SYSTEM FOR OPTI M ZI NG BULK PRODUCT ALLOCATI ONS,
TRANSPORTATI ON AND BLENDI NG BACKGROUND OF THE

WO DMBEREMEN FI ELD OF THE | NVENTI ON [ 0001] The i P@WET$10081013818
relates to the fleld of bulk product transportation

- (PIREBULR FRODUET
@hﬁ@é]’Aﬂ"d@NS eTII%A!N&R@R:’EA"M@N A B BL.ENIEING
a conmputer to optimze allocation, transportation
rout| ng transportation vehicle/route scheduling and,
aROEAD OF BHEINMENTEN i ng, in the novenent of one
or nore bul k products fromsupply locations to
consunption | ocations using a heterogeneous fl eet of
FIEID @FSPE INVIENTIONIi cl es over a pre defined period of
time. DESCRI PTI ON OF RELATED ART [0002] Current
approaches to optim zing product transportation,
[OOOl‘ﬁet herTfléjrn%h?ioF{D%@%f@Wo Rhe FHeRE LELRIP aﬁé&l&& Str&fsp&tton and
oducts, generall ocus on transportation routlng
invemnn},/ managehieat. e M tpdlmicuhgyamd ighentioh relates italen apphcatlon stored

i nvent or agenent. | dition, these ap roa
on ayGPiLiar PR AP RF extooledk CREFs BRI 10 optimize
allocaliog BnYRIRAEH ?&Hﬁlgc ﬁ&%oﬁﬁtlm&ﬁ&é/ﬁo&@§&@§uﬁﬂ?§nd preferably,

cannot be m xed; the use of a honobgenous fl eet
produgdderideng, inr ‘dueeno@maneeﬁora: wimagrt dbuluppiycts Gomt supplydn@ht@ns to

singl e de oca and const ant te 0 I
consimafe A ey a P roseRaLs HeppREkiRbe i G MridHEBisk o pre
deﬁr{éugbbf{b@bflgmaost rat her than maxi m zing net profit.

03] TurboRouter(r) is a tool recently devel oped by
the I\Iorwegi an Marine Technol ogy Research Institute,

Mﬁ!ﬂ, perfornms vessel routing and
DES schedutrg—cal um The purpose of the tool is to

al  ow acommerci al shi ppi ng conpany, as opposed to a

chartering party, to maximze
[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)



t he revenue obtai ned by shipping optional cargo in
addition to contract cargos that nust be shipped. This
w0 ewb/joshasnever, does not account for inventoryPCT/US2008/013818

managenent or envision bl endigng. [0004] The shi pping
of ammoni a has been addressed by M Christiansen et.
al ., Deconposition of a conbined inventory and tine
commsdreial shippiig pompahy rap gpposeé o a Thartsring tpattiyoto maximize
Science, 33(1); 3-16 (1999). This article poses the
the rsiveaue ahtaired hy shipping ap! PAFgo inaddibionite gontract cargos
constrai ned by, tinew ndow requiyenents and. wessel s are
i gt e, T farl, PapeNEh dloes Rot pedung YSURSeRiRY

Is & _product between production and
n{i:z{)n%gg%ﬁ 81?1‘6122? gr SI.QH#'E'&' economi ¢ cal cul ations of this

approach oversinplify real problens and assune
constant rates of production and consunption. [0005]

[0004] i niThershéppingiof\asmonia hasiheiengdgresised by My Christiansen et.
tiple bulk |iquid prqoducts (whi¢h cannof be m xed) .
a -sbse&ngesgaen mf arsombined ,mmt?r&évf V’é‘ﬁtc&”’ﬁ”f’mn Shp Pbuting
' I [ . r 0k _1t ="
PROARAE TingboPaRoR ARty 303 11 995 This e poses the
prdBlem WHEreBvBAIORY SrArAB¥MeitAnd PO RifpOAmRAIINRRRIn® deYCtime-
each vessel is restricted to | oading and unl oadi ng at

wandgwanquipementsAnhdi véssela larg pernhittedrto warnygpartiabloads.oAlfleet of
al l ows a honogeneous,_pool of vessels. [0006] There

VRsSels ersporEingle bplkproduet katween production andyeonsimpgion
R P SO L ior 5 LY oAl bELS B e problems
afkd ABSRAE EEhJtAN ratdsSo foddStidn and cdfsumptiGhlr | Sti ansen,

K. Fagerholt, and D. Ronen (2004). One overview

article is Marine Transportation, Handbooks in

erati ons Research and Managenment Sci ence; . L.
[600§] s porlihgtmiyimum 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).



M Christiansen, K Fagerholt, B. Nygreen, D. Ronen,
edited by C. Barnhart and G Laporte (2007).[0007] One
w@ebiogati on of note is Scheduling Ocean Transpor/Us1008/613818
of Crude G|, Managenent Sci.epce, G G Brown, G W
Graves, D. Ronen, 33(3): 335-346 (1987). This paper
addresses a crude oil marine transportation problem
[0067 o d nepulplicationrofiaste is BefbdiiiimgadeedmTramdperiahien of Crude
foll owi ng assunptions/sinplifications: each cargo

Qif, Managemens Ssienaeo (b6 &pvpe@-w@é’e&glsgﬁenem X(3¥1335-346
(L E "EhiF ppner SHtsPsep ackyiol F1Atie Hgnbiidatiobirobfefa. The
i RI6R HBb[ET Ueiig detdif Reigheste BGuAY P20 e

abstinfptios/sinplifkcatiofe! (1)pedch dirgo (3. & ccrvde oib® b@ﬂﬁﬁ?é’d) moves
to net profit margin. [0008] Another publication o
betveen a sifigbeloadingpertand asiogledisehargingqrart; {23 tHeocarga

e FRISTorheY b AU LB B o vcd e
2 XN ISty bOme 3B PSRRI 5 DB ks B RIS be the
e i REmNIARZE RbSha G dREd $6 he-ts?@m_;ﬁatgrh.t hat each

voyage nust consist of "a single 1oading port and a

singl e discharging port and each cargo nust be a full
vessel load, In addition, the objective is to mnimze

1 as Asppberpublication ofmsite is fidegmeanagpment woriet and
BBy gh i e Rl sefieflng RBlem g D1 S, SM.
| | - ennldif
AlcE BT A TR 10 3p4By O 278 408 (AoRRECT R Mt oo
atldreseds @prilde sl imamineteinsppitativr asoddlidgtprbblenne A gaimfthé

associated with product allocation, transportation
maselinggprohledn charastesistias ashsuchthat eadhovayageanustidonsigt of a

sfi}lng?é l(g)a%tlrilé) Bgll'tla\{l’d ek §i8§ié°éisct}'1a?23{g”;§’on -all-rqg each cargo must be a full
vessel load. In addition, the objective is to minimize cost as opposed 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



Is aneed in the art for an application that perform
this function in a manner that permts the novenent of
woreiovjogd4sd t ypes and qualities of bul k product, PEERUR2008/013818

wi th non-constant rates of supply (production) and
demand (consunption), and each with different nonetary
val ues, fromone or nore supply |ocations to one or
applieatitimaviodld prstide significint dinanbial benefits éndise rovement of
vessel s, where each vessel -may nake nultiple, | oads and
petrotevan gad pefrelewm desiyed produgin frapnpnnly decatipnsdaidgmand
]gr%.vi de significant financial benefits in the novenent
$aU9EEr ol eum and petrol eum derived products from
supply locations to demand | ocations. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0010] The following is a
BRIEF DESCRIFTIONOF IHE DRAWBNGS8d drawi ngs that form
part of this application: FIG 1 depicts, in a general
manner, the interaction between a user and a nodeling

i catj.on ored.on a conputer in one enmbadi rent .of

BRRY' Tkt WiBg ds 3 £BFR) AARIRY %ﬂ&l&ﬁ%@dﬁ@“ﬂa@ that

' 0 i .of the invention; FIGS. 3, 4A
i e O BB O (e [rventTons BLGS, 3 aA
14 | If1ety aégicaiaifa @8hém] ARinhREIAE fiterddtion tttweeR Aluskr and a
wor kbook utilized in one enbodinment of the invention;
nrddefingldpplitation tork8 onancorhpufer inishe emboskimenhoftins envention;
from_an application user interface utilized in one
embodiiert PrTVidera BeRcral Pisessitd using opgperibedyment of the
.tine-space network formulation in which a vessel is a
1Y (?i’ty and nodes represent a possible visit to a
POrt KIGS YA, 48] €, 4DTS; 6/ P& D] 10D ¢1 A7 BT, 22643 and 14
figures aré provided’ fof “the ’pdrposes of
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




illustration only. The data in the illustrative
spreadsheets and user interface screen shots is
WO eppesEm ati ve data from a hypothetical, not BEIT/US2008/013818
actual, problem Accordingly,sthe results derived
there from which are set forth in the illustrative
user interface screen shots and sanple reports are
[0GrR]esent & computsupplicatiomsioygdoh atdoraputpr rdaldable medium, a
SUMVARY OF THE | NVENTI O\ 0012] A conputer application
cempuial ApPARtUD APMPESINgthe sBMS, AR PIPRCSH CHlpYINg the same, is

SR AR -
t(%‘g 2 iﬁfma%ﬁﬂn%?&l%e? §f°ﬁ n2tHePrBULE allc?:ﬁgon,

imzé, for maxinmimtot net of It ‘margin,

tiahSysbredtionl todtiak avd, trarfisposatoh ehivle/reutt isoliedulihg for the
transportation vehicle/route scheduling for the

muesmniof oheonanore bulk produdts frose sepplyflpestiansgpldemand
lgsiogs 1T & RIRARIE hoBzony P upaallyy Duf REFTEBRbnbF computer
PRRLARAL i G FFU e B SRS SR

a
bRAAMeE Ment, the conputer application, when executed,
causes a conputer to consider the inventory,
production schedul e and properties of each supply
stream produced. Alternatjvely, or in additiop, the

M Hut er 4poneembastimenhdhe eempuicaaAPPligatien, when executed,

conputer to consider the.inventor C u ' .
cAET A mnfle” BT STy BE 4TS ERLAPRoTUBEATRRURE pad propertis
o%aaﬁmaprp_‘f& fs&emtéprwbawed.OAweﬂlailﬂxéw,l&rin adAfidi0 M ESputer

appl 1 cation, when executed, caus€s the conputer to
applitaiion, wheneex@buted; yauses ithe nompuotatito teonsidenthecinvehtory,

| oadi ng, during vehicle transit or upon vehicle

CENYHARH O SCheduleprd property reauiremeats ef each: demaidhstrean.
@%é@&eﬁﬁ,‘eorﬁlﬂeacfd?t%&ttﬁé 3 pluitecraa{pip?fg:htigﬁr},e\ghgr)x( %%géuetgd, causes
the computer to factor in the ability to blend products upon vehicle loading,
during vehicle transit or upon vehicle discharge, to raise the 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



conmputer to consider the vehicles in an avail abl e
fleet, their associ ated capacities and costs. The

W@ o09plsas4 appl i cation, when executed, al so cauR€BUS1968/013818
conputer to consider the avaigability of spot market
purchases to augnent deficits in supply and/or the
avai lability of spot market sales to deplete overages

invensorgEind. pradactgohiedule, propertygspeoHicatiops aad monetary valuation.
application, can enploy a nupber of solution nethods

Sundarlncthe compyitenapplication psefesably allowsomuliigle dgmand streams

| cul at i pal timal, © f ti
e Ennsimet L SHb fferhidtenty Sy S Qe iintoty and
c‘[r)ru : tf&h?c}feﬁm&”t eraiyelrhfigdd R thE Ei(ﬁfg?@é&’oﬁ&ﬂ%ed Product

iI'pl'e supply’streans to be prod at each suppfly

streras had praRaty dépdhdahtmonetasy sahrhtione foodslivered product. The
product schedul e, propertg speci fications and nonetary

pragdugts arermoBidrizsiag|ap, aviakle todvehinbes hat cambe, and
referably allows mul.tipl.e demgnd streans to be
pldriabh . hetcagsneouim HOHLEARA TN A6t t h i t's own
stored inventory and consunption schedul e, tol erance
ranges for the properties of delivered product streans
[60Y%) Pr opemr&mdgr\ﬂwye netcalcnlataksral hésroffi® margin.
del i'vered product. e products are noved using an
Haweadviea/total fnlee profitf mardin preferatipnrefients e uplnfd in value, minus

preferably is, heterogeneous in both capacity and
cess assoriad ithErrsporkationn gbiained by, transrarbagprodugts from the

£ Cn Ho } hpa

sttty BpipsutBfl dewat IS Giionp oPing) B ghénkiih} pSRizBhy More

pATSRBIA S et ?r&ﬂteiﬁﬁl%:j’ﬁ isPiheQRses3Bd FdAE Ip&¥market value of the
transporting products tromthe supply | ocations to the

prizhrtdddldeatd ariausithie asgessed lpta spohmahnketivadue oftireeproducts
preferably, total net profit margin is the assessed
lgagded [and she casts lassociated avith trenspastationcand imventosy &elding.

m nus the assessed | ocal spot market value of the
products | oaded and the costs associated with

DEFARREHIBESeRPTIONVent ory hol ding.

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.



DETAI LED DESCRI PTI ON DEFI NI TIONS [0016] Al words in

this specification are intended to have their
w@ommesadsonal nmeani ng. For further clarity, theCT/US2008/013818

conventional neaning of sonmeterns used in this

specification is set forth below [0017] "Allocation,"

when used with respect to the novenent of product from

[6018]l v | od'Builkpsoducttareans ahy paodunt shatrie upbsund and

determ nations regarding the identjty and/ or amunt  qf

sybgipntjally ﬂél(b%hl@%?di i# ofhex wards dt isdB HBS%B%%E‘*‘&F@J gorrn-
roduct s tq be.net. [0018] "Bul k,product” neans

%@F%Bﬁﬁ\%j&%’ uf ifiFhk REteprt DESIRAE y fluid as

| oaded; in other words, it is in a | oose unpackaged

form Exanples of bulk products include petrol eum

[poDgjuct s. "k enbEacks bathisbamescddetandsehjectecoztede and

obj ect code. [0020] " Conputer-readabl e medi unt
i ncl udes any nmechanismfor storing or transmtting

DEAGTe, Casmplerrerehinednimind iR Bechiim for storing

g . W ;
o ap bAoA R oMbt IR cxampe,
coRiputé@lreatigbledficdmeh tclideds BunBmvt Yingieed 68 eaddbsily memory
[0021] "Discharge | ocation,"” "demand | ocati on" and

(“REeM? ), asndom laocessimemorné ‘RAM)s pragngtio diskystbrageimedia,
refer to a place where transported cargo i s unl oaded.

optigal gprage mediac Hashymemnry devicgsngltd port" and
"destination port" are each synonynous terns that

refer to a port where cargo is discharged. [0022]

[062Ad | ocal)igtharge fotapion," 'Aedrocafeh" #id Udddtination

[ ocation,” as used . synonynously herein, refer to a
lptaion, Wiensed: symonynrdusty hereiyy refer toagdace 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.



Simlarly, "load port," "supply port,"” and "origin

port" are each synonynous terns that refer to a port
wob@wesass go i s | oaded. [0023] "Transport ati onPCT/US2008/013818

routing,"” when used with respgect to the novenent of

product from supply |locations to demand | ocati ons,

refers to determ nations regardi ng the nunber of

[0025]s, <S®¥@hécletnfans anpvessebbage, maﬁe,rttamf truels sebtheiro
performa product allocation. [0024] "Transportation
meshiapical mnane of traaspeLtaiPn.ref ers to the assi gnnent of
time to each activity to performa pl an for
transportation routing.[0025] "Vehicl e nmeans any

WEERET o VERSETL ceny i ] U GHBE st ferRARLIEE

shi p, barge or other water faring vehicle. The
Model i ng Application [0027] One aspect of the

Thewdotlelomg iApplicatioput er application stored on a

conput er readabl e nedi um conprising an optim zation
nodel . The corrputer application, when executed, causes

b T L R M S

c&ﬁ?ﬂﬁéﬁeé@wls rﬁé&iﬁﬁpémﬁgrlsﬁlgrant dibhrﬁpz\éﬁﬁﬁ%o@él R &Smputer

bul k products from supply l'ocations to demand
appliedtiom svivéri ¢Necutedy lcansesrgcdmputeoty sinmltargensktyooptimize bulk
maxi m ze total net profit margin. In one {Jreferred
all

pspdust iaeretion, Heanspafiatien r@lﬁmg,@adutmsapa @aygb@l%(route
SRTBAL 0 )RR PR A
lé@dctio‘f'lg %S dEHﬁnHﬁbEéﬁoﬂs%&ﬂirP@ gﬁ’%la&ﬁ%ﬁ' RAraLd t%rhlammlze

costs, tai ne transport ucts from supply

tbtat att rosit hmrgﬁﬂanﬂoxh@pmfe@a@ eniﬂmﬁﬁnamsftlﬁ edmputerhpplication
total net profit margin is the assessed | ocal spot

aher ¢anises/a lcompaiten tassimudtaneeuslyl eptivize pradust blending.
assessed

[0028] Preferably, the total net profit margin reflects the uplift in value,
minus transportation costs, obtained by transporting products from supply
locations to demand locations. More preferably, the total net profit margin is the
assessed local spot market value of the products delivered minus the assessed
local spot market value 6f the products loaded and costs associated with
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



| ocal spot market value of the products | oaded and
costs associated with transportation inventory
whedodioseys4 Tr ansportation costs can incl ude fl apCT/HSPO§/013818
overage costs, denurrage costg, etc. Holding costs can
be incurred supply side, demand side or on-board a
vessel. [0029] In a first enbodi nent, the application,
dehrand daeatidreshd theunesetaryc valpetof ibullo praduets thtab meet thanproperty
one or nore of the follow ng: (i) exi sting i nventory

requiresneniscandoiyopperswnitigs &pblendedifigrent hle pradpcista feenefit
f the bulk t d I
ticeigtab s Of Gelifeeed hylk SRAdhE: PrefiEys PR elpouted
t i i . . .
o e o (ool E i (Pt BNt (D and )
abovet Riedlly athiecexebuted dpphicatos caudesal compltet betakiedpgy docount
requi rements; and (iii) opportunities to blend
ea¢ch pbitems (hu(ik) anddiizabota benefit the overall val ue

of delivered bul k products. Preferably, the executed
application causes a conputer to take into account at

t ite [ I ds
OGS oot  chisheBl iokition BREPFodETulible SHEITSHEHRbE bulk
pPadittt Machis@@and having lifs)oval Prdperties akP¥foneldt93Aludtisbased -
suppl’y location can produce multiple supply streans of
therkén, Endceach, streaorhhating dts) dvay aogpmukatedunventoryy stosage
and nonetary val uation based ther.eon, @%rgach str.eam

castraiptsiand pradueiien pehesutar Imadditignyca g location can
eSS ol R RBrRL Pl AR AR carl R blimgd i
p%égﬁaﬂ H&E%I#gﬁﬁgntgtﬁgﬁ%gﬁ 39séd foRBirP VaRRIion for actual

equir based nonetary

buld prtduots that areadalivierdaltokmpetitiost sequirtmartts, airl ¢achrstrtam
to neet those requirenents, and each stream having its

havimg; its,/ewn dnyentens sterege 6apstrainistandgansuapionpchedule. The

o b S0 M P Vool S0 of the same
transportation vehicle. However, the different bulk products can be blended,
upon loading, discharge or during transit, in a manner that changes the properties
of one or more of the loaded bulk products and benefits the overall value of bulk
products delivered to meet the demand location requirements. Each of these

points is further elaborated upon below.

[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



transportation vehicle. However, the different bulk
products can be bl ended, upon | oading, discharge or
wa@lenoosgpdss ansit, in a manner that changes the PCT/US2008/013818
properties of one or nore of {pbe | oaded bul k products
and benefits the overall value of bul k products
delivered to neet the demand | ocation requirenents.
edeicsupply ldvasientoibet considered biehe applicatimnemdigocoresponding
[0031] Each supply location in the problem considered
prgducHengpgamsat i on nmay produce multiple bul k products.
In other words, the application permts, but does not
require, each supply location to produce multiple

ans o ' t I
[@rs(r) uct. %ggﬁ?@?&f&l aén%%zl? P‘Pﬁ{go‘gSPL&greg’éﬁg?&grﬁgdﬁ‘g ed
applicatiensvilbhavd B¢ atwnoproptaids add propérty based monstaey valuation.
speci fic grade of gasoline. Alternati velé{ t he bul k

The pdeprtips ouydeaichemicabos phydigal| buttypisallyi ighate e chemical
mul tiple streans of, differen rades of vacuum.gas oi |

cQRRRIOR G ST PRSI TASAyCEPEREATRP IS the 1l SyeRs) products,

ef e t Jser, | £ i t

SIPLTR pa BISOMTET b ANY Kb TN RauBh LohERIANCLE.

nRFPEACInBht S§ul B ContéROSR]). FaeferRbdted ugh debigaatdsisach
the probl em consi dered by the application will have

supply stmeamr mpaetare vahredased parcuyrend peidestonghiedogal spot market
val uation. The properties may be chem cal or physical,

fosuthe sypplydorgtion| ate t o chem cal conposition of the

production stream For exanple, the val ue of fuel
products, such as VGO and gasoline, typically rise or

[6@4&1] ’ basegaen (p‘femafdnt $tRAN fn the: problen? 98AsidLRIIHY the

sul fur conten etc.). Preferably, the user desi‘gnates
applidationppilyalsd hasniswven acoumalats] invsrtbroprefierredminimum
prices in the |ocal spot market for_ the supply
and maAxipNm $100EEs] canstiais ond @nticipated pradurtion sehqshiel dhe
pf:oO usc’:ltigg rsggegl}ietd%%s 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 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.



application will also have its own accunul at ed
inventory, preferred m ni num and naxi mum st or age
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producti on schedul e does not jlpave to be constant or
conti nuous. The application considers these factors
when devel oping the allocation, transportation routing
and transportation vehicle/route schedul es.
Preferably, the user designates the existin
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a(/gl%léjerp?mt.s F’?Eferﬁ‘ﬂ&, H%ase monetary value and property adjustment
factors are input by the user based on value assessments in the local spot market

for the demand location.

[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.



sanme and the actual value of any particul ar product
that neets the requirenents may vary dependi ng upon
wWoL@pes24%4 t hin the required property ranges, tPEI/US2008/013818
properties of the particul ar1product actually fall.
Accordingly, a base nonetary value is typically set
for an average product that neets the property range
[063f]i r enefite wwhi¢lbe nignnhomogeneous|or lediehogemeous in capacity
property based adjustnent factors are provided to .
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consunption schedul e. The consunpti on schedul e does
not have to be constant or continuous. The application
| der s Ttheediefet &t IR prétRittsRaaE@RnfWeddttransportation vehicle
al l ocation, transportation routing and transportation
cae be blandedusehe prediuite are IBadéd oaty ¢t disblearged from the
desi gnates the existing inventories, preferred storage
trapsrartaiion wehisle, andvang yebisle Bansihphiagnanperdhal ehanges the

oRAAGRE RO Bt AT St B R s e
vane (@{?,%bﬂ?ﬁ?y vhﬁfé}\b?'ﬁiuﬂi ﬁ?d%%‘é‘s dahREDRRREBdéRaR@ I dation -

capacity and cost. The veh N [

es utilized in the
requirgmeénts. Wol examples diffyreno ptaductedt bpblended bygiamudtancous
permt the transport of multiple products wthout

lapl on Ginehasae atylogBrkAssiQuE iecmbbliad srtischargs tube. In
o Ao S B8 L B e s facing
16 hRBRRAGA Fshd & diS€hdtke 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



nore separate segregations of the sane transportation

vehicle. [0038] The different bul k products | oaded
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products are | oaded onto or_ggscharged fromthe

transportation vehicle, or during vehicle transit, in

a manner that changes the properties of one or nore of
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Therefore the nodeling application not only saves

[‘?‘L if’ggﬁ%&[ﬁﬁ?@ ngﬁg/rgggéb;&iﬁ% VehideS{FpRortA sPEciBY
transportation routes, the application considers the time availability, carrying
capacity, associated transportation costs (e.g., flat rate, overage costs, demurrage
costs, etc.), and current cargo for each vehicle in an available fleet of vehicles.
The vehicles may be selected from spot vehicles, term vehicles or any mixture
thereof. Less desirably, if the available 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



[0039] In another enbodi ment of the invention, the
application, when executed, additionally causes a
wW@erpsas4 t o account for one or nore, and prefPCHDE3008/013818
all, of the following: (i) thg-availability, cost,
capacity and current cargo of each vehicle in an
avail able fleet; (ii) the relative separation, in
infoamation regardingy the relasitvaseparatibne fmheachdptatiomarmd redative
and demand | ocation from one another and travel cost
trayel eashi@gsithe) Worddscaireratg fontheitadgarita)e Pseferably, this
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infGEinplich 1Oy 38t A 55 e Sty 4RI dBiipd 1o8ion and
chQFf Ebaﬂe @%ﬁ;agpkgkgg gosts, if any, for storing bulk
pro uct % e supply ?ocatlons demand | ocati ons
and/ or on-board the transportation vehicles; and (v)
the availability of spot market purchases to_augnent
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I on rou i on consi ders

réstABtiGPatl alh lsupply 10Ration BAd deRRGUI¥catisis ORbB&:Rfnple, some
transportation costs (e.g., flat rate, overage costs,

pdeshave geetdsifsandoutlgt, drafidestrictions, load godfosdischatge blackout
vehicle in an availahle fleet of%gehlcles

a%.a@rléalwnb and maxdman apownis,ok cargn .tkatésanrﬁeelpﬁﬂed and/or
Afstafisdy IR Evoal) i shiciRins 2ETIRY, Rk s

1319;51 Glﬂééti‘drpﬁi&éex%ﬁ@l@éaﬂoﬁf ormation regarding a

sfred 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
[6043]ci p&ousthy bﬁld;ng cpﬁs tan%gmal nineurredstar evegounit of bulk

PERBL Lot e BA et Sne BB AtIP e HeldrE restre A
il&irfld 6 e9ERGHAR B‘f%uh@ﬁﬂﬂuef‘delii%red that is not consumed
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



time and/or distance, of each supply |ocation and each
demand | ocation from one another and the rel ative cost
w@boovosa4es si ng the sanme. Preferably, the user PCT/US2008/013818
i nput si nformati on regardi ng-1ke rel ative separations
for each location and rel ative travel cost (e.g., the
Worl dscale rate for the trade route). Preferably, this
augientpioduction andportthbuvaitabiliseof bolk mradbctssabed gn the spot
| ocation, demand | ocation and each travel_ |eg between
masket togieplete guadpction. r Brefenably, dkes nagrispgcifies ﬁg% Haniity.on
routes and assigni n cific vehicles to specific
\9tioBs amonnl a5 Briee b BB pradbeliRatedibe BuidRStd afdjop sold on
tﬁ@@?hQE@kéﬂy vehicle size restrictions, |oading
restrictions and/or discharge restrictions at each
supply location and demand | ocation. For exanple, sone
ports have inlet draft and outlet draft restrictions,
Theddodeling Applisatian @ad VM axitimet Traasportatioh ni ni mum and
maxi mum anounts of cargo that can be | oaded and/ or
di scharged. Preferably, any such restrictions are

j t b f i ; .
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that is not noved i medi ately. "Hol di ng costs are al so

preferred ethadimenerthe bolk pofduots drepgrandpottediblyiviesseld t hat
IS not consunmed i nmedi atelal,. Hol di ng costs are al so
i

chﬁmingly,fi@ this pseieried embpdiment, gachaghicle png vessel gaghgoute
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1§ PEreRBrMel 1 fyep BeReercBauaply (1508 Al s Sndl ekf ol gech
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Al'ternatively, there y be one hol ding cost for all

supply locations, one holding cost for all demand
| ocations, and one hol ding cost for all transportation
[004f]c| es. Theretonesone¢mbodinegns ofdhe Breatigagsagomputer

hol.di t f h d d | tion.. h I
apRlicati i haf esidesy o A SATIRSTherdabls anrlipal ang, it Sxecuted,
cafsk% &ifiputer to optimize bulk product allocation, transportation routing

and vessel/voyage scheduling, for the movement of one or more bulk products
from supply ports to demand ports within a planning horizon, in order to
maximize total net profit margin. In this embodiment, the executed application
preferably 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 port; (ii) existing inventory,
anticipated consumption and property requirements of bulk product(s) needed at
each demand port and the monetary value of bulk products that meet the
property requirements; and (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.



preferably input by the user. [0044] Fifth, and

finally, there may be instances where the production
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antici pated production, properties and nonetary val ue

[8648] 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




t he bul k product (s) produced at each supply port; (ii)

exi sting inventory, anticipated consunption and
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each demand port and the nongyary val ue of bul k

products that neet the property requirenents; and

(iii) opportunities to blend different bul k products
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constraints and production schedule. In addition, each
demand port can require multiple demand streans of
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val uation for actual bulk products that are delivered
to neet those requirenents, and each streamhaving its
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properties of one or ~the | oaded bul k products
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delivered to neet demand | ocation requirenments. [0048]
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application additionally causes a conputer to account

for one or nore, and preferably all, of the foll ow ng:

[6031)' Ne 2¥Hd Afilchlibn, h exEARBE IHIABS i LAY A Horage
interface. The data entry storage interface may be integral to, or interface with,
the application. Data entry and storage for the application can be accomplished
in a number of ways. The application can use Excel, or another type of
spreadsheet software, as the data entry and storage interface. Alternatively, an
ERP (Enterprise Resource Planning) system, such as SAP, Oracle and JD
Edwards, or a business data warehouse (BDW), can be utilized. Alternatively, a
DataBase Management System such as MS Access, MS SQL server, or DB2 can

also be utilized.

[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
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waamplos24pprt and demand port from one anot her BEIUS2968/013818
for traversing the sane; (iifg-any vessel draft :
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uper intepfaste Preferabiyothersotver is kapahle lof spbdug linear programming
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i nternmedi ate petrochenm cal feed stock. The Hardware
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another or a collection of Intéractive processors :
tcimpleaiend thenalil oeationyplan; ank(iihattranspontatiom velniclaitomte schedule

network (e.g., a local area network or the internet).
tq goplement thepputingsschedulendae preéarablecembedimendsthg dat a

entr nd storage .interface. .The data,eptry st.orage
upRRar R Rragran il SRRV seiaiie frrbleRdink Boduct
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
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[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 prbﬁt margin. The executed computer application takes into
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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
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[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
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the solver to generate its own cuts.
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 ip
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
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piFEi4Bly AR, of the following: (i) information regarding each supply stream at

each supply location to be considered and its properties, monetary valuation,
accumulated inventofy, storage constraints and production schedule; (ii)
information regarding each demand stream at each demand location to be
considered and its property range requirements, property based monetary
valuation for actual bulk products that are delivered to meet those requirements,
inventory, stdrage constraints and consumption schedule; (iii) information
regarding the availability, cost, capacity and current cargo of each vehicle in an
available fleet; (iv) information regarding the relative separation, in travel time
and/or distance, of each supply location and demand location from one another
and cost for traversing the same; (v) information regarding vehicle size
restrictions, loading restrictions and discharge restrictions at each supply
location and demand location; and (vi) information regarding holding costs, if

any, for storing bulk product at the supply locations, demand locations and/or
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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)
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ah@ WiGSTHIbP 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.
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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,



overal |l value of delivered bul k products. The

resultant solution is a recomended plan for bul k
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transportation vehicl e/ route29chedul i ng and bl endi ng.

[0068] The third step in the process is enacting the

recommended solution. In other words, the solution

vehidle/engé goladdulingoatidcblehdingeoparatichsh eThepriotlaft ipeoesdure is
| ocations, routes to be perforned to nove the product
effentive &or a mitednumbercof darisiarhwhere thereanlysp b vagables but

beEGIER Tor8 POE AP GRS HEFGTe ROMeHTRPISKI ot e gkision tgype made
B R T S gl i
quite coafplenahe typicamy idvolVes; asfer aliaphinliipletsupplyt Rations each

route, performthe designated bl ending operations
With thidtiplerprodectiongpradiustsh eactewith differens nroperties anddlifferent

del i ver the designated products at the desi gnated
CEPRYBIG \saltlﬁtéoreﬁeﬁvgﬂﬁfee@gaéﬂiff&aﬂaps gagh,withgultiple demand
i d S ' .
SRR LR TRV YRR e PREPRDI R FRRILHHAL Vatuations
for 88dvered g%dﬁ%@s that nidee tRPRIGuirRHieds, noR-ddrstant rate§®f supply
rect angul ar boxes denote steps or processes and
add alenranid, ded athetarbgeheqmi fides of tradspartatioreveticlesobl em

inputs are valid. [0070] In FIG 2, the first step is
"Prepare and adjust data in the Data Entry Interface."
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Entory Interface e an Excel workbook. efore
coridér. The pecited atalail) snibTeas ppumpicso Tid an opiiial
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




and validation of data transfer are necessary steps.
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feasible, then the process is typically restarted with
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réllftgr%,ln %gg/vsol L quéé’nlgoqngi] t?l}:lrrxlglgl:g%rp gﬁ %gg%i%\r/l%%\g 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



and the eighth step is to determ ne whether the
results are "Satisfactory." The user reviews the
wG@iansamM results to insure that the results aP@I/us2008/013818
acceptable. If the results apge_not deened
satisfactory, or if the user wants to perform an
addi tional what-if analysis, then the user can restart
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g tr?J eum product transportation problemis quite
a}glﬁ‘iﬁ’é’?'and typically involves, inter alia, nultiple
supply |l ocations each with multiple production
products, each wth different properties and different
Pescer® forc METRE@RITES, nultiple demand | ocati ons each

with rmultiple demand stream needs, each havi ng
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B Const Ge testecrrogrsstop e TER R I el grgaized and
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n us vanced nodeling and optim-<zation

First th@LiS&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



to enable a conputer to find an optimal or a near
optimal allocation, routing, vehicle scheduling and
wWhb@adsags pl an. The optinm zati on applicati on cRCBEES2088/013818
conmputer to search through £3¢9-nore solution options
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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



i nventory and production schedule. Simlarly, each
demand port requires one or nore streans of VGO for
w0 e®9IB3sunits, each stream havi ng i ndependent PCEHO§®E8/013818

of property requirenents, apndjeach stream having an

i ndependent inventory and consunption schedule. In

addi tion, each | oad and di scharge port has uni que
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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




version of Mcrosoft Excel (e.g., Mcrosoft Ofice

Excel 2003). METEORI TE uses an Excel workbook for data
wepiwpsand, in addition, the results fromthe RMEVECRIFEHE3S18

nodel can be stored in Excel3pormat. Fifth, and

finally, although prograns witten in Al MVS can
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[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.



reports are satisfactory, then the user saves and/or
generates reports that record the solution. The user
W@ b@p/ogasct s the solution. The ultimate resul tPOF/US1968/013818
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wor ksheets. The twel ve worksheets have the foll ow ng
nanes and purposes: (i) a Start worksheet that
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sqlgten. ng probl em and physical and tenporal
restrictions for the sane; (iii) a Product-Spec Def
wor ksheet that sets forth the properties used to
[0093) 9N evERfRhAY @o&‘t@léﬂel"drpof Vesdrul Aot 128 Yhere the user
transported (e.g., VGO for FCC units), the direction
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paymitted ip thepiablersolutiany) " a Product - Suppl y wor ksheet
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[0094] "Load Side Slack Penalty" - A problem may not have a feasible
solution. If so, 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 (ie., 1 x 1 =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
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interest, as well as the physical and cost paraneters

for the same and any rel evant port restrictions for

[0096] s antInverjors HoldengvCoksitdedad Pert" r dhiy idsant dssigned value, in
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records any days within the rel evant production
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PPHereafter, the job is much easier since nuch of the

data is relatively static (e.g., travel tine between
ports, the physical characteristics of each

[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).



avai |l abl e vessel, port constraints, etc.). The user
starts with a copy of an existing data file and
waeipaangasdynamn ¢ i nformati on therein to the exPERUS1008013818

changes have occurred. Prefepghly, this is done

routinely as part of a regular process. Each of these

wor ksheets is illustrated in the acconpanying FIGS. 3,

4A, 4B, 4C, 4D, 5, 6, 7, 8, 9, 10, HA, HB, HC, 12, 13

and 14, respectively, and separately discussed bel ow.
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in the Start worksheet is set forth below [0084]
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"Production Start Date" - The first day in the

tiatadntdine draforéstmctionsjadlank indicatesthat aatseich gestriations exist);
pl.anni ng period. [0087] Production End Date" - The
andst day in the production horizon. Preferably, this
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Start Date"” - The first day in the consunption
régirictions exist).

[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



Preferably this date is automatically projected by

addi ng the nunber of rollover days to the production
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t he consunption horizon. Prefigrably this date is
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di scharge port. For exanple, if the | oad side slack

penalty is 1, and a |oad port generates

[00103] FIG. 4B also contains a third table entitled "Spot Market Sales." In

this table, for a spot sale port (USSPOT _Sale), the user inputs the following
information in the following columns:

"Spot sale (by ship)" - the name of the anticipated spot sale port where
excess production might be sold on the spot market (spot market sales are
generally handled by ship);

"On/Off" - a "1" is entered for the spot sale port if production can be
depleted by spot market sales and a "0" is entered if this should not be an option;

"Spot sale (by ship) w/ draft" - the spot sale port name is re-entered if the
spot sale port that has draft restrictions (a blank means no such restrictions
exist); and

"No Aframax Spot Sale (by ship)" - the spot sale port name is re-entered
if the spot sale port that does not serve Aframax class vessels (a blank means no

such restriction exists).

[00104] FIG. 4C shows a third portion of the Port worksheet. FIG. 4C
contains two tables entitled "XOM Load Port Properties" and "3rd Party Load



20 ktons of VGO during a production horizon and can
only store 10 ktons, and the solution is only able to
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i nventory hol ding or through addi ti onal i nventory

pashitvaeygsselrtorloadanpl e, if the di scharge side slack

penal ., and a d.l schar ort demands 10 ktqns of

VGO dM“PhEloé(V co Wég‘?‘?ﬁnmalﬁt&n tﬁaa‘gl lpa tH?ﬁ%WlH
[ ng storage and the solution is only
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ton oDWRIMMfIImR" - tHelfhaximnr draftS il ktdns, tHat a%%seﬂ'&an carry
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eth Pad-porbicendidering ansiogdgbri/sinlet, route diah lifbittagain, this value
ever ay inventory sits in a transportation vessel,

typiealbp changeasixitle éach vessel, but a single value is utilized here since the
vessels in this example are all either Aframax or Panamax class ships);

"Revisit limit" - the maximum times any vessel can visit each load port on
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;



[0099] The Port worksheet is the second of the twelve
wor ksheets in the METEORI TE wor kbook. The Port
wowrkssmet defines the | oad ports and di schar geCpUR1088/013818
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da"0" t d f h | oad t
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consi dered; "Load Port w Draft" - the

| 0ad "ReUisiMARR" L $hé RraMnRne i ﬁﬁ%]'é veagél dafnisit Baéh .
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dmchhrgeqsdrtonlammgleswyagﬁ:,a@d ‘No Aframax Load Ports"

- the load port nane is re-entered for each | oa ort
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information in the follow ng col ums:

[00106] FIG. 4D also contains a third table entitied "Spot Sales (by ship) -

Properties." In this table, for the spot sale port (USSPOT _Sale), the user updates

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.



"Spot purchase (by barge)" - the nanme, which may

sinply be a place holder, of each anticipated spot
WEeeksEss port where spot purchases m ght be nedEUS2908/013818

augnment production (spot narRet purchases are

general ly handl ed by barge); and "On/ O f (Spot Market

Purchase) - a "1" is entered by the spot purchase port
The Rrbdugt-Spkecc Defiworkshéet | oad supply side can be

augnented with spot market purchases and a "0" is

entered if such purchases are not an option. [00102]

407155 < IR RduEERPes et vikBechitipfibig AP aTe -
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information in the follow ng colums: "D scharge Port"
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a bl ank indicates that no such restrictions exist);
tables." No Aframax Di scharge Ports" - the discharge port

name is re-entered for each discharge port that does
not serve Afromax class vessels (a bl ank indicates

(00810 AR ik b iR ARG g RO s ELCL R P ihtifies
th'pidpettidsthhfear QFfetFt RO Morary WhAtidHRRRRE bafit froduheln this

user “i nputs the foll ow ng
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



information in the follow ng columms: "Spot sale (by
ship)" - the nanme of the anticipated spot sal e port
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mar ket (spot market sal es acrgpgeneral |y handl ed by
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TR rod Les géé:‘gg&hbét re-entered if the spot sale
‘mg—rﬁaﬁg e Aframax cl ass vessels (a
bl ank nmeans no such restriction exists). [00104] FIG

4C shows a third portion of the Port worksheet. FIG
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m ni mum anoun in ktons, that each | oad port wl
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anount, in ktons, that each load port will permt a
takdesel to load; "Qutlet Draft limt" - the maxi num

draft, in ktons, that a vessel can carry to each | oad

port considering the load port's outlet route draft

[0oTi1] (tHiSfiMttatle, 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



typically changes with each vessel, but a single val ue
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anmount, in ktons, that each discharge port will permt

a vessel to discharge;"Max Flow' - the maxi num anmount,
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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;



"Aframax Inlet Draft Limt" - the maxi num wei ght of

cargo, in ktons, that a Aframax can carry to each
wale@elsasge port considering the di scharge portPGI/UBL068/013818

route draft limts; "Revisiigpimt" - the maxi mum

times a single vessel can visit each . discharge port

on a single voyage; and "Days For Next Visit
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[00115] The second table, entitled "Product Base Value," provides a base

~ monetary valuation, in U.S. $/B, for a typical stream meeting the property range
requirements of the demand port stream. The monetary valuation is a value
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
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wor ksheet) 1s based. [00109] The second table
tabie of kl@ProﬂmﬂG@ed_Bpﬁ%rksbmeFCE tdenwﬁtysvaluatlon 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



forth the typical property values for different grades

of V&. The different grades are | ow sul fur VGO
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Value table has been calculated. If so, then an adjustment to the base value

needs to be calculated in the following manner:
A= {[(P1-P»yVBU] x MAF}

where A is the adjustment in U.S. $/B, Py is the typical property value
taken from the Product-Spec_Def worksheet, P, is the actual property value of
the discharged product, VBU is the value base unit for the property taken from
the Product-Spec_Def worksheet and MAF is the monetary adjustment fact in
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
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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 ﬁlark 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




whi ch product will need to be delivered and sone basic
information pertaining to the sane. The demand stream
Wo00098864€ generic (e.g., LPl typel, LP2_type2pCEUS20P8/013818
In actual practice, the denaggl-stream nanes are
usual Iy nore descriptive (e.g., Torrance-LSVGD).
Al t hough not expressly identified as such, each denmand
streamin this exanple is a grade of VGO (i.e., LSVGO
MSVGEO and HSVEO). The follow ng data is provided in
[AH23] Denaddre Gansumption watkshgenrihe sevanshnof theveelve
t he .na stream"on/Cff ' - a "1" | .
wiopEatBlF infthe NAE RER AL kool TR Cinnspaingiop Warksheet details
' ) i f eam
PR ShR AP p intnto R SR deinant el Mg 2
cohstemsti gewitddw Wbairtingatdadditenal invesRiy isdElvaedeFIG: 9
_indicated (sone discharge ports consune nultiple )
illustratass) typicad £&pnsypption workshggte Bie ilhustrated. workshext consists
@{rt% hat each demand stream feeds; and "Barrel s/ Ton
OFHreq fAeX" - the barrels per ton for each demand
streamis either automatically retrieved or
automatically calculated fromuser inputs in
[001RIFAUTRE S tABRS efifitled "BRmMBA S@edblOfor XOM Discharge
and/ or "density” (this information is an esti mate
Peits eletailsithe dadly prejestdd inventpryl e dind gnomimiue (Min) and
properties of the actual streans delivered_to neet

MY HRRE @Mfé)ai%amﬁ SERFERIE]S folllr@@qh spmpagy QMo deasng stream

afidhe I Cons iR P it BhlRERR PR veptary |

nfiBRhm i KBl iQRRE I¥in{ARSCarhS&HY 6@%&5& 1o thd'BeiaHBREtcam
port stream The nonetary valuation Is a value

thas desderrand portirbquirgpor ahy giveraday nCoheerdselyathesimventory

mar ket ap% icable to the
maximum, in ktons, is the maximum amount of product for the demand stream

that the demand port will permit on any given day (typically this equals the
maximum storage capacity). As inventory depletes and is not replenished, the
demand stream needs will eventually cease to be met and, thereafter, projected
inventory has negative values. This time table of inventory depletion and

inventory capacity is considered for voyage delivery schedules.

[00125] The second table entitled, "3rd Party Discharge Port Availability for
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



demand port. For this calculation, the properties of a

typi cal stream are taken fromthe Product-Spec Def
WowmresmEet . I n other words, if the demand str eR@T/US20881013818

HSVGO stream then the typicah.-streamused in this

base val ue cal culation will correspond to the typical

HSVGRO stream set forth in the Product-Spec Def

overralge h Gtie. d4i BOprbid ctdd aviilibilityeoksuchwstieantsa il ktons, is provided
entitled "Mn" and "Max," respectively, provides
(whivhrgancsally remaingsteadyperty requirements for
additional inventory delivered to neet the demand
stream consunption. The properties listed are the sane

'Iﬂ'éi%s%&‘ksﬁ%}[ forth in the Product-Spec Def worksheet
e sane units. Accordingly, for each
demand streamto be considered (i.e., for each denmand

stream marked as "1" in the "On/Of columm of the
[@123)d t abl e) , ThenlLegswarksheeixis thereightly of thieotwaliie worksheets

inhe VBRI R wodkhodka e Lesnivariibertallopatig iser o forbid
RS (B9 BB SRR B, R8I lcharee
pBRS! & bethRBARPEEMIMBAd ‘aﬁﬂtd‘i‘dbhhr%é‘ﬁo@@f’/i‘lsﬂmﬂ Bhstffes a

I't should be noted that one of the m ni rum and maxi mum
tyqsitaldsegsi workisheet. SHid illustratedamdrksheetotdmsistswf three tables.

hard limt, depending on whether the nonetary
val uation rises or false with increasing values for

roperty..A ft limt, for emand st.r.eam .
Ol )t st P ontlet b o LR RGeS Aapptgiy effoad
r . of f ] .
PRESihs DURGROF A RRFLA B, (46 TH BB on (1) ino
aagilirepresehtivg hing obigin/desteediong dnhisinkiion of twollead pbits) dny
for a demand stream property neans that the refiner

vaage eemptisingn legafrpmethe dngicatgdarigintleadiportiie the yptigated
lim¢t.t et de d,gtream consunption. To determ ne
dﬁﬂi‘f&ﬁmﬂﬁg&w&wﬁﬂ?@ﬁ%‘?-ty is hard and which is fot,

[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




one needs to | ook at the Reverse colum in the Spec
Definition for FCC V&0 table of the Product-Spec Def
wowmrekEset . | f the nonetary val uation of the deOEOSE8/013818

product (VGO rises with incggasing property val ues
(e.g., analine content), then the upper Iimt is the

soft imt and the lower Iimt is the hard lim¢t. If

the nonetary val uation of the product |owers with

I NCr easi ng]rhproperty val ues ( sul fur content) then

e.g.,
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spoEverdes),ds weld as did physiddl and|dosbparaafetrs dobthet sagne and
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relevant| part restmetianscfor thesame.i GRGs: 114} dBaand d4 feibkustrates a

00117]. The fjfth table, enfitledq "Value vs.
igakiahig Worksheetdising,gensris ctional yessal mames (6,2, Aframax 1

$at.h 4 . i
(AT PRRHEIREE), 3127 BRI PafRis st sRRSteL to SRiEfYy e
régisteréefarhes of At vesesBmdet EomTuétioRadedllubigted worksheet

properties listed in the Product-Spec Def worksheet,

coasistsyof thrdeftablesont ent ; anal i ne content; Conradson
carbon residue (CCR) content; nitrogen (N2) content;
sodi um (Na) content; nickel (N) content; copper(Cu)

(GBS0 e ERDEEST TR BRUACH SKBCT SR i AtngF ST AT e the
cbﬂlrﬁg% ?13& fltoRBatifs sEOfRRheloW Ao adt vELR]:St r eans

act delivered to neet demand stream consunption

and riNunielm thechame ofithe yassglerty requi renents. The
reason nonetary adjustnent factors are needed is that

it i s'ViesggliYsalini whethr theacesselde airgady dchartesedh (Gnd, therefore,
T GO HTPALOr Wit sl panyessdovSHHGRA ey St  or
the dﬁf‘ésé’afﬁ%eﬁt-fﬁﬂé{ﬁeﬁﬁ;‘é VREY 198> Yarhdoedr Warhifax" class

act ua
vessel.

"Max Capacity" - the maximum vessel capacity of the vessel in ktons.

"Worldscale" - 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;



properties of the delivered streans. The degree of

this variance, per value base unit set forth in the
woemdogssSpec Def wor ksheet, is reflected in tPEr/US2008/013818

nonet ary adj ustnment factors.4pQ0118] For exanpl e,

suppose a property of a delivered streamis within the

maxi mum and m ni num val ues required for the demand

st r edMeniutraged -rthogdleadossof thiefvesselrin U.Sak$Alalyypi cal

stream upon whi ch the base value in the Base Val ue

t abl éMasDeaunrage RayntAetual)f - the magipuandempregerdays
aho tg_e base val ue needs to be calculated in the

8Me0wi ng manner: A {[(PT-PA/VBU x MAF} where Ais
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adj ustment  fact :qn U
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FORANHER Wnﬁ?ﬁ?@i@cﬁicuﬁfte@ﬁt rimental as indicated in
the "Reverse" fileld of the Product-Spec Def worksheet,

t o géRenalty/ (Ineeite)ab useNasaely -\penaklics @r indertives to use a
delivered product. The Production worksheet[00119] The
SP?@EQM@S%;Mksheet is the sixth of the twelve

wor ksheets A n.t METEORL TE wor kbook. T Pr.oduct { on

wor ko NEB % dadbis VoI BaBibin i pEten s v DERSE §ohGPe that
S3% BeyRRldy streamduring the production horizon

assum ng no inventory is noved. FIG 8 illustrates a
typi cal Production worksheet. The illustrated

wor ksheet consists of three tables. )
[00133] The second table, entitled “Prohibited Ship to Port," shown in FIG.

11B, provides a one matrix of vessel names and load ports and another matrix of
vessel names and discharge ports. By entering a one (1) in a cell 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




[00120] The first table, entitled "Production Schedul e
for XOM Load Ports,"” details the daily projected
WO pooesasy (1 nv) and mnimum (M n) and maxi mnunPCVES2008/013818

inventory constraints for eagfp-conpany (XOM supply
stream during the production tinme horizon. The

inventory mninmum in ktons, is the m ni num anount of
[001353 upfThe BitecovorKshepi sahé yerthiof)the haelvehveorkshesty in the

port requires in storage on any given day. Conversely,
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oSl o BARE o SR b S BRL YR5 4, Bl i
T SR TR R FhR SRVRIY BB o

nore each day. This tine table of inventory build-up

and inventory capacity is considered for voyage | oad .
[60X36Jul es TheOirsptdbleatitled Shaoad 4b Loade providesia neateix of origin

Party Load Parts Supply Ayai]abiljty," JLdentifies the. .
lasdprgs ficunhan; desBRgtion fead Beis Gadodlipvsrogsirpyel time, in
oRFE 4 SO R6 RARA SETIA M A58 S BB tond
pBHGK sePRrbaR tHE ¢ell ’reﬁx"égeﬁthf% _ ifi.load Pbi‘t‘?'&stiﬁﬁﬁ’ém load port

can be | oaded. Cenerally, this data reflects contract
combimatidqn00122] The third table, entitled "Product

Avail ability for Spot Market Purchase,” identifies the
supply streans that may be purchased on the spot

t ot t duction..The .daiJ i ect ' :
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he. .. . o
/ Eles%natlon 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



consunption wi ndow assum ng no additional inventory is

delivered. FIG 9 illustrates a typical Consunption
wWowrresEe: . The il lustrated worksheet consi st SPOF/UBII0&E13818

tables. [00124] The first takhe, entitled "Denmand
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thiew srldscaMiR) ratevenessel clearges (movidedfiathe Ship vorkshegt), equals
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thesoverage tostyfod aplayiage legdEven Huughepspmeifse kag dedsenot have any
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O¥REREet Het Vayags hasny; xerage _eav@mraés CASIIS g%&q%\;@ all the legs
i Pltidunel Heasd offiyt Pt hESRt BESVERBLTA URR B e, The
tétﬁh@&éﬂ't_@?erfo% giVBR vo§aed sk thekkige Sithi 3f'tRe flat B4td and
Party DI scharge Port Availability for spot sales,"”
ovemgeidosssfor eack lippolithetvoyage using thewessdhat can be

di scharged to third party ports to deplete overage,
the start and end dates that mark the tinme w ndow when

QORI RS & R ey “TRRT Rigped

wék r 8hBRks. [ 00126] The third table,
e(ﬁt %l?ﬁ Oﬁ%sggi(ﬁghﬁeity or Spot Market Sales," .

identifies the demand streans that may be sold on the

a&ot mar ket to depl et eover age. The daily projected, o
[6041]abi | iEhe farst sable, entit .oadiolsqads prpvidgs evnafsix of origin

lcga 1')&% P*pf{‘o‘?w Ax}/d (rieesqgaﬂgn%gf SX&S ("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



The Legs wor ksheet [00127] The Legs worksheet is the
ei ghth of the twelve worksheets in the METEORI TE
wowrkiogzaks The Legs wor ksheet all ows the user POI/US2008/0113818
voyages that have | egs betwegp.specific |oad ports,
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consists of three tables. [00128] The first table,
disphargepprt. oad to Load" provides a matrix of |oad port
origins ("fron) and | oad port destinations ('to"). By
entering a one (1) into a cell representing any
THe 810k OGE WRBiHeRp conbi nation of two |oad ports, any
—voyage conprrsing a leg fromthe indicated origin | oad
port to the indicated destination |oad port is
forbi dden. [00129] The second table, entitled "Load to
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destination di scharge port iS Torbidden. [00130] The
didvharget, addpectieelyi tFI€GL 140l hshratege typidal Blhck(@et'worksheet. The
_provides a nmatrix of discharge port origins ("front)
ilypsirated woskdecpeensiste of twattables. (' to"). By entering a
one (1) into a cell representing any
ori gin/destination conbination of two di scharge ports,
oyag itle@9 ‘g
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_The Ship worksheet 1s the ninth of the twelve )
inthaereducton windewnarrarh tsadwpertb dbidor ang led port, there will be

wor ksheet . identifies the spot. vessel .charters .
one or more days when cargo cannot be loaded a{ the pOlI[, 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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particul ar exanple only enpl oys spot vessels), as well
wa@soovlg4physi cal and cost paranmeters for the seeEUS2008/013818

rel evant port restrictions feg.the same. FIGs. 11A,

11B, and 11C illustrates a typical Ship worksheet

using generic fictional vessel nanes (e.g., Aframax 1

[€0947] Padme™METEORITE rebddel)is writteacinuthe AIMMS amdelingi s
easier to employ the registered names of the vessels
langyiege and cmpeys am&ll\m& graphiral userdnigsfaceh deherefore, when the
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usingh PRdel ladd-iveeaRire bf AAMIOBthat Riwbdedy &spropearly configured
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bydbe VMIBEEORIAEMevdlaperer The' MESEEORTY Eedevel apess wsing the:

vessel _is ar& "Afranmpx" or " I?argmax" cl asg vessel . "Max,. .
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' t . I y h i i . .
ohodeR0Rs RS EFE8A e b P pHCEREY P858bl Bnl3hitiers n he
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rate” (rn U S. $/kton) for carrying cargo on various

generates.a Butten thaeappeary i the Excalesoldreatand iamamed anything the
Wr | dscal el OO (WSl O0). Dependi gqg’ on mar ket conditi o%s
i

.doeeleper desites (o280 "ExgcutedReadiData” inghe ease o MIHFRORITE).
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Bxicel weskdrlok 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




will charge even if | ess volune is |oaded; "Overage" -
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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.



| oadi ng and delivery schedules are already partially
or fully loaded. If so, the anount, in ktons, of each
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destipation | oad port conbination. [00137] The second
Thegntionssereensd "Load to Di scharge" provides a matrix
of origin load ports ("from') and destination
di scharge ports ("to"). The average travel tine, in
[(AS3] [ Of WhetPARAlset Bitd e OpAGhLAViedidH PulipeniRe !
to each destination discharge port is set forth in the
"ErontPageyt thee'@ptivhst’ Bereeni apipeatsodbhipscreen atlesisithatisento
di scharge port conbination. [00138] The third table,
changetqoagtramts fardhgproblem.schar ge" provides a matrix of
di scharge | oad ports ("fronf') and destination
di scharge ports ("to"). The average travel tine, in

for i1y ' :
IR531, o 10e GRS e R GILERAL AT F1EL 17, "I APHCRARI side
of thetdteectedisplagp coasRdinttafor ke probdém idipbetedr fsemnbe Excel
destination di scharge port conbination. The Cost
winokbagke elfor 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.



[00139] The Cost worksheet is the eleventh of the

twel ve worksheets in the METEORI TE wor kbook. The Cost
WowmresmEet records the trade route specific WPCHES2E013818

100 rate (in U.S. $/ton) forsgoving cargo on each

potential leg in a voyage. The trade route specific

Wor| dscal e 100 rate, when nmultiplied by (a) the base
Thel"S8obvel' geended in the Ship worksheet) and (b) the

rel ati ve percentage ofthe Worl dscal e1l00 rate a vessel

charges (provided in the Shi p vvorksheet) equal s the

i 2 S s e P o B 20
AR o e T e st

hbWwahe ehadd] $RobRY besdlae@ of the Worldscale 100 rate a
vessel charges (provided in the Ship worksheet),

equal s the overage cost for a voyage |eg. Even though

SRS NS5l TR Y, b BNSHR s
oA B R B SR STl

bEHUE et RIS OSVENCOoAdRIHON Réuditre +Tap rb%rﬁeﬂtrlqeurlstlcs

overage costs for each |eg of the voyage usi ng the
wiktseble. thf @0dde) lusirigha cdistiddtionthearistic antlyipiprale Grstolution

wor ksheet. The il lustrated worksheet consists of three
thrabgl@ gne g of tyo mr@wns@nttlmwtw% (4.1 thedargeqgighlorhood

st St B Tl gt %e,a IR ED G s Shmitary
a s@cdﬁdsbﬁ)tw 5680, diftftled ! t@oﬁﬁﬁf \%"’I[I&ﬂléctfco-mlé?éhve

originioad port’ to any destinafion ort I's set

Ithprdvemdnt Heuriseick, " rveipr siﬂe@thdmoﬂbleusiﬁ ma@mmwfontmnsnc
origin load port and the destination |oad port.

al[ud)ammnrﬁ@e st,be; solutioniising ierative suns Qﬁﬁa twe mipreNgmgat
ov1des X of or| in | oad rt f.ro
SRtk el oo it amips et e Sofuton s Abiiné8. 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



cost, in US. k$/kton, for a vessel to carry cargo

fromany origin |load port to any destination discharge
w@orw/gssset forth in the cell representing theCT/US2008/013818

conbi nation of the origin |logg_port and the

destination discharge port. [00143] The third table,

entitled "D scharge to Di scharge" provides a matrix of
solutiohNfalindalbing ehepeurissructit e heiistimand itstativetruas of the two
_discharge ports ("to"). The average cost, in US. )
inapravestent henristicse és dirowa inta the fulmedelrand solyedr Agrordingly,

N A e W,
A, Aol 51 990018 bR 53 g et ot o

tilleackQut wor ksheet is the twelfth of the twelve
wor ksheets in the METEORI TE wor kbook. The Bl ackCQut
wor ksheet records any days within the rel evant

BT | GroISSHAT b e 5a o by h 5
. . i1 abl e f o
S TERPESy W by dhor, IR R BIPUAe Br 1008 ey digkine
R 'ercrbgliaa%bw bEBAYn thEMSolVd"Uetdeht eAllivplalivbBRe the @aticah ®xit
of two tables. [00145] The first table, entitled
theBpragkdm byRedicking FExit deteorites" bigtdrsor did Sdlke” §dreer.

and | ast day in the producti on wi ndow and provides a
matri x of each day in the production w ndow and each

0a rt., If, for any load port, there will be one or
Mﬁgb@—@ﬁ%argo cannot be | oaded at the port,

then a "Yes" is entered into the cells correspondi ng

to those days at the load port. Otherw se, the default
[001603! | t WEheretHesudes hithlahe ' SoRtionhpatipation bugwnaanthee

| oaded at the given port on the given day. [00146] The
"ErntRage, athiee’ Sadution'| sarceBpppearyt Thisscreest alipws the wser view the
bgsotrstofution 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.



sets forth the first and | ast day in the consunption

w ndow and provides a matrix of each day in the
w@sisasd on wi ndow and each di scharge port. |PCT/82008/013818

any di scharge port, there wi k8 -be one or nore days

when cargo cannot be di scharged at the port, then a

"Yes" is entered in the cell correspondi ng those days

[60162)e di Fohaxkamplgrif theQisee clickethet iadé bawoh, fhen atlload"
the cells is "No" - neaning that cargo can be

seresn kaeiphowan) appearsi thahligs eachhsupmy sieemmangthe total amounts
Téé%nSf PR JoRaRd i %%iﬁt?ﬁ!ﬂht aldiGhetored hféﬂaply stream,

| nt er?ace ﬁ@%k%%gﬁ %/Eg user fﬁﬁé pop pRLY Siyeam, the
coneggrding adxdutes, Wﬁidﬁh@@l@adbh ¢irfledons lafd &B)har@f mbhetary value

wor kKsheets nust be transferred to an Al MVB

(iadpiS. k&) obthe Idadproductc sndrlid dailydinyenteyy devabafdhe supply
add-in feature of, Al M\ that has been appropriately
SR QY EF %PHBOWE?E e TE devel oper. The METECRI TE
devel oper, using the AlMVMS Excel add-in configuration
wi zard, configures the add-in by specifying the

[0@33sar y Or cfurBfdreampléaf dad @ser Qllﬁ:ﬁ@tﬂ@“@iscki\&fg%b 8atton,

and identifiers in the underlying AlMVS nodel in-a
theni st Discharge!’ skreear(net shoMne) apfearsithat lsts gaok damendastream for
button that appears in the Excel tool bar and is naned

aslict was delizprsden the sphutionandgthe tota) amauats (in ktons and

T en . _the user
k?ﬁ%sbge&eﬁe gt TR e sy, ish O 4R, ths
vEQels dar dél'iver@ﬂ P?édlﬁtt ifyeih% derfMd Bsthearn? bhE %’@B&‘r onding

vi sual basic ction, the data in the Excel book
disshargealatedhe dlstcharg@TﬁﬁRhﬂiE (imktehs ahd ki) arrdrmbnel;acyu value (in
during this read data step, an error dialog wll
Unbpehr for theedeliverias; prd thesaventosy dexel of ke de@nnd strgam over the
into the METECRI TE nodel successfully. The METEORI TE
CORSURPHON BFHACe

[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



[00148] METEORI TE uses an Al MVS user interface to
enable the user to review and alter the data, solve
wo b@oedel , and revi ew the sol ution. There ar ePOI/IE2008/613818
pages in the interface. The_ggi.n pages to the
interface are the following: (i) a "FrontPage" screen;
(ii) a "Data" screen; a "Options" screen; a "Solve"
psSperties ofithd deliveeddiblepded pesdifn areprividéd.t Fisadly, value
screens, as well a few additional screens accessible

adjustroents amade o vdlhe of the disgcharged predussngranpaned tetissbase value

5, 16,,17, 18, and and separately di scussed bel ow.
OFRAYPRBHPIAYE ok SeWIa SR I GnARG STEAS REDRELY So0ER o

. T | TE appl i Gat.l f Excel wor kbook,

r%(ﬂlé}é?»ﬁ—?%{%’t%ggagﬁ%se rgria{no‘iglfénﬁb)ﬁb Rﬁg}g)ﬁaphi cal user
interface designed for the METEORI TE appli cation
automatically appears. The user nust have a |licensed
[0@F6S]on ofOrAinviEBtliarrexEmEHORK e aggyidlicks then" Gantt Clatt" lutton,

properly. [00150] The Front Page scre is illustrated
then ¢|'Gantt éhanq SCRPCViioh §aown) 8epeach N1 e (anthEhart screen shows

ST, 0N B BB i i
dgég%lgfg’iﬁgﬁﬁd Wr%cii@?iéé%ﬁ{}ea@ﬂ@egﬁj et ORAF Rfeen also

ry options tor the pro mto be sol ved, solve

shdwes prsebbmdcledard listing cbyy Idad et sitd dischagiel gagt, the numbered day
_respectively. In addition, the FrontPage screen

irx thet plangingrperiog for leadiog dischaggingoand htirer astivities ofigach port.
user to exit the program The Data screen [00151] Wen
the user hits the "Data" navigation button on the

N tP 1 . ¢ 1 [ :
[%ﬁ({?\]rs a9®thef gﬁ'eel@@t sﬁ&@vﬁgfha t(ﬁ’ceﬂ{es‘ Sh '(fvé&l‘i,ee'@hap

the user to review an er the ta 1 nporte
sbeamc;'h'eBﬁgeqT C@Lakl dkvent 9 3ldidgresdpaés. STle t8hipsOverall”
e

Il ustrat in FIG 16. Along the Teft hand side
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



of the Data screen are several navigational buttons
entitled: "Planning Horizon;" "Load Ports;"

wO DiogoseasgePorts; " "Properties;" "Supply StrearPgT/US2008/013818
"Stream Val ues; " "Demand Strggm " "Supply;" "Demand;"
"Ship Data;" and "Cost and Tine." \Wen the user clicks
on any of one of these navigational buttons, the

oftturefepired folmhat. el adddition, teach basd @atLand 5bluéipA¥adn bEetored and
exanple, if the user were to click the "Stream Val ues”

managed in thaMETEORISE ARMIMS upphivatioul d appear t hat
listed the nonetary val uati on of each supply stream
If desired, the user can nodify the data directly on
IgeU S, M chiic ¢ ‘T@O wi |l not update the
; ; y be stored for the
time the user is running the METEORI TE program [ 00153]
After reviewing the data, the user can return to the
ProllenPRgéinitooreamd bormilationng t he " Front Page" button on
the Data screen. Alternatively, the user can exit the
mpﬁfmmo{y clicking the "Exit METEORI TE" button on
the Data screen. The Qptions screen [00154] Wen the
user hits the "Options" navigation button on the
[06168)! PageThe ﬁqﬁﬁle'hgﬁda?g?é'bl%r&%"b@ﬁlé%ﬂsas g ParkatRfif Fthip
allo the user to change constraints for the problem
inatsy] rottiag roblenss. sHowener, shérelavs nianyeatiditiond] Geatlifes that
The right hand side of the screen displays constraints
differentiatepi fione the egrorentignal wentesy FReting peablemsk Eachloading

PO AR DAY PR L PR AT SEN A SRECUiRPLY SR produces a
SRAERBRARER89PoblRH s o mTRi-BEORIBrOend 908 AT S

pena r using a vesse maxi m transportation

cofsértional nililtiipredutodistribudionirobRin betask daehalipplsstream has
days between consecutive
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 is to
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



visits to ports, m ninmum percent of base vol une, and

| oad only denurrage. There is also a table indicating,
whyooasrm ered "YES' or a "NO, " whether the  PCT/US2008/013818

af orenmenti oned options shoul gjor should not be

recogni zed. The user can change any of this data

directly. Alternatively, the user can hit the "Set

sfredrasibasedoont thenecwnokties ahdBondianption ceteoat thealehtamrsireams.
to change the designations of which constraints are

Thadognal definition of dhe owuthematical aaedeldeHawst s. [ 00156]
After reviewi ng the options, the user can return to
t he Front Page screen by clicking the "FrontPage"

(08700, " MRRIE RS b BB 4 6t £, o 16ad B6iis 10 o
s&EFEGRd %61&1%% ﬁ%seSUell J‘ﬁlamfﬂﬁ?sifcﬁ] Ze. ﬂ?g}@ga%r\é%med in

screen n the user

thigvépmat isendiuitet® finfy'mbllel arid @niePabelongt ie thessWt g2, ..., T} .
screen appears. This screen allows the user specif

Allthough ¢ehertided uisib asedlinbprastite ésdond 9, 28Jiffehent Imivef time could
screen is illustrated in FIG 18. The Sol ve screen )
egfillyee suhstiuted and\applied apniceessarnoA behn/ tdfaalbpents isntheamion of
I A first ti buft t titled "S E -
Rl vie s setdlna _g? eprasepiss \%gh_eﬁgorh@meﬁngég /or qRerpted by
HlHEy RSP ¢8RS SRR oL RN B ST mkets, B0 he et
1 c . ; . o
B U LSS i e Pl e HIBL O o

gHicth e 19941 Beidhingd tBht"y? 2idh Yanda /B ecoNthraRk pRposes of
button, entitled "SOLVE - Constructive Heuristic +

picsentiig tie dovpil Oy Ltienhathieutdtivhl programimihgsadde. Tk set J>* < J
nodel USicPrgs the construction heuristic and then .

isithp seivef porés wishdraBimiss.nkhe nember oflaadaor dischargasviry a ship
o P o9t Pohet SUE R Ragh o 97 i 198 of GRERAFEE o 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 DS’ 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 é

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

g € 0, then value increases with higher specifications of property q.If ge 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



slightly slower option, but generally yields a better
result. In a third option, the user can run the
W@ 0081082464 i on heuristic and each of the two i NPCDUSIME$013818
heuristics singly and in an.gperative fashion, one
step at a tinme. This option is represented by the
buttons entitled: "SOLVE - Construction Heuristic
tione y, The Hiflevitory lbmalr@ﬁ/ﬂl]lﬂply sth-mm ise@iscs ha$x e larg&ahdh or
- I nprovenent Heuristic X " and "SCOLVE -
equartat 1 ”&’z'eanthasswmqm eqmll ito IET cas time 11 a‘hctmochmtufmn supply
button, entitled "SOLVE - Full Model Only," will solve

striemmAess hab 1@ uspecifickdionefior ipsépedty: ¢ EDsFash dbmand stream
sl owest option (general ly too sl ovv) but will yield an

AR DFellsd Badan inifaf infvehtoRpts, Qron thesbdpimiin day, and consumes
heuri stic/optimzation optionh, entitled "SOLV

BONghbuAt bpﬁkoﬁubﬂﬁbﬁyﬁﬁ%ni I*téthle Mopied mvehfbrthel of demand
option, a sol utlon found using the constructlon

[ !

ﬁé%ﬁl. &¢ DSBS BV [obberthah oF ﬁéﬁ“%‘utlo ol RS thaor fap
is. s L Q ai

RS oA N RERR R G I
necess to solve the node. Simlarly, in a sixth
sB51350n buEdisitatal amouns of doa heriothroisalés thare or ggual to £ and
heuristic and iterative runs of the two inprovenent
l¢ss thansot egualite K HF oSimilarlowhien af ship stopdalt dischargs pastl.je J°,
Accordi ngly, the user has many options to select from
iti cancliscdirg@ ahayy do esod 4 buthike taldrmountesidisetidrge has to be
options 1 or 2 will yield a suitable answer in the
gtapttrethn amequal tof Ff'T rand 1p$x0thafjor equak wefF"t0 st op
running, the user can press ctrl+shift+s

si mul taneously at any tinme. The user can then go to

t he Front Page by clicking the "FrontPage" button on
[0M2] So1 vdhesal@datiompf Sranealng of dischargedrpdueinfos ridemand

strg%pséggxgggvbgﬁcgﬁ X %%phﬁé 'Xg%fegrg%td? ha%ul st stan ar}dt he
specification std’ for each property g € Q. If the level of property ¢ of

discharged product is different from stdf , 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 Ik}, <Ibs] <ubh, for each geQ and

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

geQ, we set ubhl =w. When g e Q, we set Ibhj = 0. These settings are based



[00160] When the user hits the "Solution" navigation
button on the "FrontPage," the "Solution" screen
wappeasss4 This screen all ows the user view t heP@BEES2008/013818
solution found by the nodel _gp-to the point where the
Sol ve option was ended by the user or reached its
natural conpletion. [00161] The Sol ution screen is
~ ohlusesteqatsts. The bhéz vdl8e pehuhhofldidch oiddet foi demand
summary of the sol ution obtained. The sol ution summary
stweam dsoistdenotbed bytldlB v Hareverynvaus bakSyni VG differende
di scharged product, shipping costs for the sane,
bbbwatinrthe spetification bfiey sfidischanged gredupteandtbaatandard t o
the solution obtained if it is infeasible, the total
spenificatidr srdt, the yalue per aditodf dischrsged peotluctfiot démeand stream
identity dates and anounts of each streamthat each
ds hinpreasesoor deereasedeomaritB dibychsy gealue hersagdtdndard, depending
along the left hand si de are several navigational

oRWAARS & th tdrerfje '—R@Fhentlogeé %Qﬂiéi‘etf the %Cd?ﬁ@ft%rﬁbf g of
Shi p Speéeci | endi ng FCC;"' arge

dlﬁcmﬁ%ﬁ er&H' f8¥ ﬁgmanﬁgﬂeﬁﬁagptls {38 tthan lbspeﬂltbth% ?Sf greater

n-any one o €S€ navi gatl ona
screen noriédﬁpalled solutlon |nfo
§4o

of,
thagy 1és, tyﬁfai @ Rebtops@anPt HoSppEdr. "Based for thegaleulation

re det ail ed screens w be di scussed bel ow. [ 001
ofyl ueﬁéimﬂt@ent frem@tlugb/r Lfbxe. atue pdiustment tens andohar gﬂounds

aféaﬁsé;}ﬁ ﬁ %%nbé tblél{i'(? ﬁg) LiHufr B e%diﬁ?}‘[’tf(l%ﬁ gxte assgmed

eacC ream an armoun ons an

fdBR1l ﬂﬁqﬂ—aﬁemst IereadityitiAly nbhbédehetfoP Somt %ogﬁgltes, however

supply 'stream the user can view the vessels

this pomstiicpl astuotptionoisigood enomghyfos theelawel ofhdetail in this kind of

cor.respondi nig | oad dates, anounts | oaded (in ktons and
b -ary value (in U S. k$) of the |oad

product, and the daily inventory |evel of the supply

stream over the production period. [00163] O, in

[(E(Ll[‘?:jlﬁr eXHRREE v id theliet BE ShipS lab&itablE T6r tHe takpoBGtion. 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 ¥“*" 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 \V“*" may or may not be used. For each veV,

jeJ and te{l,2,..,T} the inlet draft limit DI” and outlet draft limit DI

it vjt

need to be satisfied. For each ship veV, B,, WS,, DR,, and OVR, represent



then a "D scharge" screen (not shown) appears that
lists each demand stream for which product was

waeleiweexed in the solution and the total anpunk&I/[F2008/013818
kt ons and kB) delivered. In_ggdition, for each demand
stream the user can view the vessels that delivered
product for the demand stream and the correspondi ng

bdsis ahmuge ofl ptedudt (BCdbas)) arogRbscate i §pli ¢y detnmnsagadte and
kB) and nonetary value (in US. k$?. for the

ouerlage eategsspestivelyh d hienflasmater fpr iteayeling firam @ogle senkl to port
stream over the consunption period. [_00163% O, in .
J vt e e kbshipey tr.awels%rn d| fodhgt vhethedlat c@shfpr-this leg is
FCC' button, then a "Blending - FCC' screen (not
B;msuid). . App dgmurrage cost foresnip deisaialenlated bye 4% multipdied by the
delivery made to each demand port, including the

nuabee bf demeyrragealaye imshipst tsewopagen®vemgeweiers ta did prdyct
was intended, the date of delivery, the amounts (in
toasvst sheibass amsuny &, e i amyhleg RESBIR y '§ BPY 8P inghrs grecrage, the
delivery, the nonetary value (U S. k$/ B and U S. k$€)
oweraghaaigeDF Reapphiesita b thealegs vhship vis voxagsibased onrthe fargest
(in U S k$/ B) that would neet the demand stream s
apouptof gveraggefithajnayaegents. If the user clicks on a
particul ar vessel's delivery for a particul ar demand
stream then the blending recipe for the delivered

ct (# ' (=Y

UETHD bt SpTer a0 SERRERAS prTR e SatE it i AN
réduireenéiisl R profiiriedafisied by valwss dftiisdhaf@edprdduetial démand

.S. $k/B and U. S. $k) and properties are provided. In -
strcatns minys vakiesof oadedi productrat supplyksycanl sins eal

value (in U S $k/B and U. S $k) andproperties of the
traesp wwsmwtgwmm&henﬁ%%\ﬁded. Finally, value
adj ustments made to val ue of the discharged product,
conpared to the base value of a typical product that

PY6BIERh P&Shulbiiendemand stream s property range
requi renents, are detailed, in total and by property.

[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,?): jeJ,t€{l,2,..,T}}. Each ship v

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

veV

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

v, U,0,(J,t+T,)) suchthat veV, (j,H)eN,, (j,t+T;)eN,,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



[00165] O, in further exanple, if the user clicks the
"Gantt Chart" button, then a "Gantt Chart" screen (not

W@ bawod24appears. The Gantt Chart screen shows BCT/HS2008/013818
l'isting, by vessel, the nunbgged days in the planning
period for |oading, discharging and other activities
of each vessel. The Gantt Chart screen al so shows a

vsahend4cha) t, 4 @prdientstitie lsepdf a1 travelnatcsli A deangragecdrt,
t he nunbered/ day in the planning period for |oading,
(#li l( ;s ehef, ok NY vaiftel v el apEiNvi etndes{ ,p 1)l rgsresentd HELHEEsibility
e

her screens (not shovvn) i'nclu the "Ship Overal

of ﬁnppv w%htfattfport BROSEGIET tithe” zlmwem%t%;%/ defbd the'set of all
screens The |p Overal l™ and "Ship Spec

h rsRip YEThEh ASSLANNP nfezyrﬁé‘?ﬁ’@ﬂl%sset beaf! 'cfégnurrage

ar gl ng anmbunt's, 2asso¥i &t rate, overag
. na‘ﬁ@e‘%ﬁ P& §2§5)‘°’%‘§t ey, 388 Ridfe 3 Meprachiiith ppd where
Sﬁig %ia"t‘?eés In t e’ éml ?QU,ZS‘%%OWI%V\H&O?%Q}M rﬁ E)GN
ega%%%?s ARERLhE &ﬁl&e‘iﬂ@ﬁ énrc’l\é?{%t g8l AP d f@d(*))”& T+1))

di schar ge on eac

r 5%&59&98%??9& i 5 [‘%‘%P 1 attisp et TEontef
oY £, e IBRE R BSeABRNE @IJ 9L G RA B ROBCEGRN (/) to

S ‘conponen Peens screen
WREEEY 9% 5 0052 AR TR 172 M.
ng_\gﬁ{ﬁp Iécgtgg?ntlgg ,agcg? is glyt %ngqgsf ﬁCI {5 H;;) d(g@g f[he set o? arcs that
Soe” 4 bt dall Bode: T sshalrres gt BAse Bpfe i Ay icir head
n(g(geg#fﬁé@;oge(f)%%lty(@ﬂyot her desired fornmat. In addition,

id solution) can be stored and
managed in the METEORI TE Al MVB applicati on.

[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,) 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 f, with n=(j,f)eN,, jeJ*,

and ss € §S’ represents the loading amount of product from supply stream ss to



The Underlying Mat hematics of METEORI TE Probl em
Definition and Fornul ati on Problem Definition [00168]
wab@onsashemat i cal probl em can be viewed as a VBCT/H$10081013818
of ship inventory routing.ggabl ens. However, there are
many additional features that differentiate it from
the conventional inventory routing problens. Each
ship 9adititle POThe TOMtiNAYEs datisioRVariabRPlY, StwidlkirE=(ARE N,
since each supply stream produces a drfferent pr oduct’,

j e RIDOBL ,g%rlds sfie BY! lte.gfé%%ﬁggﬁé dﬁc@%@é@mbﬁnﬂb 6%0 bréduct for

conventtonal nul t1-product distri n pro

denPRRAYRANS IE frr&ﬁrb@%y PShERE i %eiéoatiﬁﬁeﬂmea%h variable I,

speci fications and each demand stream has 1ts own

_ ik (
SRS S SRR ey OOt B,
righg 'Yfte ﬁrﬂeof‘dﬂii%(ljaurﬁ,stﬁg @5%19&53{6%%%1)15 vaﬁgﬁgvf‘l UGihf ﬁsge DS

i'scharged pro stream s determne setf on t
ana SR KBRSSind 5 05 Ao SRR e
i 2B s oL e BERALE /1ARFB AR oy v
RN R T LT e ap—
w58 RO L R 0 Sy s
< By TSl PEodh JOF o8Bk gnd RO P ERRR F gre
n=Dh ol 45 P b3E AT cBauS it &, Br3ReRGR s v
repte S S Rees T nciing o2 3 EiSBR 0 shift STE Porhsly Pufither Goiious
vari%?lggégtf‘gf)gm{ iRl tatc Y e 3R v &Sl RuiPlo PaE atE%eisdsed.

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.

> x- > x,=0 VYveV, VneN,,

{aeA’:aed™ (n)} {acd’.aes* (n)}

x, =1 VveV,

a
{aeA":aes*((0,0))}

x =1 VveVl.

a
{acA”:aes™((0,T+1))}

(D

2)

3)



blend theminto several new products, and di scharge
them at several demandstreans based on the econonics
wa@paoogasunpti on rates at the demand streans. A¢EUS2008/013818
formal definition of the.gpthematical nodel foll ows.
[00170] Multiple products are distributed froma set J
L of load ports to a set J D of discharge ports over a
[00182] anThegelibsétaficonstraifiteensmied inveataytbathrice at kapply
report is a discrete tinme nodel and tinme belongs to
streamhéros@the{norizs owned apd/or Aperaied BY tAROMPIRY - uni t used in
practice is one day, a different unit of tine could
easily be substituted and appl i ed as necessary. A set
J of tlstheunln D dhe set.o?
J rep?leé,*énggj&he get e*f" pgrts bljvn gﬁ&/‘] ?\gpg?%vteg )
conpany, the set JM represents the set of ports for
spoty mag nd tphe sqt Jvd={;rpenesent 3° e sels Obs-. 5
port £"0p Vagéf[ By thi'td partleg Fﬁtﬁgﬁ{éloss of bs )
generallty it will be assuned that J 3 = 0 and JM =
f dhetfpHoyingesief C@nstpammsmn@s inyentpsy éaalaslcsﬁs fonthe ShlPS-
mat hemat i caL progra del . T:i set DL J is the
set of ports:—v\irth dg} Vis Ts. ws.50F lhsoads or
di scharges by a‘"s‘h’Piﬁf%tEJbort J‘"‘%ﬁ»‘“’éée’l Imted such
t hat each ship may not | oad Qp h r 0
j nmore than Ul times. [00171] ‘i vga ’portf}%eﬁp (6)
has a set SSJ of supply streams, and each di scharge
port j e J D has a set DSJ of demand streans. The set
[00183? andalend ﬁlscﬁﬁg@ ﬂy;yeasﬁﬂb dafi®ocei ofify when swPstip is at that
reans and the set of all demand streans,
port. Heslpadtarvidchargeocars.dpe estahioaah@amhnabt tataladikeharging
properties, and let jts subsets Q ar Q represent the
amoup} stioresick todhe Retvespdhe pertspecificalinisR ﬁpg B#IBRBRUCt s

amou§S e QLR BRIk ed TP e FoflgRE Ko RBktnE! 009 10

i ncreases with hj-gher pec&fl catvvno{gj Gf, pyoperty q . (7

If g Q then val'le | nereaset with TowWer spécifications
of property gq . Each supply stream

Fa$ 3 fowSE™5,  ¥jeJhVn=(i0eN, VeV, ®)
SSESS
CFTZ S Y Y fras SF 2, VieJ?, Vn=(j,t)eN,, VveV. 9
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)

veV

[00185] The following constraints ensure that a ship cannot load/discharge

more than », times at port ;.



ss e SS has an initial inventory Iss O on the
begi nning day and a value VLss per unit at its supply

w@ooow/08amd produces Pss,t anmount of product freeT/Ub2088/013818

t-\ totinme t . The inventggy | evel of supply stream ss
e SS has to be larger than or equal to and | ess than
or equal to at tinme t . The product from supply stream
ss e SS has specifiOatigncf,or proRertyjdse Q Each
demand stream ds e-fsal’so has an initial inventory

I ds, 0 on the begi nning day, and consunes Dds,t anount
of product fromtine /-1 totimet . The inventory

vel of demand streamds e DS has tq be | arger than

l0014ﬁ3 e=<walial°§Jll %@r}f@%tge%aas Bardagpner and lawer preperty.  \hen

. hj 0 ' L it can ad. from an
speciflgHas, 3 Biint H1RSF KRR habnds sprosshiidReldifincofodlts.

greater than or equal to and | ess than or equal to

Simlarly when a ship stops at discharge port j J D,

it c% sdifse pa_rrlgng,g% Any, dsyvee BSIn = (hi#) e evipE Bs/, Vg e O,

amoufi® of “di schar haS to be greater than or equal to
and less than or ual to . [00172] The cal cul ati on of
t he iabiléfdgf <ebhL Darfad, priovuks Veer(j ) ddmids sthgamyie.
sonewhat conpl ex.=<ach demand stream ds has its

standard specification for each property q e Q If the
| evel of property q of discharged product is different

[0018;72 lolmltﬂa tiffca¥idh Ul eesioaluation o%@lifiéé'ﬁ'a d pré8uct which

e

oW ng notations”are necessary for the presentation

may lod blehdedodeboardlie ohe vétheofost iQtartstig fdanirgs dn piie duedel.
for demand stream ds DS needs to be greater than or

The felowing setpfronstiginthand the ebjeetive Binctipneat sheerd efthisd
secti ha %ﬁgﬁﬁ?ﬂﬁs gIf the level of g e Q of discharged

fd streamds e DS is less than or the

| evel of of dischargeg.gprroduct for demand streamds e
DS is greaterS4mgn sﬁﬁa{sme val' ye -af] uss_impspi, is
cal cul at ed based on 8BU’ res;a%:st'f'v’el ygs:sT eseé are

call ed soft bounds. Wthout |oss

VYveV,Vn=(j,t)e N,,Vdse p§’,Vg e o,
(14)
v VSq v
SAV 40 < VB(d;q (std3, —1b55,) 3" flionen

sseSS

VveV,Vn=(j,t)e N,,Vdse DS’,VqeQ,
(15)

VSe.
SA I/r:ds,q < VBUq z s.:'ls n‘:dr,ss _Stdc(i.ls Z .f;t‘,‘ds,ss ’
sseSS sseSS

YveV,Vn=(j,f)e N,,Vdse DS’,VqeQ,
(16)

q9

v VS v
SAV,) 4, < W;—q—(ubsi —std?, )ZS:S JA.

YveV,Vn=(j,t)e N,,Vds e pS’,Vq e 0,

(11)

(12)
(13)

17)



of generality, it is assuned that for each q Q and for
each q e Q In the METEORI TE i npl enentati on, when , we
wW@Eea09/08Mhen q e Q we set . These settings ar ePOHESH081013818
user requests. The base vghue per unit of discharged
product for demand streamds is denoted by VLB ds .
For every val ue base unit VBUq difference between the
[00188)eci f Thetrex sef oftcaristrdiras bafoyees drafidimits aWdtHoue loss of
st andard specification the value per unit of .
generglig iaisgssumped thastdraf dimisrfercship reane lass than oz gqual tership
, decreasge fromVLBds by , value versus standard,
v's CaRMdYdl-ag on whether or . As nentioned earlier, if the
specifigation of g of discharged product for demand
stream gs fi.s1 Ed3k; t68a WPLR)d—€. R or Vigreah B NhHn edbs|

Wth q&%5Q then is used for the cal culati on of val ue

n0 hardh B ioart o oy THT B0ed 10 PRGNS

bl endi ig. Linear blending rules are assumed for all
the properties. In reality it may not be true for sone
properties, however this practical assunption is good
[00189) ough Overageealcelations canlbe daken ¢are lof as foHowef Without loss
distribution nodel. [00173] The set V is the set of
of gererality, al/igiasswned that the sapaditysplytint,anis grcajpr thapgr equal
. stop at nultiple |load ports, load fromnultiple supply
to its baseamsunsBpop at nul tipl e discharge ports, and
di scharge to multiple demand streans. If a ship stops
at a port with nultiple streans, it can |oad from or

di scharge to nujtigl e, streans_at S tjme. Each
shipv eV haﬁa% {4iaPvi nv Ht@%&’ﬁﬁgpp#gestream
ss on the begi nni A§® day. Each ship v has a maxi num
amount of proguSly _(pr —Byi-x,), VveV,VacA.

[00190] The following set of constraints ensures that a ship may not carry

products in excess of its cargo capacity.

Y IL,<L,., Vie{,2,.,T},VveV.

sseSS

[00191] The final set of constraints provides the bounds on all variables.
x, €{0,1}, Vae A" VveV, |
z, €{0,13}, Vne N, Vvev,
V<1, <ITY,  sseSS,te{l,2,.,T}
Inr <1, <IpY, dseDS,te{l,2,..T},
Sfos20,  Vn=(j,t)eN,,VsseS§/,VveVl,
Soasss 20, Vn=(j,H)eN,,Vdse DS’,VsseSS,VveV,

n

I’ >0, Vsse SS,Vte{l,2,..,T},VveVl,

st =

(18)
(19)

(20

1)

(22)

(23)
(24)
(25)
(26)
27)
(28)
(29)



it may carry. Travel tines between ports j and f are

denoted by Tu ., and it is assuned that T, is a
worzioviogd4e4 of the discrete tinme unit (one day iPCT/OBR08/013818

case). Aship v V may belLgpg to a set VCharl of

previously chartered ships. Each ship v Vcharl

beconmes available at tinme and nust be used in a nodel

sol ution. Each noo1<Qj‘fa=rrer.eg shi Wave,qTV‘d\v\@h t may or
may not be used. For ‘eadh v e V j eJ DL, and t

{1, 2, , T} the inl ety dpakty| |_r)9t angh, gyt | et draft
I|mt needto be satisfied. "For "each ship v V, Bv ,
W5V, DRV, and OVR representbasis anount of product (PC
tons), world scale nultiplier, denmurrage rate and

[00D92r age That ebjeeﬁﬂew: mwahyum"z'b qarcbﬁtaﬂ"heqireﬁt ()31 dd:ﬁxmtblby malues
fromport j ship

of dﬂmeﬁ prpdm:ﬁowmuq valaeqo@f loa/ded pw@crf |namue: @bltthp or this
B The denurrage cost for ship v is
‘?@%H%E%\ﬁﬁé%ﬁf mul tiplied by the nunber of
derrurrag oyag ra fers to
t he prodz'ggzoqm QU %V{ﬁé‘%rs“ BY 52, és%ff‘ég

ve n(

o
of ship v ' s voyage |ncurs over age, the " overage rate

OVR appli e [ sed
on the |ar gl(?-;pq@ dfgva&@%’p (t)%{”\gg% 2o

[00174] The objective is to maxim ze proflt whi
satisfying all the requirenments. The profit is def| ned
by val ues of discharged product at denmand streans
Solufion fecknigues of | oaded product at supply streams ninus
total transportation costs over the planning horizon T
Probl em Fornul ation .[00175] The time-space network

[OOiQf]m“ 2:)mm dE?Bf pfn ﬁ@qﬁ?@?ﬁgﬁh%ﬁekeasﬂg ecomes very

large @RNBE bizg oamiitzn piemceqnERass! Itds peaefdreeyy %h})oi'tﬁntato
port at afg{artlcul ar time. The network has a set of

redunsdbe siaecbfthe eietwobrkainca prepnecassiong step. Protd e specific etk and
spec1ai I?rancﬁm ?Cshca%hllmprgeg tllle 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.

(30)
€2y

(32)



own arc set. The set of nodes N consists of one origin
node (0,0) , one sink node (0,7 MI) , and a set of
wo egalosassnodes Nr ={(j,t) :j J,t {1,2,...,T}} PCEHSIN08/013818
ship v has its owmn arc set Ay). Then set of arcs
[00176] Each set of arcs Av consists of five types of
arcs. Atravel arc (v, (j, t), (j',t +Tjj' such that v
Branch and Cubr , (J',t +Tjj" )eN,, andj j' represents
t he possi bility of ship v to travel fromport j to
port j" , leaving at tine t and arriving at tine

denot e. t h. t,.of all s.for .. .
l ‘H% T dh T SPE S Hadic, G beve Breny eﬂ{lfl&@iﬁﬁ%ﬁlﬂé@ tightening
mr )
for Pged clls o ot ddeillerte e M or 't rboffode of a
Brenstehid-Qut (;nuhniromtl met totinme t+l. Let denote
the set of all denurrage arcs for ship v. Then
represents the set of all denurrage arcs. An arc

h\g)@/)) with ve Vand (J ,t) e Nr represents
Mland @By Jtfi B, %--sthpnd Sﬁﬁssﬂfoil%éh b o Lo+ 2 g Pur
(y,(j,t), (0, T +1)) with v Vand (j,t) e Nr represents
r@presxemmhwamomltgbﬂ poduetaisilable aﬁcsp@gb' smcamrxs up to time 7. Any

(v (0,0),.(0,r 1)) .represent 0SSi ity of ship v
hipromannimeseelatercthaps ?'«m%é%f t of using arc

e cost _of using,.fravel V\,hl ch oes f rompade
n{ S b A Pon © T e ol g egpptd SEongd Shfsives a
using denmurrage arc is DRv . The cost of the remaining
lawersbeundset to zero. Let d+(n) denote the set of arcs
that have node n as their tail de. The set of-qarcs
that have node n, as their héad+%dseﬁi“s—dfé“ﬁot ed by
l e,

d~(n) . [00177] EPe = %6 an_exa %
networ k structure des r.@gﬁ afres F’h tﬁi é%"z} a

o,l%g AETET Sh Ll &ésftgiti%?én Erpfy eche o daisofor sopply Stream
|8l PRt 3hdt b MPare'ndt cBRStahPEVEYihES SySt em

ss,t > “sst 2 S8,

LLBss,l = maxl'Sl{ 55,0' }

can sometimes give a tighter bound than LB, ,.

[00196] Forany te{l,2,..,T} and jeJ*, Zmess,{ w0 F Do, m} represents

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{F}”’“’,max,,g {zmss A% 4P —1 ""”}}} per load from port ;. This gives a

SSI ss,t’

lower bound,

DI Iy
sseSs/ .\'s 0 t'gy Coss 55,¢

LB >
min{ 7 maxes {3 g U0 + Py = 1203}

=




[00178] The binary variable xa for each a e Av takes a
value 1 if ship v uses arc a and takes the value 0O
worwensi4sse. The binary variable for each ship RET/VSzNg013818

each node n =(j,t) e Nr indigates whether or not ship

v | oads product(s) fromport j if j e J L and

di scharges product(s) to port j if j e J Dat tinet .
ohGhd R8mbERef teudsi upiugmeacfronpthevtagirmatihg datd forfload poit) 5 .

e NN , j J L, and ss e SSJ represents the | oadi ng

Sageu Nty of oraaduet | hreonotsoopstant svectess toship v at

ss,t 2SS

tinme .. Theé contifiuous decision variable wth n=(j,t)
eNr , j e JD, ds e DS , g;d SS € g epresents t he
di scharge amount of ss proditt ”%axf‘ erhrid stream ds

ce%P?%F tofes i o et ouad el %8 " HReE 3?19559“:1? IBfSr?SE of
inqualifies g Seh afgia lflﬁgsaﬂgtﬁﬁsrynﬁgﬂga?eifsir oo vl abl e

nvent &y | el o e B Pttt hgls - S8 et Flb T

Anot Heé’r‘"‘f:‘b)ﬁ’”sﬁuous deC| sion variable represents the
inventory |level of product from supply stream ss on
ship v at right after tine t . The continuous variable
[601%EN" esersﬁﬁnltah 9afASkéduatitics 96r didihiirze Povaldan HasBe defined.
propérty g Q of discharged product for demand stream
Id¢s e DS by ship ve V where n=(j,t) e N and ds e DSJ
" The continuous varjable Ov for each shlg v V

represents the |argest a(lj;@mﬁfd,pf— veDbag hipv ' s
voyage. Anot heB, centi each
travel arc and ve V"WR&\/equitiaxto/e i waF b }IS used.

O herwi se Qa;, }akes zer{?‘ Tre variable OGa v is used in
t he obj ect i v~ @nct”?aérﬁf Swrthe cal cul ation of over age
cost s.

=)

z"—‘EDS/ {1:'"" _(Id"o T Lura Dd’"' )}
min {F}”’“’,maxug {Zd@s, {Iz7+D,, - 12';"',}}}

LLB,, = maxc«{LB,,}.

. LB. =

S

[00198] Then the following inequalities are valid inequalities for discharge

ports.
> ¥z zmax{LLB,max, ., (LLB, }},VjeJ"Vie{l,2,.,T}
veV {n=(j,0')eN,|I'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.

zy Su, z x, + Z x, |,VieJ,VveV.

a

J
{n=(je),2,...T)} {a=(v(J 0. 1" ))e4r) {a=(v,(j,1).(0.T+D))e4)



[00180] The remai nder of this section presents the
ti me- space networ kbased fornul ati on for METEORI TE.

WO 028393454 he first group of equations represeneGI/Uk®08/013818
fl ow conservation constrai ni3 [00182] The next set of
constraints ensures inventory bal ance at supply
streans fromthe ports owned and/or operated by a

[00200hny. The fol | owi ng set of constraints ensures
i nventory bal ances for the ships. [00183] Loads and

[0928d har E¥en Hyoughsme pxamples ace prayided hprerforiHasisaeghispoint,

at at port. If_a |oad or_.dischar accurs,.. the total

tesoitiep ERBL e 1p elgRaoript Meig R magehis vielatG) hEifese sets
s"\ﬁr? ort specific mninmmand maxi nrum

Ogﬁn%gﬁ?lts?&éT eggé{\é?%rprepresent ed by the foll ow ng

constraints. [00184] Only one ship may stop for | oad

or discharge at a port at a tine.: The followi ng set of

[00202] r ai nThe folowing sdtaf cohstsaints isioposed. nore t han

one ship caI stop at a port at a tin’; the right hand

si de can be|adjugted appropriagtely a ecessary.
[00185] The|f ol IS\A ohst raknt s &n ﬁ?’e t?}vzte%'vé'rﬁ K
cannot | oadrdi vébﬂ'éfr”g%’norb=(f'(ﬁ‘3’H")%f’ times at port j

.[00186] Each demand stream has hard upper and | ower
property specifications, or bounds. These hard bounds

[00203F s eDlucas e AL rieti5it0h speidlBfanchiifplil¢ cdiBe employed.
speci fication adjusted val uati on of discharged product

Wihdividethe sobutivresphied ioto- Doar d i (s,',c?enc?xpéltdml most
interesting features in fRFSHOGEY " The fol | owi ng set

f constraintsa obj,ecti ve NGt i e. end
ettt S0 B S2C0 R0V oot €5 allF S £ Spdhgatsi£)" we
next set of constraints enforces draft limts. Wthout

apRly @ milge heanehing rule to the ares diama Shfarandraaes tq SHK; sThis
sﬂgﬁ@%?%@:ﬁf@iu _elrr?g'l?esttﬂg %rgx{chetgéjea}n(}rg b%ﬁ'n%eéf 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



[ 00189] Overage cal cul ati ons can be taken care of as
follows. Wthout | oss of generality, it is assuned
W@ b@v/0sdasd capacity of ship Vnta is greater thaPCDDS2008/013818
equal to its base anount Bv.74[00190] The foll ow ng
set of constraints ensures that a ship may not carry
products in excess of its cargo capacity. [00191] The
dévelaped td finl inepsi fausitile splutivhs qaickine Tiaimeka step Bl tb call the
variabl es.[00192] The objective is to maximze profijt.
106 EPLEX Solutiuf Polishing algarithm infordes khiampreyeghe goktion
L hus values of Loaded prodyct m nus.all the
bl 2pBisE PusroptPizabenRySed Jargs nBiThesd srase procedure.
ThiXichion PELSNAE ohoanbu TE 2 PAGH TR, YR raRE Fol¥BE Bohmolosy

invdtviagsome ¢dmbatidal IT16E4 neeshboribed sédith aadRauae
the si'ze of the network in a preprocessing step.

algooithram Bsbould be nated thatchis pebitian ethodHs dgpendent onahe use
o L PB4 Rl B g o L e
tShBRfed 8wt Ruf Sl B of PR SO o b e Q0
O:PIE%(@!oﬁﬁtﬁ&ﬂPbliﬂSiﬁE'a?%Bﬁtﬁnﬁ@ééﬁ’O ﬁaiﬁétidnh?xgﬁ‘@é%_m%lver
it I1s inportant in practice to have a good sol ution

couldtbenmsedrasta peteatiskbreplacehenp feVERLEX.bA dpeeializedal | y
opti mal - solution within a reasonabl e period of tine

nqighbothaodfearshoglgerithmrcan alsoube developgdyte repiagei the Solution
Pi Eggrag‘:!‘)é/e.thn order to find a good solution in that

P BRABU ™ M bunt of tine. As described bel ow, a

series of optim zation-based heuristics has been

devel oped for such purposes. In subsection

CoHnStrdétion Hetbizié - 4) below, the entire solution process
devel oped for the new METECORI TE nodel is presented.

This systemincludes a construction

[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



heuristic, an optim zation-based | arge nei ghborhood

search erocedure, and a tine and vol une optim zation
waee@pHogusanch and Cut [00194] A few sets of val PCT/Us1088/013818

have been identified that aigsin tightening the

formul ati on. These cuts can be added either on the fly

or at the root node of a Branch-and-Cut al gorithm
s¢@db&dnstractian hetrifticsXhat all haye faxl compatfifnat ypeed. Fis

j represents the anmount of product avail able at supply
remaias & topicuter future nesearch. Any ship on any time no |ater

than t cannot | oad nore than per |oad from supply

streamss . This gives a | ower bound, on the nunber of

|l oads up to tine t fromthe beginning date for supply
[Qﬁ%@dm ss Thediea ef taheereducectmmeafnr the @onstmetnon J&eunstlc is

BB, TS5 S B AR Vo a0 Bt

IWS ae r9§tﬁgfé‘ﬂt fo?\éghlll §ﬁfgteo:ﬁgg rﬁrohu&'t@oﬁ ? l‘fedﬁges for 1 load

canno

pbfigand @Wailﬂﬂg dfa’fe@,fl’o[a §hisz Algokithfn QisH8Ws howHaS demded which
bound, on t he nunber of Ioa Suptotinet fromt

shipgs ancesglbdiatcewhmh loadpqrbint thie red&cetcmodebfot the €ametruct10n

constant over tinme, can_ sonetines give a tllglhter bound
Hengistie.gf he size of the:eedused spdel l%@‘?nté‘?llqdn%’éfhé £ PREANEIST 4F

i Bttt AT eRuesT Baciog b e ComuBioh Yaghisisy.

Allgérithm 1 Construction of Reduced Model

Set K,, =max{0,LLB, }, VjeJ" Vte{1,2,.,T}
Set 7, to the earliest available time of ship ve V'
Set Acc,, =0 VjeJ" VveV

Set count =0
while count < AF do
Jj'=argmin {t| K, 21}

v' = argmin, {T,)

for tdo
if K., >1 then
K, =K, -1
end if
end for
if ZN K, =0 then
Set K,, =max{0,LLB, }, VjeJ" Vte{l,2,.,T}

count = count +1




[00198] Then the follow ng inequalities are valid

inequalities for discharge ports. [00199] If the limt
woroovig2snunber of | oads or di scharges at port PCT/8S2008/013818

i nposed, the follow ng validggnequalities can cut off

the optimal solution of LP relaxation.'00200] [00201]

Even t hough no exanpl es are provided here to

ehflifistrate this point, the solution fromthe LP

rel axation of the original nodel is violated by these
sef s=6f1i nequal ities on occasion. [00202] The

follow ng set of constraints is inposed. [00203] Due
iff min (B} diTtettthemvi sit, a special branching rule can be
enpl oyed. We divide the solution space into and for
Seb@htothé earliest available/tinie df shiphvelat | | . We apply a
simlar branching rule to the arcs from SRC and arcs
ehd iSNK . This special branching rule nakes the branch
tree nore bal anced so that the highest priority is
egdwehile o t his special branching. Optinization Based

practical instances of the proposed MLP nodel are too
| arge and conplicated to solve in a reasonabl e anmount

[65267‘! me. *S%W;(zﬁéan {I{Eﬁ 185y ?bﬁpf %nﬁgﬁ}h@hzﬂ | oo laingﬁ’l%irtEE{e?&ed

works wel | Sha I nstances. e to tHr's fact,
oA LRI 4O, 20 OSSO
ré&u%e(?i'n?g&elfﬂfﬂg 'Eii:%a%'ﬂ value of AF 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.



devel oped for the Traveling Sal esman Problemin the

sense that we continue iterating the optim zation of
w@aipogdabens in which nost ship routes are fi xedI/asmo8/013818

only two ships are free to bgjre-schedul ed until no

better solution can be found. The initialization of

this nmethod requires starting with a feasible

solution. The primary difficulty with the nmethod is

t hat sonetinmes finding an initjial integer feasible
[2091i on Thesearchrstarisyithas feasikle selutioncBy dixing spmstofcthe

o TR BBl P 85 BT BRr oc
oSS 4O T AL R ST BB

bettergplittorgbdrnidi bedotrd Mith thio arRieéd TheLsrgealeightwrhood
polishing method is a proprietary commercial solver

Searchratgarghm iswddseiihed sodetadantAlgatithm Hf | ocal
nei ghbor hood search and genetic algorithns. It shoul d
be noted that his solution nethod is dependent on the

ATt TareR N OB SERilol ogy 1S used, Some

SeURsl Ly € woul'd be required to replace the TLOG CPLEX
%%Putljon Pol i shing algorithm Dash Optim zation's

whileesMP<30| »(gr | Cl9ub ddbe used as a potenti al
repl acenent for CPLEX. A specialized nei ghborhood

Seleat tvo shigeni hldnvC avhieh havéd aederisdenetedtad siapée tliecurnent best
Sol ution Polishing algorithm Construction Heuristic

s¢lotion $purih Eixybimary vatiaklerwiieh ars nefrasseeiptedywith ship v and V'
devel oped here is t i ckly find a feasible solution
t"s‘i‘@ﬁ ‘H’i‘é‘is 1 eiCHHFBEB%SZﬁPi(%émi stics devel oped bel ow
SSRRA Wsﬁﬁﬂfﬁbfegl?Si ble solution as an initial starting
e br

sol ution. ute force method of achieving this

ifgBattemsolhtioh €olired theh a Branch- and- Cut al gorithm on the
full MLP nodel until it finds a feasible solution.
Uspdate besheolationi s

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



unaccept abl e because in typical cases it is
conputationally intensive to find a feasible solution
waele@ongesshe probl em conplexity. Due to this, i|iPSL/Es0L013818
using the full nodel to find7&-feasible solution, a
reduced nodel is built in such a way that any of its
feasible solution is also a feasible solution to the
paranggiteral offAllgoritinaie? is tihed tledugh @ moulkér ofriealisticcomputational
smaller than the full nodel increases the |ikelihood
eXperimeRfSng a feasi bl e solution faster. The reduced
nodel has been used successfully in practice to find
an initial solution. There could be nany other ways of
designin% al ternate construction heuristics. Since
T u 1 ions can produce different
final solutions, it nmay be useful to devel opsevera
construction heuristics that all have fast

2Tyt at i t f

[rese rch. %&%g le-EB 1drﬁlg%‘vﬁglal?!gd§§'é ezﬁ{g ?HM('B
optimiZationt probldne I@airkb@rgeﬁétated by $ixing eouteinforaritionh of each ship
al l owi ng each ship to be able to visit any |oad port,

basedaysihl feaslbhedscﬂ@nm Idithe feasible solatioh@vadable is tmopan optimal
ased o ion s ul es f.or. | pad
solpipnengdhed lﬂﬁranﬂipﬁglmwatiml%}ﬁ@'g’%% FBprousee
[ C
S @%baﬁ;i QRS HRATRTRES B e BibcRRBf: ARkt
bélo%eineiuded SoMaAY datheRIREV oliné pfifrdtRsh plobleth§ Several times.
paraneter AF , which is short for Aggressiveness
Leag} be tliofeasitde Sohsionuromonhidhuve generafedd Tamg addi Yolume
can visit load port j only when AcG v =1 in the
opteniizativnrprdblem. TFixingrtherouttafornhatierc forveach@hip &l performed by
SOCI a%q}ﬂ} arcs are renoved in the reduced nodel. The

flam wilggronsfraje tp the %laaamr@ {em  whi ch
seenms to work well st of the A f the d
model is infeasibl AF Xa$" i ncr sed"at’o 11}?]|1Eo;3 (33)

buil d a new r edfife8&UBdel B EHE " ®Bnst ructi on

Heuristic. T Construct| Heuristic a ie e ..

Br anch- aqd bt (J a)ll fYei t(hrp og; A%#J dvga ?n%/ ?OV% I%JS’J#]’ (34)
reduced 8 Pt stops irst feasible solution

or after a 3 = 3 %, WeV,Vjeld. (35)

a a
{a=(v,(j.),(0,T+1)e A)} {a=(v,(j,),0,T+1)e A)}

[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



predeterm ned run-tinme expires without finding a
feasi bl e solution. These procedures all collectively
W@ 09po8ss4 he Construction Heuristic. It is posRCDUS2008/013818

that the Construction Heurisggc can fail to find an
initial solution even though the original nodel is

feasi bl e. However, in practice, this rarely happens.
ci¥ipard theirGows tindepgendentiluiion mdttf thiolse the dlgonthmideakloped in
nodel is used to find an initial feasible solution,

thia reporiel jf iopre Bay SEavatugtiogabe quehly petie spdwtiens from the

| nst ances, of . the proposed M P del. are tnq.l ar and

alggrufimand talsorovides & usee Shnfilen spfitiqrifetepfiined by
L.mzatj ifngorithmintroduced earlier, however,

ﬂ\%ﬁ‘ @S&gﬁlg&ér smal | instances. This nakes it possible

to use the optim zation algorithmin the framework of

a | arge nei ghborhood search.[00209] The search starts

Ommil%rgm'@ e solution. By fixing sone of the binary

vari ables to the values of the current feasible

solution, a small subproblemis constructed. This

dure ' ALt - [: .
BOAE - SoEr FuB s A Gonbufprt bR Fi S R QPRRIEX Sotution
Pbﬁ%ﬂiﬁlgpﬂiegbﬁ‘gém h66H0ed SHadéH, iandthe TifRHHd Veme
detai " in Algorithm 2. [00210] Note that there are
optimjizdtion, aneryeiffective optififization basedesolutiommethard istdesigned for
search procedure. The initial solution can maktgl }lhe
theeprablemnthe Braneh-and-Lapt algenithne issimplemeatediwithdhe {LOG

[ qr,.each, subpr.obl em ¢ £EO Ie e .
R GRRITP RO e T pF PR rGEEa b ¥ furifg B onstruction
HelrRbic CA't fiha9a TeasihleQonftibi, e TikRe BNBPY SRS fimi£ARA is
the solution takes too [ong.” The best setting of these
appliedres thesroatnofDehedioldtéorewhidhr miayiallovaitdo teémninatt withea better
The setting of theparaneters of Algorithm?2 is tune

d .
selutionghhis salutien issalledanrunbenisipiion: ThmHlOG CPLEX Solution

P%ﬁgﬁfnlgnﬁgtt)rslthm 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




Time and Vol une Optim zation [00211] Wen a feasible

solution is available, a Tinme and Vol une optim zation
w@e@blogrscan be generated by fixing route infoPCEUSING/013818

of each ship based on the feggible solution. If the

feasi bl e solution available is not an opti nmal

solution, solving the Tinme and Volune optim zation

Tletaiaten can produce a better solution in sone

i nstances. The overall solution procedure descri bed
epdlibw i ncl udes solving Time and Vol une optim zation
BrQBIenB several tines. Let xa be the feasible

e8d1f;¢ i on from which we generate a Time and Vol une

SBR g AR 6o o o i B b e
ReAMHIOGI S6latib® Polishii for Aalivér albam of iMe12] There is
anot her excel l ent use of the Tine and Vol une

Sopte himaand V. olTmesoptbdizationmade] ¢onsirucsed fenm aneumbent
user's exi.sfing sqlutiqn to.the busi ness problem The
chleargezwkl ﬁ%@%@@ﬁﬁ%& Hartng ﬁpnbwcsyﬁaeat using t he

S iR o AR gh it Bl A8 e

solutiron they have I ndependently derived 1S

convenient. The optim zation technique thus nmakes it a
sinple process in practice to conpare with an existing
[60214]i o imierlimita acoepfoeted swthe Constaytininf Heatistos) Nime ahd

be conpl ex involving both routes and timng for all
Vplumg optimigationy andsubpseblemsnipdhe biaege Her&tﬁwhwd Pedeh

Pl s R Sk D R e s oG R BRI 8T R Feasonable
aﬁ‘ioﬁf‘l[ bf R ayese Bﬁﬂﬁ ﬁettPhﬁ]ﬂﬁeﬁgﬁ extbRb®el c%n?;?\.ﬁcgﬁ@ﬂalo‘c

evaluating the quality o e sorutions from
eﬂﬂ@imbhfsrrww of thatifre, e irdating tefminat©béfode tisey toach their
t

the solutions determ ned by the heuristic algorithns.
timeckimiits. Phiscaplias 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, and



[00213] By conbining the Construction Heuristic, ILOG
CPLEX Sol ution Polishing, the Large Nei ghbor hood
w@e@pose4sand the Tinme and Vol une optim zati on, PET/U82098/013818
effective optim zation basedg8g$ol ution nethod is

designed for the problem The Branch-and-Cut al gorithm

is inplemented with the ILOG CPLEX 10 M P sol ver. The

730! representtht hegdirtidgs aad e endingrd £'héinteonsidaie foom supply
Feuristic. If it finds a feasible solution, the Tine

- sBB4nVAILS® QR tHat §td P REPdtRAIY. Lt 5! &?%&gergfav*aﬂﬁble

solution which may“allow it to term nate Wi etter

SR} LR R iy b (RS FARY b
S#pBht9diet TLOTART T2 O rkpiRsenaht Ib@n%ﬁ@ﬁﬁg hRd tRPENdABDS k™ time
gi ven armlunt ~of tTTe.” The incunbent Ts 3gpdatsed If . a

vﬁﬁ@&@gfpﬁg d%}da;ﬁﬁ dtrea é%néﬂ;#" %ﬁlﬂx fullt ? rg%g prg ‘F)'f’ercfsgg&%\@émet

une “optim zatl i's” then agai'n = _
G2 4SBT 50 SEL i AU KRN for
R T EAIP 20, SR ARt fary

shedrh&ire sfltuallpexclubReli me and Vol ume optim zation
algorithmis applied again. Al gorithm 3 describes the

whol e procedure in detail.[00214] Tinme limts are
RIS Soobr oLt L LAy L% g
DR 1P PeuTEL B BRI hddiX S22 h A By stream.
aunt of T These || tscgee | Uopg I UGy g

these routines tefmhat® before they reach their tine
limts. This inplies that, npbst of the tinme, the
construction heuristic termnates with a feasible
[66218]i oFor @ach tinee windovarkd of tHirdrpardy demandtstreanylefollowing
and subproblens in | arge nei ghborhood search procedure
canyrapis\asg ngecssary.

z Z Z -fn‘,‘ds,ss SQL’ v_]G J3 ﬁJD,Vdse DSJ

veV sseSS {n=(, )T}, SISTj 4}

[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.

Y fie<0L,  VjeJYnJb Vssess , Vie{l,2,..,TLn=(j1),

velV

Y frs <0k, VieJYnJP,Vdse ps/,Vte{l,2,..,Thn=(j1).

veV sseSS



optimality. Tine-Space Network Model: Variations For
Practical Requirenents [00215] Many vari ations of the
wWoremelsi4mt r oduced earlier are confronted in prBCI/USM08/013818

The purpose of this section 8§s-to di scuss how one can

I ncorporate these practical variations into the nodel.
[00216] Third party ports are different from conpany
owned or operated ports because the supply and denand
streaminventory |levels are not tracked. For each

[00228hm Atlowverdimiy AT tandoan upperi limitWVid oow theyqumiber of ships
f i | ahl duct. | oadi di sch [
uifindhe ROLBR ke Ry S epideRed B e or cor et -
t he begi nning and tg&mngz;g’[ of k'h tiygﬁymm.dow for a

supply streamss e sTie THtepoa Y

respectively. Let Q represent avail abl e amount for

| oading during k'h time window for third party supply
streamss . Simlarly, let and represent the begi nning
[09231} he eAdmijmytm jampunt o predisd M/t tr betransportedmay b

. ds e DSJ such that | e J.3n D respectively. Let
infgsEd2S A0 QRINAL APBSEIRG THG, fOlPURE PORSIEA AL SqyAgiaR adds such a
cJﬂsiPFerWiéékﬂow for third party demand streamds .\

assune at time windows for a third party streamare

mut ual |y excl usiv% [ 00287] | nstwad ({r&g@nstgﬁ_nt (4)
and (5) defined ef@ligy, < he»f olEzmi ofiStrai'nts are
required for each tinme wndow k of a third party
supply stream [00218] For each tinme wi ndow k of third
party demand stream the follow ng constraints are o
[onaaafésal: 9t egohoship|v «ff o theramaast exist @ damuaragedimigxPHendhis is
case of third party streans because their time w ndow
repeesgntedhY al |y the entire time horizon. Like third
party streans, inventorigs are not tracked for spot
mar ket streams and there.li & alW.,, Vvel.

{aedp)

[00223] Each ship veV may need to load at least pct, percent of base

volume. To satisfy this requirement, we define the set of constraints

Z Z f;:ss 2 pCthv z (1 _xa)’ YveVl.

{(n=(j.1)eN,ljest} 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-T/}, the following constraint ensures this requirement, by defining

z Z z, <1.

vel  {n=(j/")eN, 1srs+TPY)

[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



maxi mum anount for | oading or discharging for each day

at a spot nmarket stream Let and denote these anounts.
w@vsvsasnt (4) and (5) are replaced with the POI/USM0$Q13818

constraints for spot market_.gjreans. In typical

METEORI TE busi ness data instances, the U S. spot sales

market is in this category.[00220] A lower |imt NLBV

ar&ht:irrﬂﬁ% oif plegse|puncliastbi/Chh afakichan inyrdot onalick lcopts. Ifsabthierports
the solution can be easily considered in the nodel
aec@IEIAnyovNned ROFS citrisnet rEcepsasylte consider iyentory holding costs

At e ik Pl
SR AR o o
p&%?ﬁ% @p{g) bu s at oﬁkgg? IJDO thrédent BRSTnveRfoty

perce e Vo I's requi renent,

hmll&g}édﬁn Pet DAItTRE d@& fépﬁﬁid@tﬂtsdléﬁﬁggéboﬂs Mot hmepresent the

have a speci al requirenent on the m ninum anount of
invientorkp ém\lwhag coshperouriit per dayafte produaéts onshraged a ship. Ipshould be
j need at st amount of time between anpy consecutjve
nw@édbatdheiﬁg Hes 6ol | erzawisea@ﬁe pre actrand tie ﬁaemf‘c without

3808 350 PR iR i oD B, mha T IR s pecgssary

td bead@iElo th@'dl‘)g@ctﬁfe%%ﬁom oRferRY 'b6H§8€fjlrf\feﬁfBrS'ﬂidl&’mg

party ports and spot markets, the anountand tim ng of
cofigse purchases can nmake an inpact on such costs. If
all the ports are corrpany owned ports it is not

necessary i nvent becaus
product i ont"a& Ema rsoﬂ’ ggﬁ sux S i ge
nodel and lcanné? ’He"f%nt rol | éd*a8<eci si ol ’\?ﬁl"l’ a‘fﬁ"és

Let hL represent the inventory hol ding cost per unit
per day for products at |oad ports. Let hD represent

[60%26} NVENUY 6 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



hol di ng cost per unit per day for products at
di scharge ports. Let hs represent the inventory
whedodioseys£ost per unit per day for products onPGDHSZHO&013818
ship. It should be noted thag4these val ues can be
easi |y made product and tinme specific wthout adding
any additional conplexity to the nodel. The follow ng
[00228]i s n&¥kdes diiy descripticialilizdsa vdreetpif cidershots, examples
function in order to consider inventory holding costs.
and ghmsrative equationstopBillyrillustrateshe soneents behind thhanvention, the
.only spot ships ma e.used,for the transportation of
i EBliaR oS braeBERts 1o ited paitus g tiboBacadiusints and
| . . .
SRS of EUILKRISEH i et A IIE0L ABRAERL BHORE BF Brdjpary sl
il teldrcaid dre ddnsea®io tHRdXtemtithey fall Qi 8id SddbpeBifahe appended
nmodel too conplicated and this is not the key
claomponent of the nodel. These special features are
inplemented inplicitly in the METEORI TE nodel, which
nmeans that each ship's novenents are not nodel ed for
t hese special cases. [00227] For dischargi ng product
fromthe U S. spot nmarket, total discharge on a day
nmust be enforced not to exceed daily product
availability. There is no bl ending all owed when barges
are used and the inventory |evel at the demand stream
needs to accommodate the products fromU. S. spot
pur chase market. CLOSI NE 00228] While this description
utilizes a variety of screenshots, exanples and
illustrative equations to fully illustrate the
concepts behind the invention, the invention is by no
nmeans so |imted. Various nodifications, adjustnents
and applications of the disclosed invention will be
apparent to those of ordinary skill in the art and are
covered to the extent they fall within the scope of
t he appended



clainms. CLAIMS: 1. A conputer application that resides
on a conputer readabl e nedi um whi ch, when execut ed,
W@ 209/082484 conput er to optim ze bul k product al PODES10081013818
transportation routing and .vghicl e/route schedul i ng,
for the novenent of one or nore bul k products from
supply locations to demand | ocations within a planning
Ch&dMSin, in order to maxinize total net profit margin.
2. The conputer application of claimlwhere the
applj.cati Aredrifhfer hppIfcatfonQHat redities On 4186 Mphier tb&dable
followng: (i) existing inventory, anticipated
mpd o ethicln, whernereduted; cansesmoahpuoter taloptintifze bulkkproduct
roduct (s) produced at each supply locatiaon; and (ii)
aliggatipnyanspesietionyrouting iapd yghicke/sone sehedulings der the movement

of e Stnbes Atk EARDk Taftm PHelSBig lﬁﬁifiéqrﬁiﬁgfg%%tpw within a
PR HRIZOR? I TR L0 P BBREIN A BIONERRRR, Dot

to benefit the overall value of delivered bul k
products. 3. The conputer application of claim lwhere

t he Sxeculhelcamputarsapplication of claimol wheraithe application takes
. the following: (i) existing.inventary, anticipated.
inlg Broes GE OpmaE afthe TllVingh cenyioVae T esfoBy pRtcipated

|« | 9

pRGAGHG, Propit aq tnGhotaRVhInE B LI BERMCY piddubed at cach
supbBPRichoh £and (B §tsng>fm)@ﬁtdfypm%ipﬁt@a)coﬂmPﬂoﬁtand

each demand | ocation and the nonetary val ue of bul k
propedy cequitémentseé bullh prapust(s) hgedeskptieacheetmanddocatien and

conputer applicgatjon of claim1l where the executed
th senetam \_@ﬁ‘e? aﬁggik‘i produgiscibaimegbihe REPPEThE relirasmpng; and
(ii@ gppegﬂlﬁ{i{igsgto' DILRA fRfférent bulk products to benefit the overall value of

delivered bulk products.

3. The computer application of claim 1 where the executed
application takes into account each of the following: (i) existing inventory,
anticipated production, properties and monetary value of bulk product(s)
produced at each supply location; (ii) existing inventory, anticipated
consumption and property requirements of bulk product(s) needed at each
demand location and the monetary value of bulk products that meet the property

requirements.

4. The computer application of claim 1 where the executed
application takes into account each of the following: (i) existing inventory,
anticipated production, properties and monetary value of bulk product(s)
produced at each supply location; (ii) existing inventory, anticipated

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



antici pated production, properties and nonetary val ue
of bul k product(s) produced at each supply | ocati on;

W@ 200p/og24b6t i Ng | nventory, antici pated consunptPORUS2I9A8/013818
property requirenents of bul g product(s) needed at
eachdemand | ocation and the nonetary val ue of bul k
products that neet the property requirenents; and

démand lexapiontandi the esonetady waide of bk produbts! thapmduﬂiesproperty
to_ benefit the overal | wvalue of delivered

reguirgments; and (Tiheopparputides oplend differgnpbulk llafmqipit&/tﬁéae@eﬁt
! d | tipl |
gy gL Ve detiyBEt bk BENAS T eam navi g 1es oan’

properties and nonetary val uati on based thereon, and
each stream having its own accunul at ed inventory,

st or fge cThsicofripiiter @pplicationoiclaim borge (¥ eachl sapply location
each denmand | ocati on can regw re nultiple demand
ca:n pl@dﬁge otultiplesypply sseame of hubi prodich pach giream hawing its own

RBicsand Psters Haiafion dused isukan. AndcAAeh SR hayie it

%ﬁ'ch&ﬁﬁ?atE@ u{(?e%‘toxy‘g ag.,éee s"tr%ﬁﬁ&“aﬁd &?Bﬁ'u&fo‘ﬂ‘sc‘hgﬂﬁiaéﬁnd (ii)

S Oown I n orage constraln

edcPfeniatid Rtatiehdh réquife mUNEpIe UERAHIRY stAddphd éﬁblhl‘krpr@ﬂuct each
claim1l where different bulk products may be bl ended

stream hgvmgawm‘wmpwapemg rangeanquiremlentkl axhpropertyibased monetary
. manner that chan pert| es of one or nore of
‘valgation foraastual bul % arfbéﬁ@fqr@@ t@ meeh hgsg requirements,

el ety Mg i ki . S6onhie EF TR copsypption

scHeaif®. 1 where the executed application accounts for

the availability, cost, capacity and current cargo of

each vehicle in an available fleet. 8. The conputer

appl ication of claimlwhere the executed

6. The computer application of claim 1 where different bulk products

may be blended during product loading, transit or discharge, in a manner that
changes the properties of one or more of the loaded bulk products and benefits
the overall value of bulk products delivered to meet demand location

requirements.

7. The computer application of claim 1 where the executed
application accounts for the availability, cost, capacity and current cargo of each

vehicle in an available fleet.

8. The computer application of claim 1 where the executed
application accounts for the relative separation, in travel time and/or distance, of
each supply location and demand location from one another and cost for

traversing the same.



application accounts for the relative separation, in

travel tinme and/or distance, of each supply |ocation
wanatigrend | ocati on from one anot her and costPEDDS2008/013818

traversing the sane.9. The cgpputer application of

cl ai m 1where the executed application accounts for any

vehicle size restrictions, |loading restrictions and/ or

di scBar ge Thesdommitepapplidatioaadt clainpll ywhere ahé exeauted

demand | ocation, 10. The conputer, application of claim

apphieation: assounisdor edy yghicle size sesteicdonmeadipg resteictions and/or

holdi ng costs, if a for.storing ,oul k duct at the
aihined teseitivnn ot edidysnnply Miafoptbd Himakd Blitard « ne
transportation vehicles. 11. The conputer application
of claim1l where the executed application accounts for

the apai | ivel donyp\iter apslicatinksticldut ¢ RAlsae the erednedt
supply deficits and spot market sales to deplete

appipgationaceountssor ik halding ovgss;ti€ anyplior istaainigobulkfproductrat the
1 conprising.a m xed integer, progyanm nodel . 13. )
SW@Y@&&SW@ d%raana LoRations gndr.anbaard he twnsprrtafiaziyehicles.

i nt eger programm ng nodel can be sol ved using an exact
met hod to provide an optimal solution and/or can be

sol ved, i nqibeQemputeSApiiHFdONT JRINE 1 Rehkre $hé ExERité@ds

to find a near optimal solution. 14. The conputer
applidationt accounts fot theraviAlabilétyeofidpet manketgiurchases todagment

i nclude running at | east_ one | arge nei ghborhood search
swpply ideficys and spet marketisalpsdo depletqpupplyyerages.

application of claim1 where the bul k products are

sel ected fromone or nore grades of petrol eum and/ or

prodygts. %@icf%%qut_epais;ﬂ%awnedm&iﬁa lm%pﬁri?gﬁ%ta%ixed integer

application o ai m15 where the bulk ts are
programming model.

13.  The computer application of claim 12 where the mixed integer
programming model can be solved using an exact method to provide an optimal
solution and/or can be solved indirectly using one or more heuristic methods to

find a near optimal solution.

14.  The computer application of claim 13 where the heuristic methods
include running at least one large neighborhood search heuristic one or more

times.

15.  The computer application of claim 1 where the bulk products are
selected from one or more grades of petroleum and/or products derived from

petroleum.



sel ected fromone or nore grades of the follow ng

products: crude oil; gasoline; gas oil; condensate;
waele@biogl4st e; and i nternedi ate petrocheni cal fercI/US2008/013818

stocks. 17. The conputer appggcation of claim1l where

the total net profit margin at |least reflects the

uplift in value, mnus transportation costs, obtained

by t 16énspdhticomputedapsliationof clginl ¥5 hieeé tlebulkproducts are
demand | ocations. 18. A conputer application that

s¢leeted depra ong o anpret gradescobidis| follawdng pradhicesi, cmudereil; gasoline;
execut ed, causes .f.he copputer t.0 optim ze .bul roduct

8 P RIsRSAlE; R GJaR: BN SHeTBp gl P e trBuce) feoB st
schedul i ng, for the novenent of one or nore bulk
products from supply ports to demand ports within a

pl and¥ng he icZ)ﬁliputéxﬂappliiﬁfioh @f Ekiim] 2helr@tind totdlinet profit
profit margin. 19. The conputer application of claim

maggintat least neflestethet uplift tmpaluey mamys frasspostatipaleests, nbtained
account each of the follow ng: . (i) existi i nventory,
b)émapaw%pgd)raawaEi%ﬁppglwdsg@twréwai%mﬂﬁ%cmnsfa| ue
of bul k product (s) produced at each supply port; (ii)
exi sting inventory, anticipated consunption and

Propegty MecbthpRIER applicdtidaihiat férsm@sqfn(&)co%g@eﬁﬁeéaable

each demand port and the nonetary val ue of "bu

medboinstlich hwhemerecited, qausgsetheycongmuter eneptimizeandk product
optionally, (iij) opportunities to blend different

alippakiopr Ganastationseqyaers ang¥esselivayags seheduling, for the
etk i o8¢ ofaRu8HA Beodius i SR bk 1 Rl wie
W ek R e L

t hereon, and each stream having its own accunul at ed
i nventory, storage constraints and production schedul e

and {94) &hesompviercappbicetionof clam & where the exegutashd
cdc’r}xlr)l?t%gzsapglficaqyc;nkta%g gntégta’cc&%ftheach of the following: (i) existing
inventory, anticipated production, properties and monetary value of bulk
product(s) produced at each supply port; (ii) existing inventory, anticipated
consumption and property requirements of bulk product(s) needed at each
demand port and the monetary value of bulk products that meet the property
requirements; and, optionally, (iii) opportunities to blend different bulk products

to benefit the overall value of delivered bulk products.

20.  The computer application of claim 18 where (i) each supply port
can produce multiple supply streams of bulk product, each stream having its own
properties and monetary valuation based thereon, and each stream having its
own accumulated inventory, storage constraints and production schedule and (ii)
each demand port can require multiple demand streams of bulk product, each
stream having its own property range requirements and property based monetary

valuation for actual bulk products that are delivered to meet those requirements,



stream having its own property range requirenments and
property based nonetary val uation for actual bulk
w@e@dosgs4 t hat are delivered to neet those PCT/US2008/013818
requi renents, and each streamgdaving its own i nventory,
storage constraints and consunption schedule. 21. An
apparatus conprising: a processing device sel ected
aiid eachesteeang havipgoceswarinventbty, staragetenstrdintseand consumption
processors connected directly to one another, or
sehedulesl e i nteractive processors connected indirectly
to one another over a conputer network; a computer
application stored on a conputer readable nedi um which

operajes an 4 RALOCH irfgnglevi ce and, when execut ed,
causes’ the praocessing device to optinmize bul k product

al | ocat i on,pré¢easinpoddvate Selectedfidig aaigle proSeSot, ahuleiple
_vehicle/route scheduling for the novenent of one or )
interactibe proqessats cosnéctodhdingpily yo boe anpthes, eronyliplednteractive

| ocations within pl.anni ng horizon in order to )
PFACEPSATS BoRRAcked MAIrSSHIOOTRANGIIET O of 3(COMPHIFS Nehpr;
storage agpl.| |0 . .
oLor a0e. GRLARARARIASH kel FY BBl PSRRI Emedium
which Ql?erﬁfeﬁ%vﬁhézvr%&@mfged&fic@ SAAUTh&REXSt@ited, ldausdshiie
conputer application, foor inputting and storing data
preessing idevicedot bytiméze midk gwodinet atloeation trarspoeation routing
solver that is_integral to, or interfaces with, the

ap Hranspartation Vehielegautescheduling for-thsmevemeny of gpeormore
ere .the execute onput e lication fa [ .

bl GAROS 538 S B R FRaRPh o G BiseBPnh o aliBoyine

h@ﬁi%r? Hz@:td:éij t&&%?c'i‘ﬁﬁieoﬂbtalﬁ{e‘? pesfid margnd nonetary val ue

of bu product (s) produced at each supply | ocation,

(ii) exishidata éntreahdstoragahppligationcstored on a computer readable
medium that is either part of, or integrally connected to, or otherwise capable of
communicating with, the computer application, for inputting and storing data
pertaining to the variables and constraints; and

a solver that is integral to, or interfaces with, the computer

application.

22.  The apparatus of claim 21 where the executed computer
application takes into account each of the following (i) existing inventory,
anticipated production, properties and monetary value of bulk product(s)
produced at each supply location, (ii) existing inventory, anticipated
consumption and property requirements of bulk product(s) needed at each
demand location and the monetary value of bulk products that meet the property
requirements, and, optionally, (iii) opportunities to blend different bulk products

to benefit the overall value of delivered bulk products.



consunption and property requirenents of bulk

product (s) needed at each demand | ocati on and the
wWOoremwensady4 val ue of bul k products that neet theP@F/OR0E/§13818

requi renents, and, optionallgg.-(iii) opportunities to

bl end different bul k products to benefit the overal

val ue of delivered bul k products.23. The appar at us of

2 1 9Ber eThbapparamhs/of DL athieod thessuppdy hytlayiops atessupghy perts,

t he demand | ocations are demand ports, where the

whegnihis slemandolocpionsaredemans peréss whare thé trapspastation routes
transportation vehicles are.vessels. 24. A nethod

ane AR RBET A RBetE dnp AP RRp AR RS aF yee  nto a
dat abase, where the database is integral to, or
interfaces with, a conputer application stored on a
conpRder Aemeétidecamaptisifip the follwingheegnnput er

application on a conputer to obtain a solution, where
t he conpuerteringlata into ardatabase, whexsuthe dlatahage ésintegral to, or

. conputer,to optimze product allpcation, )
mﬁ?fﬁ?&ﬁﬁd’rw PHIsE iaﬁEflcaéHal st%ﬁﬁ% ACRmiRyer readable medium;
vehi cl e/ r Q ' . My! t .
vent ol o/ Atfipg HEClhbi: abBUERKLITLES chBlthel Blomain
sdl66h,| Wherelthe @OHRIer ApAichABR, WhéM eRecuted addtk&0the computer to
hori zon, and the solution obtained conprises a
optanmerpnedact allauatiboy transpeutatioal routing) and transportation
tr,anzrport atiqn_routing,, transportatiqn vehicle/route

vehiglsfrenissshednlingrloanaxigiee totabaetprefdclor theymovgment of bulk

] tran rti.n nd diseharagi ng bul.k pr.oduct .
oSS o, SyRPRE Bicklipf, B desad RFXabloDs wahif FYBGE hprizon.
arf the! AT obaRil ¢diBpa s FRDBnRER afdqet %f(_ﬁf‘u%t hMocation,

conprises a reconmmended plan for product bl ehding
transponigtionaduting stedrspoetation tvehitdg/endte sohiedding; phdn f or

product blending is also enacted. 26. The nethod of :

cl ai m 24 opastingithe reeamamended plasstor lpgdings sangporiag and

R RS aSERYG S BATIAL R3PS TaRRles. ' ocation

25.  The method of claim 24 where the solution obtained additionally
comprises a recommended plan for product blending during load, discharge or

transport and said plan for product blending is also enacted.

26. The method of claim 24 where the data comprises: (i) information
regarding each supply stream at each supply location to be considered and its
properties, monetary valuation, accumulated inventory, storage constraints and
production schedule; and (ii) information regarding each demand stream at each
demand location to be considered and its property range requirements, property
based monetary valuation for actual bulk products that are delivered to meet

those requirements, inventory, storage constraints and consumption schedule.



properties, nonetary val uation, accunul ated inventory,
storage constraints and production schedule; and (ii)
WO ndoonstsd on regardi ng each demand stream at eBCIUS2008/013818
demand | ocation to be considered and its property
range requirenments, property based nonetary val uation
for actual bul k products that are delivered to neet
t hos27r eqiheenethdd ofictaian2 4 whers ther daje compsisesinmfosmation
consunpti on schedul e. 27. The nethod of claim 24 where
regaedingthe aveilabilies cpst eapanityotnd eysenticasga akeach vehicle in an
av%ibiaﬂi [ity, cost, capacity and current cargo of each
VRO BeFh an available fleet. 28. The nethod of claim
24 where the data conprises information regarding the
rel ative separation, in travel time and/or distance,
of e28h sThPhyethod afictyine R4 wirp titt dats @bhipiises dmfopmation
anot her and cost for traversing the sane. 29. The
regardiog the reJativerseparatien,dn ttrayelitime anshipr distasice, of each supply
I nf.ormation regarding_.vehicle size restrigtions, .
lqcatian ARd demanddoraan o Bns ARAIHGE apd 6p3t f0F g sising the same.
each supply location and denmand | ocation. 30. The
nmet hod of claim 24 where the data conprises
i nf opgmt | Phe W&tROA TSI 24 Ahef® BHeSdath Coiprise§ Mformation
storing bul k product at the supply |ocatidns, demand
rdgaoding oehicleslize restrictions,doadiagtrestricfions and dischetgealestrictions
31. The pethod of claim 24 where the data conpri ses
at; gachsyaplyolecatdgmand demand lacaiombi 1ity of spot market
purchases to augnent supply deficits and spot market
sales to deplete supply overages. 32. The nethod of
clai g2 wheethBE of (P24 MR ARSAAA Sofliel ifekintion
where the demand | ocations are demand ports, where the
rdgaeding holdihg @ostspiftany, foesturiygdatk peothcwaethe sulpply locations,
transportation vehicles are vessels,
demand locations and/or on-board the transportation vehicles.

31.  The method of claim 24 where the data comprises information
regarding the availability of spot market purchases to augment supply deficits

and spot market sales to deplete supply overages.

32.  The method of claim 24 where the supply locations are supply
ports, where the demand locations are demand ports, where the transportation

routes are voyages, and where the transportation vehicles are vessels.



