterm ned maxi num | engt h of
time. - 87 - 9. The apparatus of claim2, wherein each m xed

i nteger linear programmng optim zation algorithmcan run up to a
pre-deternjned paxi numlength of. tinme. 10. The aratus of claim?2
Where the bal culAEPEIMREY AECTHPing he ansBrigtar RGDUR BEOHER hmpEis e

| i near programm ng nodel, reduces the m xed integer |inear
progr anm ng nodg) a prodéssingdevieppar at us of claim 10, wherein the linear
progranmm ng nodel is reduced by restricting the accessible supply

| ocations for %@?Qﬂ&mﬁh&i%&%@éﬁ%&aﬁ%}h%d pated production at

each supply location and the aval es of each vehicle. 12.
The apparatus of claim 1, wherein the stored datq includes at |east
one demand | ocation @1 ap Ic}eéﬁﬁ?f’t’“ég Oga Blprality Pgﬂ’tﬁeltyeiﬂ%'ilp%arél R rRbett
property than tfg,RUlifcapbRducts available fromthe supply streans.
13. The apparatus of claim1l, wherein each vehicle is a vessel, each
supply location is and each_deman

a, suppl ort | ocation is a
demand port. 14. THE &Bgﬁﬁaﬁmy Ipeatiqry Eﬁcwgpgw&? rRore gl geams of
vehicles is het@gnegRABAY Sind the monetary values of the bulk products from the supply

streams;

(c) at each demand location: identification of one or more demand streams
of bulk products, and the monetary values of the bulk products that meet the

property specification requirements of the demand streams;

(d) identification of a fleet of vehicles that can load bulk products at the

supply locations and discharge bulk products at the demand locations;
(e) the capacity of each vehicle in the fleet; and

(f) the transportation costs related to the transport of bulk products from the

supply locations to the demand locations;

(11i) a computer application executable by the processing device to formulate a
mathematical model using the stored data in the memory device, wherein the mathematical
model can be solved for feasible bulk product allocation, transportation routing and
transportation vehicle/route scheduling for the movement of bulk products from supply
locations to demand locations within a planning horizon, wherein the model comprises an
objective function for net profit margin and a plurality of constraints including inventory

constraints at the supply locations and the demand locations, and wherein the objective



15. The apparatus of claim1, wherein the one or nore constraints

I nclude one or nore of the follow ng: flow conservation, inventory
bal ance at the supply streans, inventory bal ance for the vehicles,

m ni nrum and maxi mum | oad anmounts for each supply | ocation, mninmm
and maxi num di scharge anounts for each_ggoand | ocation, only one
vehicle at a tine may | oad or discharge at a supply location or a

di scharge location, Ilimts on the nunber of |oads and di scharges for

each vessel at the supplg | ocations and the denand | ocati ons, Pper
and | ower 6 foy netgselifingrain comprstibe sy pf g arpngermyrinesof temulidr af t

limts for eacls YStHAEs & 10 A Hehatif &b, HRMAR sFXGRERof FHGef FARR LY of

the discharged bulk products that are blended from different supply streams, minus the sum
of the monetary values of the bulk products loaded from the supply streams and costs
including the costs related to the transportation of the bulk products between the supply

locations and the demand locations; and

(1v) a calculation engine comprising a solver operable by the processing device to
obtain a solution to the mathematical program model that maximizes the objective function

for net profit margin.

2. The apparatus of claim 1, wherein mathematical model is a mixed-integer linear
program model and the calculation engine applies one or more linear programming

optimization algorithms.

3. The apparatus of claim 2, wherein the one or more mixed integer linear
programming optimization algorithms includes an algorithm that fixes routes and optimizes

based on the timing and volume of each load and discharge of bulk product.

4, The apparatus of claim 2, wherein the one or more mixed integer linear

programming optimization algorithms includes a branch-and-cut algorithm.

5. The apparatus of claim 2, wherein the calculation engine applies one or more
heuristic algorithms to obtain an initial feasible solution to the mixed integer linear

programming model.

6. The apparatus of claim 5, wherein the one or more heuristic algorithms includes a

construction heuristic and a large neighborhood search.

7. The apparatus of claim 6, wherein the large neighborhood search is performed
iteratively.
8. The apparatus of claim 5, wherein each heuristic algorithm can run up to a pre-

determined maximum length of time.
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9. The apparatus of claim 2, wherein each mixed integer linear programming

optimization algorithm can run up to a pre-determined maximum length of time.

10.  The apparatus of claim 2 where the calculation engine, prior to obtaining a solution

to the linear programming model, reduces the mixed integer linear programming model.

11.  The apparatus of claim 10, wherein the linear programming model is reduced by
restricting the accessible supply locations for each vehicle based on the anticipated

production at each supply location and the available dates of each vehicle.

12.  The apparatus of claim 1, wherein the stored data includes at least one demand
location that requires a bulk product having a different property than the bulk products

available from the supply streams.

13.  The apparatus of claim 1, wherein each vehicle is a vessel, each supply location is a

supply port, and each demand location is a demand port.
14, The apparatus of claim 1, wherein the fleet of vehicles is heterogeneous.

15.  The apparatus of claim 1, wherein the one or more constraints include one or more
of the following: flow conservation, inventory balance at the supply streams, inventory
balance for the vehicles, minimum and maximum load amounts for each supply location,
minimum and maximum discharge amounts for each demand location, only one vehicle at
a time may load or discharge at a supply location or a discharge location, limits on the
number of loads and discharges for each vessel at the supply locations and the demand
locations, upper and lower property specification bounds for each demand stream, draft

limits for each vehicle, and a vehicle cannot exceed cargo capacity.





