METHOD FOR OPTI M ZI NG A TRANSPORTATI ON SCHEME [ 01] 1.0 BACKGROUND OF THE

I NVENTION [02] 1.1 Cross Reference to Related Applications [03] This

appl i cat iwo 20l0ai2o0m9t he benefit of provisional U S Pat erCTABSpdiooai20on No.
61/ 175,718 (filed 5 May 2009), which is incorporated by reference herein in
its entirety. This application also relates to U S. Patent Application No.
12/ 285, 651, entitled "Systemfor Optim zing Transportati on Scheduling,"”

filed October 12, 2008 which, in turn, relates to U.S. Provisional Patent
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scheme for a plurality of transportation vehicles and moving the vehicles according to said

scheme. The invention is also directed to an apparatus for determining an optimized set of
transportation decisions. More particularly, the invention is directed to determining an optimal
solution to maximize total net margin for a cargo loading and delivery program by determining a
set of voyages for transporting cargo comprising one or more bulk materials and assigning
vehicles in an available fleet to perform the voyages during a given planning period.

[06] 1.3 Description of Related Art

[07] Marine transportation is an important aspect for many industries including the oil and gas
industry. Marine transportation is an economically attractive means to vessel bulk material (e.g.,
bulk liquids such as crude oil) over long distances. Accordingly, large volumes of bulk material
arec moved daily across the oceans and seas by a variety of vessels between source and
destination locations. Destination ports (e.g., refinery sites) may be geographically spread
around the world and are often far from the source of the bulk material (e.g., crude oil) needed.
Because distances are large, transportation costs are significant. For example, in 2008 one major

company’s marine activities included over 30,000 voyages totaling nearly $5 billion in freight



conpany's marine activities included over 30,000 voyages totaling nearly $5
billion in freightcosts. In addition, the business environnent of marine
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opt i mtizadurber of significant factors are far too complex to be fully optimized manually (particularly
in an acceptable time frame for making business decisions) even by an experienced scheduler.
The problem is further complicated as one attempts to account for sequences of one or more
voyages that can be assigned to a given vessel. In addition, once a manually derived set of
voyages and schedule has been completed, it is impractical to frequently repeat the scheduling
process to reflect changes in the business environment which can occur daily or to run several
different scenarios to test the effect a particular constraint may have on the overall lifting
program.

[09] TurboRouter® is a tool recently developed by the Norwegian Marine Technology
Research Institute, MARINTEK Logistics, and it performs vessel routing and scheduling

calculations. However, the tool is based on a heuristic approach rather than an optimization

approach. In addition, the purpose of the tool is to allow a commercial shipping company, as



approach. In addition, the purpose of the tool is to allow a conmerci al
shi ppi ng conpany, asopposed to a chartering party or cargo owner, to
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contract cargos that nust be shipped. [010] There have been numerous
publications in the field of ship routing and scheduling. One survey
article is Ship routing and schedul i ng: status and perspectives,
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[012] Another publication of note is Fleet management models and algorithms for an oil tanker
routing and scheduling problem, H.D. Sherali, SM. Al-Yakoob, M.M. Hassan, IIE Trans. 31:
395-406 (1999) (the entirety of which is incorporated herein by reference). This paper also
addresses a crude oil marine transportation modeling problem. Again, the modeling problem
characteristics are such that each voyage must consist of a single loading port and a single
discharging port and each cargo must be a full vessel load. In addition, the objective is to
minimize cost rather than to maximize net margin. The problem addressed in this paper is
different from the preceding paper in that the problem in that the ships do not have to be the
same size and there is an explicit treatment of vessel compartments.

[013] None of the work above provides a marine transportation scheme that represents the
general vessel routing, scheduling, and assignment business problem characteristics and/or
constraints. For example, in a typical vessel scheduling problem, each voyage consists of

multiple loading ports and multiple discharging ports, the cargos lifted may vary in weight



constraints. For exanple, in a typical vessel scheduling problem each
voyage consists of multiple |oading ports and nmultiple discharging ports,

t he car gosol2oforeegdimay vary in wei ghtand/ or vol une, and Phg/UseE9MBIR00

avai l able to performthe voyage may vary in a nunber of ways including, but
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[017] The present invention will become more fully understood from the detailed description

given below and the accompanying drawings, which are given by way of illustration only. Thus,
these drawings are not limitative of the present invention.

[018] FIG. 1 depicts an exemplary representation of the interaction between a user and a
modeling application with its various interfaces and calculation engines in one embodiment of
this invention.

[019] FIG. 2 is a representation of a portion of the functionality of an apparatus in accordance
with certain embodiments of the present invention.

[020] FIG. 3 is a representation of the steps associated with a method for moving cargo
according to a set of optimized transportation decisions in accordance with certain embodiments
of the present invention.

[021] The detailed drawings are provided for the purposes of illustration only. The particular

data set forth in the various illustrative spreadsheets is hypothetical but representative data for a



of the present invention. [021] The detailed drawi ngs are provided for the
purposes of illustration only. The particular data set forth in the various
i Il ustratwoeospreadsheets i s hypot hetical but represent aCrs2danas2hor
ahypot heti cal but representative scheduling problem Accordingly, the
results derived there fromare simlarly hypothetical but representative.
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i[024jr mat i ormhcandthotlhesmpissees - geinined compbrtaiont decisions, including transportation
routes for the plurality of vehicles, demand allocation for the cargo, supply nomination of cargo,
and the consideration of specialized transportation options. The method further comprises
moving the plurality of vehicles in accordance with the optimized transportation decisions. The
optimization may be performed to maximize the total net margin of transporting cargo on the
vehicles, to minimize the costs of transporting the vehicles, or to optimize some other objective
function. The optimizing transportation decisions method includes: (1) collecting data relating
to a plurality of supply locations, a plurality of demand locations, a plurality of transportation
vehicles, cargo to be transported, transportation information, and other user-defined constraints;
(2) using the data as part of a mixed integer linear programming model that comprises an

objective function for maximizing net profit (or for minimizing incurred costs) and a plurality of

constraints based on the data; and (3) obtaining one or more solutions to the mixed integer linear



(2) using the data as part of a m xed integer |inear progranmm ng nodel that
conpri ses an objective function for maxim zing net profit (or for

m ni m zi goizooume4ad costs) and a plurality of constrai nPE€Th®S@d/083204 he
data; and (3) obtaining one or nore solutions to the m xed integer

| i near progranm ng nodel. The nethod further conprises noving the plurality
of vehicles in accordance with the optim zed transportati on sol uti on. [025]
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[027] The method considers a number of input parameters in determining the feasible options
and the optimal transportation routing, schedule, and vehicle/voyage assignments to produce the
highest total predicted net margin (or, alternatively, to produce the lowest total incurred cost).
Typical decisions that can be considered include, but are not limited to, the following: (1) the
supply and (2) demand locations (e.g., ports), which can have different physical limitations (e.g.,
maximum draft, maximum vessel length and width, etc.), costs (e.g., port fees), physical
locations, ratability requirements, pickup/delivery timing windows (e.g., lifting laycan),
processing/consumption rates of cargo, cargo type requirements/availability (e.g., crude oil grade
and/or blend-down ratio restrictions), and minimum/maximum inventory restrictions; (3) the

specific characteristics of each vehicle in an available fleet—such as draft, laden/ballast speeds,

fuel consumption rate, vehicle locations, cargo capacity, and other parameters—that determine



processi ng/ consunption rates of cargo, cargo type requirenments/availability
(e.g., crude oil grade and/or blend-down ratio restrictions), and

m ni munt reiizom2d419ent ory restrictions; (3) the specifi eCrhse@onss2nst i cs of
each vehicle in an avail able fleet-such as draft, |aden/ballast speeds,

fuel consunption rate, vehicle |locations, cargo capacity, and other

paranet ers-that determ newhether a vehicle can neet the constraints of the
supply .and dempnd | ocatigns in the age;. (4) the different types of cargo
CoP b iy S EReR e e B copdutng of SReparily “ehicbieed lseiaman Mo/ ane (o
densi thegiffeRint 88 of RAQBRE L, @SfferdMhrd®k ofRFhRUSI) RS e lan@MhdF OPBREI €S,
such as the di stance betweén various |ocations, availability of speci al

r out eslefistiep, ,or crlnal propevhicss handalp ) havieusl tropspentdtign pkopertsr epdickadiendistance
capabiljties),. to]ls. flat.rates, .and fuel costs. Preferably, all, prob]em
chor adebidelitigtLloegtons; RstbBER or SREL it Earrenhr e dral nfe el R e
Mar gi pidk ahd GefacRebiNOShpadilaicsRNsildeflfdratds028d fdlecd¥rt hoereaplyballexeskhed
multiple tines to explore sensitivities in input data, assunptions, and
assi gheiaetcaiest(e.gi. mmit prameistanpitle an appreaipble affeptopcectiri gotiancyreede9st gn a
givenaﬁggjghﬁﬁﬁo a given voyage and re-optim ze the vehicle schedul e using
t he force&'a35|gnnent. This can be advantageous to represent deci sions
g028jady nmadiheomcthodacwml Yz ecxeb@ed mpacpleofimkortoi explae veehsidhv@gicasai @puedhta,

[ 029] The applic%tiqn runs fast, enqugh to eval uate quoréunities in a

dy nanideSURNoRS LAY BPHRMEIPNSEHBSt 708 FERBPle: drvss Gan Tercsfhs impglel jonassiga 2
embodiiRAl voilBe fPR! LEehI ARaPeTdar Aoz e WAld OThiflic AshiPifzaforpEpb! em
in about 30-45 m nutés running on an uni npeded 3GHz dual core personal
conputassignth@80] Thls @aiDBET Al &P dOESCRI Rpr&hh{ dijions. diredy inmidei ayrte 4n032¢ tiAd |

wor ds .i n thi? specifhc tion are intended to have their broadest
converdPH AL IHERS PG NCEASSIBIMERer clarity, the conventional neaning of some

tig29s used TR LAHIRaSREGhdd ¢At I AButS 1§ &dvaliRfd Bphstdticsl B33 dyfiinlio CRLsiRE'
means assi gning avail able cargo to various denmand |ocations in order to
meet desiromagnt end tesunpedvdrt-sl ssanarivs. daone cabodivrent, phedpnlieniten Peafagms the

51 ong- GOHCRLF 515l ol SRR P R Ao Wi P ittt o o0

blendkoﬂﬁxﬁymglang@ﬁges of bulk material (e.g., crude oil), which when

deli vered on a single vehicle would
[030] 4.0 DETAILED DESCRIPTION

[031] 4.1 Definitions

[032] All words in this specification are intended to have their broadest conventional meaning.
For further clarity, the conventional meaning of some terms used in this specification is set forth
below.

[033] “Allocation” means assigning available cargo to various demand locations in order to
meet destination requirements on the basis of some preference (e.g., economic), while satisfying
existing constraints and limitations.

[034] “Blend-down Ratio” represents a set of constraints which limit the mix (or blend) of
supply grades of bulk material (e.g., crude oil), which when delivered on a single vehicle would
be acceptable for a demand location segregation (e.g., port segregation).

[035] "Bulk material" means any material that is unbound and substantially fluid as loaded; in
other words, it is in a loose unpackaged form. Examples of bulk material include coal, grain, and

petroleum products.



be acceptable for a demand | ocation segregation (e.g., port segregation).
[035] "Bulk material™ means any material that is unbound and substantially
fluid as woadwedi2941m ot her words, it is in a | oose unpaclkagas24dionss20exanpl es
of bulk material include coal, grain, and petrol eum products.[036] "Cargo"
means any product or material being transported by a vehicle. In a
preferred enbodi nent, the cargo is bulk material such as crude oil. [037]

! e" enbraces,both source, code and. obj ect code, [038] !Conpul sory. Stock
dfcrfﬁqgat i on (RO MEAPSEAINTYI e Ll Pgat%r@??ewgmnémﬁqdi Wgégehlgfet al™m? myf?

vol umenfod RREahE 80196 A budibl HiakaPRichRE AlELR) to be maintained within a
desi gnat ed geographic region. For exanple, Legal Ooligatory Volune (LOV) is

40380 f or J&pdel' annracdsdotiadoutdeaiodd avbelydctonde.he total vol ume of bul k
rial on-.shore or W thin.the t itorial waters of Japan. .An anal ogous
TR o TegirRebed shickoaPrehRan St chhRap SoRES € ranSh it d BoRHr s o
mar i Nepinlndid, volim@bf c&lgoRRhEF ¢ le@Spro@@ds) eIl faintndddwahioa @B S
t hese anal ogous processes. [039] "Demand | ocation” neans a pl ace ere

t r ans pepgiaphie apgjen.i o sxanpledlegabiQhtigatony Ygluvme deihds a CSQ e Japary that and
"desti ion | I .te : ) S i |y
oot R o QPR ISP SRS ARLANRS BE AL LARUIERE 1L Nanges
act i viJhpams An agaloghs ldgdliorecdulgonf old@aten haydaisfist dthaatingpsatidn oimgeinides
a sequence of vehicles, demand | ocations, discharge destinatjons, type of
car go,m?li}n'gcﬁ‘)?é@gér w1 tRping @Gozs uysd Rerdenzoyel glae sacergpasy th?fﬁt?élﬁ}%fbus

di sch%rr&%s gtivities planned for a given period (e.g., one nonth). In
certain enbodi nents, "discharge destinations" are segregations of bulk
83%Yri al at‘Deawhd derming”’ heeat a pince [vakld tradpopeding gPiic kécearei s é'®ischatges,”

context of a, nmarine transpogfati on application af the present inventiop.
Cor t ar gt vty odub wedingtionS REuiE o A8ty ey f afp e GEECFH er s
(VLCCs)rerchaneablytepygl through certain canals-e.g., the Suez Canal -while
fully aden Wwth cargo. A Drop and Pick SD&P) consi sts of unloadi ng enough
d Yo bef or ®isshergeipieeramd wwareatnte thy. schedutle Airnlighhigaaciintiche. eRéy Bdacragch

h hi h h,th | . nce. havi h h th
canal RSB A RmREE e QOGNER e B ARF S S UMHEE SBRRER ook RS e
di schakegamtiahs, tthge 6f 0repOUHREhard¥ valldlcOJOLE R ArlesiScHiBye ks Forad nGinBer of

canal s used for maritime shipping or other transportation points for |and
or ai disshugpiasgvitibgplanged fopd BEFRinsriogdogls anrs Mo M LsEainhagbodiments,

“discharge destinations” are segregations of bulk material at each demand location.

[041] “Drop and Pick” arises in the context of a marine transportation application of the present
invention. Certain class marine vessels—e.g., ships such as very large crude carriers (VLCCs)—
cannot travel through certain canals—e.g., the Suez Canal—while fully laden with cargo. A
Drop and Pick (D&P) consists of unloading enough cargo before entering the canal—e.g., at Ain
Sukhna in the Red Sea—such that a ship may pass through the canal. Once having passed
through the canal, the ship loads a quantity similar to (or more than) the amount discharged at the
drop point. An analogous process may exist at other canals used for maritime shipping or other
transportation points for land or air shipping. D&P, as used herein, would also encompass these
analogous processes.

[042] “External Supply” means the ability to represent and include the inventory effect of
discharges (e.g., at a demand location) that have not been included in the loading program. This
approach may be used to represent regional or local cargo supplies but is not limited solely to

such use.



anal ogous processes. [042] "External Supply" neans the ability to represent
and include the inventory effect of discharges (e.g., at a denmand | ocation)
t hat havewoabvidseendi ncl uded in the | oadi ng program Thi Cascaanhbs2nmy be
used to represent regional or |local cargo supplies but is not [imted
solely to such use.[043] "Fl eet " means a grouping of two or nore vehicles.
A fleet may be honpgenous (i.e. containing only one vehicle type) or

rogeneq, ._containi n two or nore .djfferent vehicl.e [ 044]
T80 ek ifins e dbie S obmary b hitlet 2T e dadstdRaer t han
the regn@afigdody ade vélﬁcl@%ﬁﬂe) dr h@t@fﬂg&@éﬁ%@(z & @bntaRIR; SRUreHGE iddferdht Rhigmand
location (e.g., a demand port). It would be expected that the substation
may rdypesye a dlfferent vol ume or wei ght than or|g| nally required and that

BT G gy Bies S Rl P et 68 S Sy SRR ep Pl i e

repr eSgeme&o tnlf&t se&gﬁ@h@nﬂ‘ 178 sb@@@égigga%@hla‘t/h'fdbﬁﬁn& locgtiort €. ] @a@lhzﬂgi rt)Caf go
and i ncludes a sequence of vehicles, sup ocatlons

at supply | ocations 1?

car go apié be ﬁéthawe srbsgatioggnaw FauiTe A eeat velame or ypiglirthast origaging
activi p r v 4 " gin"
wCUIATROPLATIRS B8RS0 RSN 6, ey, DS el YEL b5 B 2L
schedub@rﬂmglysbypmnwmaktyabgmcémlvbhe varl ous transportation vehi cles for

deI ivery to the demand | ocations. nati on program. ncl udes supply
18t i ons, agn%fpr%%{ﬁ@o r?RS%ﬁ?n‘i?otlhﬁr?é %iulec éqrgl@atﬂa&dwmaas et dhe depding pfinber
of su f i [1948]
o SRS SRR B0 SALIS A, (nd e AB T Ve LOAE],

as dervnohmha uﬁsargmohmitlbeal dfitos rftn ofwmhasef beding aatidtibs plpunst foral giyen pbadded
wor ds .and phras as used herein, are not intended to be [imting in the
sense (68~ PRGMPMg the present invention to find the best solution or to

ks the beste #8EJIS RRevetlid ﬁ%g;hn@drf@tclggtnatl cally optimal solution may in
fact arrive at the best of all mathematically avail able possibilities,

H841- wor | d “Blepoitipanpwgofm’ opt:prm’@m ithen S¢h§7dtﬂien€0§ suppbhiegicargepdelthe varidus

hi
ber t edernereHeb rBie kS SnrER Doy’ betiths e raBLYEn oy BENER ¢« o
the preggptioditivad, agpe 6f varkd, RRPFBRINAL 6f Eas, dnldeived etk Tor 4 RuinBer 608K Of

t he present 1 nvention, are nore
loading activities for a given period (e.g., one month).
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[048] “Optimal,” “optimizing,” “optimize,” “optimality,” “optimization,” as well as derivatives
and other forms of those terms and linguistically related words and phrases as used herein, are
not intended to be limiting in the sense of requiring the present invention to find the best solution
or to make the best decision. Although a mathematically optimal solution may in fact arrive at
the best of all mathematically available possibilities, real-world embodiments of optimization
routines, methods, models, and processes may work towards such a goal without ever actually
achieving perfection. Accordingly, one of ordinary skill in the art having benefit of the present
disclosure will appreciate that these terms, in the context of the present invention, are more
general. The terms can describe working towards a solution, or solutions (e.g., comparing two or
more solutions and selecting at least a portion of at least one solution), which may be the best
available solution, a preferred solution, or a solution that offers a specific benefit within a range
of constraints; or continually improving; or refining; or searching for a high point or a maximum

for an objective; or processing to reduce a penalty function; etc.



general. The terns can descri be working towards a solution, or solutions
(e.g., conparing two or nore solutions and selecting at |east a portion of
at | east woeonoi2etibon), which may be the best avail abl e Psolusté1on33200
preferred solution, or a solution that offers a specific benefit within a
range of constraints; or continually inproving; or refining; or searching
for a high point or a maxi num for an objective; or processing to reduce a

Ity function: etc.[049] "Ratability" represents that the su of one
BPor s ¢y pReteBline St doets Paprerti of pr B ayrer 4o SuEreLonar GBIt i
ti me. ;fR4e¥aeBl& RndpdRtafitnhd YA QRREMPR AT-LALBM ) 9addhdBoLRE for a marine
transportation application would be to load the total period daily average

vol umgrapfortationiapelicatipu ceudyt hel¢o dfadihe kotalaparddadadilyory cesme hvodiaye (for tahgven
period. ] n practic a coarser definiti.on of ratability is oft referred,
P eh diudenaBRA st i pRiERDLRT athenlin HBTpStodt R Phisviahs sPycr el S
dur i ngatgitiby BUsdnesreRircl NRich @8 dbdtinPefprodmaldpGhe qlRepadfaBd fgal daeletosbd O
the process of unloading all or a portion of cargo into a transshi pnent

| ocat ilensed dugng cachauativeD the leading@cded-Ai n Sukhna) where the cargo can be r

aded on - icl iffe icle. C ihg
U200, oS BRSSP B p8eel LS LT Y SR or SRR 0L
ont o araviehipghent ildrasion dagi, ghy SUMIED diipdlide entAif rukhhd)ewkeas fthg virgd icam bentoaded
fromthe vehicle. A non-]imting exanpl e of repackaging in the context of
mar i néoacdreénglﬁerﬁat PN vehigks, 1) P%%?"%ﬁﬁefﬂn,t \@E %i R@)a@%wﬂ%rq&awow yréadeA,
and Shi 0o . : A .
Thei 1 o D e B R G e o Rl o ¥ @S Echfismatey
r el oadiftargosoat tisi dbnfkgurations wolvatitthtfrdmotthe stehpde. nodv cau-tiynitigy kexempldeodi |

gr adeA an radeB. A second exanple is. as follows. _Ship3 is carrying crude
o gramete et s S ARyt eteatianTs oy RUSES. SHin. cras sl
(full yraia, A SRYIONBAryiRRIoRR EgHOBHSLrRRE, b8fh Jilhas@r §PofloAnBrSHéiP3a@Bd apar t
of the cargo fromship4 at Sidi Kerir. Shipb is carrying crude oil “gradeE,
and difsoltakbes They than gessathrodigh teukheraCashi g7 raledd Shiges af SidaKiceir sedi he)

rel oa he.cargo fro hi at Sidi Kerir. Apal oggus process may &xist at
ot hor TePETAReE RURTRE & wald phF eitep e B SMRE TSR B SFib
t r ans pOE4rafih® Brud@ iofltgadcr ad @M Ofs c@triyingNiupPbil @radRBP BB YhiDY disdBards eflily)
herein, woul d al so enconpass these anal ogous grocesses. This process IS
di sti meAR Sykhng. dPlepS stlerdsinakt qfsbe camse feom shipg vad partiodihs eprgafromHepd ehe
same i I - r ol €Oy d . 40
sare, LT, LapHed naATEBe NS R, haELeReca i AR
r epackadiShips (saktsreshipsimielnad direhiangt fromsshiff6 aaBidioK i f Andogodsrpeoedsiaaray
di scharged fromthe vehicle are | o(flged onto the . ) )
exist at other transshipment locations used for maritime shipping or other transportation points
for land or air shipping. Repackaging, as used herein, would also encompass these analogous
processes. This process is distinct from a drop and pick (see above) in the following way. When
the same vehicle loads the same cargo that was discharged (e.g., in order to permit passage
through the Suez Canal) this is a drop and pick without repackaging. However, when
combinations of cargo different from those discharged from the vehicle are loaded onto the
vehicle, this is referred to as repackaging. An analogous type of process may exist at other
pipelines, canals, or other transshipment locations used for maritime shipping or at other special
transportation locations for other shipping industries.
[051] “Requirement” means a specification of one or more types (e.g., grade of bulk material)
and associated quantities (e.g., volume) with given lower and/or upper tolerances that must be

delivered during a specified time window (or any time during the planning period) to a specific

10



vehicle, this is referred to as repackagi ng. An anal ogous type of process
may exi st at other pipelines, canals, or other transshi pnent |ocations used
for maritwoeoshi2paPng or at ot her special transportati oRCIrasSat10083206 or

ot her shipping industries. [051] "Requirenent” neans a specification of one
or nore types (e.g., grade of bulk material) and associated quantities
(e.g., volune) with given | ower and/or upper tolerances that nust be

delivered durin S ifi.ed tinme window (or any ti urin e pl anni ng
Corl ogvegrtionald FriRE Bhlis: It RS e mRRreql I o emdnd Mepfo e
requi r(&%?é‘épe@i@i'éﬁlﬁr B8R ﬁ@ferﬂﬁﬂ%ﬂa b%@ﬁlhp%%reg‘aﬁor( ooy @en%@%éaiti@ﬁ.' l'y and
preferably) for da particular segregation at" a demand | ocation. [052] "Spot

[88Hel s" ar'Spoteassdls’ ary pessals! typichldy thartsted tor coneoyegeagh. cdriainc embediments,

enbodiyrents, th hrase "spot .vessel" ca so .enbrace any vessel with

oo | AR g PG RD S BB R G 3 S B R FERES B Bl e

Wos3le car goSupplohéaitiogdnicefis 4 pRES PBEtAdar@Nis obRRel 8 transpoufdy., “Léddthg,"

“origin" locations or sites (such as ports) are used interchangeably

her ei nsupis43nd ‘psigin"eedions or gics (peb gepertoiisg vsed drerchinggally ihsigimt ed peri od
ime. In tal di , hrase " al ce

st cocel TEE M ARY SRS kPSR AR, ST §R8Y B 38, AN

owned evepdhaht, thenghradealteen siesdellt efipalsocdialitier any &kesse) .wiftOSiblilar long term

"Transportation sglpems" represents a detail ed, overall %I an for

t r ans PSrHabRYY ek I#Yr%rﬂaﬁwilyw%wsssghp%m chyteat a8 ShaRes-C-hor e denmand

I tions. « I d i r I td,m ol

S R S L i 4 e

t he usecodr specisabplyr brstarst &t icon drocwire alemapéd. lPcatiomanallhe ssobbmasinthideSuez

canal )., . and.the assi gnnent. af, vehi cl es t ecific pick and .dr op- of f
s iRt such R, G ki ALt ok Rop pp R At Be & dh B

t r ans padideatupost %@%@d-@@,&h%%sardﬂ Jpeciat rpORitidiRlochiARPY, t @hhbuslt RE MK
[056] "Type," in e context of type of cargo, defines the nature or

conposiuer enadk andehecassigomestiuefvehscleste speatiopickup andwrer-plitaskonQucrgedl ph t he
car go., For exanpl in the transportation of bul k materi.al he type nay
"ot or b Brose gPRaiont bl ARAC G e lyioe s B W Rk °HFEY.
pl ane,optifmdl fanshbtistton soherddy ot her nechani cal neans of transportation. [058]
" Vesselp" means any ship, barge, or other water-faring vehicle. [059]
10%flage” mediiBe.any theoipnieat of Dnepfetargs: dphresdhe natpFeeheampgpitionnef, the sarger
air, t i . r Y R T " .
"tran Eg%ﬁ’\?sgﬁe olly’l}&rhggﬁ gtg ﬁl%’é@?lgl g&stg[%lng_&]%l bR Jﬁgo. 98@9}&mple, iRYhE %ransp%ﬂgtlon of

bulk material, the type may refer to the grade of a crude oil.

[057] "Vehicle" means any ship, barge, plane, train, truck, or any other mechanical means of
transportation.

[058] "Vessel" means any ship, barge, or other water-faring vehicle.

[059] "Voyage" means any course of travel or passage, whether by land, sea or air, between

EE TS

two or more points. The terms ‘“voyage,” “routes,” and ‘“transportation routes” are used
interchangeably herein.

[060] 4.2  The Model's Objective, Inputs, and Outputs

[061] A method in accordance with the present invention comprises the steps of optimizing a
plurality of transportation decisions, to obtain an optimal or near optimal solution, and
mechanically transporting cargo through movement of the plurality of transportation vehicles in
accordance with a set of optimized transportation decisions. The plurality of transportation

decisions to be optimized includes transportation routes for the plurality of transportation
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i nterchangeably herein. [060] 4.2 The Model's Objective, Inputs, and
Qutputs [061] A nethod in accordance with the present invention conprises
t he st epswof2omp2p419zi ng a plurality of transportati on deciraisees/033200 obt ai n
an optimal or near optimal solution, and nechanically transporting cargo

t hrough novenent of the plurality of transportation vehicles in accordance
wth a set of optim zed transportation decisions. The plurality of

transpost ati decisions to be optinjzed includes transportatign routes for
the pIVGREIe JRRIT SrEeR o005 GHVBRIE! Beoncyth BEkcaHNGHORLPEOOY GRpOralsy

tr ans R aRehdr@tioN S cIAE1ciifhif SRR QG AdPRiBatdh &heurgd ?{cﬁhﬁ) 1%nPbne or more
transportation vehicles within set paraneters, nom nation of cargo pickup

f r om oneplprloeatioas dypihk yplirekityt dlotrendpyrtaticn pehuclad mtithinofett pamsgiorst &td use of

hi cl es .wi t hi , f i al i
! ocat roreitt oo ERbn RERATE, Shiside soiuon B Ao MR AorRlist ¢l es.
g@@ﬁ] The opfei dptiziiAgg StcpAndlBEdsUBESHR daog tising tHatdlecksl dgh hpareof h egkar

ata as part of a mxed integer |inear programm ng nodel, and obtaining a
sol ut ilgRgerolingie prog@emmingegercl) jandapbipmsgr andalndomdelethe t Bixgdr inkgentlingas et
of optim . rtation decisions. j .St e
nf o merurBtit BESAGbLEN R (BELPbAR izl MRl RS LR TUBRME B yip,

t r ans pathicat indormeagibh atladng td1ehe aupgpdy taratiend, rtha dpmaiide thcatiaus, @S transportation
transporlﬁtion i nformation, and deitional restrictiqns ar constraints,
[ 063] VEhislem Q) Gardoe dorba itREEROTISA o gRERAM AGnPRATRHON nidferaedonn aph; akitiapal

functggﬂﬁaﬂgﬁgrghﬁﬁgﬁﬁgy of constraints. The objective function may be for
maxi m zing the net margin of a particular transportation schene in a

p06idined perlihedmixaldt mtapat ilinedry pragmmumtgaimodelrbedides rihsobjbeivebfuactiov@end a
function may mnim.ze t i ncurred cast for, a_particular transportation
senomd TS i ANEH per 1 Bt ODBEHET T IaE R 0eDs Pz b Mg R Bctriom ¢
or fi nanthufl 1eRPoRansn Sa¥nRl A RERlaRAcd FWIRARkivelyNE &oRRT EdbiimeRh thdhre

m xed i nteger |inear progranm ng nodel are fornulafed fromthe data

col | ecbigtive dunctine nedyl nggmiizegths tisgurrgdodw] foxl & hantighlat renspavtetien sehewicl in a

(r ef eaed S8 Bk BufeRE? Bipshif Shsia HEERehC P s AR RAEEE oS S he:
pr eserinpldpegnt iFRRhar, eths efdndirathyy PPIB BhiRed UaRgas linadd progidmmaiiRd nid¥E dre

| and/ ai r/ sea transportation, for exanFIe. The use of a marine

t r ans pomueted foexthaghie celenirdiiramtthpeolicsting HeRt ed to |inmt the scope or

9082 O g G5t DIETEHER 0BT Bl B! b,

or ai rrahsmngpon tatnme (efoofed eoss &he wakine embodiment” herein), other applications of the
present invention are certainly possible such as land, air, and mixed land/air/sea transportation,
for example. The use of a marine transportation example should not be interpreted to limit the
scope or application of the present invention. As one of skill in the art will appreciate, the
methods described herein are certainly applicable to land or air transportation problems as well.

[065] 4.2.1. General Objectives of an Exemplary Embodiment

[066] In one embodiment of the present invention (the marine embodiment), the invention is a
method for the optimization of transportation decisions of a marine transportation scheme such
as supply nominations, allocation of available supply, transportation routes (i.e. voyages), the use
of specialized transportation locations (e.g., the Suez canal or other locations with drop and pick
or repackaging capabilities), and the assignment of vehicles to various loading/unloading tasks.
In certain embodiments, the method optimizes marine voyages for a plurality of marine vehicles

(i.e. vessels) using a computer application. The application comprises code that, when executed,
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[065] 4.2.1. General bjectives of an Exenpl ary Enbodi ment [066] In one
enbodi nent of the present invention (the marine enbodi nent), the invention
is a net hwo2bovizpdie optim zati on of transportati on deci PCoOrES2@b/03320@r i ne
transportation schene such as supply nom nations, allocation of available
supply, transportation routes (i.e. voyages), the use of specialized
transportation locations (e.g. , the Suez canal or other locations with

dro nd pick or repackagi.ng capabil.ities), and the. assi gnnent . vehicl es
LoD GRS 4B cp AT SARG ©aBatmird, 'S8 het Megibdar raHie Seheatr
opt i Mag@sn Bt ioR MO HLS SAMlaBle Plobt Blnhdv @fcoMRiinB pl&iHcE p8Sod.i E&oh Wease! S)

using a conputer application. The application conprises code that, when
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such as crude oil. The bulk material may comprise crude oil of various grades.

[069] Each voyage definition (i.e. transportation route) specifies attributes and/or constraints
that are relevant to the problem. These attributes and constraints can include, but are not limited
to, the following: (1) the supply/demand locations that need to be visited; (2) the identity, type,
and range of volumes of the specific cargo that needs to be loaded or discharged at each location;
(3) upper and lower tolerances for the amount of cargo to be loaded or discharged at each
location; (4) the permitted time window within which the loading or discharging must take place
at cach location; (5) the ratability of cargo made available at each supply location at various
times; and (6) upper/lower bounds for the volume each type of cargo to be delivered at a specific
demand location. Each voyage definition can include visits to multiple supply locations and

multiple demand locations and can have a cargo that includes multiple types (e.g., different

grades of crude oil). Accordingly, in one embodiment, each voyage comprises a loading
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to, the following: (1) the supply/demand | ocations that need to be visited;
(2) the identity, type, and range of volunes of the specific cargo that
needs to we 2bwadedoor di scharged at each | ocation; (3) wppas2@ad3ii2oner

tol erances for the anmount of cargo to be | oaded or discharged at each

| ocation; (4) the permtted tine window within which the |oading or

di schargi ng nust take place at each Iocation (5) the ratability of cargo
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dlscharged in eagg 1) ﬁ . Accordingly, in_one enbodinment, the total anount
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of _eatf o Xeothifidh8e M NCARIORME thd fie dhyaghar oi ng segrrent . However, it i s

al so pos e to account for scenarios cargo is already on a vehicl e
go7Tdr to a Bﬂswagtea oct af@wmanplﬂsj(dmcréoed@hlow)ethalmdﬂtmi gndesodt ascvolygyemiz¢d71]

Based on a set iven desc bel ow the nethod.arrives.at a
set ofT4BRRRI9R e%l?laﬂ% psf@{ oth&ag&c aggdly t&%ﬂ@%ﬁqubx ﬁe%ﬁ%eﬁﬁﬁwaﬂﬁgwn

transpehirRd blayedaorﬂﬂh@%poﬁfm&é@ﬁb?%ét%%t I YeRpstRDNRAIRI R HAGI. KBt zed
paranmeters. The transportation of the cargo may be executed uSing any neans

for rre@tlilarﬁn(v:a:netayls rf@vmn@ilaméy imgvirfer watcoale Dmcmel loention tanoother locaeat i lore 1 n

a narine. ap atio the transportatian

i s Wi el Efioh Oy gk HhniE BR R Fpokiiorl BRRARRS el 2R sBBR A2 Al e e

t r uckgariibhsed bglicatidmRinh@ss mad Tedludb tPucks ahdpitsaltOmbbieesModel [073] The
nmet hod consi ders numerous input paraneters and variables in determning the
dﬂﬁﬂnﬁﬁzélh@@&ﬂpﬁm3¥@ﬁ@dule nom nati on schedul e, transportation routes,
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i ncur ropdmab ml))catmunmhemﬂe enanmpia%n afchéduds etranspoittgioar eoutkss aise bhefd spec1ahzed
transportation locations, and vehicle assignments to produce the highest total net margin (or,
alternatively, to minimize net incurred cost). Numerous examples of these inputs are described
below. However, the examples provided herein and through this specification are not limiting.
One of ordinary skill in the art will appreciate that the list exemplary inputs below is not
exhaustive, and other relevant inputs in the spirit of those given herein may also be included in
the present invention. Preferably, all input parameters and variables with an appreciable effect
on net margin or incurred cost are considered. In addition, all variables that relate to various
constraints in the mixed integer linear programming model are considered.

[074] In a method in accordance with the present invention, the collecting step includes
collecting data relating to one or more supply locations. This information can include the
physical location of the supply sites, including classifying the various supply locations into

regions or other geographic areas. This information may also include data on the availability of
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bel ow. However, the exanples provided herein and through this specification
are not limting. One of ordinary skill in the art wll appreciate that the
i st exerppbany/izqaat s bel ow i s not exhaustive, and ot hePCraiSemans32omput s in
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invention. Preferably, all input parameters and variables with an

appreci able effect on net margin or incurred cost are considered. In
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unit value of delivered cargo, delivery time window, and grouping or segregation requirements.
[077] In the marine embodiment, the method’s collecting step may include collecting marine-
specific demand location data, such as information or restrictions typically found in marine ports.
This information may include the make-up or blend-down ratio of various crude oil grades in a
segregation. This information may also include any vehicle restrictions or constraints for a
specific demand location. For example, a particular demand port may place limits on the draft,
weight, berth, or cargo capacity of a vessel entering the port. This information may also include
any port fees or other tolls associated with a demand location. In addition, this information may
include tolerances for discharging more or less than a specified amount of cargo. In some
instances, these tolerances may act as “soft” or “relative” bounds for the cargo amount. In some

instances, these soft bounds may be exceeded at a cost (e.g., a certain amount of dollars per

barrel of crude oil over or under the soft bounds). In addition, some demand locations may have
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[077] In the marine enbodi ment, the nethod's collecting step may include
col l ecting marinespecific demand | ocation data, such as information or
restrictiwo0toypdgoal |y found in marine ports. This infoPgmitiseeonms320é ncl ude
t he make-up or bl end-down ratio of various crude oil grades in a
segregation. This information may al so include any vehicle restrictions or
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enbodi ment, the supply ports and/or demand ports may be grouped into
cer t ainmyshiyp syccaal drapertehs nsachl a8 €§00i0s LOMaHho fascloédapandgi aasphly have a set

roperties associated with it. including any..of the.propefrtjes. tioned
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accordance wth the present invention, the collecting step further includes
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(ETA) ,(Egglb,i Fdesh n?WﬁéOC@FOIHeB ¢ fferEnation on a vehicle’s capacity limits may be expresse

as a volume, weight, or any other relevant unit of measurement.

[080] In one embodiment, the method’s collecting step considers a plurality of marine vessels.
In this embodiment, information is collected on the vessel capacities, bulk material densities, and
the interactions between supply/demand location constraints and vehicle size, shape, speed, and
fuel consumption rate. In addition, in certain embodiments where the cargo comprises different
bulk materials (e.g., different grades of crude oil), these bulk materials typically have different
densities that affect how much cargo can be carried. The supply and demand locations (e.g.,
ports) will have different physical limitations (e.g., maximum draft, maximum vessel length and
width, etc.) for vehicles that use the location. The specific physical characteristics of each
vehicle (e.g., draft and other parameters) determine whether a vehicle can meet the location

constraints for a particular route (i.e. voyage). Also, the laden speed, ballast speed, and fuel
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(ETD), or last known | ocation. The information on a vehicle's capacity
limts may be expressed as a volune, weight, or any other relevant unit of
measur enewo.20{00804191 n one enbodi ment, the nethod' s col | @CTiusgo191083200
considers a plurality of marine vessels. In this enbodinent, information is
coll ected on the vessel capacities, bulk material densities, and the

i nteractions between suppl y/demand | ocation constraints and vehicle size,
shape, speed, and %uel connggtio rate. In aqfitiond in certain .
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(e. g. ovwore vameishparebdue chatys, leongHboeewryeithahdspleeiogage assenmeussselosly be t he

case of rine application) in the fleet. can .assigned to nultiple
cequedtid Ty biragud Penct kit ghastinriig gerr ottt (Pshaig jerine CeagBry s m
Yesse|cbné44ahﬂts,ee@@{]ﬁ)9 Ra@WoyuEs ffthe nllAliplk Yo fURI ds@BhBertOrShBHLtEinPbecAS Dy QasENt S,
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collecting data relating to the cargo to be transported. Factors in this group of information
include the type of cargo, physical properties of each cargo type (e.g., density or special handling
requirements such as cargo heating), and the economic value of each cargo type.

[083] In the marine embodiment, the method’s collecting step may include collecting marine-
specific supply grade data. This information may include physical properties of the crude oil,
such as density and economic value for each supply grade. In one embodiment, the one or more
bulk materials are liquid bulk materials. Preferably, the one or more bulk materials are one or
more different grades of petroleum or petroleum derived products, such as crude oil, LNG,
diesel, gasoline, etc. More preferably, the one or more bulk materials are one or more different

grades of crude oil. In the case where the bulk materials are crude oils, the demand locations are

typically refineries or ports that service refineries. One particular business application of this
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performnultiple voyages. [082] In a nethod in accordance with the present

i nvention, the collecting step further includes collecting data relating to
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the type of cargo, physical properties of each cargo type (e.g., density or
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constralnts typically assocl a I'S p cess hi's ca egory y al so
i ncl ughickforetglekagingt s, i ncluding world scal e rates, denurrage

[086] A method in accordance with certain embodiments of the present invention also allows
for forced assignments for any of the decision variables. For example, in certain embodiments
the collecting step may collect user-imposed restrictions such as assigning a certain vehicle to
certain tasks, supply locations, or demand locations and specifying supply nominations that are
already fixed in the program in terms of volume and timing.

[087] The above information, collected in the data collecting step of the present invention, is
used in constructing a mixed integer linear programming model. The information above may be
used to construct the objective function or the constraints of the model. In certain embodiments,
information associated with costs (e.g., freight costs, tolls, fuel costs for a particular route, etc.)
or revenue (e.g., economic value of certain cargo) become part of the objective function, which

maximizes the total net margin or minimizes the total incurred cost. In these embodiments, the
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costs, and fuel costs. Further, this category may include pipeline costs
associated with drop and pick or repackaging. [086] A nethod in accordance
wi t h certwionosvhodonment s of the present invention al so aCirasgoos32bor ced
assignnments for any of the decision variables. For exanple, in certain
enbodi nents the collecting step may coll ect user-inposed restrictions such
as assigning a certain vehicle to certain tasks, supply |ocations, or

demand | ocati o and speci fying, supply nom nations. that are already fixed
e S e R g R R R R i Ly
col | egfrent hfddihe data collecting step of the present invention, is used in

constructing a m xed integer |inear programm ng nodel. The information
d088le 4ay. Batpged! the Madedt ruct the objective function or the constraints of

t nodel . .ILn ceptai nbodi nents, .informat.ion associ.ated with costs.(e.qg.,
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function, which maxim zes the total net margin or m nin zes the total
i ncur reaspestation pehedulssemariyse thie Ateshod: avet BRhifeTddatersTining ©PHiARb FABIPOEAtON

the modgrs PobdrnRbRiSR R BRI BHEFF pbdi] R IGEE IO RpR B
pr eserkhichy asMigmonendetbasal nasa agt offt givied eduts et Iinfonkr ambpdineat, | follod@t) shons
that maxim zes total net pmargin or mnimzes incurred costs. Accordinﬁgy,

t r ans SSIFAEHAN 8t Rederirdiogaorrad theiractied REYIdes the TysPoRgiongebeuRAY!
Opt! Mihe FRRSRL ihALALL: O Phe RHUBBICYyAIRIMEIRY QLA osIBiRAG HaQFBh! By, USE

of special transportation locations, an assi-gnnen sed on~a set
of gi wepacitgt atc.)] selected émipodi prentity dHhlolablgvehded gl g rnicoahmondapiont foe the

nom natj o rogram. the nethod pr,ovi des the, tran rtati on schedul e jth
fhe. f aeh g Tyt foysaanon Of e [olame o Bdenig! VerimaPadhs S1e08 rpeaase ity
(basediRRarsb i Eheh CAPSHC &asﬁagsaﬁigmmeﬁﬁl(@pﬂl%@mhﬁg Mreabh Wealidd VisRhn@Hailbab! e

vehicles; (2) a recommendation for the vehicl e/voyage assignnents; (3) the
vol umand tdygsbarga weenik ingéach aecontracrslad goyags: b the adedargi faticsehsoxped; (0 thaach

| f .assi . (4) the tin f h ' i d th
| oad 4n@ KR RRE G0 BRTTL e, ek PRt (B0 s i FordPg "
for egokitivpysmeirm( Bhipt.he Aldattdhalnelitpirgdyn idddiddt Bsirtbd tiRG@gMOY&@E for cach

assignnents; and (7). the fleet schedule and forward position of term ships.
Addi t ivehisle vyegtipaifeifveenyuefiies tfonerca supplyi et desipgd Jogasion esiggested blend-

Ygggf!d?ﬁméﬁ%g gse?léfc‘idrgia g}ég %%n o RpRKLIRS af YPecRPHInSURRI RIS RiMination
sche1dule (including ratability) for each vehicle/voyage pair and segregation, and allocation
schedule for each vehicle/voyage pair and segregation.

[090] In certain embodiments, the method of the present invention outputs a set of optimized
transportation decisions. Decisions in this set may include the transportation routes (i.e.
voyages) for a plurality of transportation vehicles (including specific times and tasks at each
location and overall net margin of the voyage for a given vehicle), allocation of cargo to be
transported to demand locations (including timing, type of cargo to be discharged, and
tolerances), nomination of cargo pickup from supply locations (including schedule of cargo
availability and tolerances), and wvehicle assignments for cach voyage. Other relevant
information, such as economic data, names of various locations, costs associated with cach

location, etc. may also be output.

[091] 4.3 Means of Executing the Model
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rati os, use of drop and pick or repackagi ng at special transportation

| ocati ons, nom nation schedule (including ratability) for each

vehi cl e/ woagw/paile and segregation, and al |l ocati on schedulus2diomn3zxech
vehi cl e/ voyage pair and segregation. [090] In certain enbodinents, the
met hod of the present invention outputs a set of optimzed transportation
deci sions. Decisions in this set may include the transportation routes

[ . e. voyages) f.or lurality of .transportati.on vehicl.es (including.
el 0 b paBiettndy ot robobl 16 sr A R & comar Gt T iate
voyagehdtOfund & “eRoNRAtiEhR) corRpltOC rdREoPT (eGAr §03GHZ bEnIE PRSRNoE Efbridhal
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output. [091] 4.3 Means of Executing the Mdel [092] In certain enbodi nents,

t he optdarfcrs@ikon thesinifsertl s in the formof a conputer application that runs
convery | - : - P r

T onal " cormuanOry SR I BLAERR 5 bF Sompfhe R AR, S RRRM b e e

procesany adnstadage doeica inethect Mhe dita ienfrersatidey tit@faeaasons iarprudad.edr

directly to one another or a collection of inferactive processors. connected

i ndi r defeTfyoc Witk apRACAEN. Jodr CAne BRfpYipRC if%tt%i"mﬁlfét}% Canghe|aGeNPlayed in

net V0L kv bek BEwhil CfitelpbliodBRThn G EAICN SIRAHLTEHL 5t iRURlIIAGARE: USTo! 2

conput er application al so include a data entry and storage device

i nt er fdameentifhenddavrage niterjacst Attagetively.eaf BRB (FaterfyesciRdsegicalPlannjngd system,

interface . wt t he application. a.entry and stor or the application
can bevdt SapRIratiEquith 3 ity o5e WayE fie Mshhr POW Er UBe BReeh o
anot heysith¥Re ?ﬁcggﬁﬁmgizg&qftmre, as the data entry and storage

i nterface. Alp ernatively, an ERP (Enterprise Resource Pl anning) system

4084 sAP, Ghsaipelicasind compHawasods thardefingrueal vdgmngatimulstipeh end enatiBOMKcIsor

ot her types. of business applications.can be util.ized. [094]. The .application
conpr o2 Beory o PERPARRE ST oUREE FoRbef iharab e I pecer BBt £ and
cal | s syR@Ah@MatPinbdt|Z.aPIErabg MRIcodbiChritten LsThe Bicaklif®sys@im kotewirt 3aesav t h,
the application to solve the math nodels. Preferably, the code is witten

usi ng HYHESH KNP s 1leR0s OPLwetyMPEuen Xpsesal Nl ddesevar, ths eple, conigbialsoghe
Xpr es%V%%%Sing'_&%%%put&rb%é}gﬂﬁﬁﬁé) fﬁlngu%e%ﬁclﬁﬁ}mg C++, FORTRAN, and MATLAB.

In one embodiment, the application is written using AIMMS and employs an AIMMS user
interface. Preferably, the solver is capable of solving linear programming and mixed integer
linear programming problems. Preferred solvers include CPLEX, Xpress, KNITRO and XA.
However, other solvers known to those of skill in the art may be employed.

[095] The outputs generated by the application in these embodiments are the optimal solution
to maximize total net margin for the assignment of vehicles in an available vehicle group to a set
of voyages to transport cargo from one or more supply locations having nomination requirements
to one or more demand locations having various allocation requirements. The output can be
exported and saved as a file using any of the data entry and storage applications discussed above
(e.g., Excel, ERP, BDW, etc.).

[096] In one 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 in the program. In this embodiment, the program utilizes an
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witten using any conputer progranm ng | anguage includi ng C++, FORTRAN, and
MATLAB. | n one enbodi nent, the application is witten using Al MV5 and

enpl oys awmoAbiMMBoIuger interface. Preferably, the sol ver PC3/usapalobroof
solving linear programm ng and m xed integer |inear progranm ng problens.
Preferred solvers include CPLEX, Xpress, KN TRO and XA. However, other

sol vers known to those of skill in the art nay be enployed. [095] The

out put er at ed t he .appljcation. in these enbodi nents e the opti nal

ol ut PP hiEieien bt o Rt S Hiererull hr (o8 D AHBME e (</etPOPERt P an
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i nput siness Data i'ncluding-ddata pertainin i nvent ory “posi ti on,
pr oduatvaitable diestutoptasmizé ntetahtt oesdis,(ogtio. ccflam dabadinenisn paitmiosning tataDat a

| nput .Interface (e.q., spreadsheets in spreadshee r am such as
M or 6B 26 | i RRRT RS ek R i A T bE el B st
(. e. ychidR/BhdiBSuhLEAS rschédﬁ%rin%&&gaﬁsmjeegoﬂgp%a JothdMifithided ehaipdastidde

optim zation of a cargo | oading and delivery program by determ ning a set
of voylagewns.oFhese agsufipmay tpndwrdysplaped tag sbgnisieg speeddshesss, for cxamaleai | abl e

f t to imgze . .total net,. marqi or, J.n certain enbodinents, to mnimze
IOREL | DAt Bty o Sauit s g vt AR Eh B8 B Rt Bnd Bhe

r econmuprigechive thath®ls! aekiteg/ hopdigaditrppeRadudonpristy & peeveysift 8b8ed kddged and
ot her optim zed transportation decisions. These results may then be

di spl 4iesd at vngle peegessotisMylindh Fugrasiveeprocespeyis C@%ﬁ%?dedlffmgfj% ecHId FgPy

one emﬁﬁblﬁﬂfereﬁfﬁvg ;b?o .eg's\é%' Eéérﬁ{%ﬁiiea iﬁ&r&f@ﬁatg HidSaroARe tz)lvglr cho Gl tﬂ.eﬂ)gor'i(he

opti m zation mnethod escril erein. e apparatus conprises a processing
devi c&hsedppetaad also includes the computer modeling application for the optimization of marine

transportation scheduling. Further, the apparatus includes a data entry and storage application
that is either part of, or integrally connected to, the computer application, for inputting data
comprising, but not limited to, the desired voyages, the available vehicles, and the planning
period to be optimized. In addition, the apparatus includes a solver that is integral to, or
interfaces with, the modeling application, capable of solving linear programming problems and
mixed integer linear programming problems. Further, the apparatus includes an output and
reporting application that is either part of, or integrally connected to, the computer application,
for outputting the results comprising, but not limited to, vessel load and discharge schedules,
inventory projections, and margins. The output can be displayed and exported in a spreadsheet
or other format for use in other systems.

[099] Generally, as shown in FIG. 2 for example, an apparatus in accordance with certain

embodiments collects input information (e.g., location-specific data, information on available
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froma single processor, nmultiple interactive processors connected directly
to one another, or nmultiple interactive processors connected indirectly to
one anot &0 2010er9g9conput er networ k. The appar at us al soPCchaiSedes3zzhe
conput er nodel ing application for the optim zation of marine transportation
scheduling. Further, the apparatus includes a data entry and storage
application that is either part of, or integrally connected to, the

conput e
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transportation routes for a plurality of transportation vehicles,
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[0102] The solution engine can solve the mixed integer linear programming model as one large
problem or a series of smaller component problems. In certain embodiments, to improve
computation performance, the overall optimization problem may be divided into subparts. In
these embodiments, various processes in a network may simultaneous work on different portions
of the overall method to speed up processing time.

[0103] The solution engine can solve the model as one large problem or a series of smaller
component problems. Preferably, to improve computation performance, the overall optimization
problem is divided into subparts. In this embodiment, the application first determines each
feasible vehicle/voyage/load-event/discharge-event combinations based on temporal and

physical vehicle/voyage constraints (e.g., those in the transportation decisions listed above). The

second step involves the optimal selection of voyages, assignment of vehicles to voyages, and
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coll ected data. The apparatus al so includes a solver for obtaining a
solution to the m xed integer linear progranm ng node to arrive at a set of
opti m zedwOnargpetivat i on deci si ons. The appar at us i ncl uges/ts2usm832dé spl ay
for displaying the results of the solver to a user and the capability to
export the results for use in other systens via a spreadsheet or other

| i nkage. [0101] 4.4 The Sol uti on Engi ne [0102] The sol ution engi ne can

solve the m xed integer |linear .ogr anm n one | ar problen1or a
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opt i mplorti@lsect i on of voyages, assignment of vehicles to voyages, andopti mal

assignnent of | oad-events and di scharge-events to sel ected voyages-vehicle
é@gmgﬁﬁﬁht§“é§g%ﬁ@nWﬁW€brated solution step so as to nmxinmize the total net
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second step above) as at least one€ I nt eger near
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conbi ni ng sone or al he subparts and mat hemati cal Progrannlng
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This active location set, along with the |ocation use rules (e.g., |oad
i ni t sollecigdpansaiat dase forythe engygemorsUPBhsIopiionsplgethesdignai gafietionthat

| ocat 0l folad FocafibhP E’ir%’%é O6ld A HaxiRhALLB: WRLARS BRY R PGB bile). A

speC|f|ed maxi num n
similar procedure is used to determine the candidate discharge (i.e. demand) location rotations.

[0106] Next, the potential cargo quantity, for each cargo type, in each load location rotation and
cach discharge location rotation are determined using the input data for supply (by load location)
and demand (by discharge location) by summing the input data values based on the nominal
volume and upper tolerance. In addition, a constrained cargo potential is calculated that includes
the impact of location capacity limits (e.g.,. port draft limits, port-grade maximum cargo limits,
etc.) and other load or discharge location constraints (e.g., discharge port blend-down ratios) to
reduce the potential cargo quantity for load and discharge rotations (e.g., a load rotation which
has a strict draft constraint at the last load port in the rotation may result in a reduced cargo
potential due to this physical constraint). The result of these calculations is:

LoadRotationGradePotential(lr,c)
LoadRotationConstrGradePotential(v, Ir,c)
DischargeRotationGradePotential(dr,c)
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of load locations in each rotation. A candidate |load |ocation rotation is a
sequence of one or nore active |oad |ocations that satisfies the

| ocat i on-wpeeioi2e41pul es/restrictions, as provided i n theCtaisk@oioaitoo
constraint data for the one or nore supply locations, plus the additional
restriction that each | oad |ocation can be visited at maxi num nunber of
times in a rotation (preferably once). A simlar procedure is used to

det er mi ne e candi dat e di scharge (i.e. depand) l|location rotations. [0106]
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rotation, "c" denotes a supply grade, "v s a vehicle, and the
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the constraints (as listed above) to %/i el d: Vg%/ageCar oPotential (v, voy)

VoyageConstiagaV, ventT ¥pyageCotpPotenlizlopy@né MehidRCapikprfiin car go t onnage
(e.g., in @E%B%boh&kﬁ(v‘ﬂ%%é;\lf cﬁlaggé(&%ﬁrog@o@menﬁal(v,Voy)/V chicleCapkTon (v)

If the fraction RatioVConstgrCP(v, voy) is greater than a user-specified minimum utilization
(e.g., 0.75 or 75%), the potential voyage/vehicle pair is added to the set of candidate voyage /
vehicle pairings. This procedure is repeated for each load rotation, discharge rotation, and
vehicle. This results in a set of feasible voyage/vehicle pairs. For the vehicle/voyage pairs that
are determined to be feasible, RatioVCP(v, voy) is used to identify voyages that have the
potential to be used more than once. For example,

RatioVConstrCP("v1", "voyABC") = 1.1

RatioVCP("v1", "voyABC")=2.3
would imply that the pair vl/voyABC is a feasible pair, and that there is sufficient cargo
potential for this pair to be used twice.

[0107] For each voyage/vehicle pair in the set of feasible voyage/vehicle pairs, the feasible load

and discharge activities (or events, or tasks) that can be performed are determined. In this

procedure, the load and discharge locations for each voyage are considered along with supply
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VoyageCar goPot enti al (v, voy) is divided by the capacity of a vehicle (e.qg.,
vessel DM |imt i kTons or alternatively the part-cargo mninmum, in
kTons), twocalcubape the maxi mum fracti on of vehicl e capatiusgowioai2zocan be
utilized for each potential voyage/vehicle pairing. RatioVCP(v,voy) =
VoyageCar goPot enti al (v, voy) / Vehi cl eCapkTon(v)

Rat i oVConst r CP(v, voy) =VoyageConst r Car goPot enti al (v, voy)/ Vehi cl eCapkTon (V)

If the fracti on Rati.oVCo rCP(v, .vo i s greater .than a user-specified

R S R A Rt S R 0 W i S AR i o
i s addesmpr, hheysa! thaf dansitdalie a VR lodPHcelich Balnbt BaRfy Thb&l RIcee&Aur e
is repeated for each | oad rotation, discharge rotation, and vehicle. This

r esul tastivity tor st lasfd 1bestion birotheyayesy el ot thai load locaton (veg. vl 81fellowshge

pairs .t hat et erm ned, t e feasible, RatioVCP(v, Vo0 is ysed to
aent OBk duE R ol RE bl I B8 ikt (R ISRl ont 2 b o dlndiyy
exanpl(giverray i taYCRARSETICR " ¥dtes in" theYeOBEetdd datd) dreRaich aVER0d 104d" winde@yBEhe =
2.3 would inply that the pair vl/voyABC is a feasible pair, and that there
i s sufSEPRIY eéht seeangdoprstoar(eigal PorioB) edssbobercrthe pagevindeny foptheesupplyrat aafimt

voyage/ vehi I Ty fi f ' .Gl ' t .
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Ioer f orergd dfasignaded Ey @i doanlt vdrﬁbtebhswpgmoegur, le, 3t heN) ﬁmﬁa@afiaﬁﬂ?@&uﬁbgs(a g.,
ocat 1 ons or eac voyage are consi aer arong w th.s PplylLn ormati on
(nomi RERRIBoTtEneny drmARd meEs), rt@ﬁéﬁ%t e§|thléc%rppfemlye tyeﬁlili%ébﬁ iflpwing sicts af

mat ch e I LSt ticular |oad
Eforth@forS XA Iﬁ%yf ?/e faéﬁ?'ég%etf ijéhquﬁ&wﬂﬂg.tarﬁégifo% c B!

| ocati on cannot sati ocati on acti vi or that | oad | ocation.
Anot her voageble®yghi¢ic¥ioyagolbvdnti@d oly mgathvent) (e. g., port A fol |l owed by port

B), but may, nof, be a to |load the cargo at these load |l ocations if the
supply w n&8@\%{’l@g?@@??k]ewa@‘?évg%"r"foya%&dgﬁﬁnt ates in the collected data) are
such thahe taBevd, OpdeMitdaW cdhle, L1 8eIdsYa @hnd@d8 R, AE ALARES (R BheatioPOr t
B) ends before the | oad window for the supply at a'first location (e.g

port Apqusnes. tsdeniss sheslecainot e.gandiotas [Evemytegetchadoad ayent, aetidEemt dersesof

port visits (e.q., odesi ted by.a count .variapl e wher.e .n = 1 o 3
PO ihive sSst APRGTTIRERAGRe TG0 R W SOt SRR Sslire €S e
resul tvaife dfhi @nPr @aRAMUBR VEhR|dByhB@ET@ItlvawyQp BRIcht) Odnd dikBRbimation Which
may be represented by the follow ng arrays for exanple

Feasi bogveridErevoyubeh Eventieasiey willp, pEvesnigned  the value of 1 (one) in
Feasi t%'egs\{ﬁlgj\/%ﬂu%M%?Qfe%@é@tﬂw,\\/O}Xﬁ),g,dﬁv&tfl EYR0U) feasible combinations will have the

default value of 0 (zero). The results of either of the above functions may be stored as a multi-
dimensional array or other matrix.

[0108] 4.4.2. Supply Nomination Optimization Module

[0109] The above voyage generation process results in a set J of all feasible voyage options.
Each particular voyage option v € J contains one particular set of voyages for all the
voyage/vehicle pairs, its location sequence, locations (e.g., ports), and load events/discharge
events. A mixed-integer linear programming model is then used to optimize within this set / of
all feasible voyage options to select the particular voyage option v that results in the greatest net
profit margin. As such, the mixed integer linear programming model comprises an objective
function that has as its terms, the total revenue generated minus the cost incurred for each veV .
The solution to the linear programming model provides a supply nomination schedule, allocation

schedule, and shipping routes (i.e. voyages) that maximizes the total net margin.
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In the above, v denotes a vehicle, voy denotes a candi date voyage, n
denotes the | ocation sequence, p denotes the location (e.g., a port),

| Event dewotew/m9419ad event, and dEvent denotes a di schacgaSemefsi2oEach
conbi nati on of v-voy-n-p-lEvent that is feasible will be assigned the val ue
of 1 (one) in Feasibl eVehicl eVoyagel Event (v, voy, n, p,| Event), and each

combi nation of vvoy- n-p- dEvent which is feasible will be assigned the

of 1 _(one) in.Feasi Vehi cl.eVo Event (v,.voy Event The
\iﬁﬁe@su bl e r?ﬁ% Makgiy Y cog ‘P tﬁ39@19%¥$ngWXag9 P‘iln‘elso‘fegp %Eg?F 8yese %*ﬁ%
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di mensi onal array or other natri x. Nomi nat i on
Opt i nitlzatotad nevvbuluip@cf0ddig) alTthe vamgee iv gysge ogaoTesAY ] amilﬁfrv ocths $otalamuist s i n a

set Vof all,  feasi Ievo e tions. Ech articul voyage. opti on

cont amhsAey BIR T AEEaR GPds e st o ey SRR i B
its | %%ée‘ﬁbﬁ%ﬁ%{ﬁ@ﬁ@mg'tﬁ&ﬁhkﬁﬁﬁn L& plofit rﬁé}’g{ns) and | oad events/discharge
event s m xed-integer |inear programi ng nodel is then used to optim ze
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voyage, option v that re eat net roflt As su

t he m%>l<ed |ﬂhrF%gerarra?'§1ear o&r amn?whlgir’lmde e?ing rlﬂges an lg%/‘gé’%eve \palrstl on
t hat fIQSmBl%Vbhﬁlel\/%zﬂgalE‘fzdﬁe et Eéasftﬁé’\%lﬁkﬂe‘@@yh%é@ﬁj\%ﬁt mmsSoﬂLhﬁ)nCt@smellnféw red
for each v e V e solution to the linear programi ng nodel prow des a

suppl ;pr%ﬁﬁnﬁmg Brdelcvidhennsain g srleatedorehid plzayags P%Fﬁ(fmélhwpﬁ@iﬂqﬁ ASUP ¥ 531{4 e.
or £ a0 MchP A RN RoiilEs (O0H, SBEt IR IGud i Hard DO, (PG, tiElg 0oc”

I CV, \)\héﬁl@@NWonE@‘/ﬂﬁppilﬁ the net margin for a voyage option v e V, REWis
revenu nerated by all the voyages in voyage option set v, and

I[EJ&ZQ ‘ﬂé \g%yégeﬁf?g@édo%urred by all of the voyages in voyage option set

Yo118pe modedcchgethen @94;%%sfﬁw Hh&, iaeer SdnE kR WHAYARSWIPLERRnY B R%h%mg

the maxi num net profit rgin Ih this particul ar enbodi nent,
obj ectvisrts, then8tt cate Hars caldc iveyaga mayl‘tabtaéwlittod (esa@m 6f. Phtent lzﬁmehcaromal;/le

FEAS i_.ch i th icl.el i C ) )
FonsT DPETSE T BB oS ESBREY Ut ko areoBRid Shsguingiihs interh ol suiish i on
to theg hicﬂﬁy@fat&f Wf@%@hé’f@iﬂ@bo%)' IThe Mat@ing cht%ﬁ@'v@%g%qS ‘t’tﬂz‘lbrﬁhﬂt voYigge
pairs fromw thin FEAS SV, and to these vehicle/voyage pairings, it wll

sel ectratteh@ Oll otk Wetldstiakectater (pspeavsndt as 2 harccripge)s emd/p@edar\gptminﬁne@eh These

Voyag%/a udt Bref a"i‘ glver{ grllg'nz ’Iﬁe addlyol\fﬁ%lgl{t%losatht(e. g, overage and demurrage) will be

calculated during the optimization step, because these depend upon the outcome of decision
variables (e.g., the schedule of vehicles, quantities of cargo loaded and discharged, etc.).

[0114] 4.4.4. Use of Generated Voyages Within the Optimization Model

[0115] FEAS SV,  FeasibleVehicleVoyagelEvent, and  FeasibleVehicleVoyagedEvent
(collectively referred to as the “feasibility arrays”) define the space of feasible voyages, and
feasible utilization of voyages (e.g., load and discharge activities that can be performed by a
particular vehicle/voyage pair). The optimization model contains binary decision variables that
take the value of 0 or 1 to denote a no or a yes decision for the feasible options defined by
FEAS SV, FeasibleVehicleVoyagelEvent, and FeasibleVehicleVoyagedEvent. In other words,
the voyage generation step defines the set of possible actions, and the mixed integer linear
program optimizes within this set of possible actions. Because, in general, the number of
possible combinations of supply locations and demand locations can be very large, the number of

possible voyages generated can also be very large. In order for the method in this invention to be
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[0113] Because each voyage has now been pre-generated wth a known sequence
of location visits, the flat rate for each voyage may be calculated (as in
U. S. Pat emo 20ppil2pgati on No. 12/285, 651, entitled "SystemrCrarS2@otsizdei ng
Transportation Scheduling,” the entirety of which is incorporated by
reference herein above). The baseline cost for a voyage is the product of
flat rate, 0.01, the Wrldscale rate (expressed as a percentage), and

part-c o m ninuns.. These val ues are all given or known. The i, t.i gnal
Prel ghteit o po guble. Gyt drardae hert r BGESCHR | Wcie FeatitgiPabe f BAPI N ¢ he
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di schacgedic cadycthy mipOum humbdr of fegyslde obmBmatons dibwoygadhspidicedvireimukiealso

Foas! BIBULRTRIDU0Y SORMEILAL G AT aslby Bl o Pl HRORHE ™ esflis n o

arr aysplimdehdmatiieplapace of feasible voyages, and feasible utilization of
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A8kR6l dutt-ar Teams &1 Be (jesgiee FaR¢tion The optimi zati on nodel contains binary

51 on vari . - f. . de r S
G881 on 35 CARLRSITERL A Tod BRSSOl Db APRBLE BnDBe VP
Feasi hheMaitraineVdysageddEnant to paciukce asidhiaMedn edhedldy agealcation sdhedolichend
wor ds, . t he voyage generation step defines the set of possible actions, and
t he misRPAEHOBEgE (7 ¢ Yoyagesh g manBpes thezotel wiet Arreitnily these caroopisacstsy the
act | 0l FHAGANSE bdcImBERR! HicooR FuRMBRCTIR o APAS! hhiGif AP HBRKRISAOM FYIPP! Y
| ocati ons and demand | ocatl ons can be very Parge, t fe nunber of possible
voyagesngestoatheas tharsual sbtheenot enarginarfge cadhnvahidevofage palveinnetrhnghortatidrhi s
invention tao. beeffectiv i.e. usable, viable, practical), the procedure
uoeq coha dienanpeate vl i neran Svsierr eVl Event - and
Feasi bl eVehi cl eVoyagedEvent serves a critical role to generate only the
m ni mum nunber of feasibl e conbi nations. However, the procedure nust also
si mul tNYieokiet y [Ge XdipreiBast ¥dCand i ncl ude all the opti(BasDt hat are needed
to generate an optinmal nom nation plan. [0116] 4.4.5. Terns in the
bj ective Function [0117] In certain enbodinments, the m xed integer |inear
pr ogr afiEk N INNDURDrSeMs itideiotal 8RE hagfin tfh€a ¢QAASIor@tioh ScHia®s FRBEUrcpRAYEs ttiie
produce a nonmination schedule, an allocation schedule, and shipping routes
(i .e. Wl agwwaye tfhnta farsnortagen tsseemet AIC neapresantyi the tofalt Wewsed wbydi Bt s,
the t . N, b&e kect i f t] . t - ARLgI N
. baDoRsPEiof ek, PRI robhSePHEE b o, GBA e hardifol B Bl Mol IRGE
each wehickleydgy pgie ipaha tramspartiticansome atLiBev” is the sum cach revenue carned by

cach individual vehicle/voyage pair in the transportation scheme, and ZilIC is the sum of each of
the costs incurred by each vehicle/voyage pair in the transportation scheme.

[0118] The individual net margins may be expressed, simply, as the revenue for the
vehicle/voyage pair minus the incurred cost of the vehicle/voyage pair, as shown also in Eq. 1.
The incurred costs may include freight costs (e.g., spot vessel costs and term vessel voyage
costs), inventory soft bound costs, and inventory hold costs.

[0119] Revenue may be determined as follows. Each selected voyage-vehicle pair (voyage-
vehicle pairs that are not selected must not transport any cargo) will have an associate quantity of
cargo that is loaded and discharge. Thus, for each demand location and segregation pair, revenue
may be calculated based on the amount of cargo discharged at the demand location / segregation
pair, and the unit value of the discharged cargo. For example, revenue for each type of cargo at

cach demand location / segregation pair may be expressed by
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schenme. For exanple, the total net margin may be represented by NM = Rev -
IC=SINM=SiRev - SiIC (Eq. 1) where "NM represents the total net margin
for a trawmeporw@abilon schenme, "Rev" represents the total PCEUSAUO/083200 a
transportation schene, "IC'" represents the total incurred costs for a
transportation schene, "SiNM represents the sumof each net margin for a
each individual vehicle/voyage pair in the transportati on schene, "Si Rev"
is the sumeach revenue earned by each individual vehicle/voyage pair in
the transportation scheme, and SilCis the sumof each of the costs

i ncur negRR¥n&AGH (v ehiifik CAMOYAER P RIdTschdlet BRohAaNsportation sghgmy. [0118]
The i ndi vi dual "net margi ns may %e expressed, sinply, as the revenue for the
vehi cl e/ voyage pair mnus the incurred cost of the vehicle/voyage pair, as
shown al so.in,Eq. 1. The,incurred cpsts .may, i ncl.ude frei ght costs, (e.qg.
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uni t valsbRarpd afidhidOufll §&l?é’sggﬁdsatwtvaﬁ§q$fc%)gowﬁﬁﬁ.e "I ndRevenue ¢, DL, SEG' is
the revenue for a given type of cargo (T) at” a particular |ocation (DL) and
(GE8) i s aThartvawukdor sefrtgpabdt omgo s ahcedahamcalogation 5 suhmenasicaoveo millccangu t

bor vaTvel £ Ul anOMASEC o (e AT EREG g 0rt TSUEHAG
US$™ argt dmOf TGS UHR cQldtes tBthedaMBbEtverRRdor l #ERAPOESHARUBRe. | S the quantity
of cargo of type "type" discharged into segregation "SEG' at |ocation "DL."

TR i schariyestatpd abaventhe ibeureedmosiswey incudediaights coss snvestorynft dounds, and

Pr ef er.abl heg "dis amount 7. unit .corresponds to the "val ye of .cargo”
ni t - g sisy hfeoblss ERFGARLE TRNRR pliet HOL SRR B e Bt SR BR e
sumMedhOpREendlidveaasid thclndpe st ledst tidnfleight costyl dnabheirsesopgaifi Bamds o6 idits al |
demand | ocations, DL, in the transportation schenme. This sum equates to the

t ot al oRictiye{mgien. fidewe s addiipnpbsastatnanboseameidercdaopzll] As stated above,

P22 NCUT T & CASENBYst RlUdGy TISLANS ofOShdher FVRBL Lt SRhibIPRUNIF: pgNd
vessel) or a long-term vehicle (e.g., a term or charter vessel) is used. Freight costs for a short-
term vehicle will now be described using the example of a spot vessel. Notwithstanding this
example, however, it should be understood that a similar process may be used for other types of
transportation vehicles.

[0123] In the context of a spot vessel, the freight cost may be a function of part-cargo
minimums, overage rates, demurrage rates, or other vessel particulars such as capacity,
deadweight limit, etc. Using these considerations, a freight cost for a single spot vessel may be

expressed by

FCostSgv voy = FR * WSRate * (PCMin + OTonnage * ORate * 0.01) * 0.01
+ DRate * DDays (Eq. 3)
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inventory hold costs. Preferably, a m xed integer |inear progranmm ng nodel
in accordance with the present invention includes at |east the freight
costs andwoOhelwmnygnt ory soft bounds costs in its object iPga/uSarmonsizng

However, additional costs may be considered as well. [0122] The freight
costs may vary dependi ng on whether a short-termvehicle (e.g., a spot
vessel) or a long-termvehicle (e.g. , a termor charter vessel ) is used.

Frei ght cos shorttermve now be ri bed ing the
exarm Mt Byt S B iRB R TS TR 0% VBRSO REY R Sy SHoul o
be ungeisitooeRt Rahe fopddd R FatB (0L ERRr10BIA60 Y58 Jof BE Vewg%l) ahy Re@lpf%‘:llly in
transportatron vehi cl'es. [0123] I'n the context of a spot vessel,
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denurra rates, or .other yess artic Iars pacr deadwei ght
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a perQﬁﬁ@&gﬁmﬁﬁPCM n" is the part-cargo mninmum (typically expressed in
krlotons) ORate" is the overage rate expressed as a ercent e of
VeRde, oraﬁh%g@mterfs of Hetargn¥esssl, ¢ §@1gé15§9ét W@M netiqnRg f;
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and "DDays™ Is the nu ays I n ex ess of a ay tinme
denur roagéec Kiap ge poerpardnadtery saeis essmek] chkd4) ddadwe@t contd, ex tollsf dsingethase

vessel , the freight .cos functro f. bunker fuel consunption pates
(ant T GOTHTAG TR CostiY aiedly ot i Girip 5 en piiuaes oF ferbe of

port R@eﬁﬁsgﬁwq%hgbﬁgﬁhqwor port paraneters such as vessel capacity,
deadwei ght costs, or toll's. Using these considerations, a freight cost for

a single ternrvessel during a grven voyage or a sequence of voyages nay be

et hi PoUal o Ry CEriR) bGP R ot T (BB R A gt cost

for a particular termvessel (TV) to performa particul ar voyage (VOY),

"fuel consumed" represents the ampunt of fuel consuned by the term
where “FCostTry voy” denotes the freight cost for a particular term vessel (TV) to perform a
particular voyage (VOY), “fuel consumed” represents the amount of fuel consumed by the term
vessel usually expressed in metric tons (this is turn may be a function of the distance traveled,
fuel consumption rate, and other relevant factors), “fuel cost” represents the unit cost of fuel used
by the vessel usually expressed in $ per metric ton, “fees” includes any fees charged by the
demand location such as port fees, “tolls” denotes any tolls required during the vessel’s voyage
such as canal tolls, “nethirevalue” represents the net hire value (see below) for the term vehicle,
and “NHdays” denotes the number of days the term vehicle is idle.

[0125] The net hire value mentioned above may be derived from a daily rate that a term vehicle
is assumed (or expected) to earn when assigned to a typical voyage in a particular trade route.
The net hire value can be used to represent a lost opportunity during time when the vehicle is
idle. In addition, there can be addition fuel consumption during idle time for a term vehicle and
the associated cost can be added to the net hire value. Analogous to the estimated spot vehicle
demurrage cost for demurrage time, one can calculate a cost for term vehicle idle time as shown

in Eq. 5 below. This consideration may be accounted for in the objective function (e.g., the
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vessel usually expressed in netric tons (this is turn nmay be a function of
the distance travel ed, fuel consunption rate, and other relevant factors),
"fuel coswO2mpresents the unit cost of fuel used by thecrasseb/ossoal |y
expressed in $ per netric ton, "fees" includes any fees charged by the
demand | ocation such as port fees, "tolls" denotes any tolls required
during the vessel's voyage such as canal toIIs "net hi reval ue" represents

the net hire.v see beIo r the hlcle de otes
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estimated spot vehicle denurrage cost for denurrage time, one can calculate
a cost for termvehicle idle tinme as showm in Eq. 5 below. This
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terminto Eq,.4 (as shown above). In other enbadi ments, the nodel does not
accouﬁ@xmeﬁse@ Weh%% Ohflgxs %F’E?énplit)@og?tﬂl&ﬂé\‘r‘evéﬁmm% Péfakumﬁ»éﬂméthﬂ? gL

val ue @mb g tﬁrH@ da[nﬁo'?&lg "R 96hs?91§h n(dégt” ﬁ%ndtékht'ﬁg idfe: fu F&%ﬁ PEKst Ye9

representst e | e tine cost each termyv icle ope orm voyage
(Vay) soﬂmdthﬁtﬂmer@i‘ﬂréqmmoaiarttdsrmwmﬂﬂt of tinme a partl cuI ar termvehicle is
idle (expr in days for. ) val ue". denotes the
Uil oF Pt v Wi g lb e b ettt i T B epsifE eDiel et e SR CoR: ¢
denot @alchRed Wi Eﬁ@l arﬁl%ﬁﬁﬁ%&lt AP alt QPdt REJelS gme akdhfl Vb%@s PO Yt Rearrive at
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ot ve es arri
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Eq. 4 and sumed over all termvessels, TV, and all voyages, VOY, to arrive
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[0127] The inventory soft bound costs may be determined as follows. A receiving location (e.g.,
a demand port), may have segregation inventory limit that have both soft and hard bounds. The
soft bounds may be exceeded for a price, so long as the cargo discharged remains within the
inventory hard bounds for a given segregation. Accordingly, these costs may be an important
factor in the incurred cost term of the objective function. Inventory soft bound costs may be
expressed as a function of the cost to exceed the soft bounds, the amount of cargo provided in
excess of these bounds, and the soft bounds themselves (i.e., base inventory minimums and

maximums). Using these considerations, an inventory soft bound cost for a particular vehicle at

a particular demand location may be expressed by

ISBCostpr. spg = excess cargo * cost to exceed (Eq. 6)
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[0127] The inventory soft bound costs may be determ ned as follows. A
receiving location (e.g., a demand port), nay have segregation inventory
limt thawohaweaz2baoph soft and hard bounds. The soft boumd3/usayioloss2exceeded
for a price, so long as the cargo discharged remains within the inventory
hard bounds for a given segregation. Accordingly, these costs nay be an

i nportant factor in the incurred cost termof the objective function.
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average .i.nventory | evel | tiplied by.the hol di cost (which nmay be given
U Srullhott skl et by Bh g belaiieibingy S 9’ Reyrbeedin SR TA | he
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cost (Eg. [ 0130] The inventory hold cost may b e summed over all denand

| ocations, DL, and segregations, SEG in the transportation schene. This

sum e s, fo the total irtlveqtor% hold costs for the tr(ﬁn ortation

scheng, ChSifay YR EUP R HE B8 Y he i ncurred cost Fdrrh of the

objective function. [0131] Each of the cost terns descri bed above
ra)resented by Egqs. 3 - 7) may be summed to arrive at the total incurred
85101 (1 0) flde #vsaiory chgldrcast anapdra atmereds eveimsll demendhdecatiopsls DIt hand

segregations, SEG, in the transportation scheme. This sum equates to the total inventory hold
costs for the transportation scheme, which may in turn included in the incurred cost term of the
objective function.

[0131] Each of the cost terms described above (represented by Eqgs. 3 — 7) may be summed to
arrive at the total incurred cost (IC) for a particular transportation scheme. In other words, the
total freight cost (for both spot and term vehicles), the total inventory soft bounds cost, and the
total inventory hold cost may be added together to arrive at the total incurred cost. Certain
embodiments may exclude one or more of these terms, and other embodiments may include
additional terms (such as the cost of in transit working capital, cargo or vessel insurance costs,
and oil loss costs). Preferably, the incurred cost includes at least the total freight cost and the
total inventory soft bounds cost.

[0132] The total incurred cost is subtracted from the total revenue (as shown in Eq. 1) to arrive at
the total net margin. In certain embodiments, the total net margin is used as the objective

function, and the objective function accounts for both revenue and incurred costs. Accordingly,
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total freight cost (for both spot and termvehicles), the total inventory
soft bounds cost, and the total inventory hold cost may be added together
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costs are incurred. [0134] Note that each individual net margin for each

fle3dl bl e veYnte that vaphagédivpail ndtenaigivdbre edchtfesbie edhickeivoragd paislaycabadsdeds e
the incuyrred cost, . .which,may not. be kno for certainunti].a vehicle, has
et unPrSHE i, PR R S g e g B B R b hor B R ki Pt f Bl

f easi hagadruidityl @ngpistedh Gbpigéomageeansdigaaent s, all the concepts descri bed
previously remain valid and the concept of net margin is still applicable.
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pl us ﬁhaﬂ@ﬂﬂbdbmwdmdthﬂMdhdbeﬁmﬁbfbmﬂswﬁhgspb$ﬂmﬂnqmﬁahﬂﬁ@QﬁéﬂﬁgmgagﬂtdOh

'n th(%hepcblalrlla?slt %lng any idle portions ahead of the first laden voyage and between consecutive
voyages, plus the ballast and any idle portions (to return to a reference location in the principle
load region) after the last laden voyage performed. Other cost and revenue terms are additive
when applied to a multiple voyage combination. Additionally, the mixed integer linear
programming model may include constraints to ensure that each term vehicle is permitted to do
no more than one voyage combination (where a combination can consist of one or more
consecutive voyages).

[0136] 4.4.6. One Solution Procedure

[0137] One approach is to directly solve the model using a general purpose mixed integer linear
programming solver. A suitable mixed integer linear programming optimization routine using

CPLEX, Xpress, XA, KNITRO or another MILP solver can be used to solve the mixed integer

linear programming problem.
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|J> pio)i s eaggy 1t ] s@%ieﬁ‘c@&pﬁ&ﬁm@%é’tﬁ]}e’ofelﬁ'éjptrohle‘ﬁl ﬁ‘%ﬁﬁﬁhﬂ&i 8 %él@d model that

referable the solution yields an approxi mate solution to"the original

model ,is amerqueptn(uzov@q )?oltgo)mddtthrsg@pdeﬂols $h@dnﬁr@f¢mlzle (i salntioreyickdst an
nargin cost obj function S n.of the .nodel
a9 JebERate RORRIY The SREEBong S f SRRy R b ph PR HERT PR L mp

i gnor gehinifiNed @ct Matgin i(EosOesHj&tiRe Faligion €ORE @hdmﬂhfphﬁ@dl RefsioasstUAP nicaeBisrmy be
made or other constraints nmay be renoved such that the overall nodel is

si npl iVEIsEn n weichdBe dempnd logifigeinyegoncaisipntsrarpograred. i {Nefahgieinseripay
(usi ngua. GERSHRRUG Fh%g gsﬁh{iﬁgmé B$ 9" mAd 5 th & QALRIHE WMhe WntdVeElshaeT

defaul't or custom so
that the overall model is simplified.) Because this can be a much simpler model, it can be solved

(using a general purpose mixed integer linear program solver with either default or custom solver
settings) in much less time than the original, “full” model. Also, because the results of this
model need not satisfy the inventory limits, the objective function value becomes an overly
optimistic result and provides an upper limit (or high target) for the objective function value of
the full model. In other words, the results of this simplified model may represent a “best case”
scenario. The solution from this step also includes a set of selected vehicle/voyage pairs (a
subset of vehicle/voyages assignments from within the set FEAS SV, for example). For
convenience, the objective function value obtained in step 1 will be referred to as OBJ 1.

[0141] Step 2: In step 2, the original model (with inventory limits) is solved, but the feasible set
of voyages is reduced (e.g., temporarily restricted) to be a subset of the full set FEAS SV. The
reduced set (RED_FEAS SV) can be defined to include only the optimal voyages derived from
step 1 (for example, let RED _FEAS SV(v, voy) = FEAS SV(v, voy) for ecach voyage that was
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for a specified period of time. Alternatively, the problem may be solved using the default
method in CPLEX for a specified period of time. The result from step 3 is potentially an
improvement over the solution of step 2 (however it is guaranteed to be no worse than the
solution to step 2). Accordingly, this step is referred to as an Improvement Heuristic step.
Depending on the time limit provided and the degree of difficulty in the mixed integer linear
programming model, the solver may converge to a proven optimal solution before reaching the
time limit. If so, step 4 is not required. Let OBJ 3 be the objective function value obtained in
step 3, and DeltaOBJ 1-3 is difference between the objective function values from step 1 and
step 3 (i.e., DeltaOBJ 1-3 = OBJ 1 - OBJ 3). If ABS(DeltaOBJ 1-3) is acceptably small, then

an acceptable solution to the problem has been found. In this case, the method may skip to step

6.
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solver. This may be achi eved by using a particular nmethod in CPLEX called
Solution Polishing for a specified period of tinme. Alternatively, the
probl em M@ 2bw/el1ved usi ng the default nethod in CPLEXPC®rUSa019083206 i ed
period of tinme. The result fromstep 3 is potentially an inprovenent over
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time. Let” OBJ 4 be the objective function value obtained in step 4, and
Del t a®BY beengfoprd.dirf they easechdatoiwdrmathekipty step iovl thealdewahtimallines fofr stem 4t ep
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limt for step 4 has been exceeded, skip to step 6. Ot herw se, calculate
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from sit 8ndeed an improvement over the result from step 3. If DeltaOBJ_4-3 is greater than a
specified amount, then the solution-space reduction is updated to reflect the current best solution
obtained in step 4, and steps 4 and 5 are repeated until the time limit is reached, or when the
difference between objective function values from successive solutions of step 4 is less than the
specified amount.

[0145] Step 6: Given an optimal or near-optimal solution, the mathematical model solution is
translated into a supply nomination program and corresponding loading and discharging
schedule, which becomes the recommended actions to be taken. The output (i.e. results of the
objective function) from any of steps 1 — 5 (but preferably the output from steps 2 — 5) may be
selected by a user as an optimized transportation scheme. Thus, for example, if a user

determines that the output from step 3 is acceptable, the user may stop the custom method at that

point and use the results from step 3 as the transportation scheme.
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4 is indeed an inprovenent over the result fromstep 3. If DeltaOBJ_4-3 is
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schene. [0146] An exenplary solution will now be described for a

non- | itfristopny (egrb 8 rbvele/gpyagheadadn dhs BEIDLEFESS_dt tsty dssiestripied tabpsledsy t h
ref er%t%%gq T?i"s%saéd%ﬁ f e udel 't Hefild a?stHPgSAmbﬁg Vﬁ%/v%g%ge N§ 9&@&@%@0”

segregation i hvéntor raints 1n accor ance w ove

t he madel modelsak \iﬁd;tde2ITB.Til1I§1 seeoridnmotielt algwﬁeér raeg btcouAs fcﬁrhth\amdmml[qhire 1
bel ow, the value for this net margin is $492,000. Next, the yehj cl| e/ voyage
assi gHAFREAIORERYTIONY CRBSIEAG Yt ThiS nilqsieg pseplved  welding 4 sreondlue Eyrbs todad nehi r s

I N thenReh GEAR éé/ ¢ ABBEYORS & JBRi'ih GlagRt 1)0 Nékf,'tkf@'&ﬂ’e?é%@%%tv@e@n tl?eztotﬁ%et and

143) are”used to define’as the possible vehi voyage assignnents for a
new noaegin fas step (@PJ ) anlitbe seelomd mwde formmpemé@BJ dhes detecoimet]. florthd he

demand rt s i nventory. constraints. nodel is solved, .

o erarhip e Rlh G0 B Qreree I S ar Wi Feann (ers e 4B SO8RY o0
as shovhsiidted aafabéa)teme MNaXho hAkerdmbiEs ensauRet ‘P}%%V&hEifttﬁé aliffiehcd™® @b for
step 1 and the total net margin for step 2 (OBJ 2) is determ ned.

I f t héué'mltlutsmabla(amm the exsmple dit Thlle dnabe msthodairpoetils to. ste % himthas e, ttlm n

t ol erance en t s _consi dered,accept a n rth

rodel Set AR Rt R oy B SR TERO By R EalPy B RP s 11
the exagfldesian ifaal onkiition Sestarehfdingr FaRadsy t0dsitieRolSed, lyicliicS: tir@Rotal he
original full array of possible vehiclel/voyage assignnments is restored, but

t he ouehergin ABE3ap Thisingwyedue Brormwaredite ithy vademior tetalneh masgin in ﬁtﬁg lp@ﬂ t.
Thi's ney e%&qﬁte'vﬁlu% 5\{]?9 d{fﬁér&lcg'lpgl 01%91!1}; 911 l?ttgc% m%ﬁ%d%hﬁe% glh
ne p 1l and if

new value 1S conpare evalue or to margin in ste

t he albsalely @c vad. UHowEvdrhifahe diffeesren dendtsusfhidiéritisi seumdll, yhesmadd] ,prcbd@edsmt diqd

term le.it %Sthfasns?epng sgllljl{lgr?-(saprace heuristic is applied to the model, and this new model is solved
once again. The solution yields a fourth total net margin (OBJ_4), which is compared to the
third total net margin (OBJ _3) or the first total net margin (OBJ 1 . If the difference between
these values is small, then the method terminates and no further models are solved. However, if
the difference is not sufficiently small, step 4 may be repeated as necessary. In this example,
there is no difference between the fourth total net margin and the third total net margin. Thus,
the fourth step did not help to reach an improved solution. But, the optimizer was successful in

converging the model of step 4 in a reasonable period of time. In this case, the method may

terminate, and the solutions to step 4 may be used as the solution for the problem

Table 1

Step Value of Obj. Function Difference Used Difference Value
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nodel s are run. However, if the difference is not sufficiently small, the
nodel proceeds to step 4. In this step a solution-space heuristic is
appl i ed twothw/mredel , and this new nodel is sol ved oncePa@Aisr010/0bx20& 0l ut i on
yields a fourth total net margin (OBJ 4), which is conpared to the third
total net margin (OBJ 3) or the first total net margin (OBJ_1 . If the

difference betmeen these values is small, then the nethod term nates and no
furt dels—are 0%'"0 Heowever—H—thedifference+snet——sufficiently
snall Ep 4 may Hg'2§9§ated as nec¢ Eébary. In thislg%anple there{is no
differ StQpe between kpgs h@PT Lh total | oy sargiRj jand [TREobhphe total | net

mar giln. Thus, the fourth step did not help toTeach an inproved so| ution.
But , &NQ)bptlnlzer5%563§Occessful |nCEﬁh&eKQBhg the-ﬁbﬂbmmbf step # in a

r easonable periodioftime—tnthis ¢ase—the methodmaytermnate and the
sol ut|iSters4 t 0 st ep [453TAy50e used as f J56F6N?bﬂ for @E&S obl em Tapl e 1Step
| $492. 800 n/a n/a Step 2 -$603, 000 OB $-OBR3I 1 -[$0 096,000 Stepl 3

$376,350 OBJ 3 - OBJ 1 -$1 16,000 Step 4 $376,350 OBJ 4 - OBJ 1 -$1 16, 00

bitle « or e Woa b HesPRYgpasaip b SmtF b P Tr o el ™

assi gL BsHodls tRa6dhi@E/vbiRe 3t 8PTnés FrRaEXGHTRE StepPidMBe cxbdifl|€ atbvehqublet he
voyage each vehicle will optimally undergo for each step of the custom

sol ut i2Zohowe éh,erfqyéae easbwehicaril apsyeadly updengo derrmagh Atcp of Bicrpastognsobrionhe

vario sér%(é&taf:) CH %Q%a 1Wco ta}ﬁ 1ﬁfo ggrll ggﬁle‘yaﬁ(c?u B%llt%qﬁ a%ﬁ{aey\zflllb

nom nat1ion an oca i on sche |nforna Ion as well.” Table 2

[ 0148]visk a‘hd&nayﬁfdsb inlclml’da bu}ﬁfkﬁhblﬂhﬁﬁtloﬁ atidier ddetdnddillpOit#a]schaubeinfamation as
enbodi ments, the nmethod may conprise additional features. For exanple, the
nodel y allow for certain user-defined constraints or restrictions. These
user-defined constraints include, but are not limted to, rules that limt
the all owabl e supply |ocation sequent&82Z rules that inpose a nmaxi num nunber

of suppl'ysapd/ or [demggfdcRA ST N Erglyen Vpyagehickhd T1m izhRn bhej t ot al
nunber of fines tlhat each Toadq | ocation may be visited lon any giveh voyage
or inStérel entire |Noadgadprogl Mayage 22 Voyage 55 Voyage 143

Step 2 Voyage 15 Voyage 22 Voyage 55 Voyage 143

Step 3 Voyage 15 Voyage 55 Voyage 71 Voyage 155

Step 4 Voyage 15 Voyage 55 Voyage 71 Voyage 155

[0148] 4.4.8. Additional Features of the Method

[0149] In certain embodiments, the method may comprise additional features. For example, the
model may allow for certain user-defined constraints or restrictions. These user-defined
constraints include, but are not limited to, rules that limit the allowable supply location
sequences, rules that impose a maximum number of supply and/or demand ports in a given
voyage, and limits on the total number of times that cach load location may be visited on any
given voyage or in the entire loading program.

[0150] Additionally, in certain embodiments where portions of the method are executed using a
computer application, the application may contain validation checks throughout. These
validation checks allow a user to view and approve certain output of the application at various
points in the process. The user may also have the option to cancel or break the process at certain

points if the output seems unreasonable or impractical or is otherwise unacceptable. The user
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[0150] Additionally, in certain enbodi mrents where portions of the nethod
are executed using a conputer application, the application may contain
val i dat i oMocheeiks41vhr oughout. These val i dati on checks alPCoWwsS2010983206 0 Vi ew
and approve certain output of the application at various points in the
process. The user may al so have the option to cancel or break the process
at certain points if the output seens unreasonable or inpractical or is
othermﬁs? nac g@t bl e.. The userwoul d then have the option to return to

h

ot her BHh N CARSBSE KB 4B RS ARt dp\#ﬁ? ABRASST M SR i GHAMWn Yt

changen RN&ToCAHMR RaRESo@Er ESRIrhinfl droRtricbdse! AREh¥BlcYy, thh8pARBIibE AtdION
itself could include checks at various points in the process to ensure that

t her e canld inolude cheaksiah veheusopaipistindhe arockss tohensayspihitc ticicorre dwt ereors neshe hat

an error _has, o red,.it. ive the user an option to rerun the

ool 1 camed ARy Fhd Fputicefinl istaines AR atieFigr s RBRBRnETPAT 48 b Fogretbr a
it isopash faRiren the dpPeditioh Yor kM 8lRRIhS hRAE!’d MPUH ordRth@ @dAstrdifts Wad Bericha, 1SEr
about potential data input errors as early as possible. [OlSlE.Further, in
cer t aidssieabboigi deHily inaeasipertisput degd s veds ehonpab et petcatig) alsial inpytesrory n
certai,n eg@})gﬁdﬁmé where a portion of the nethod is carried out using a
conputer application, the conputer application may for exanple have the
gois1)ty to Fathes, imcgaih zenbodimtbnsd theascthiad ineligled Bhfeuhanaddohichi cupabiliyics.t hese

enbodi mrents nay. allow a user to reload the output at later tinmes gor to have
cer t ai*ArtIAsIHLodiRGHS Wheis e pastion @bt hoch i IR AIEE 4 SorERM e PRIICation,

enbodi ta : r t 1.0 nd
S A L AP L R IR PR R T G Ty
[ 0152]ousiaidi Aidditminhly, thdse cprbedmmintd meg ntlowra usaytoalebadithe butdet a dapotant er f or

tracking inventory durin fransportati on schege. Such co nent s

| nol ud® harOCCRIRGBPY. ERBASe BT U oY b TpRTaTh By STE FePRimegs Mk
car go pthdEligwseriam ihP@palRy&erk (@R LIRm3td & e réRGald Afput kO BS3dmpatd & nl y,
ot her features known to those of skill in the art that would aid in the

opt i mithd regulesfprivr te tespdranges. on schene and the nechani cal transporting of

i d ith the optinized sch b ied,to th
T2 on” ARAAERER Ik et BUmEBY P aF AR R ef ot By hVFuPhy o
such apphj aatangsortalifd ddlentt. Fubh \MomkoINBCRS$ ildsidegfdrRRadvpRethe[8d 854 gnal

enbodi ment of the invention is a work process for marine transportation
schedpopifgn sYdem (GBS) toreckstige@r pelaigico asihyy moye fiopelocetiprdptlostion. vari ous

D EPSL S eSO DA BESIL U AR L ACSREARAGE
of a transportation scheme and the mechanical transporting of cargo in accordance with the
optimized scheme may be applied to the present invention. The examples provided herein in no
way limit the potential for such application.

[0154] 4.5 A Work Process Using the Model

[0155] One embodiment of the invention is a work process for marine transportation scheduling
that uses the method previously described to optimize various transportation decisions and
mechanically transport cargo in accordance with the set of optimized transportation decisions. In
one embodiment, a collecting data step of the method comprises inputting and/or modeling
options into a database system. The database system is integral to, or interfaces with, the
modeling application for marine transportation scheduling. In this embodiment, another step is
to run the application to solve the mathematical model after the data and/or modeling options are
input using an optimization problem solver to obtain a set of optimized transportation decisions.

In certain embodiments, an additional (optional) step may be to repeat the preceding steps one or
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one enbodi nent, a collecting data step of the nethod conprises inputting
and/ or nodeling options into a database system The database systemis

i nt egral wo,2omvi2p41verfaces with, the nodeling applicati eaTfuseonmsizne
transportation scheduling. In this enbodi nent, another step is to run the
application to solve the mathemati cal nodel after the data and/or nodeling
options are input using an optim zation problem solver to obtain a set of
optim zed trans r.%%ion deci sjons. In certajn.enbodi ments, an additiopal
(opti WF)t“%?Seb}l)tﬁa@‘ E0f glafapulier EonstTRing B PRGN PR O JRRCO? IREMEVE | ¥ O t h

di f f er@ihiAat RaRPSAIonCORTSR! NS cb@aif R oAiRARs, O fIBY Step!l it 85 NALhYEicHRE s Of
optim zed transportation decisions. In certain enbodi nents, a final step is

t 0 nmedhasiordargo nragpsndande veigr e opimarsd setoddicespirtation Hecigiped. ni zed set  of

t ortatiaon decisions..[0156 e application is typically .executed
b iR R R TR et R R AR TR
assUNpliffaos, asst@ptlddst eneriffassl HRiFRMknCesBirhat{ss. ( foré thd Abed fohasizadel to
assign a given vessel to a given voyage and optim ze the rest). The

appl i gatanorespelne # gbeneYRyagh and optippes thet reede ThorppligatiopHans ifgst seapedy {vs .
| ' t icati. l.cul ati f i cal
n O”Eﬁéggf’ﬂ{e@? Mhets oﬁ’%@a‘%%'s&%ggé?% RET " é‘iﬁbéd?f%egt? tfed! aﬁﬁlhc%ﬂrér% epgéfgﬁggg@é ca

pr obl appr oxi nmat el nutes, running’on a

dual - calkcelapensfunal typieaipptoblem nOibprdxirhyelycad 5 mmatesunmhingnammatingeded

pl anning cycle is nonthly and considers a one-nonth | oading period. The
voyage§ 4%@‘8%%@@9&?@8@1’6“@613 transported, and the available fleet may and

ﬁgfc&mgg ﬁgvv}%;céﬁgyth% rsggﬁslg;]}ﬁ%tgﬁn&tfemcp{a{&ng &&gm i #Bﬁtﬁ%%mtﬁ}&eﬁcé Bﬁ%mngh

costs, “fu cost's, etc., ge daily on
r egi oneddimmnperialr |'Tthei iy agas irsludihg ¢angp tohlee fpdrapoiitatly acy deervadade slieansayae made

and updat frequently based on t cyrrent problem characteristics an

const donupPortr it AR eT: Ay B oRC T OF i pd il BERoRl ng
to cerchabte€MRANERIRBE Aai®f oh BSth RgRMAI dAUSSHdWIle bRsi@Drflg tA¥lanfing Sy clet he
optimzation nodel is run at the Start of the business cycle. The supply

noni naletisionglerd siadasnd awdated eftepugnth frrsbd gore gheogurfdngpirgf ¢t gharaTpsistics and
sol uti 8n5g%)g obt ai ned provide recomended actions to be used to nom nate a
suppl )? d Bems: Second, suppliers review, accept, and/or counter various

Ro13g)ons OfA tbe-IMeiNhH akespRUSP b YwerkOgHoaEss a@wfah%a{d Yerddifi icwibd@inddnt of the
confirmed supply schedul e and corresponding | oad quantities. Third, the
pr ocePEcsert inggiipndy ag ollayen t Fisthathe Suppigatiae masst isons ahthe donef theelkisingsd t he

oPL L gl P SoAPhAThZGR NG S U RARAGH G0 38" ARUASEE SLp0L )

pr ogr aolusion(sy ebaaled gasviga resvianémled actions to be used to nominate a supply schedule.
Second, suppliers review, accept, and/or counter various portions of the nominated supply
program, eventually arriving at a confirmed supply schedule and corresponding load quantities.
Third, the process is repeated as additional supply nominations are confirmed, and the
optimization model re-optimizes the entire nomination program accordingly. Finally, all the
supply nominations are confirmed, and the transportation program and vessel assignments to
requirements may still be optimized to maximize the total net margin. In addition, the discharge
location input data (projected initial inventory level, processing rates, location and/or segregation
requirements, and other problem data) may continue to change and thus encourage a user to
continue to optimize the nomination / transportation program.

[0159] 4.6 Beyond Marine Transportation

[0160] Although the invention has been described in the context of marine transportation, which

is the preferred embodiment, it is equally applicable for use in the optimization of any mode of
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requi renents may still be optimzed to nmaximze the total net margin. In
addition, the discharge location input data (projected initial inventory
| evel , prwoessimngiipat es, | ocati on and/ or segregati on re@UriSaentos32oand
ot her problem data) may continue to change and thus encourage a user to
continue to optimze the nom nation / transportation program [0159] 4.6
Beyond Mari ne Transportation [0160] Although the invention has been
described in the cont r|n trapspor o) ichis the preferred
erbodichgst resporaiedu Sy M s dBs BRSO Bh T SesPrSribomedity
mode Qf.adidR@tibh 3RS PRItIRt h@piedVith t tidhiey siddilar Ozippthhﬁtlchﬁ agl¥ RS opaasrkiBRdopbOVe
Wth respect to marine transportation are easily adapted to Create simlar
appl i canspmgtibousingenypitheri type pﬁrﬁle@tf toganisgse of atticdrer i ﬂgetalnyt otlleetiont 9he of
rdle ..on trucks,
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ot her forms of mechani cal transportatlon [0161] For exanpl e, the concept

of optHaRsPAraEoR | and transportation scheduling problem (e.g., by truck) is
iy @ 1 dal . ‘ b
TR, PR oA TR R Sy B0

Fur t herutky 8 simitark@bptimiziiy emariné ienspehatidrggoblemt e bbﬂqm)blﬁﬁm, ﬂhe vehitleeient
charter fypes (e.g., termaor spot or fully owned) in both problens
there h%ﬁ%q%énaﬂe\@ay Hi ti%e gpeedy anchlopd eanssity: ﬁwahea@mw} b‘?tg pé%léﬁnaéh@‘aﬁﬁnc es
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f or amyoldgeruerth¢re uctheimred meckiupeateathn syl amdmawwoycamm dmiaudl docariyn apgificabl e
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given truck in | eet t'o orm a voyage woul d i ncl ude | ocati on and
ti me @pplidabbyt fedewil sthicl andy cwuntmreg(ul@tbrwbgzafgeom an ttntckrmrelghtj (asemegsumed at

P
o obi ShRuRR S¥iaP RES Rk SR aRg FlunBRSer Bl TRSGMGs GAPRRLiRLtOR
oper atedt nhipBENER $he itﬁlh@szr Syngikéd tr@@kaﬁnh@ﬂea% §érfd>ﬂfh a Reyaic M duleinddetiad | way

i ndustri es. Accordlqg , a nore general enbodi ment of the invention may be
a net HQRﬂlUP@)ranﬂh‘ém@p?t st avaibhilgy 1E1r‘élﬁ‘é’p@ﬁ vayags nstat hiserupnhgelevt matiewrat es

e, OB S0 8 KO CRILI 6, b5 bR ol LIS TEFAGBILAL
of voyaggsrtadold prabidnt izv&'the;thtdwdraitgr Hcenses.

[0162] Similar examples exist in the airline and railway industries. Accordingly, a more general
embodiment of the invention may be a method for the optimization of transportation scheduling
that calculates the optimal solution to maximize total net margin for the assignment of vehicles
in an available fleet of transportation vehicles to perform a set of voyages to be initiated during a
planning period for transporting cargo comprising various types of products. Preferably, the
total net margin is derived from the individual net margins for each vehicle/voyage assignment
and, more preferably, the total net margin is the sum of the individual net margins for each
vehicle/voyage assignment.  Again, ecach individual net margin for a transportation
vehicle/voyage assignment is derived from the market value for the voyage using a notional
vehicle and a predicted incurred cost for the voyage using the assigned vehicle.

[0163] In these additional applications, the vehicle fleet can be heterogeneous. For example,

cach vehicle in the fleet can differ in size, shape, cargo carrying capacity, etc. In addition, the
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pl anni ng period for transporting cargo conprising various types of
products. Preferably, the total net margin is derived fromthe individual
net mar giwe 2hov12edeh vehi cl e/ voyage assi gnnent and, nor @Cpristenabizg) t he
total net margin is the sumof the individual net margins for each
vehi cl e/ voyage assignnment. Again, each individual net margin for a
transportation vehicl e/voyage assignnent is derived fromthe market val ue

for the vopyage usiﬁ a.notional vehicle and a Erﬁgi ed incurred_.cost for
the vogaite TS a ARFCELE Coomiic shvial €2~ (9164 MY ndE Pl Ghaficet may
appl i GBHpARS any BSmyBYidH 6f {lRSkheR, Bl & QLERFRUShIQ! c@X PFRheRibIyE e

vehicle in the fleet can differ in size, shape, cargo carrying capacity,
etc. Iflechadiprisonbothhevenihitles 4ideppt neyclel. f heme ipreferahonbedimest sachevehicle

t t . FE I t.he f.| egt TP, nbi nat i on. of
Corm Jite el Bl FHAF Brdoni€Bay FEh RRtetC R USRS SAR A ARt
conprkﬁgﬁﬁb@hmkgern1vehicles and spot vehicles. In one preferred

enbodi ment, each vehicle in the fleet, regardl ess of the econom c basis of
i[0X644 Int r adtlustiave Eaamplei ed as either a termvehicle or spot vehicle.

\[beff)%?] 4. 7.(J}én|e1%1§gr QIH{GY odﬁﬁ%@?ﬁﬁa&%%ﬁl CTHHIT B l)a/imeﬁtsrro%{tﬁ' grel &tqﬁxge?lElgf?‘Q§ e
certain enbodi nents of € presenf FAVENtTon 1's carried out ' in

accor dariizd oot flhaccbidlasdeapish the skdpGin BIG.[30166] A non-lim ting exanpl e of one
enbodi ment of a method in acgordan e,mﬁth%ghe g&fsent invention will now be
d@Le8l| ped. AFppRdimifing exagplaghene Plﬁﬁwélm&a‘t 3 gethod, g @cerydanggvéith thsresgat a

may bﬁn@e‘ﬂi‘ioﬂxzﬂ? REw JalRE TR O i&&%ﬁ@i(ﬂi, ] tQTﬁé & éomggteé.b ¥R inpd Chddh o
| ocation-specific information, Supply availability, demand requirenent’s,
and vékiany ef thedifoamitior or. cohextints idascsibe al88@2includmgdotdtieatspecifin prforndaioa, i s

transferred to a.mathemati cal. nodel referably. a.m X i nteger |jnear
o SRR R AR, e e, i Sl aauaD T ac Sent aiepy PSR ray

be condusdieidpt HEris BniBRcMSEh MREthEMatPeal AIBALL BircRRDIY & 3hixOMintbLranRyF €
that the input data has inported properly, that no crucial input data has

been omegremmingmodéiit Asdmepant or stem83hWor detactidiyl chack i e sadietied (citbheck

passe hen the method proceeds . .to the construction.of.feasibilit rrays
ot oy B o By {RemB el ARG f ghabe hal Prati #RE abiuragd ot B!
S305, néhteli@alanpls QatalRY bE&VoERted NfUthatddh @for QLS ceeRSdd. af tHiSvalRfity&hedihe
revision in step S305, the new input data is then fed into the nodel (i.e.,

the moestss ther thencthed gregsedsmthe congeuctine ofideasibibilyi amrayy i heelS308. padked,

e TR0 SRRRAS, 1, SEORSERLLY 5 S0 BRSO o

Feasi btleYebhgtagWoy Adted teantisiaa inde®prdlogdthameweanphtrdasd 8phen fed into the model
(i.e., the method returns to step S302). Once the data validity check is passed, the method
proceeds to step S304. Here, the feasibility arrays are constructed, such as arrays FEAS SV,
FeasibleVehicleVoyagelEvent, and FeasibleVehicleVoyagedEvent as described above. In step
S306, the mathematical model (preferably a mixed integer linear programming model) is
constructed using the collected data. In this step, in certain embodiments, both the objective
functions and the constraints may be formed. In step S307, the model is solved (using, for
example, a mixed integer linear programming solver with either default or custom solver
settings). The results of this model are then observed in step S308. Also in step S308, a user
determines whether the model should be re-run for any reason. For example, a user may wish to
re-run the model if the results (i.e. a set of optimized transportation decisions) are not acceptable
or do not seem practical. Also, a user may wish to re-run the model in order to compare the

effects of various input data on the results of the optimization, or to otherwise compare various
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S306, the mathenatical nodel (preferably a m xed integer |inear progranm ng
nodel ) is constructed using the collected data. In this step, in certain
enbodi mrerwe,20tvo2bivhe obj ective functions and the const Paraisgonmys2be
formed. In step S307, the nodel is solved (using, for exanple, a m xed

i nteger linear progranm ng solver with either default or custom sol ver
settings). The results of this nodel are then observed in step S308. Al so
in stegu§3 ? user.geterm ne vvheth rhth nodel should be re-run for any

r easotoulSy TERADHaVisHeN SaF i) Edhraihe i WaY fods various Aperaith
(i.e fokelsikh é&p{dp[ﬂ A?@ﬁn{efefi‘@%ﬁ@rétﬁér' &ﬁsﬁiﬁﬁ!s? PN 8565 APlrR&C Pk aBligepr do
not seem practical. a user may wish to re-run the nodel in order to
conpameathdmeatshf wodd. StepsH30d tSS308 muety tHent be tapeathé untelshe tiser op lotger wishes to
optimzation, qr t herw se ¢ are v rlousr h user, shes to
o v ot neSlepfgm Ly Hh GRS, 0 PhENTAT ni et 08 uPRS hal hEHE
(such d@griiRd). RaEARBLERS fundthd n‘iﬂdéﬁbn@@tnﬁlbfeaﬂnﬁé§ )thd fiseB b&PctS3Qat éﬂbp’ﬁnﬁﬂzéﬂ% at
a revised mat hemati cal nodel. Steps S302 - S308 may then be repeated until
the ud@psnestafiongdacisinshiemt gher gpe aidmororasulispid sisgse thys solionc ke fombl e set
of op rt [ g sng
Fun HEESEHOL SORER! ChUSH AGE R R SR . T Biing SRS, A1

t r ans pidnicator gomd ecsmbinatien fheawr)t dveorditg; torthigBeRnteas WtchS380d uses this
solution tqo forma transportation scheng. Cargo is then nechanically
P por t edn (rtgin, cppRAIpsR nEVY O JBPIS, mﬁeeéclwgegew IBFE SPTOBTANYBIRE I@Bﬁ’ﬁh‘ R i on

t her e%l)veécé‘agﬁ Ak B Ly hé’wﬁ%gﬁﬁeﬂt Romd Blt§q9§ut daf16/ ]ath'ef‘ré%ﬁ{ Tn@]héq A user

enbodi ment’s, two or nore m X I nt eger |near progranm ng els are
sol vedmayemﬂlpaosf eadheafrtbdecblstldjms\nbngned fdr enenodf thoststodelnsd decnqirubn datoatimal

other restrictions are ch of the soluti tai ned for
Saer shnntasaion Seme bRt he tr oS BB SR hse! e SelRch dhat e STHEME b o
on thicgmbaiAsh bELPortibADI HEE br FRYe &ﬁh@%m@&% OifhetclBroSPbHYE HRADheanically

conbi nation of a portion of two or nore of the solutions. The cargo woul d

t hen Wensieetedm eesordante with ploy sekagtadriranspastatiansehomict h t he sel ect ed
Q@WtaMW [0168] 5.0 CLOSING [0169] Wil e various enbodi nents
A een , other enbodi ments are plausible. It should be

yorsy] st ood Whidd viddusf @RI ags eSS bidit dBBSbE, oVt iceibd dwarPh@SplAfsitse Mat hod
of transporting cargo through an_optim zed transportatl on scheme are not

i nt endbeuld dbapandqreiped feat thadfossepingu dpsFipaensnpliveiiew pxmaples ftsi methadnef and

o oAby SUATRASPTES 06, STPLAVES A o STLBIE st

descr iahé chinlyen@nberas nioelifedayiond, | aosibi@itions, arals aherretivay Sofothideex aaipdexd nag nbes
employed to facilitate the effectiveness of optimizing a transportation scheme.

[0170] The examples described herein are merely illustrative, as numerous other embodiments
may be implemented without departing from the spirit and scope of the exemplary embodiments
of the present invention. Moreover, while certain features of the invention may be shown on
only certain embodiments or configurations, these features may be exchanged, added, and
removed from and between the various embodiments or configurations while remaining within
the scope of the invention. Likewise, methods described and disclosed may also be performed in
various sequences, with some or all of the disclosed steps being performed in a different order

than described while still remaining within the spirit and scope of the present invention.
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may be inplenmented without departing fromthe spirit and scope of the
exenpl ary enbodi nents of the present invention. Mreover, while certain
f eat ur es WO 20te120419ent i on may be shown on only certain ecihaseemnszxoor
configurations, these features may be exchanged, added, and renoved from
and between the various enbodi ments or configurations while remaining
within the scope of the invention. Likew se, nethods described and

di scl qsed, may al so be perforned in various sequences, with sone or all of
t he diﬁ%ﬁ@%d steps being performed in a different order than described
while still remaining within the spirit and scope of the present
invention.We claim 1. A nethod for transporting bulk material s,

conpr ilsi ng:A fricyhodderirarispertiag datkamatetials,oepirisingg: (a) an identification of

plurality {)I %ggltg]:%r#@aig%%e%ons and a plurality of demand |ocations; (b) for

each suppl FPAEPT8REr el ating to its physical |ocation and

bul k material aya h@Richiifiyatioh©f afpiral @@ sGIR N ati @Baht Ablurk RfyQITIBEL AD
relating to its physical location and bulk material requirenents; (d) an

a

i dent ilpGagigesion of a fleet of vehicles for transporting bulk materials from

(e supPl ocaihPRg 0n I JGTRIA, LA5AHLA0R0 0 AL B AR bR

the availabilit cost, ach ve

bul k nwdtetdlabailabiiftpy mation relating to the econom c value of the type of
bul k material according to its potential dispositions; (f) infarmatjon
relating to the (§o&r ea%l fsmddarationginfymagon r@?%axgépilféméym%al l9catign Aifl at i ng
mat hermfkilgl erigﬂggéiréh?éﬁ%i sing an objective function for net profit margin
and a plurality constraints; wherein the objective function includes

deci si on vari abl(és an @catificagion®f s flzpt 9f vebivlasdor wmspartiagbutkr mateahls doat thon of

t he suppl.,y,of .bul k erials to the . requirenents at the d nd | ocatjons,
and v OUBRIEASOTHE BefiaradOPne Aad AT e i o LR BRA 9 g Bith g

| ocat ic@hsity O bhoh RARW:at i ng the nmathematical nodel with data fromthe data

set or paraneters calculated using data fromthe data set; (1V) obtaining
one or nore sol U¢l nsactotyphef hulkmestenial ciaformeden relating to the economic value of

the type of bulk material according to its potential dispositions;
(f) information relating to the cost of transporting the bulk materials;

(II) formulating a mathematical model comprising an objective function for net profit
margin and a plurality of constraints;

wherein the objective function includes decision variables relating to supply nomination
parameters, allocation of the supply of bulk materials to the requirements at the demand
locations, and voyages by the vehicles between the supply locations and the demand locations;

(IIT) populating the mathematical model with data from the data set or parameters
calculated using data from the data set;

(IV) obtaining one or more solutions to the mathematical model; and

(V) physically transporting the bulk materials based upon a solution to the mathematical

model.

2. The method of claim 1, wherein the decision variables relating to supply nomination
parameters include decision variables for the types of bulk material to be nominated, the volume
of bulk materials to be nominated, and the schedule for loading the bulk materials at the supply

locations.
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(V) physically transporting the bulk materials based upon a solution to the
mat hemati cal nodel. 2. The nethod of claim 1, wherein the decision

vari abl eswpebsayizeggot o suppl y nom nati on paraneters incl rde/usecio®Bizno

vari ables for the types of bulk naterial to be nom nated, the volune of
bul k materials to be nom nated, and the schedule for |oading the bulk
materials at the supply |ocations.3. The nethod of claim1l, wherein the
decision variables relating to the allocation of the supply of bulk
material s i nclude decision variables for the discharge volunmes of the bul k

mat erizal s athc@RGhoPbr did1d HePRAN HRCRLIsRSvaridbled ReatIBLUD Ak QfockticH dPtle

wherein the decision variables relating to the voyages by the vehicles
i ncl udeppleof bulsmatendlalricbsle idoeisivh vangdéglonthetdissharge vobines of thetthwdk voyages

and the sequence of .S I nd.demand | ocation visits, |oadings, and
disché?ﬁg”ﬂi%ﬁaﬁéB%mSﬁ%EW%iG@ﬁW%Pes. 5. The method of claim1, wherein the

information relating to the bulk material availability at the supply
| ocations includes infornmation relating to types of bulk nmateri al

avai | &bl e, Nhsnatead offclany k wheran the decision vaaigbles redatnerte dsoraypegenyi thabi ity
of bul Kk, ial.s : 0, [ , in.t i nf tion
reIatfﬁgﬁﬁ%%%ﬁgkﬁﬁfgkwgggﬁﬁg%Hgg%h%§%h§ﬁﬁgﬁgFﬁ?ﬁ%%%gﬁﬁ%ﬁa$%§§p?%hs i ncl udes
i nf or raEjucate 6RJupblynmdtdemd edrivedtibrociaitd, dvudargy @datischmses forpesh efthdbutikcles.
materials that are acceptable for each segregation, inventory capacity of
each segregation, processing rates of each segregation, types of bul k

mat erisal reqiif&ehd YUMAES v@fer(ﬁhl 'trEa iﬁﬁh%{i&} rel A5 B YulE b 'BQaJaﬂ'a@[igﬂces ’
and tenporal requirenments for bulk material delivery. 7. The netho f
cl ai malthewhpplgilocatibes inplfudesnmatarontioreteddtinggo types b€ bakandteivil lavailablf volumes

vehi cl ncl ude t he oral availapjlity.a hysi cal |ocation of the
vehi cloggpfk@at?rﬁ Sﬁ’éaclﬁf%@’?gq({t@mfb i‘,’aalf))%h’é]rt%gﬁb‘{qﬁé‘%ﬁ%la set further conprises

one or nore of the following information relating to: vehicle restrictions
at the supply locations, demand |ocations, or voyages; speed and fuel
consufpt i orfhgfmathesd efetidiol bavheyanithsl iafasmetien rdldimgdathegork matarieh of supply

| ocati ons and. d 39 |.ocations int epqraphic reaions: limts for each

suppl ﬁequé%g{epg&?g% e&gﬂéi aﬁgt&sa]fl?lgﬁ?sgin%gmaﬁon relatln% to Iaerhand fgcatlon
segregations, types of bulk materials that are acceptable for each segregation, inventory capacity
of each segregation, processing rates of each segregation, types of bulk material required,
volumes of bulk material required including tolerances, and temporal requirements for bulk

material delivery.

7. The method of claim 1, wherein the information relating to the availability of the vehicles

include the temporal availability and physical location of the vehicles.

8. The method of claim 1, wherein the data set further comprises one or more of the
following information relating to:
vehicle restrictions at the supply locations, demand locations, or voyages;
speed and fuel consumption of the vehicles;
vehicle costs;
the categorization of supply locations and demand locations into geographic regions;
limits for each supply location and demand location;

fees or tariffs for each supply location and demand location;
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fees or tariffs for each supply location and demand | ocati on; voyage fees,
tariffs, or tolls; freight costs; and | eg distances. 9. The nethod of claim
8, wher eiwoth®/dat1a set further conprises one or nore ofPCrhS2610/083208 ng
information relating to: spot costs and termcosts; draft limts, cargo
limts, and berth limts for each supply | ocation and dermand | ocati on;

canal tolls; drop and pick or repackaging fees; and pipeline costs. 10. The
met hod of claim1, wherein the constraints for the mathematical nodel

i ncl ude conSY#&i ﬁ?sstalr&fsa?’itﬁ Sto processing limtations at the demand
locations. flshiThgs;nmiihod of claim 10, wherein the constraints relating to
processing limtations include constraints for blending specifications or

bl end- down legadistesces12. The net hod of claim 1, wherein the constraints for

t he mat hemati cal nodel include the ratability of the supply nom nations.

13. The method of claim1l, wherein the data set includes information

rel ationg t ahchectbed SOiinz@tvHRRciR thdRipgd filrgeatdapsSsck BhO 0@y #hé C r egi ons,
and wherein the constraints for the MP nodel include requirenents rel ating
t o mi dplemineinfrenatianfeafibifts of cargo, with respect to each geographic
region, to [ t he vehicles or retained at the region. 14. The
nmet hod of gegtlc%ggf,a}{%%?le%tst he mat hemati cal nodel is a m xed-integer

pr ogr anm ndrafotieilits, chbgo [Mhis, wrd bedh it fed gaci suppieloeation die demeadidcatieger
programm ng nmodel is a m xedi nteger |inear progranm ng nodel.16. The net hod
of claim 1°4Hé?l n obtaining the one or nore solutions to the nathenati cal
nodel conpryg t : ainjng a first solution by renoving one or
nor e groupsdlrilfalcd ngl%?}algg?cskg%?g?%g’%ﬁhenati cal nodel; and obtaining a
second sol ypipebine bgstsol vi ng a subprobl em of the nmat henmati cal nodel in which,
based on the first solution, one or nore decision variables of the

mat hemati cal nodel are held

10. The method of claim 1, wherein the constraints for the mathematical model include

constraints relating to processing limitations at the demand locations.

11.  The method of claim 10, wherein the constraints relating to processing limitations include

constraints for blending specifications or blend-down ratios.

12. The method of claim 1, wherein the constraints for the mathematical model include the

ratability of the supply nominations.

13.  The method of claim 1, wherein the data set includes information relating to the
categorization of demand locations into geographic regions, and wherein the constraints for the
MIP model include requirements relating to minimum or maximum amounts of cargo, with

respect to each geographic region, to be delivered by the vehicles or retained at the region.

14.  The method of claim 1, wherein the mathematical model is a mixed-integer programming
model.
15.  The method of claim 1, wherein the mixed-integer programming model is a mixed-

integer linear programming model.
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constant or are disregarded. 17. The nethod of claim 16, wherein the
constraints for the mathematical nodel include inventory constraints and

bl endi ng wonstwap41¥s, and wherein the first solution isPobtts2med3izgo
ignoring the inventory constraints, the blending constraints, or both. 18.
The nethod of claim 16, wherein obtaining the one or nore solutions to the
mat hemati cal nodel further conprises the steps of: obtaining a third
solution by a | ocal search heuristic using the second solution as an
initial feasible solution; and obtaining a fourth solution by reducing the
sol utijgn spagendtRid 6ma1ﬁ1af ReeRtih 6Blai BBk ond 8r mbREsoIRIIQh Mo rfdtRéRALER)
wherein the second solution is obtained by a construction heuristic, the
th|rdnguhbcwnmwmesﬂn&WQnmméd by an |nprovenent heurlstlc and the fourth

sol ution |sb bt.ai n ; §W? 8 ace reducti pﬁthod of claim
16, wherei aﬁ%“%?‘ LY S8 a0r ?566111%“3% ‘&ep%refPochﬁﬁ%%PSfo&co?ﬁ’i%l“&%? tive function
val ue pikerhfiRab@6&A0arol ution is a | ower bound for the objective function
val ue. 21. The method of claim 16, wherein the first solution includes a
det er ni nat iOHIHAE & sewnd selation by sefvingsyagpblcane i ardionatisel sedshwBishut i on
i s obt I .0 Whiych
deC|sP%%QVarlagﬁggg$g?%?P§éPB%8$%%ﬂ%%LY%Q$g%?%Q13§&%&ﬂéugﬁgggﬂég% a?ded 22.
A conmpuhgintapprr dtregardahpri sing: (1) a nenory device storing a data file
containing: (a) an identification of a plurality of supply locations and a
plurality of demand locations; (b) for each supply location, information
relating ¢ ol RS G i@%%f&@t@r&@nawlﬁs L hﬁ{hﬁﬂl‘éﬁbeh%bc}del In¥judec) for
each enan ocation, information relating sical location and

bul k nmteatorylcomsﬂqmts amehitsting chnsaminisgaemt Wh@remtth@ﬁrstb‘solatl(ﬁﬂ Babtagdedvghi cl es

for trans ing bulk materj a mthe supply,.lgcations to the denmand
Iocatﬂ%mg hﬁl%WFBPh%¥¥%ﬂn@é%ﬁpkﬁamﬁﬁoPﬁgmﬁga%Pﬁﬁ?Iity, cost, and capacity

of each vehicle; (e) for each type of bulk material, information relating
to the econom c val ue of
18.  The method of claim 16, wherein obtaining the one or more solutions to the mathematical

model further comprises the steps of:
obtaining a third solution by a local search heuristic using the second solution as an initial
feasible solution; and

obtaining a fourth solution by reducing the solution space for the mathematical model.

19.  The method of claim 18, wherein the second solution is obtained by a construction
heuristic, the third solution is obtained by an improvement heuristic, and the fourth solution is

obtained by a solution space reduction.

20.  The method of claim 16, wherein the first solution is an upper bound for the objective

function value and the second solution is a lower bound for the objective function value.

21. The method of claim 16, wherein the first solution includes a determination of a selected
set of voyages, and wherein the second solution is obtained by solving a subproblem of the
mathematical model in which decision variables relating to the non-selected voyages are

disregarded.
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the type of bulk material; (f) information relating to the cost of
transporting the bulk materials; (11) a nodeling application executable by
t he conpuwenoappatiat us to popul ate a mat henmati cal nodel PCAtS2@0npI206Ees an
objective function for net profit margin and a plurality of constraints;
wherein the objective function includes decision variables relating to
supply nom nation paraneters, allocation of the supply of bulk materials to
the requirenments at the demand | ocations, and voyages by the vehicles

bet ween the supply locations and the demand | ocations; (I1l) a solver

oper abhe b%g&gp&gnaﬁ%gﬁgus%g@ﬁ@ﬁ%s to obtain one or nore solutions to the
mat hemati cal nodel. 23. The conputer apparatus of claim22, further

conpri si ng (B dimsploaydéaec domung agatadilaepntainipgt based on a solution to the
mat hemati cal nodel . 24..A non-transitory conputer-readable storage di um
Contai i ng.a pr ot ahSrofERR oEh PlRLE et D Mg TR e B A3 BuhT or m
met hodo&tieRs for determning the transportation of bulk materials, the

nmet hod steps corrgri sing:(l) reading a data file corrg\;pi si.ngl: (a) an
identification &p) frshach sunplylosttio, pieynatien delpdrstodisdhysisildpeation ingpulfe mand
| ocat i ; . each supply location, information relating to its

physi gg#érll%c%g%lllafgﬁ{%’nd bulk material availability; (c) for each denmand

| ocati on, i nfor et ferattedahdnddotaiont df@hyuson adlatingaatits physdcu 1dvatikn amd er i al
requirements;. (d) an identification of a fleet of vehicles for transporting
bul k Ptemptsrial EAYFRRME: suppl y | ocations to the demand | ocations, and
information rel gy ng; : : i,lcahi Ld. 1.y i

vehicle; (e) fo?ajeg%h&e'? 9%%318 \ﬁgﬁlf%g{rrg‘;ee%ﬁ}cgﬁ%lit %?I%Pﬁna@g%%ﬁdr%?ﬁgﬁ%lﬁg&%gmf he
econorupply daagows tottheddnyge loations, lkendaifermalon réfading taf the aedilability edostt amy t o

the cost of trans rii-ng the bulk materials; (Il1) using the data file to
popul &f‘]éacé([y. £ {Cal nodel that conprises an objective function for net
profit margin ang) grRh& Bk by b@k nsAESd B dMnSiion relating to the economic value of

the type of bulk material;

(f) information relating to the cost of transporting the bulk materials;

(II) a modeling application executable by the computer apparatus to populate a
mathematical model that comprises an objective function for net profit margin and a plurality of
constraints;

wherein the objective function includes decision variables relating to supply nomination
parameters, allocation of the supply of bulk materials to the requirements at the demand
locations, and voyages by the vehicles between the supply locations and the demand locations;

(IIT) a solver operable by the computer apparatus to obtain one or more solutions to the

mathematical model.
23.  The computer apparatus of claim 22, further comprising a display for displaying an

output based on a solution to the mathematical model.

24. A non-transitory computer-readable storage medium containing a program of instructions
executable by a computer to perform method steps for determining the transportation of bulk

materials, the method steps comprising:
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wherein the objective function includes decision variables relating to
supply nom nation paraneters, allocation of the supply of bulk materials to
t he requiwermeryIad t he demand | ocati ons, and voyages byCrius2uelsbes
bet ween the supply locations and the demand | ocations; (II11) obtaining one
or nore solutions to the mathematical nodel. 25. The conputer-readabl e
storage nedium of claim24, wherein the nethod steps further conprise
creating an out R'Ut bdase on a.solution to the mathematical nodel.

rZI) reading a data file comprising:

(a) an identification of a plurality of supply locations and a plurality of demand
locations;

(b) for each supply location, information relating to its physical location and bulk
material availability;

(c) for each demand location, information relating to its physical location and
bulk material requirements;

(d) an identification of a fleet of vehicles for transporting bulk materials from the
supply locations to the demand locations, and information relating to the availability, cost, and
capacity of each vehicle;

(e) for each type of bulk material, information relating to the economic value of
the type of bulk material;

(f) information relating to the cost of transporting the bulk materials;

(II) using the data file to populate a mathematical model that comprises an objective
function for net profit margin and a plurality of constraints;

wherein the objective function includes decision variables relating to supply nomination
parameters, allocation of the supply of bulk materials to the requirements at the demand

locations, and voyages by the vehicles between the supply locations and the demand locations;

(IIT) obtaining one or more solutions to the mathematical model.

25. The computer-readable storage medium of claim 24, wherein the method steps further

comprise creating an output based on a solution to the mathematical model.

48



