1 SYSTEM FOR OPTI M ZI NG TRANSPORTATI ON SCHEDULI NG FI ELD OF THE | NVENTI ON
[0001] This invention is directed to a conputer nodeling application for
schedul i ngoto@nspEst ati on, an apparatus conpri si ng the samsang/ogsmet hod
for scheduling transportation using the sane. Mire particularly, the
invention is directed to a conputer nodeling application for finding the
optimal solution to nmaxim ze total net margin for the assignnent of
transportati on S¥BIEMFQR OPIIMIVING/ERANSPORBFATHONMSCHERUEL WNGet t o
performa set of voyages to be initiated during a planning period for
transporting cargo conprising one or nore bul k products, as well as an

appar at us and_net hod enpl ovi ng the sane. DESCRI PTI ON OF RELATED ART
[OOOZ]Nhrin@ﬂﬂﬂ%éﬁﬁﬁﬂég$ldhiﬁk¥$ i nportant aspect for many industries
including the oil and gas industry. Marine transportation is an
economcally attractive neans to vessel bulk product (e.g., bulk liquids
such as cruggoodi! ) Dhrinveigordis dascted . to e conghuteyl mpdélargg epplidatiorsfoof bul k
product are noved daily across the oceans and seas by a variety of vessels
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are |large, Uiratedas aadédraputensiodekulig applipatibh danfinding theldptimah solubienlbasi ness
envi ronment of marine transportation iIs conplex ar}d dynamic in thaf the
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bulk products, as well as an apparatus and method employing the same.

DESCRIPTION OF RELATED ART

[0002] 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 product (e.g., bulk liquids such as crude oil) over
long distances. Accordingly, large volumes of bulk product are 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 product (e.g.,
crude oil) needed. Because distances are large, transportation costs are
significant. In addition, the business environment of marine transportation is
complex and dynamic in that the number of shipping options is large and varies
at any given time depending upon the amount of product that needs to be
transported, temporal restrictions for the transport, the physical limitations of

available vessels and relevant ports, vessel contractual terms and conditions, etc.



Accordingly, marine transportation scheduling decisions are conpl ex and
dynam c. [0003] The conventional commercial practice for making vessel
schedul i lyodewmsioas is to performa manual anal ysi s of pavaisba@sloesept i ons
with the assistance of spreadsheets. An experienced staff will use
spreadsheets to cal cul ate voyage constraints, estimte econom c trade-offs,
proj ect voyage events forward in time and eval uate potential decisions. The
staff may alAsgordmgly, eanine ttransportaiiim sskedulings dggisiogsi ¥&| ca@gloxngnd
intuition tg devel op an acceptable cargo transportation (i.e., lifting)
program Th&YP#B¥ess is tinme consuming, inconplete, and there is no
realistic way to know whether the lifting programchosen is, or is not,
optimal. Gven the typically |arge nunber of feasible vessellvoyage

assi gnment s [0003]i s ¥he gonydritiopal ommerqigl pragkirss fargnaking yegel sehgdydingn
optimal |ifting. program Y. [ ' : essel)
at a tinme. ‘flﬁ‘élglé’%glleol etrg(%ﬁélg%l ﬁléﬁ{slélbagf% %gsnﬁ?ﬁ/gﬂ%oégpgtdgﬁ%\ggﬁgté‘%s& ec\éi sions
(e.g., if aogisyradirese! Ahexpaiingsedtafbwill gie spreadsiiage to thienlatdieoyagssel is
no | onger available for one or nore alternate concurrent yoyages). The
nunber of | SPBYLEAIRISOPRIMAtE GCONARRE TagE-itss Braied Vouags YRS faard HetiMGnber of
significant factors, are fa . fal | L |y
(particul ar |a§}8iei¥ a%‘ﬁtea%(gtglﬁttl%b#eg%fﬁlﬁeﬁﬁg%ﬁ% lglrgy rzriallgl?i }Xpd)‘?gtl}gﬁ?ﬁsétgcg, gg%#%lsons)
even by an eyReahe uaitlinesafditnitiohhe develpeam acceptablderrgs orpbportitied as one
attenpts to account for sequences of one or nore voyages which can pe

assi gned t o (be-glifteng)nsegiam. The RERpess Hriime geBsuMingn ePMplger indbietcedul e
has been conpleted,. it s i i f u r .t h ul i ng
process to E}éf feéqiltsﬁ%%ar?'gz% %&?ﬁ%ﬂ%ﬁ%i ttrtllgsléﬁlzl vﬁz’ n%nencﬁl%\%ﬂ? cl%i graz&gl?g’ur

dai ly. [0004pfisidpoRoG @ rthei Sypicilbol lakgc emirhyerdevfelfeqiisle byesdet'voyageegi an
Marine Technol ogy Research Institute, MARI NTEK Logistics, and it .perforns
vessel rout jasgjgamentscitéxvieryiitficalte ingt ipessiblpe\determingan gpfimaklifinged on a
heuri stic approach,r s an . [, o) r addi trh.ogn, the
pur pose of gﬁ%g?oDPY?%ﬂﬁgﬂgP?ﬁa?§“§§§%§}§?%ﬁe hi p%fﬁggg%%%gﬁéggaghggposed
to a chart erdr@¢hterdcpdris hetwken thxvarions atdignmemeatecesiaist (aignad algivehvesseing
optional cargo in addition to contract cargos. thaj nust bgpfhhpped.

[ 0005] Ther e ihasdsnscete #gReRORYagaUhre dis Besel is 1 iongrepYrIEPIs g PRl i ng
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Schedul i ng ransportatio
complicated as one attempts to account for sequences of one or more voyages

)

which can be assigned to a given vessel. In addition, once a manually derived
schedule has been completed, it is impractical to frequently repeat the scheduling

process to reflect changes in the business environment which can occur daily.

[0004] 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 opposed to a chartering



O l, Managenent Science, GG Brown, GW Gaves, D. Ronen, 33(3): 335-346
(1987). This paper addresses a crude oil marine transportati on probl em
However, wbeomodelssng probl em descri bed therein incl udegcrhus2dosiolzzns ng
assunptions/sinplifications: (1) each3cargo (i.e., crude oil to be shipped)
noves between a single |oading port and a single di scharging port; (2) the
cargo shi pped nust always be a full ship load (i aﬂe cargﬁ éa.lst be of a

fixed size)patndo(Byxiguenhtheasyenue %btﬁlﬁéd ?é{rﬁbl@l“i%"f’ ignal $argq
obj ective f{nl c%ragpcaggost&%t gteéeéu%ﬁe(?i m nimze cost as opposed to net

margin (i.e venue®or va e mn costs). [0007] Anot her publication of
note is Fl eet managenent nodel s and al gorithns for an oil tanker routing
and schedull roblem RD. Sherali, S.M_Al-Yakoob, ssan, |I1E

Tr ans. HDS) 06 m@fgg}avewg nyRpEPUSPER)icatigns &% die gle@r &ggnsurpuﬁﬁ%. ne
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characteristicS are s yage nust onS|st of si ngl e I oadi ng
port and a pimge&ives, snhﬁsmimoﬁ@ctenae,cma):h - I3 \§oChristianien, &K fHdgerhods sel
load. In addition, the objective is to mninm.ze cost as o osedto net
mar gi n. Theapd 0Bl e?w?%ﬁ!’dr@é@@d |QnPhP‘éer§‘§§’erarfléledisf ?‘4?’8 flaﬂﬁf?‘frltfg"’d’r ecedi ng

4 paper in that,the pr 8§|°| Bloh§ eledroh ia MaPScifind eidiRYC ThPEradlh, Sane

size and there 1s an ex nment 5sel conpartnents. [0008] None
of the wor k MbOMéstianset, de Fagertivit, Be NygeseapDr Ranenyreditetl thyr@. Barobarand hat
represents general vessel schedul | ng busi ness problem characteristics

and/ or cons :Laﬁt)ﬁe(mf}ﬂexarrpl e, in a typical vessel scheduling problem
each voyage consists of nmultiple |oading ports and multiple discharging
ports, the cargos |ifted may vary in weight and/or volume, and the vessels
avai | abl e t ¢0guB]f or Ontlpablicatigeofimye isaScpednling Qominefrapspantatéon efdladeng, but

t | ted t t d chart t
Dossel 0) T atioMramRemsn! SHEREE. QL Cr oy @ Wotvesy BoRauen oo F1gau8" ™
transportat g?%! FthRg g;sy Qo A dlad A oeméfzab lynﬁﬁhb”lr&x%%ohﬁﬁoﬁ Qrablenet
charteri |5)arty as oppose

margi n for to merely mnimzing cost. A cost
m ni mi zat i orH®&pErepACHe |raodelargeqmaﬂemaslesmbddeﬁlermn ootudest the lf@lbwement t he

econom ¢ i npact of vesse] _assign eci SI 0 refl ect
the trade- %Wt%@ﬁnﬂ@cﬁg’é‘g %ﬁc CarEp 60tc s%‘b&obeaﬁ'ﬂpg%gﬁ%oets val ue
long and SNefly &Y 305ReRNAEBoR & abaik dkAMIEhACsatI(DotG cagosel
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forth bel ow, a novel % Crea e conputer applica n has been devel oped
for making ehippedmist abege: tas lﬁdhsh;lpﬂeatb(umqhd@elg's‘m mnst beTofea Sigpd istzaki on i s
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costs).

[0007] Another publication of note is Fleet management models and
algorithms for an oil tanker routing and scheduling problem, H.D. Sherali, S.M.
Al-Yakoob, M.M. Hassan, IIE Trans. 31: 395-406 (1999). 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 as opposed to net

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



BRI EF DESCRI PTI ON OF THE DRAWNGS 5 FIG 1 depicts, in a general
manner, the interaction between a user and a nodeling application with its
various iwoendssessand cal cul ation engines in one enbodiPOEIS2@8/01151S

i nvention; FIGS. 2A and 2B. joint#ly, provide a flow chart that
Illustrates the work flow for using one enbodi nent of the invention;

FIGS. 3A, 3B, 3C, 3D, 3E 3F, 3G 311, 31, 3J, 3K 3L, 3M 3N, .and 30 each
il Iust rgt e peprarintthatathe preblemyinsthatthesthins do pat haveatoabe Her %?‘K%BB&
utilized in_one.enbodinent of the inv 1.QN. FIGS. 3P, 3Q 3R 3S,
3T, 3U, 3V, t% &t Wllgggﬁeaﬁwlﬁsot?rvg gFgéeﬁﬁgé}ngﬂg'ages of an appli cgtion user
| nterfacgdfgrfone ﬁnbodi ment of the invention. [0012] The detail ed draw ngs
are provide or the purposes of illustration only, The particul ar. data set
forth in thd0QMi oulone |afstheawiorle abpre aIevides ¢ p&wpmmﬁgprte%?n Bfﬁmg

Ui _ ot _
or oblom - AcElRg Y201 RPPRER (EEER | Bbsel CRAGHFRAC MEmBR PR AR

hypot het i calchidttefiSfidsCaRiIbRtbnstraintsMISREx ainplefin la\yipiehl GkdeD8diBidking
invention is directed to a conputer application for the

problem, each voyage consists of multiple loading ports and multiple
discharging ports, the cargos lifted may vary in weight and/or volume, and the
vessels available to perform the voyage may vary in a number of ways including,

but not limited to, capacity and charter type (e.g., spot vessels and term vessels).

[0009] Further, none of the work above provides a marine transportation
lifting program that optimally maximizes the total net margin for a chartering
party as opposed to merely minimizing cost. A cost minimization approach is
inadequate as is does not correctly represent the economic impact of vessel
assignment decisions, does not properly reflect the trade-offs between the use of
term and spot vessels and does not value long and short voyages on a consistent

basis.

{0010} Accordingly, as set forth below, a novel and creative computer
application has been developed for making optimal transportation scheduling
decisions. The application is able to determine the optimal solution to maximize
total net margin for the assignment of vehicles (e.g., vessels) in an available fleet
to perform a set of voyages reflecting common scheduling problem

characteristics and constraints.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following is a general description of the detailed drawings that

form part of this application:



optim zation of transportation scheduling, an apparatus conprising the sanme
and a method for scheduling transportation enploying the same. The

appl i cat iwo 20®/q@a438i cul arly beneficial in the marine traosmseaaniznsfiel d.
[0014] The conputer application is abl& to determne the optimal solution to
maxi m ze total net margin for the assignnent of vehicles (especially
vessels) in an available fleet to performa set of voyages. Each voyage in
the set of voyagBEG. b depictsiin pgeaeralimannef, shepind@acting Privieer adiser addsport s

cargo conprisi,ng one or fore.bul kK product s, fro .nor.e i
| ocati ons (8’.08.6?% 883%???61080"?'?@)1{596%(%1 1dte §frar%‘§se dilo g%ﬁ@%%%gﬁgléggﬁ gﬁg (e.g.,
di schar gi ngeR®Bblisent btiigervefitiedt ment, each vehicle may differ in differ in
si ze, shape, capacity, cost and charter type (e.g., termvessels versus
spot \tl)lesse! s)d [ 0015] The conputer application considers a nunber of
vari abl es in det LNhRQO, { f W] i ' f
transportation vgﬁﬁ?f?l 2?‘\/%“;}'{;%%' Jg’éﬁgt?%n m&?&se 2?(li;l%‘p’\frao ucglta% F}Yg'ls I?geﬁgggl“ﬁggal
predi ct ed nelow Rt Gking oh¢RntIdimant cihhemviehién;can be consi dered incl ude, but
are not linmted to, the follow ng: (1) the cargo capacity of each
|ng|viQUﬁl vehicle in the fleet, which is constrained by the cubic capacity
and wei ght capaci of .t hihal §pa y i t he
same class; (2) Fidisgoa; 384670} ngggﬁ%% %ﬁ??gﬁe 35”?3’%é§§§fﬁﬁ$%é‘§%i )
bei ng shi ppegciaifistriRisepalansddta estry prealidhRelsdadi daga artely dioskiumkitilzed
| ocations (e.g., ports), which can have different physical limtations
(e.qg., maxi mumnelembedimank phthe ipEension; pehgt h and width, etc...); (4) the
specific characteristics of each vehicle, such as draft and ot her
parameters, that determ ne whether a vehicle can neet the constraints of
the | oadi ng and gresharg3Qy IRGS, IMNIU,BY EW ayh3dK; eaehdll(siyate hepatatef er ent
speed (e.g., |aden speed and ballast speed) and fuel consunption of each
vehi cl e. Pr @hgessdfan applicatien psesisriage ﬁi’r QB%P@@PQE‘P@tQ% thecdnveMidfet nar gi n
are considered. [0016] The application can be executed multiple tinmes to
explore sensitivities in input data, different assunptions and different
asz i Ign;nent qOOEl]" ai _fIhS.deFﬁLe_deThaWﬁlh@ atehgroukied foanhé pugmsthef aipdtratiani on
node 0 assign a given vehicle to_a _ given voyage.and re-optinize the
vehicl e sch@@_(fnr-_e T Petichler rdsiaet GET i fenvarion ERSEaRve sbieadlivtisolous t o
\r/gﬁ[ glsg”;Sg;?%rérg%péala'bh?%ﬁréE%&i\‘?é ddta 232! ¥ZRypdifetidIPAGEt PépreQnedtig @
scheduling problem. Accordingly, the results derived there from are similarly

hypothetical but representative.

SUMMARY OF THE INVENTION

[0013] This invention is directed to a computer application for the
optimization of transportation scheduling, an apparatus comprising the same and
a method for scheduling transportation employing the same. The application is

particularly beneficial in the marine transportation field.

[0014] The computer application is able to determine the optimal solution to
maximize total net margin for the assignment of vehicles (especially vessels) in

an available fleet to perform a set of voyages. Each voyage in the set of voyages



7 [00171The application runs fast enough to eval uate opportunities in real-
time (e.g., while a charter contactor is negotiating potential terns with a
vessel ovwwer)poswem43Bo support what-if scenarios. |In one egbamseensnizsis he
application perfornms the cal cul ati onséfor a typical problem conprising
twenty to fifty voyages and an equal or greater nunber of vehicles in five
mnutes or less, and typically less than one mnute, running on an

uni npeded 3dHnitstedydering @ pbwomsg preiodand|transpqris g0 CENANISIER ODESCRIPT| ON
Definitions 0018] Al l. words in_ this ecifi.catjon are.inte ave
their convem‘{ko?fgﬁllﬁégﬂnﬁﬁpe oMY H??‘@Eg chgb??ilt,e'ft"h oaggjﬁ/%oﬁfssgggbgr?gani ng

of some ter pfort Wkhhrpingd l&aﬁ@ﬁ@(é%cﬂis'cﬁﬁgi p&its)f dht dheb&hB¥diment, each

"Bul k product” means any product hat is un ound and substantially fluid as
| oaded; in othiste mey dkiffer m differ in gizeoshnapeyparacitneast pad shanseawpe é68of bul k
pr oduct inckude coql raintand(ﬂgtroleun1products. "Code" enbraces both
source code "ARHY GBS FTUR GROL Vessels). "Di scharging," "demand" and

"destination,” with respect to | ocations such as ports, are used

synonynously herein and nmean a place where transported cargo i s _received.
[0015] The computer application considers a number of variables in

determining the feasible options and optimal schedule of transportation
vehicle/voyage assignments to produce the highest total predicted net margin.
Typical variables that can be considered include, but are not limited to, the
following: (1) the cargo capacity of each individual vehicle in the fleet, which is
constrained by the cubic capacity and weight capacity of the vehicle and may
vary between vehicles of the same class; (2) the different bulk products (e.g.,
grades of crude oil) being shipped and their densities; (3) the loading and
discharging locations (e.g., ports), which can have different physical limitations
(e.g., maximum draft, maximum vessel length and width, etc...); (4) the specific
characteristics of each vehicle, such as draft and other parameters, that determine
whether a vehicle can meet the constraints of the loading and discharging
locations in the voyage; and (5) the different speed (e.g., laden speed and ballast
speed) and fuel consumption of each vehicle. Preferably, all variables with

appreciable affect on net margin are considered.

[0016] The application can be executed multiple times to explore
sensitivities in input data, different assumptions and different assignment
constraints. For example, the user can force the application model to assign a
given vehicle to a given voyage and re-optimize the vehicle schedule using the
forced assignment, which can be advantageous to represent decisions already

made or to analyze the impact of forcing a vehicle assignment.



"Loading," "supply" and "origin," with respect to |ocations such as ports,
are used synonynously herein to nean a place where cargo is obtained for

t ranspor twoi2000/0614498t margi n" i s revenue or narket val uePpgirnussoosncss ed
cost. "Spot vessels" are typically chartered for one voyage. In
certain preferred enbodi nents herein, the phrase "spot vessel"” can al so
enbrace any vessel wth sim]ar short termavailability. 8 .

"Ter m vessel®17hr e Thauepplieationorung fast enaughde Gealyase oppoxtymties ip 1edlr ¢ aj n
preferred enbodi nent rehkn " y ce any
vessel wt hgb & Y Qﬁg cthcgir}uraﬁt g@éﬁ%é@??%éﬁ{a@éﬁ%ﬁﬁaf %ﬁ%ﬁé}??w e?}l owned
vessel s, ti genePadidetos suppdirebat-ifcdtandrigss, Ifbae embodiment, the applidatioh e”
nmeans any ship, barge, plane, train, truck or other nechanical neaps of
transport at performs the caigadaians fasahdyRieyl PHAYCMpERPRIIBRS FHFBEY Rt @BYf aring

vehi cl e. "Voyage ans._ an I t ! - | and,
sea or air, Vé%%ﬁéeaﬁﬁ t%qulra Yﬂg eagﬁginnsnsb.eF %ﬁggk}%ﬁﬁzﬁ’%glg]%} %hggﬁbg%{dNPUTS
[0019] I n ongymedlly letd Bahonhintd, echting ot iafmmimpéded 3GMe singheypraessoronput er
nodel i ng application for the optim zation of marine transportation

schedul i ng. persenalNeMPIMeEn on conpri ses code that, when executed, calcul ates
the optinmal solution to maxim ze total net margin for the assignnent of
vessels in an available fleet to performa set of voyages. Each voyage is

initiated dgygrPAIBED DESCRIFFEIONd and transports cargo conprising one or
nore bul k products.

Definitions

[0018] All words in this specification are intended to have their conventional
meaning. For further clarity, the conventional meaning of some terms used in
this specification is set forth below:

"Bulk product” means any product that is unbound and
substantially fluid as loaded; in other words, it is in a loose unpackaged form.
Examples of bulk product include coal, grain and petroleum products.

"Code" embraces both source code and object code.

"Discharging," "demand" and "destination,” with respect to
locations such as ports, are used synonymously herein and mean a place where
transported cargo is received.

- "Loading," "supply" and "origin," with respect to locations such as
ports, are used synonymously herein to mean a place where cargo is obtained for
transportation.

“Net margin” is revenue or market value minus incurred cost.

"Spot vessels" are typically chartered for one voyage. In certain
preferred embodiments herein, the phrase "spot vessel" can also embrace any

vessel with similar short term availability.



[ 0020] The total net margin is derived fromthe individual net margins for
each vessel /voyage assignnent. Preferably, the total net margin is the sum
of the i mownavsi43aet margi ns for each vessel /voyage as®cgrusesus/o1iagh

i ndi vidual net margin for a vessel/vogyage assignnment is, in turn, derived
fromthe market value for the voyage using a notional vessel and a
predicted incurred cost for the voyage using the assigned vessel.

Obvi ously, since the 'Skgsm ¥esselsh ame sharterpd foy BrS&éﬁPﬂtﬁﬁgﬂf%‘& Pgﬁ%'{‘e-eé'&h

i ndi vi dual net .margin . N i e i

cal cul at ed ﬁ? Lol @tr%lgrnre% i%%g)gtdp%ﬁtt egélln’nfg%rﬂrﬁ%{d()g CE%I??§§%FIC h%%gaﬁ%o%hgg@ﬁnom
for certai nanytviebsed Wittt Sehillaforpo tphehedlabilitgy@ge, fullysor hartalbdoshed and
(2) the market value for each vessel -voyage pairing is based on ever

changi ng mavReselschmgiohpoers, bargpat sharters1483PCT/ US2008/ 012515 9 [ 0021] The
vessel fleet can be h .00 e . r a , h S ' | eet
can differ in size, sﬁ\tz,i%{el?l%cgr%g%%cgg ysih% {ggj g’cip'(t?%%’ et%/ag&’ ?88152?% Eﬁlggdi tion,
the vessel ihRBAniBAYMEUdsfoftranspsre@ivanm ¢ costs. For exanple, the fleet may
conprise any conbination of termvessels, owned vessels, bareboat charters,
spot vessels, etc. Pr&Yessalyneansqay shipebargs oppiheswvaigsifaring vehiglessel s and
spot vessels. In one prefern i i

regardl ess of the ecoﬁ%%a?ebggﬁagggﬁgic@%ﬁgﬁﬁgg p rt%{,gef g,htgf}%ggﬁ ?rédd as

ei ther a terp vesisYetweersinal ov@efpointsn thi s instance, vessels that are
avai lable for nmultiple assignments (e.g., fully or partially owned vessel s,
time charters, bareboat charters, etc.) are typically classified as term

vessel s and 7 j only one assignnent are
typically cllﬁéméﬁgbspo F@é@sé@ ﬁf%ggg] The voyage definitions,

including the ports visited and cargo carried therein, can also be
het er ogeneous. Each voyage definitjon specifie o(ij,he attributes and/or

associ ated d80Krai nt I tongt partieuaElye P& F“F‘é tH FsBhe e T‘ﬁ@é‘o_ﬁt tr Pbut es
and constr a'c%%ufe?n bﬁgﬁ@dt%gaﬁéh?ié)@ for "Bk ééitﬂhitz%’ox{ Qf thi€nd YanS¥drigion(1) the

ports that need to be Vi the 1dentity and volunme of the specific
bul k productstkddulingt Tieespplicatien tomgrsksarodditbathwhge ¢xe¢uted cialquintes the3)

upper and | ower tol erances for the amount of .c o to be I(%aded ar

di schar ged #Ptigd solysen to Fpximuer tpiengdpaRei gﬁ%?ﬁ@%’ﬂ%\ﬁ WETSHISH™Ri ch t he
| oadi ng or d] i e lcﬁcﬁl a i flefal nition
can consi st da(‘)’ ﬁ%@éﬁegg%%g%tjf {T?tﬂ %&I oa |y%gesgogtg %}pggga%%glﬁgyﬁ?{(ﬁgﬁrﬁggtas and
can have a ga#fging patiod ambiraiisports cangotdopipeisingnars: afmouel tulp podivets. (e. g.
different grades of crude oil). Accordingly, in one enbodi nent, each voyage
conprises a | oadi ng segnent where one or nore bul k products are | oaded from

one or more SERR Y POFES t¥fal HeMmRQid isSReRel ford W inkdtW diiA REE fadglds Wort Ni N
port specif |[c ?@adl ng peri ods angl%gm di schargi ng segnment where one or nore
bul k pr oducteachvessi/sopagegesdignmenne Ryeferably, the total net margin is the sum of

the individual net margins for each vessel/voyage assignment. Each individual

net margin for a vessel/voyage assignment is, in turn, derived from the market

value for the voyage using a notional vessel and a predicted incurred cost for the

voyage using the assigned vessel. Obviously, since the application deals with

forward projections, each individual net margin, and the total net margin based

thereon, is a calculated prediction since (1) the incurred cost, which cannot be

known for certain until a vessel has completed a voyage, must be predicted and

(2) the market value for each vessel-voyage pairing is based on ever changing

market conditions.



10 nore demand ports within port specific quantity ranges and port specific
di scharging periods. [0024] Preferably, the total cargo | oaded equals the
total carwo 2désshssged i n each voyage. Accordingly, in ece/uscdsdizrent, the
total anount of each bul k product |oa#led in the | oading segnent equals the
total anmount of each bul k product discharged in the discharging segnent.
However, it is also possible to account for scenarios where cargo is

al ready on a vessel prior to a voyage or naintained on a vessel at the end

of a voyage 25] The a ikcation considers nu o) i L -
determ ni ngmd‘?g?opt VC§EL§8%I ceangl?e 8%5%0569%%}159? c%s%ﬁ%aﬁﬁéén%?hf\% Séf)e?c%%uce t he
hi ghest t ot @le fi&d cBREHTR in kizeOdiRp6,dagEh eaﬂtin%lbmc&ppétb.cati on considers

t

vessel capacities, bul k product densities, e interaction between port
constraints and vessel size and shape, vessel speed and fuel consunption.

More parti Cl[ltg(ﬁrZI] Y, f.jﬂéflgh {039 tﬁg%g%etl yﬂgeftweﬁfhdikfgpiif{i %clbﬂbm\f@sc%gis. pdi ffer

in cubic (i vol I'C)”’ capacity as as wel ght capacity. This is

true even fekaMprsahé fldct hindy t dtiniake agy admbindtionasf very Vessele, ommde
carrier (VLCC) vessels. In addition, the different bul k products (e

di fferent gmastels, barebpatcRharers) spativessels ieﬁﬁpe%Fef%FﬁPlé'ameﬁWé%mﬂpﬁ?Seli(’@htg .

densities that affect how puch praduct ¢ i i

| oadi ng and "gPS EREF SR SBSF?SSS\?\AQI Icighoe{l\? rgfl%{@ gr"'g‘ﬂﬁ‘fb‘ﬁ‘g‘& Eg{h ?légﬁlglte%l?@ %ns
(e.g., maxi megy, dégdkdless GEtheeBbNREIEHasis TGk kharel purgt s, cladsified 3s dither wessel s
that utilize the port. The specific physical characteristijcs, of L\FiaCh

vessel , sucerasveselfar spativessele inthis ingtances vesgels dratiareavaplableder mujrRlsel can
neet the port .constraints fQr . ElLnal a e | 1 ast
speed and f&&?lg%ﬁ%tﬁ%tg'bnfu lg¥ %aﬁ%‘)@ggs%&hé?sdgéer%g@tn% %g({the?r%rg?rﬁb%
Preferably, cahiteréaletplaes tybichllprclasificdc aaliben afdseels and wessehsarlgit narar e
considered. 1 nonth), then termvessels and sim_lar |long termvessels in
the fleet cavaibablefeiqpheane assignmaenjaee bpirallyclassifigd pa §et Yegselt-he pl anni ng
period. Typically, in this enbodinent, the category "termvessel” wll
enbrace any vessel that is available for nultiple assignments, including
time charter[gg23)ul | Thandyags tefnitipngvinelddingshe psrts vasiedeail cings tamed et c.
However, such multiple voyage assignments can only ‘See made i f the thr%rm
vessel can rthaeingaetn alse BYehsferogpagausi nach nyexase nde PR r specidisisteai nt s,

port constray it g gattn(a{dg ds85ci y& glo?{%ymagg@ttilﬂ drll ?rel'w;lﬁti B! e \PRYRAGH. 2FRégnENt .

Spot vessel s are n plIca o performnultiple voyages because
they are usumribyitddi andccomstraing eyl inclidlgabet frasics linSited togrthe folddwipg: (i)t h
charter ternms that provide simlar égort term avai l abi |l it

that are esdbnpps fiptaed tashe yisjted: @) frp idepiiveand Xpl‘é‘inF&féﬁe %é)écg%¢ Ps |mps
g‘r“et ; ﬂqﬁi goﬁggglfa(é Q02 AL DS 152ADR 8 HRBhargl st QRE pott; (B Hparhkd Rwduct s
tolerances for the amount of cargo to be loaded or discharged at each port; and
(4) the permitted time window within which the loading or discharging must
take place at each port. Each voyage definition can consist of visits to multiple
loading ports and discharging ports and can have a cargo that consists of
multiple types of bulk product (e.g., different grades of crude oil). Accordingly,
in one embodiment, each voyage comprises a loading segment where one or
more bulk products are loaded from one or more supply ports within port

specific quantity ranges and within port specific loading periods and an

discharging segment where one or more bulk products are discharged at one or



products. Preferably, the one or nore bul k products are one or nore
different grades of a petroleum or petrol eumderived products, such as
crude oi lwolbhS/o6dizesel , gasoline, etc... Mre preferabl pcTiUseoosnesos nore
products are one or nore different gri@des of crude oil. In the case where
the bul k products are crude oils, the denmand ports are typically refineries
or ports that service refineries. One particul ar business_application of
this i nvent inmrei demarsl pottsnwithin @ertospesifielcquantify apngesyand portyspesficor t he
transportati,on. of .crude oil (or simlar petroleumliquids) from source

| ocati ons tglﬁcg?rﬁét}%/p?r@ggti ons. [0028] The product of the applicationis a
recomendati on for vessel-to- voyage assignnents (i.e., a lifting progran
that maxi m zes total net margin. Accordingly, the application is a tool to

be utilized [#24}essBteferehby thetotal cargoolradeheminibsitotal parge sbischargsdriny unni ng
o FonPnet | Bhch Shfiden: RedgHSE RS FERRELE} LR (LG b B0E

fol | owi ng i iff e vesse tTmng, capacity,

etc...) fromdédirt bRRU B thRvRaliily segnems elqgals Othe taed AAS&ngUTesHch Kk a
recommendation for the vessel/voyage assignnents; (3) the 12 volunme and

wei ght of t ipeodsist Wisshanged in dug disckarging segaenyyr Hosveyer,dt ifdds@ppysibls the

| oaded and di scharged in .each | eq of a n el LvQy.

assi gnnent ; 39 I YHRHGS fwg}er%g oplgr{hee\%?gi§ gg’gsszéﬁgﬁ?%)é%%an% &F sthar ge
events in eagdinfaffcdBreNdede VR IBEEAY Oy AG6yamssi gnnent ; (5) the net margin for
each recommended vessel /voyage assignnent; (6) the total net margin for the

recomended vessel /voyage assignnents; and (7) the fleet schedul e and

forward posi}j of .termships. THE ' 029] The
nodel i ng apﬂb{)%gti 0 Fu?’@shgﬁg nccgﬁglgﬁl\ﬁjgﬁg?rocﬂg\npﬁ egf?esg\fwgcdggs%lmg. %Q a

30Hz si ngl e-piiafd SRdURE b BREl/PoyIRE s gnmERE tprprodseotheddghesbtitakinas not
have to be, a single standal one processor. The processor can al so be a

col | ecti on aharght efdmenevenbrdimens dhe applisationcrpngidesscyessek eprgpiicanbilker or a
| | ecti f i AR . i ndj. t h
R

[ 0030] The apphps;alebeD spduataaidfaeBesigidption.r Mas pasticulalys tikevirge capdottyf ace.
The data entry storage interface nma _ge integral to, or interface with, the
appl i cat i on.ofRachinsiyidyalaregsel mepyadjfer By cubie(igppiolWnetris) canagty @s eldtpl i shed
in a nunber of. S. .Ihe plLicat.i - . of

spr eadsheet ‘%%‘\gma 3?11%5Tﬁﬁég ggltg gk'gﬁ{ér}g\% gﬁﬁgﬁg‘}iﬁgg S?{rﬁegc?%ggggh Eé’?@ry

Al t er nat i velgsgeagruBRRafrfiit €VIPCTS eveReto uln eadBitiom)ithe )diffgrehe bulks podduSaP,
Oracle, and JD Edwards, or_ a business, data vvag,eho se (BpW, or .ofher types

of busi ness (&gpl diffarepingrasden e cmdel Pk peingawpet LyRISBY chaveo ALLESRYr i ses

code that de({einrsll%%s ?lfﬂ'alt %wegttﬂoq’o%ucﬁiﬂw(ll@ctt c80Be carried. The different loading and
discharging ports will have different physical limitations (e.g., maximum draft,
maximum vessel length and width, etc...) for vessels that utilize the port. The
specific physical characteristics of each vessel, such as draft and other
parameters, determine whether a vessel can meet the port constraints for a
voyage. Finally, the laden speed, ballast speed and fuel consumption of each
vessel also impacts net margin. Preferably, all variables with an appreciable

affect on net margin are considered.

[0026] If certain voyages are short enough that a vessel can perform a

sequence of consecutive voyages initiated within a given planning period (e.g., a



and math nodels, and calls upon an optim zation solver which is integral

to, or interfaces with, the application to solve the nmath nodel s.

Pr ef er ablwo 200vec43de is witten using nodeling system seCruse@spurshs as

Al MVB, GAMS, |LOG OPL, 13 AWPL, or )IiPress Mdsel. However, the code could
al so be witten using any conputer programm ng | anguage including C++. In
one enbodi nent, the application is witten using Al M5 and enpl oys _an Al MV5
user interf awath)pithen term yesselse and|simtan ongafeam| ¥eselssy) thenfest; ¢y pe

progranm ng_and m xed i.nt inear_pr ' - Pr, r-red

sol vers i ncﬁﬁd@e@é&?ityp(l %rg’gé%e?lhﬁﬁﬂ"%%%g%{ Wlﬁ%ﬁgﬁ ﬁégm r}Err@f dé{li on
generat ed byhit entiihesgithe Rategotyh Etepil V¢58E1” Swilliembradeoarya xessel ¢hatatal net
margin for the assignnent of vessels in_an avail aple fIg&t to a set of

voyages fj ot ?V@iiﬁbﬂﬁ)lf%r ealtiple @@wﬁnmgnﬁﬁg inpheding tiRg EhHTATR gnd artiphy
recomrendati on _gan expar n ' i f d
entry and sf)&?lggev Spngr clgé)rle%oﬁag gll-laérgeﬁg\slgg: :Eggog\f; é(vlgﬁglgﬁagxgrggmbl%?ﬁéﬁgﬁv\?t 2

etc.). 10033ddignaees iaaf SrlilFre_E'e endaedifmet terlavesselntany nasetl eatbrangeevesy
acconpl i shed using an Excel interface and the programis fg/ri tten in the
b

Al VB nodel icastraimtg ineding teraporpbconsgaings, EOIESRNSERINESs elco fopEah YRRERat h

nodel i ng problens in { rQar.a Lp thi i : r ilizes
o A B |t Eulfgle ol Hs el  SpSt FERGE A Hor /el ABRAR 1o
transf err ed peffofim, makiplé vegdagys berpugdihdyoak dsmaly detedaod assiapledvaymagan Excel
file. 100341FIG 1 illustrates the interactiop between a yser and the
nmodel i ng basis. Similarly, ships with charter terms that provide simlar short term
availability (i.e., ships that are essentially spot ships) are not typically allowed to

perform multiple voyages.

[0027] In one embodiment, the one or more bulk products are liquid bulk
products. Preferably, the one or more bulk products are one or more different
grades of a petroleum or petroleum derived products, such as crude oil, LNG,
diesel, gasoline, etc... More preferably, the one or more products are one or
more different grades of crude oil. In the case where the bulk products are crude
oils, the demand ports are typically refineries or ports that service refineries.
One particular business application of this invention is the optimization of crude
carriers such as VLCCs for the transportation of crude oil (or similar petroleum

liquids) from source locations to refinery locations.

[0028] The product of the application is a recommendation for vessel-to-
voyage assignments (i.e., a lifting program) that maximizes total net margin.
Accordingly, the application is a tool to be utilized by vessel schedulers. In one
embodiment, the tool, upon running to completion, provides the marine
transportation scheduler with the following information: (1) the feasible vessels
(based on timing, capacity, etc...) from the fleet of available vessels for each

assignment; (2) a recommendation for the vessel/voyage assignments; (3) the



application, with its various interfaces and cal cul ation engines, in a
preferred enbodi nent of the invention. A user (e.g., a "Ship Schedul er™)
i nputs " NaOiI20@/0bieasport ati on Busi ness Data" includi ng, PCmtuseoogloizsis dat a
pertaining to desired voyages, the aviai |l abl e vessels, and the planning
period to be optim zed. The data is input using a "Data Input Interface"
such as an Excel workbook. The data is then exported int

Tr anspor t at voln@arsuweighbaf theggash bulk product (¢eg- nensh) & a%?ﬁﬂﬁééggg Iﬁ‘?ﬁ%s t he

optim zatio f .assignpents . i meze tota o8 ek ults,
whi ch can t e%émétdgslpg%gte?ﬁ%?ﬁ efétghogz arree%%lr'rlf fﬁgg%véséﬁygé%%aa%%@#% Igts’ and
ot her i nf or @@t f@Ntiiihg fer Eavhnpert vilepadithe 160 @adsdisdtasge events in each

[ 0035] Accordi'ngly, one enbodi nent of the invention is an apparatus. The

appar at us covpninesled pressdyoyags dessignamens| dS) eths r Beh dnighy| EPrprBekssor,
mul tiple interactive .pt rs CONe . G I 0 th@r

mul tiple i nf%ogg??r{ffédprv g%*gt;’g‘? a?ecg%?éﬁﬁ%g’ g%ﬁ%céﬁt@ tn gpgrﬁ%@g{]gtg irc1etpeover a
conput er netyRhmenkded vRBRMvaY tige akipanicnes; uld ¢7)tthe fleetgphitéule rmd gbiweyd
application for the optim zation of marine transportati on scheduling.
Further, theosifipaiodtars ships.udes a data entry and storage application that
is either part of, or integrally connected to, the conputer application,
for inputting data conprising, but not limted to, the desired voyages, the
avai | abl e vagsehMODELS HARPWARENMANDSOBTWAREe optinized. Finally, the
apparatus includes a solver that is integral to, or interfaces with, the
nodel i ng appl ication, capable of solving |inear progranm ng problens and

m xed integ i ne r ogr anmi r : MeDEL LAELEN ENG NE
[ 0036] The cj{"éﬂ]ati iﬁ%’ﬁ%&%@g%ﬁ%é \?ﬁggﬁﬁo‘: egeas ohec rggﬂpr ob%gglm or a
series of 5'(B.?!,%%Gﬂmﬁig%lbrak@dﬂrquonﬁr@frmmhby Thieroegssaveang bufpdaeat i on
performance, the overall optim zation problemis_ divided into E%blg)arts. I n

this enbodi menthavetie b swgle siandalpae PaRACETIr ndBe RILHFSFYASIHR ca
vessel | voyage,,assi gnoen d r L cal oy@age
constrai nt s,%opﬁ‘éthor? I?ge lgﬁr?&?}r&%% Pg%e%/ﬁ%%%loﬁleec?wnad?}&xﬂg ﬁf%op Mgza?:ﬁhée\éaglﬁgl e

assi gnment , RNdctidieof ikteraotivé Podcesswibicomidconl didireethy ithlone aswilpnmrt @ t o
maxi m ze the total net margin. It is also preferable to break the problem
into at | easompwer|netuark (srgr 196k 362 peMarioAT hsdnterngthast one ni xed i nt eger
(l'inear) progranmm ng portion. However, it is also possible to nodify the
application by conbining sone or all of the subparts and mat hemati cal
programm ng [Eow]i ons. Thé%ppROaihrddataiis adiatit éxftiyeandastohgei devicEriatesfaoet at i on

Cal cul ati on Engi ne" (i.e., _ : :
Theg data er(ltry storage interface may be integral to, or interface with, the

application. Data entry and storage for the application can be accomplished ina
number of ways. The application can use Excel, or another type of spreadsheet
software, as the data entry and storage interface. Alternatively, an ERP
(Enterprise Resource Planhing) system, such SAP, Oracle, and JD Edwards, or a
business data warehouse (BDW), or other types of business applications can be

utilized.

[0031] The application comprises code that defines calculations, simulations,
and math models, and calls upon an optimization solver which is integral to, or
interfaces with, the application to solve the math models. Preferably, the code is

written using modeling system software such as AIMMS, GAMS, ILOG OPL,



the nodel) that includes a "Sinulator,” a "Ship Revenue Optim zer" and an
"Assignnent Optim zer." These terns refer, by function, to separate
portions wo 2bdwaeee3de i n one preferred enmbodi nent of theproodskoosDHins1sai n
purpose of the Sinmulator is to consider the available fleet of vessels and
t he needed voyages and determ ne the single voyage/vessel assignnents and
mul tiple voyage / termvessel assignnents that are feasible given vessel

const r ai nt s AABLy oy XPaessoMoselai Howevam dhaygede priHG 34 B WIHEENSHSIRS RBY enue
tim i t ke the Si l, at . t f i ,
ot m zer 510, boke the, S A1 0o, 01 AUl TSt oy B4 Rfnd il o e, as

e maxi num cargo revenue that
each feasi blygpisdatioheis Weafeh léRpadEVAES| Gidnanployamne AIMMS bjser interfadeiown
constraints. }l)\let mar c};lipn for each feasible single vessel/voyage, assi gt nnent

|

and each f eRseforablynuthei gl iy sgrableoh splyag| lneasi RIAAMMINEN AR, dRXS
cal cul ated b a”Oh,,ﬁ}f?ér %%éér'a%{%%%) E%?bl%ﬁﬁ‘..e lﬁ‘%ﬁﬁre NsdiPs JakRdBEY PREK,

Optimzer o tS%?r. gnn Irmzer then determnes, as one or nore
m xed i nt egeqpredd, RAATR@PaAGXMM ng probl ems, the optimal solution to
maxi m ze total net margin for the assignnent of vessels to the set of
voyages using the feasible single vessel/voyage assignnents, the feasible

multiple vo termvessel assi d COlh: i i pghiviidual
net mar gi ns*ﬁ@ﬂ]eac ﬁqn? é&g?wngét%%%%? &BEQ% ﬁﬁgfﬂ{p Iillggtg&ggé '? ?% ndsﬂg}{ dlc ode
may or may REiutide &P AidxeMes tdtsl ase nanghhfor thedassigtimenit dfheeswelsoirt iaans of
code can be broken into subparts that nay or may not be conti guous ifo one
anot her . [ 0G38ilabde Sapideiarsgt PhEOYAZEH ICHANSROE CATSS GAMRISIRH 0L ehmoke bulkanye
optim zation ste net narqif..cal i . Ngprent
step is one pﬁ%él g'o?h%ﬁeﬁlo v '%bﬁggﬁtcg%})gte?ﬁ%ﬁﬁn@%grg?%ﬂéraqﬂgglsm%h%k the code
i s deconposage Hakatehtry aManEstage hfjslicariphs diatissed staover(ergf, dxvet, IERR,BOW ,at i ons
for a typical problemconprising twenty to fifty voyages and an equal or
greater numse.).of vessels in five mnutes or less, and typically | ess than
one mnute, running on an uni npeded 3GHz si ngl e-processor personal

conmputer. The 16 sinulator, the Ship Revenue Optim zer and the Assignnent
Optim zer pgonmns oh ohb@refered ambodirhent] dataissey and storage s geeomplisedr i ty
bel ow. THE SI MULATOR [ 0039] The nmi n purpose of the, Si wm i S gtiq

det er mi ne whisitg eediserk interfeeeand, $hq pigeEam | 1§ STitiENe it iy S 1afelmgcn
voyage in the set of .v T, | t ] [ sel s
are feasibl g%@%i”éfpﬁ%%@?“o 65%?%%%355%;38gﬁﬁg;ﬂég&l}iggnﬁ?glﬁpﬁgsr al and
physi cal vesaeahe @w%rmya@ethes)ambwihm.thsq»roganmﬁ/lmpaga,AﬂwMﬁmfmw

| ooks at each vessel in the available fleet and detern pes whet her, t he
vessel can plor esesitioReandoguipat. | Hhg resHis 8?%3}?3;1&“ ?&edgfe\'/%neml%%ﬁle%ressary
ti me wi ndows_and C r.ai i e. [0040] First, the Simulator
det erm nes v%qp(l:%d)@%é%te gggérleaﬂ?gg%?%?%e&ﬂgé&é Yﬁ voyage tenpor al

requi renents. A voyage definition specifies time windows within which a

| oad or di scharge event nmust start. The S mu] at or perfo;agg forward

proj ection i W08the tGrkallegtrafgsetheingfraciipn, REWEPN @aUseh ANE 1M PRy age
tasks. This | (fllcgt?c?r? \Q'tﬁri%’ SHH MR NindrfAMBE And RAIUEIRA! erfpfles?hif 12V BreférrddIe
first l|oading*port I'n the voyage. For exanple, for a spot vessel, the input
data for theehbodiatedt pf dieciotemtion. nAl usée fe. an aéShimBchedutareinpfitsaManed  ( ETA)
at a specified locatjion_and |ay per.iqd,provided, by, .the vessel owner:. and
for a term vEegsportation; Bptiness éta?ﬁﬁ‘ﬁﬂgl'é‘g’ uttere @lidndata PeftAping, 0 g@f}éﬂ ure
froma speci{li t] Jhe 4f ; ' [ sheas krown
di st ances, v{é@gfé’ggged g?atflgja;%sneés’ralﬁlg %F?%%Iglrlgé %ﬁggttgg),ecggnal passage
time, fuelingathiisrenpuameinger tDatagnputdinde{dve! t siicly as amExcFhwosibaokat Be wi | |

determine if a vessel can conple ea of the | oad and discharge tasks
W Lhin Che spdels ihen cepedimmpMere arepoiton Lol itondiinac e i ent i a
candi dat e pelqlglggg Wiléh %é%e’gﬁﬂ% g%tiﬁa%tix%@a@si%gﬁéﬁtg % MaximZehgfatinee, the

tool identifi he event S not neet t time w ndow. The tool
allows the user to specify an upper threshold, anywhere from zero up,

C




17 representing the degree to which a vessel can miss a tine requirenment of
each portion of the voyage and still be considered feasible. [0041]1In

addi ti on,woter/mwoe33i deri ng voyages for a current planni rgTraseaos/o11shere are
opportunities in which short voyages ®an occur in sequence and be covered
by a single termvessel or its equivalent. The forward projection of the

simulator is inplenmented such that it will identify voyage copbinpations for
a singl e temarginssEie reralts, arhich san thsnebe storeds B@iu‘{ﬁﬁ"? rg‘?(’?‘é‘fw‘b‘g’l%er e if

two voyages ,can occur, i e : P “h ESBRS PAAUSHhERP td1e first
| oad eventsASflggm\?Btléaﬁg 8?%63?1?@ %tﬁ&‘f ﬁlethfifjr)r%ﬁg\n?n% fs(’)rBt he Ieast edi schar ge

event of another voyage). For pairs of voyages that can occur in sequence,
the cal cul ati on engi ne nust determine if each vessel can sati sf% q.hl9 t he
d

time wi ndowl@B5t r adgeerdingly.tone emppdimpagesthengyentian 1§ A0 3RNaraH
continuing the forwar j ect] ' LIE. S B il roesdsnce of
voyage 1 an&p%§%‘é\é\@‘§gp'%}e§ gﬁgggglﬁoggﬁgay&}?e&;ﬁfﬁ %ds%ég?a?/oyage

combi nat i ongnfifiple @eFh@ive pRicesony comieetedodizgly ionosequethes. orThmilimeleur e of
t he business problemis such that voyages can vary i&el em%th great , and
the opti mal iBteEcHreramecessens emsrigdr indgecthn g e BBALLY HYERt? GPTBHE voyage
to a termvessel t 1 ' %ﬂq?& RS bW ali8R $oOthe MOI €
voyages) tongé%?{ka%elaf%%@ﬁszérl%p\%&dggﬁh{ﬁ t plelgmégsglgée I21?tgsiaglnne%tsedo not
typi cal |y apptisitaionpef messe! fansportationr ecigeintingl | y Furthed fher appdrytusne
voyage. Simlarly, mnmultiple voyage assignments do .not tﬁlp%fgal l'%/{ grpﬂl y to
ships with drelndesra daterantiyngnd HFeAge APPEFFHANAL Fofither dath oy 8T MBI Yy

(i.e., ships_tha e ) iall nat { : S&ﬁﬁlgllqls idyul at or
nmust deter mcﬁ%n?/ﬁ&u?%ko’\}ggscgp-}sﬂ ug%re% Zlg%%lﬁgb ﬁzﬂs"e“&[‘ Ig%)ﬁtg ﬂﬁ‘e voyaégé’%?dggl

const r ai nt s .Jinveap@e tisiedlvoyags! thai avadlablarvessetd, add:the hnuoigyrestodi to
capacity of a vessel, the deadwei ght (D\M%{ gqapaci L‘y OB a. vessel ,tmaxi mum
and/ or i ni fgneriEeigel. dFuelly. fisnapnaratys includesor sabisartheh 5 MCF A9 Pdi ng
arid/or disc ' r dl | o4 He brasfanMaingand/ or
departure at™ ﬁ%k%g‘gg?’n%gg?\%?%&%ﬁ?gi %agjaggr@[l{gﬁ%lot h(rabr usi nesgs 18
constrai nt s prbblemsningd mhixpd aitegert(linearppograrhmong mioblemisg a given port. In a
preferred enbodi nent, the tool accounts for the density of the various
cargo types (e.g., crude grades) and tol erances for the specified | oad

vol unes. Th I i ' e draft for each vessel based on
each | oad aﬁ%ﬁgihg? ar%g%é%/beﬁmgﬁfﬁ}ﬂg&gz%\g% ated cargo weight to check for
feasibility. [0043]In addition, if a single termvessel (or equivalent |ong

t hi t the t | [ ts { tinpl th
cal culat | bn BRBPnG. chdDe G TR FETh &t Eee (Y e ot Prf ¥ BRSent ) o
for the physdrcaaéerﬁeg F)“Z tsﬁr%illgf éorﬂh%ﬁé?l? Pf@ﬂléﬁl@.l ProeMBEe t6 ABtdIaidodiputdtidnot her

words, to be feasi r a cohbination of two or ‘nore voyages, a term
vessel nust fgforhilaacd, ahereetrallneptinelzatem probigrads dividestinge subpastst rincthisons,

etc. of each of the component. voyages. . .
embodiment, the appilcat%{l irst determines each feasible vessel/voyage

assignment based on temporal and physical vessel/voyage constraints, then the
optimal individual net margins for each feasible assignment, and then the
optimal combination of feasible assignments to maximize the total net margin.
It is also preferable to break the problem into at least one linear programming
portion and at least one mixed integer (linear) programming portion. However, it
is also possible to modify the application by combining some or all of the

subparts and mathematical programming portions.



[ 0044] The result obtained by the sinulator is a set of feasible single
voyage/ vessel and nmultiple voyage/ termvessel pairs based on the input
data for wbeownsages and avail abl e vessels. This forns wPhe/usa@issifses the
full multiple voyage assignnment optiniSzation. THE SHI P REVENUE OPTI M ZER
[rg04g]hThE Ship Revenue Optim zer builds on the results of the Sinulator.
e i p Revenue Optim zer takes the feasible single voyage pairings and
get erm nes {0037haxi Flfn tadepifics \aeiaries drnspertatig G%lﬁu@éf’ﬂ Fs‘l&b‘]‘eec@-e’e o the
nown voyage constrainis. ;100461G. v nSetu ' il ng e Ship
Revenue Opt I'fi 278 ef@:ﬁlhét Il%cthéés)est eg%gﬁ@m garS gﬁ frlg\?gfﬁ%e% hglltn&gﬂ;c%ldf tggsi bl e
_Iﬁl)_a' ri nlgl Can"Abéigthﬂent@pmfizfee.\'fem‘u@sei termas fefiérs biy donationt heseparaje pasiogistin
ypically, a voyage specifies an anmount range (e g,, Vvol.une range r at her
than a specilfd eodguimnene prefgrend embedigmang of dre BIOHRL. pThe FR4in (REpO y tthge
| oaded or disch ed .at l: ' el may
or ‘may not BSERABIE FaBisHRESE R priield flectel YEKAPIRadnL IR SoYaRT et
t hroughout tHhg deRYyRaR MBGiN@eROPaderashdll ssigAtenrsdindghyltipldieoivep Reuenue
Qptim zer, usi n? voyage constralnts and product densities to the extent
necessary, dessef mspgaments thati piemiesnible SeRovens: cOBMFAIP ARG gVOASC

Lrnspor v bRabl O i KA E5he R Gt RBLE RIS e

WBMARKET / ®9@ufatéz output one step further to determine, as one or more linear
programming problems, the maximum cargo revenue that each feasible single
vessel/voyage assignment can earn subject to known constraints. Net margin for
each feasible single vessel/voyage assignment and each feasible multiple
voyage/term vessel assignment can then be calculated by another portion of the
code based on the Ship Revenue Optimizer output. The Assignment Optimizer
then determines, as one or more mixed integer (linear) programming problems,
the optimal solution to maximize total net margin for the assignment of vessels
to the set of voyages using the feasible single vessel/voyage assignments, the
feasible multiple voyage/term vessel assignments and the corresponding
individual net margins for each feasible assignment. Each of these portions of
’code may or may not be contiguous tq one another and each of these portions of

code can be broken into subparts that may or may not be contiguous to one

another.

[0038] Decomposing the problem into a simulation step, a revenue
optimization step, a net margin calculation step and a vessel assignment step is
one means of achieving suitable run-time performance. When the code is
decomposed in this manner, the application can perform the calculations for a
typical problem comprising twenty to fifty voyages and an equal or greater
number of vessels in five minutes or less, and typically less than one minute,

running on an unimpeded 3GHz single-processor personal computer. The



where "CRevmAx" is the maxi mum cargo revenue for the vessel -voyage pairing,
typically in U S dollars, "FR' is the voyage flat rate (i.e.,

Wor | dscalwoQfowvmsi4s3f or t he voyage), typically in U S decCrarsgoosei2sidn,
WBMARKET is the market Worl dscal e rat® expressed as a percentage and "C' is
the maxi numtotal tons of cargo that the vessel can carry w thout violating
vessel and/or port constraints for the voyage(s). [0047] The Ship Revenue
Optim zer i simlatosy tis| Ship rﬁsﬂvgmp@@naéerawiﬁemsme% FAYEST RTUSDSDI en) .
Thus, the Shi.p Revenue Onptinjzear .do not ..n nsi der which vessels to
assign to wit ‘i})&?a?éeégl%ﬁﬁ%sérg,mﬂ}%§Ben§%r88@§ggtal§%8‘?éasi bl e vessel

assi gnnent and nmaxi m zes the correspondi ng cargo revenue. The recognition
that the revenue optim zation is conpletely decoupled fromthe assi gnment
optim zati odHpes HREOR 0 devel op a viable and tractable set of

cal cul ati ons which can be acconplished either in: (a) one LP which
represents the conplete set of feasible vessel-voyage pairings, or (b) N
smal | er LPs [pé39]e NThs rhdlg pupdrerofothe fStmaldobreis o detdrminy adectpaesselsga i n

whi ch each LP probl em corresponds to_one vessel -voyage pajring. Both

appr oaches yhepyaildhte flgpparcceandidatesnfer taash yioyags éhgh@ srdtQleyaese roaches

is not signid.icant in ter f ¢C at | run-t ke it P | ver,
such as CPLIé'{“uf?fg?res??“xg@%%f%%?mgbc%&%gn & Eészglg 1‘foé}sé ol 3215 ﬁ@ LOI%DO

probl em  2Q,cl3RhRleThevdupeopaseat unl tempazal ded eshiysivab vehsel amiduabyage

conmbi nation of vessel assignments that yields the highest taotal net margin.
Pref er abl y, coheiraintsi diomsaeh upyage: therSimailatpsloaks At eaghaessshdn Hie #3ilablsi xed

i nteger (linear) prqgramui r ,

Assi gnnent g‘# rﬂ”@eagﬁeﬁgﬁnﬁggvgﬁ%&érﬁp}(}éeg&’?%eg% W?ﬁg{;r@é S@%kir}{%&ng‘“&ru on
that maxi m zRghhfledaske givenr e mecessame tifrl witalpagearas poxg omstraintsnohethet he
constraint that spot vessels and the |ike can only be assigned to single
voyages but o¥ege-vessels and the |ike can be assigned to nultiple
sequenti al voyages. [0049] The decision variables in the Assignnent

Optim zer are which vessels to assign to which voyages. These are yes/no
(discrete) deou] onFirsgnile Simubsor dgeanians ehicis vasselsi ararfasiblei astéon( 0/ 1
variables) in an MLP nodel. The objective function is. paxi.m zatipn of
total net neyayREe tomperl tféﬁ‘élferﬂ@cts-na‘?‘gYQYag%fdé?‘é‘ltioél BRREISs e ‘f"%gﬁ”est
margins for et SARKINRshd/ QY REhAES SeLn CAUR! (k! Ohd MRiIgiR HeAATS a

conbi nation 1S a sequence of one of nore voyages). Each voyage shoul d have
one vessel afpswvadeproj&anh iressed teqmediot athenostgivane vessghgen gierforgi then ti ne,
but a termvessel or the like can be assi gned tg a seguence of E‘F\Ag or nore
voyages. ThuoyagetasksslBisiasiudey? prjesdion dﬁﬁ“é © VERSChE YRRt SISt

each

feasible Voylﬁggihéﬁ)%%}l&] tﬁ@%}l%seh%ri ie, TS a gg}?(ﬁ%ie@eﬁ tHQYrﬂ%li? gﬁﬁnﬂé} Bt i ons,

the cal cul ati’on €ngi ne dete es the net mar for feasi .

voyage- conbi foawh@npmijettivasimeludpsian sestifiiateshtitiei of atrivel KELR) rab debpesiiede
solved to produce the vessel, assj nt that yields the maximumn mar gi n.
A suitabl e Moepighandjay-perigd l?rBM’tq%Hgg'u PrYt SS@#BE%?“)@P(;@E a g VF?ﬁﬁﬁlﬁO or
anot her ot h%Rg@ hR SRl HRes GANeRENHSE Bk oF Yepsrtinde b B d%@i@i!eﬁ%citﬂﬂﬁoL One

i nput to the Assignment timzer MLP nodel is the net margin for eac
f easi bl e ves@IDyoyHye fpaward PiogecBionpcdResidensiknOpini distancenr vehsele dpeede,

maxi mum car go revenye for each voyage-vessel. pai.r .. The net rgi.n for each
voyage is t hoafieas djsq 1\ag)fatgq,é;_a.8§ygﬁs@,ge\;ﬁeeﬁuql@1g| EB?’sanp[%rﬂﬁﬂﬁ cargo
revenue and §ypLeahb¥ind "ele $inRAf6t ¥l iREHAIR FUSRs@S cBn RBiplKté 8ach of

the load and discharge tasks within the specified time windows. If so, the vessel

is kept as a potential candidate pending the evaluation of the voyage constraints.
Otherwise, the tool identifies the event which does not meet the time window.

The tool allows the user to specify an upper threshold, anywhere from zero up,



21 value for termvessels (explained below), mnus the incurred costs for
using the vessel on the voyage. In other words, the net margin for each
voyage pawo 0@mecbes3det erm ned by the follow ng fornul a: pibIUs20d8/01251C wher e
"NM' is the net margin, MV is the narKRet value for the voyage and "IC" is
the incurred cost of performng the voyage using the termvessel or spot
vessel . Again, each individual net margin for each feasible ves%el-voyage
pairing is mepresestingthaidegredite titieh Bateased €ap st Bima seqHegneb A caghi ch
cannot be known faqr, certain unt.il Ssel ctually conpl eted a voyage,
nust be preH?’E’toé‘d%éh%lv?%getaﬁl S&}Qrﬁ?(aacto\{@g?%g f?%s?blg'ach vessel - voyage pairing
I's cal cul ated based on market conditions. [0051]In a preferred enbodi nent,
t he market value for each feasible termvessel f{;\ssi gnment . but not each
feasi bl e spf04lsseln adskiiomnhen considenpesyoxages fonarrieat planning mathi on, in
a preferred_enbodi nent, t.he i.ncur.r.e ' t

assi gnnent sd}fﬁ‘a afeengP%Iinémgﬁsolm veéé}égh(grg?itoa% ésn%agﬁgéééﬁggl %HP%‘;{%Z% be

di fferentlycofed bha AngIRAEEeS vedsel bt itseqeivalent. The forbatd prigedtivat oftthe be
used in this enbodiment of the invention to estimate market valu? and

i ncurred cosimulaior is émplapented sacd thasyaydl pdentdy Foyage comBIMatiops | igiA

[ 0052] First,. the market .val L ea | o | nt can
be cal cul at SHECITTY wase Hiiife faboRE, i SRERRLCARERtHARER! (Ao SRS

i nf or mat i on caMekeuR §dquh@ (&/g., ihteasihe MEndolwsdoktic fial lead eventmofia
feasi bl e spot vessel assignnment can be cal culated as foll ows: M/SPOT =
CReVVAX CTUNBY&DOr O rafter {heg;lmgaa(glqg@' for the last discharge event of another

voyage). For pairs of voyages that can occur in sequence, the calculation engine

must determine if each vessel can satisfy all the time window constraints for the
two voyages. This is accomplished by continuing the forward projection in time
so as to simulate a sequence of voyage 1 and voyage 2. The same methodology
is performed for voyage combinations that contain three or more voyages in
sequence. The nature of the business problem is such that voyages can vary in
length greatly, .and the optimal assignment must consider not only the
assignment of one voyage to a term vessel, but the assignment of voyage
combinations (one or more voyages) to each available term vessel. Multiple
voyage assignments do not typically apply to spot vessels which are generally
hired for only one voyage. Similarly, multiple voyage assignments do not
typically apply to ships with charter terms that provide similar short term
availability (i.e., ships that are essentially spot ships).

[0042] Second, the simulator must determine which vessels are feasible
based on the voyage physical constraints. Voyage physical constraints can
include: the volumetric capacity of a vessel, the deadweight (DWT) capacity of a
vessel, maximum and/or minimum vessel draft upon arrival and/or departure at
the loading and/or discharging ports, maximum vessel displacement upon arrival

and/or departure at the loading and/or discharging ports, and other business



| DEAL ( WBmMARKET / 100 * C] CTUNDi s DC where "M/spoT" is the estimated
mar ket val ue for the voyage using a spot vessel, "CRevnmAx" is the maxinum
cargo rewsoueosmwn43Bhe vessel -voyage pairing typically i rcotS2oodolisas s,
"CTuNDI s" is the applicable | aden andisbal | ast voyage canal tolls for the
voyage that would be paid to a notional spot vessel having the 22 sane
characteristics as the spot vessel to performthe voyage, D "- CIDEAL" is
the narket demsirainiseviiohtmighteprohibifr ReYessRlndiprayisiting RySveR Pt ngld 2

denurrage da for the.voyage assunin Lo whe spot
vessel | ncudﬁ%%"&‘iﬁﬂ%ﬁ";b‘ge%ogf&% ?(\’A(/’;iatcf(r’llgmghfgggﬁeo? @1?%%/5 §€§g‘ﬁr J§Qfé%e§£§? tE\e
first suppl yyﬂeeqa.%!.p&uua fifes) anditoRrared st thef spebifiedoyadeoliridd. Thet he

voyage flat Tate (i.e., rl dscal e100 rate for the voyage) thi cally in
U.S. dol | ar salsalatipnrthemermmimesi thet draftnir leach \Wspsed asgd Op f2s (léi‘braéésed as

a percentag "C' is th XI t ttbe vessel can
carry wt hoﬁ%s’q}f“@f:aﬁ’ F‘ﬁtgal\%etggg?sgghﬁdg%a?%%%@ r@éﬁiﬁ%ﬁ%’?ﬁ%%&)ﬂwé voyage.
[ 0053] Second, the cal culation of the incurred cost for each feasible spot

vessel assignment is calculated in a simlar manner to the market val ue,
except that [084Yet boedditionnf asyiegle dpmureselfor Paubaies bty MFfd f@Red cost
terms. More partjcuylarl t he_predi ' r S gagh asi bl e
spot vessel %eéitbﬁ#%???(’%clag\r{e%%ﬂcgma r@%}ﬁgfgndl lﬁﬁfét ﬁédalgg?’l %1\% élagéur%annereggl?%spor =
FR * (WBEXP/chO&s 16 ihéurevhdt)the term vessel is also feasible for the physical constraints

of the multiple voyage combination. In other words, to be feasible for a

combination of two or more voyages, a term vessel must be able to meet the

relevant capacity and port restrictions, etc. of each of the component voyages.

[0044] The result obtained by the simulator is a set of feasible single
voyage/vessel and multiple voyage/ term vessel pairs based on the input data for
the voyages and available vessels. This forms the basis for the full multiple

voyage assignment optimization.
THE SHIP REVENUE OPTIMIZER

[0045] The Ship Revenue Optimizer builds on the results of the Simulator.
The Ship Revenue Optimizer takes the feasible single voyage pairings and
determines the maximum cargo revenue each pairing can earn subject to the

known voyage constraints.

[0046] Given a set of feasible pairings, the Ship Revenue Optimizer
calculates the maximum cargo revenue that each feasible pairing can obtain.
Cargo revenue is a function of the cargo weight. Typically, a voyage specifies
an amount range (e.g., volume range), rather than a specific quantity, for each

cargo of bulk product that must be loaded or discharged at each port in the



(Ov * OvRate/ 100)] + DCEsr + CTuNois + LS where "ICspur" is the predicted
incurred cost for the voyage using the spot vessel, "FR' is the voyage fl at
rate (i.ewQ 20dwdedsssal e100) typically in U S. dollars perCrars2008085xp" is

t he spot vessel's expected Worl dscal et9rate for the voyage expressed as a
percentage, "PCM n" is the part-cargo m ni numrequirenent, in kil otons,

whi ch the spot vessel owner charges even when the vessel is |oaded with

| ess car go, voyage. i & fensibleyvesaglempy a5, may et hensbl toofragpogothegrasiinuBy ond

the PCM n), "OvRate" is t ercentaqge,r i t, &f 4 $00t
vessel O\Anefe%‘l“?gr §“Pp8hchﬁé’9?4u§| gﬁi‘f‘g‘%‘gf}g f‘%‘? 2‘???%% %rgl;a c‘lf?*%“i {F\J&g?zégss of
the PCM n, ‘AeEsfinglySthe!Shis Rleloiiee0pasien usiteVisyaae @ ofiSigdists (andgrodidie
vessel's denurrage costs tines estimated denurrage days) incurred if the
spot vessel dessiigsiogthe@xtané neespage, detemuines the maximem ofg] pargpithatl egdBn and
bal | ast voyage. canal _tolls for fhe { I tional
spot vessel pﬂmgncﬁnttf?élsg 1%95# 518%%1(31%3@?8%&%15&}%%{] }g)ﬁg Olggjsaglé% Q’%‘gth%gr form
the voyage apkulatd’ cirgo 38venud MBmgURe Eslwihgfornfda:g., 23 if the vessel is
hired based on a lunmp sumrather than a Wrl dscal e rat e). The Sinulator's
forward projection has cal@®avaned FRE ¢ WVimagcmof 180D the voyage events
(10ad, d SC*@gegeegggg%’gg\;F@% hhakiniBh @08 IR ¢ §95581@Jv%'rg§§%ﬂi mur r age

days. Denurr over age percentage rate, and scal® rate
are all inpypidatyain US. A6BaMORY [5ahE voydpe fBit fate @ ar Workisoales0Gratest i mat i on
of voyage flat rate based on estimate port fees, voyage distances, bunker
fuel usage, fantheooage)r BipisadlytinhSt dollars perrtann¥iSmasksy 15 thsyaaket | at rate can

be obt ai ned ({,r blicly avail abl e indi d.J I

Ther of or 6. - SVRBE B PP RS At s s e B 1ES 14 MR dhadRREY BB el |

kil otons of Gasdifat the&esROtay eapevithost vichringeessel and/at patt cp@dBAtThi rd, the
mar ket val ue for each feasible termvessel assignnment can be calculated in
t he sane marfoetheavoypgt(skhessel plus a net hire value (defined below). Mre

particularly, the estinmated market value for each feasible termvessel
assignnment can be cal culated as foll ows: MVTERM = CRevmAx CTumms DClI DEAL +

NHV 0047] = [THB $hip REBNIKEDptimiAP i} prefetably Giiphbhented BEIMEAR + NHV
where "MWTERM is the estimated narket valucéfo the v g}g@usin a term
vessel, " CRdVingsr programaing eroRlemear sy ety R&VeRtfe & 9‘6%a5%t

pairing typically in. I g bShich & applth&a R @nkREAN
and/ or bal l a%eted\%fgﬁ%y%rgﬁgﬁﬂt‘%ﬁegs *%gg%%l\govoylggeoﬁ%s woul d” be pr)lai dto a
noti onal spadack €edsile hessehgssighencnaamd ahaimizeethestorespaslingicarge revengssel t o

performthe voyage, "DCIDEAC is the market. denmurrage .cost (i..e. r ket
denurrage dalh§recagrition that the feventg OPHEYAHORJS Cf’ﬁl@?eg‘&}y 80'&%&%‘)%% best

case scenari g S A 4 A081L 254 Sradiibld B&t ghead of
t he supply ﬁ?%ﬁt ?Rgﬂﬁ%ar&sét% éﬁ%]ﬁ}sy&%é&a?iegﬁgynart he | oadi lﬁg segnent of the

voyage, " NHWalddationzevhichreanvisd arzoagdishetkeithar in: (@ranevieB ydhich mepresemts or ns
t he voyage cal cul at ed usi€%§a Pa{ﬁ% 1r ate for. each d@g%he her vessel is
avai | abl e afthercomplete setol,feasibfe vesselzyiygpe PRNES T 02N, FOG Foy 5 89 or ¢ he
pl anni ng peryq ief 4l e Seddel-ve Afink O iH WhidDeddheLHGIbYlehat € has
been reached, l\g\ﬁtﬁﬁgtuﬁlg%gg?l y Sr a?e conti %&n‘é un%i | a specifi ed%end dat e,
"FR' is 24 corresponds to one vessel-voyage pairing. Both approaches yield the same
result, and the difference between the approaches is not significant in terms of
computation run-time. A suitable LP solver, such as CPLEX, XPress, XA,

KNITRO, etc., can be used to solve the LP problem.

THE ASSIGNMENT OPTIMIZER



the voyage flat rate (i.e., Wrldscal el00 rate for the voyage) typically in
U S dollars per ton, WomARKET is the market Worl dscale rate expressed as a
per cent age 20096433 i s the maxi mumtotal tons of cargo trhatuseésovEsssel can
carry without violating vessel and/or2oport constraints for the voyage.

[ 0055] The net hire val ue nentioned above is derived froma daily rate that

the application assunes the termvessel earns after both of the follow ng

events occuf0048}) tTFhe tAgsignpeens cPptimizer cdaterarinehdhe gtugl qombinatiqnyéd
voyages for _a p]annin eriod ecifyi fo LI to
i ncur the dé{FﬁSgl raﬁstl%mﬁﬁ Sﬁégtnyfbg%cg@%hmge{ giattiill ggr glt%P gbc?ﬁégglghﬁ?itﬂga
speci fied endsi@datfRnt Wptindizée iV thplemieitedS&ohe of apoesmited itegrot @intard
future earnings a termvessel can earn if available for future planning
peri ods upopragsapieng dMIbP) inreblgmsi gleate wagigEbLY f BE ASHBFHEAPUNZERNi ng

Bvai Labi o 1 icme ot T Ao A BEt K REC Bt @Rt g

period that pihgin fApWesséPyapae @tignhidntsi@ider thd ¢dristraintithes spot vésselbiakél y t hat
these vessels W ll be assigned to future voyages that a[e beyond the time
horizon of theelikogayerlyherssigaehie siagke yoReerPtigmangsssisand BF difsican
period. Having term vessel val I such future assignnments has an
intrinsic véf’%@“g’ﬁ%{totrﬂgﬁlﬁz %ﬁkéﬁégﬁzg‘%ttemt s to estimate. The

sinmul ation step has calculated a forward projection for each single voyage

and nul ti pl e voyage/vessel pairing, and thus the conpletion tine for each
pairing i s HOGAH. THbedeebioastarisbies irethe Agsignmrent Qtimyges yf svhich Yesiplsr al

reference pqoint (i.e.,. .an f LM i i r [ he
daily rate 1(‘%‘6135%{é%ﬁ?11ﬂ}3f?}i1 r‘{§9€%"t%' hﬂ?ég%\%%g%é@\ngl(?ﬁgﬂee&gmec &er{ré’ea%gﬁ?gﬁpor al
ref erence pQiptesdnted ufiRd birfaryprariablese(04b evariables) ,int dre MHR dubdel) Theut it
is typically placed at sonme point after the |ast voyage ingaghe set .of
voyages t hatobjrssitetfunetion isnmaxispasatien pbintel nejyfaarein i where Ja@s et Bagages
are conplete,.and the refer pQi.nt | b C h 1 sel
earns an assSFfedCqdlis y&rngt g{lctggl ﬁgd%?‘%gﬁlﬁe?&nhiiagﬁr gagsgne?o?o%ﬁg;emr’éeéﬁ%i nder
of the nodelcobibiRatitar (where( . €oyagepcémbinatioens afsetjhencecofi@miecohanoemeon) .
The net hire value is the product of the net 25 hire_dail rate({rultiplied
by the nunbetoyagesdayiachyeyags siouldhave @n%&?ﬁﬁéldasd{ﬁ‘?ﬂ-g’ﬁ%ﬁev%ﬁ%}é%ant Ot

hori zon. [0056] Fourth ] i as Sl i

predicted i Hgﬁgrtroélg Vé)@)&sl%‘I (S:){iang%ggéla %&Pg%gﬁgé;%%ﬁ%ﬁﬁ% lljlgié%?gggﬁ%g?gr}? port
fees, and cangqué@sof thor & reretvoyages. | Thust the gesigdinenecbtimizer regdirentite f or
each feasible termvessel assignnent can Fe cal cul.ated as follows: | CTERM

FOON + PF + TGtDasgimHier sach topsikia voyxageyessst e @ af ipity FoLfeBile VP38 he
voyage if it is. |gneg. t - LeLp: "ntSniab&inf #B! feaSIBRUNPL i ON
costs for the vd@%gdelgi 139? tcg}cilﬁzlgéi é‘?ge‘%@f‘%%{ﬁ’é"%% Sesselt)%ﬁn" PP" ei s the port
fees for thevoiagagembithtiof tidsiesed paite Giade this,rttie DAIlPasdeloyeade sodveal tol | s
for the voyage after accounting for The si nul at

any. dj scount ., r h
proj ect ed alto praduaggheyessel assigment that Nlﬁ?‘isetﬁﬁf’%aé‘é@ép ‘:?‘?’i BT g‘&‘a?hsqlﬁi}eudes
term vessel Ghpgds n(,{u*%g&&h ?%;’@F&iﬂ%%l}ﬁk?kﬁ%@ URR! QI TR@AGNandiBd ast ,
at port, during cana passage). I nptt data al so i'ncludes port fees, and
par anet er s tgheshMilnBiselveaoal bé eesl toEolve,the¢ MiLPeproblesssel cost can be
cal cul ated. 10057] The i ndividual net margin can now be cal cul ated for each
feasible

[0050] One input to the Assignment Optimizer MILP model is the net
margin for each feasible vessel-voyage pair. The Ship Revenue Optimizer
produced the maximum cargo revenue for each voyage-vessel pair. The net
margin for each voyage is the market value for the voyage, which reflects the

maximum cargo revenue and typically other financial factors such as a net hire



spot vessel and termvessel assignnent. As stated, the individual net
margins are the market value mnus the incurred cost. [0058]Wth respect to
f easi bl e wol2boglee4380yage/ vessel assignnents, all the comrcepsodessis bed
previously remain valid and the concept of net margin is still applicable.
The net hire val ue revenue conponent is cal cul ated based on conpl etion of
the last voyage in a nultiple voyage sequence. The fuel consunption is

cal cul at ed wakedontermneespels éexnieined baloyn), wirys theynagEred) GRsts %é usHg) tg%t

portion between, copnsecutiyerv . V, g e
addi tive wh&R Shit IS P38% My %?%ﬁéf%sc%ﬂéé{e“ ifitbin 0l cddh :E’gid%%ﬁﬂ,%ﬁ? B v Lp

vessel assi gsigBfinedyl tht Felldwihgtodablai ncl udes constraints to ensure that
each 26 termvessel is pernmtted to do no nore than one voyage conbi nation
(where a combination can consi YMFMMe K+ nore consecutive voyages). Each

voyage nust have..g.pessel I dMQa . e 1 i nggbon
remai Nns maxi eﬁ%tﬁg/ﬁ 131&%? 8?%%%?’ mrgﬁtﬁg%ﬁ%@rtevézﬁ fo??l igég{]a}é[%ia[&ldquoyage
vessel assi gnmaNindBledNEdse lofWhir€dimivX itheé Zegagenasingtthb tamh vessdi or. spot

[ 0059] Thus, the assignnment optimzer is used to generate opti rrﬁl vessel
assi gnnent s vessel.er Age, serhtindividyphyne| margi fohtearh dgatibler ¥e556hueaget o

pernmut ations _of the base assi ' 1'1%5.3% WHiona b
restricti on®?4f& lﬁﬁp(faﬁceugate ip(ﬁ’(;:(nF’lilif('[’r’rkl¥ PQ‘%@?‘% g@t*?ct t g ‘%Wﬁml/{elgaa@oénremnt S.
This is progasemaldrovétdilamtides vessek has tdsauatighesinpleted &ovayagt,y neistrbe
conpare an optinmal assi gnrrent to alternate assilgnrrents whi ch iricl ud

vari ous usemredieieil fandd2) ke magkat orplue toneach Vpisel-y P iRg ssetlewatedgnnent
optim zati Ogaa%%f(lnaig@%l?neo%itigﬁg.e reconmended vessel assignnments, and this

is the basi e(%ﬁl ng the optimal lifting program A WORK PROCESS

USI NG THE MODEL [ 0060] One enbodi nent of the invention is a work process for
marine transportation scheduling that uses the m)dTI i aﬁp%i C%Héon
previ ously d@8sHi bed. In p peeferredsBwpdangnt, @ﬁé“qu(‘?ts‘fa‘éetg’ge? REORIHBd i s
i nputting and/ or nodel i ng ' ' Ingudat se
systemis i nEeyr ﬁSIggr,nergtl’ b?lgﬁllé’? gcgfe%ta\%{mb%hgb%{t %geﬁgggslx%%bpl i c%t%i%ﬁaf or
mari ne transpey vAté.oh sddieen| ihngpreferetifnshodivhendt] thenncurrdrbcast domfgasiblep is to
run the application to solve the nathemati cal del . after the at]%te nd/ or

b

model i ng optteonsvesse assigmments apd A5aUPlei $HOP PR FFEIGHMERHSs 8T &7t tain a
recommended edul e of P WOV, : S Sl BhSthal Bad Bé ss&Mbhodisment ,
the third st‘ﬁﬁgre\ﬁ‘/ﬂ?/cﬁréﬂggﬁ‘ﬁ’é’ﬁéﬁ ?Nﬁgl&tgaglo?léggg@qﬁhe praecedi ngsst eps Sone or
nmore tines Whbbdiinkhebeilic dateatibr b rdstitriaten snarket olatled andnecwredroosss for
alternative schedules. Finally, the fmh)h step in this enbodinent is to
assi gn vessefessiblg vesgelvoyage pYAF S8l 8l9%t  of voyage during

[0052] First, the market value for each feasible spot vessel assignment can be
calculated using maximum cargo revenue and other relevant financial
information. More particularly, the estimated market value for each feasible
spot vessel assignment can be calculated as follows:
MV spor = CRevpmax + CTunpis + DCipgaL
= [FR * ( WSyarker / 100 ) * C] + CTunpis + DCipear

where “MVspor” is the estimated market value for the voyage using a spot
vessel, “CRevumax’” is the maximum cargo revenue for the vessel-voyage pairing
typically in U.S. dollars, "CTynpis" is the applicable laden and ballast voyage

canal tolls for the voyage that would be paid to a notional spot vessel having the



27 the planning period, based on a recomended schedul e generated by the
mat hemati cal nodel. [0061] More particularly, FIG 2A is one part of a

t wo- part woageesi43Bat il lustrates user interaction w thpcans2eoiseizsieps
performed by, the vessel optim zatiomapplication. FIG 2B is the second
part of the two-part diagram 100621In FIG 2A and FIG 2B, the rectangul ar
boxes denote steps or processes and di anonds denote chec,kD oi nt;s. t1c1>

det er ni ne i $ame ohdrecteristiastas thespotvesseloto pryform B15eYY28fat &@EAL" J8the hgi cat e

a tool calculation step. For .exa » 1.55V0 2l atr SYh AL ARRF> 1S
the step in“'%ﬁ?eé e’E“I‘l‘éra’gBSPSte(é'Fi’ ﬁ’g‘%]é% mutrraégggélljzfr %Ire tgfl%ﬁ?é %) ag@g Fl at
rates can b, CaleCibyalg8Chsehimay ai hid cas®Rranabbi whyreaw aipbelvessel ibweso Label s
that use "Result:" “indicate a step in which the u;)greﬁis reYi i results.

Wi n

For exanpl edemheagosostabeitog dlred @f the supply datedah 1St Supply CaBgn Msul ts

whi ch di spl he,.maxi num car Ln_Kki | ot ans,»t haty. ha n et imed for

each feasi b% @%%VW& %gg%m ﬁ#g’ [8\363]%#%%) A, ﬂ?ﬁeﬁgeimr(g?"step i's

"run transf eoddeme S0 Shte Tof thel Wyags) §picallian EGuiskats peo g W Bak ek S

transferred froman Excel file or sone other data i%pg{;;,,an Stor'gg;
064] Th

e
appl i cat i onis theenarket Worldsealpiratat(pxnresspp ap éaPFANIAE BN Bt ep i s

"<< Voyage Flatrate.Cal culatjon >>." .S iolhfige LLat! 4l/6r &k each
voyage is eit‘?tg]etronéé’lf icf’r@toetbi“‘"{)#‘heevnetsseerlecﬁj.1 r?:Ia"rr‘rgfvzlrta 5"1 Otﬁlggf at rat es{)are
estimated (@gnddisayssate Ry . However, the flat rates can also be

obtained froma comercial service such as Wrldscale. The result of this
step will either be a data error or an indicator of successful conpletion.

T the resuh@%{?j 3 ag%%oid?{t %&?Ictgﬂ?ioﬁscﬁr th(éhfflﬁﬁﬁez? Q‘é;stgﬁ{raeziccﬁrfea:isimee!%pd'ﬂéI i a,

i ncorrect v IT'ors, mssing leg data, etc., returns to
the data i nRiseRRskigiRERAS chidubitédinmksimildremanter dottho nrketdvalws teacens t he

Prosess: that market cost terms are replaced with corresponding incurred cost terms.
More particularly, the predicted incurred costs for each feasible spot vessel
assignment can be calculated in the following manner:

ICspot = FR * (WSgxp/100) * [(PCMin) +

(Ov * OvRate/100)] + DCgst + CTunpis + LS
where “ICspor” is the predicted incurred cost for the voyage using th¢ spot
vessel, “FR” is the voyage flat rate (i.e., Worldscale100) typically in U.S. dollars
per ton, “WSgxp” is the spot vessel’s expected Worldscale rate for the voyage
expressed as a percentage, “PCMin” is the part-cargo minimum requirement, in
kilotons, which the spot vessel owner charges even when the vessel is loaded
with less cargo, “Ov” is the overage (i.e., the amount of cargo loaded beyond the
PCMin), "OvRate” is the percentage rate discount, if any, the spot vessel owner
offers from the freight cost for shipping cargo in excess of the PCMin, “DCgsr”
is the estimated actual demurrage costs (i.e., the vessel’s demurrage costs times
estimated demurrage days) incurred if the spot vessel is assigned the voyage,
“CTunpis” is the applicable laden and ballast voyage canal tolls for the voyage

that would be paid to a notional spot vessel having the same characteristics as

the spot vessel to perform the voyage and “LS” is any lump-sum cost term (e.g.,



28 [0065] Preferably, the flat rates are estimated. In such a case, the flat
rate calculation is the estimted cost for a particular voyage (Est_Cost)

i n dol | arwodowides3sby the estimated cargo for a parti culpamr/vseyage2s1s

(Est _Cargo) in tons. The estimated cost for a particular voyage is the sum
of the port charges, bunker fuel cost and vessel hire cost therein. Port
charges are the sumof the port charges for each port visited in the
voyage. Buni{ehe fessk! tsosited basereonce amp sumnrathesdhare 3 ¥ ordsealgrate): stheni ng,

while at port and while transiting a Lo Gl £ i xed
consunpt i oné‘é’ﬁ‘ﬁﬁtﬁf \Q%I%‘vagféﬁlgc??g g‘.is, caica"?i%% eatrru%lﬁlrﬁeg%%?shew r?g/ﬁ %?8‘; Jfé% of a
vari abl e angym B8O fal &1e pbH ThEe) Mid Hay Bad slso shiealtatyderatirrpge dayand
transiting cdnal mitiplied by a fuel consunption rate). Vessel QLre cost

is a fixed Patarmage tcopl, iRSMiry eueragst pereersagss ratpearsh Werkdsgple daies areedflii r ed

for a voyage based qn the da spe 1 . i1 . i
ol evant) aBCaSamin g oBRaTRe: b S I ind FE U GFRFERITozble o
cal cul ati ongat ERE bHSR o) 35tiABLeORRO fédd) vbyagewdibtahcdsh Buniser fudbesageptndieed t o

accept, to review and change the flat rates. If the flag :ﬂ%tes ear to be
accept abl e, othke relseantctarnuedliematipelyc ¥exage flag faierqag be n%ﬁ%@&ﬂ

incorrect, the.yser checks the data (. Ciy LNC ge

val ues, i an‘tr‘]ﬁé‘ileoarV?fﬁaﬁ]i%sg}c#\ 5 3’&& d%%lg, Seé;tag%t;ag"r etmeﬁzfo%ég é{lﬁ%eegfé‘% \asqll\{ put and
storage fil el BBEBtiiRr 4a5 REehdoscalardrtks kibtons tof @apoy ties spot Messeliser can
al so replace the estimated flat rates. [0067] The fourth step is "<< Opt
Voyage Shi pcostchubgicalsutated. | n this step, the feasible and infeasible

singl e vessel /voyage and nultiple vessel/voyage assignnents are identified,
t he maxi num cargo revenue for each feasible assignnent is determ ned and
the net hirgoosjue Thirde@memikasiilhe fasaichfassileiternd ebesehasseghmetieanesul t

of this step will either be a data error or ag i[l}gnsgi cat or of suz;(geg_ssaul
conpl et i on. befcalawatedduthe samg rgapnsT & $R9F Vepseh PINSe? 1eh BER &V (Ringds o |

inter alia,  incarreet v | MES, ] t SlueTorSda0s feggbdakan €tc.,
returns to tbﬁg)wgat gfqrﬁﬁ%?%ﬁ%ﬁgttggaeggh@ﬁdemt% {c:)l{e?favéeuet he caorrecti ons and
restarts theepfepa&ssimentah 60G8lculated asffollossep is to review the net hire

val ues for each fl\/?siéREAECReVMAx + CTunpss + DCipgar + NHV
= [FR * ( WSmarker / 100 ) * C] + CTynpis + DCipear+ NHV
where “MVyery” is the estimated market value for the voyage using a term
vessel, “CRevmax’” is the maximum cargo revenue for the vessel-voyage pairing
typically in U.S. dollars, "CTunpis" is the applicable laden and/or ballast voyage
canal tolls for the voyage that would be paid to a notional spot vessel having the
same characteristics as the term vessel to perform the voyage, "DCipear” is the
market demurrage cost (i.e., market demurrage daily rate times demurrage days)
for the voyage assuming a best case scenario where a spot vessel incur no
demurrage costs waiting ahead of the supply dates at the first supply location in
the loading segment of the voyage, "NHV" is a net hire value assigned to a term
vessel that performs the voyage calculated using a daily rate for each day the
term vessel is available after the term vessel has completed its assigned voyages

for the planning period and a specified start date for incurring the daily rate has

been reached, with the daily rate continuing until a specified end date, “FR” is



vessel /voyage assi gnnment, the maxi mum cargo revenue for each feasible
vessel hoyage assignnent, and the feasible (or "candi date") vessel voyage
assi gnmenwe,2009mei43at order. |f everything appears in or@er/uskévs/ owses
continues the process. If the net hir® cal cul ati ons appear incorrect, the
user reviews, inter alia, the relevant daily rates and the voyage

schedul es, returns to the data input and storage files _to _maﬁg,an
necessary ctherayrgofkt r@tnc(i-ﬂes\fv’aﬂdsiaidiéoﬂﬂ@c@%ghe VPYRSR3 trRice ﬁ‘i‘&iﬁgo
revenue cal ations, ap incorrect, th i | La,, the
limiting co&@l?ﬁi?ﬁsto&%@‘\‘}@séﬁ e‘@%a‘n%ré‘%é’z’%%g%?@& Gr %Esteg ?ﬁea dat a

i nput and spQeadged ian@3(ds MRkMarityul 6B tons Wf cargoahat thayessehdarr estyar t s the
process. |f the candi date vessel/voyage nmatrix appears in incorrect, the

user checksyithnuteviokitingaessehand/ar pert apustiadnts frdhe ¥9¥aged on the voyage and
the input vessel availability information, returns to the data input and
storage files to nake any necessary corrections, and restarts the process.

[0069] I n Fl faos3P. "M nétemiad esluBuhdrtivhed Wbyags, dezivdd tirem si ddily mitethat
"<<Optimze Ship MWV Assignnent>>" is the calculation_step_ jn which the tool

is used to e appligation hssuywsdhe teamsyesackeasns Hiarotak tha Pdlopie e¥eUf net

margin (this invo the sol ution_of i | I
descri bed pP‘éWou@&?‘? LR Vfﬁsgij;h?s grach %&;%}é‘%\ﬂf{lﬁ Og!tq Eegpggv?n@feﬂgﬁyﬁg%bgﬂ dat a
error or an,indifgaéodoinds®g aapstified dateploe beginnindgaiincuri the dhidy eatb haa dat a

error, the user needs to review the underlying_data to cﬁig,for i ncorrect
voyage val ubsen feaphrd. Fhreodaily ratesancrpsivuagl agpecified end dafg. irg yplye 1s

corrections. 070] I n_FlI 2B, ..t sevent. i sults
are vi ened. UL TERISAY tge ngge?f%gﬁmﬁgsegﬁlgg%% ges%l%ggtgg&%%ﬁ?gelfger s to
a Gantt chagl, hiate pRnRINVpelastisagpsneonmphetiont of its ssighed vbiagesuforghe vessel

assi gnment solution including the various voyage events (i e., a forward
proj ection icarrentnplaing psriedarfermnessels 4¢-BoACrHt cgﬁer%di?’é’é“é{ BEPsSC) | n
addition, the results.can be vi V\@]QII-' I HaBEnd Ae $18hSinROI Nt ,
the user shdtff ﬁvaéﬁktq(fotrﬁgn}en?eég% éﬁlgrw}éggg)?’?grfggmvgsse % to ;isnsu?g t he
results are Séﬁ(%@ﬂh&tbth@-inﬁlit Pyagtd arelingtiated wifham WaFhs oit is dikelyt thet slodsedul e of
voyages. [0071] There is also a eighth, optional ste(ggl i ndi cat.ed by the

" Assi gnment vestelsowdl] be msamediip fulureoveyagaythaRaioheyang the trag aﬂa?fb%_thr?n this
step, th h t ti ; ; . N N ¢ |
newpassi Snﬁé’%&a%%ﬁg?%eiC??E‘Efd%g‘j“ég, &"ﬁié{,gg%}t %R’%hbé’lg{lﬁggll%?l%n H@PhipORem apply

e "a“part vessel to a particul ar
voyage Or SeQLeIs SvAfablorgRsh fanek asigphéms hes tiéntriesic elue thet thesnd|

and analys: it valuy iBamPES ) eRITete. SBERARTUION Heh SETRBCH] AP bHd o
typically exp(afgjueE:telgn %Jrj éeicBl sqnélie r%%laéé) afrd rﬁlltﬁfiﬁle voyage/vessel pairing, and thus
the completion time for each pairing is known. The tool establishes, or the user
assigns, a temporal reference point (i.e., an end of optimization horizon) after
which the daily rate for accumulating net hire value will begin. Where the
temporal reference point is placed is up to the user (i.e., the scheduler), but it is
typically placed at some point after the last voyage in the set of voyages that
need to assigned should begin. When a term vessel’s voyages are complete, and
the reference point has been reached, the term vessel earns an assigned daily
' rate, called the net hire rate, for the remainder of the model time horizon (i.e., up

to the end of the economic horizon). The net hire value is the product of the net



sensitivities in input data, different assunptions, and different

assi gnnent constraints (e.g., force the nodel to assign a given vessel to a
gi ven voywgeo@ndiopti m ze the rest). The application rumsTiisstsensugh t o
support these sorts of what-if scenarisos, and fast enough to eval uate
opportunities in real-tine (e.g., while a vessel charterer is negotiating
potential terns with a vessel owner). In one enbodinment,. the application
per f orms t heire dhidyirate inowltiptied by the puaber Bféﬁ}’se%eég‘ﬁldr‘iagi ’r?geaﬂ\?éﬁgvnﬁ% fifty
voyages and_an e ?J r greater nunmber of vessels in five mnutes or |ess,
and typi cal W%‘@i ngﬁor “nminute, running on an uni npeded 3GHz

si ngl e- processor personal conputer. [0073] Typically, vessel scheduling is
done on a nonthly basis since it is difficult to project needs ch, farther

than a nont [056] advEneth, freeaddy fepsible | teanuesigl @s3igumenh pRer PHIed t ed,

and the avail able fleet .may ,and. Qro il AV e | e.

Al so, the eH’(?HHFf& SOfta??PotFesgqlﬁ@Fﬁgibﬁg&%%ifgﬂtéogg‘gﬁflét}éé’%rpg%é’t %ﬁ(p%ﬁép will
change dai | yee@n M&%B)a?tidxﬁé}il}ﬁ Ré pRidibvdincdived eottafor sach RasipROBAhAlessebugh t he
i nvention has been described in the context of marine transportation, which
i s the pref essigunentisenbasalculated assfolgwal |y applicable for use in the

optim zation of any node of bylk pr t rtation. Virtually all of

t he teachi ngs descri bed above 'EM‘%E’t@?%PFw transportation are
easily adapiggdrd OCELEA B the Prédistedpduredidosn orfthe vbliageoitit v zaigned tof
transportation using any other type of fleet - regarg{rﬁgs of whet her the

fleet is a ¢t tesut vesselof FEORY his, ther fygk sonsymphior casts P OIPEY O B8 k

product transportation. |n_addi tuea,: I P 8 LAPiEyed i th any
conbi nati on? g’feldaontg? t?%@ﬁgsgi’p?gné%?&%‘%fg‘%g or o?(?}'ea% form ofDGr\%ull k

product tra@%@&ab@tah@rbanw&@hg@ba@rmwmthdneoyzgeczfmr agtowpingdozianyg a | and
transportati on scheduli ng proble by truckgvis sim to optim zing

. qg., |
a marine tr aisspont afheorimylaipr b#ﬁPTPJ(P%EgtW hE 9y RS %Wg]ﬁ}i‘%{eé@ Yeﬁ&ﬁhe
f1 eet i 0 si. Lt HsufhoBighh
obl e ¢ e efh EGuaG e PPEe SEtaE 3REH o, BAIADEIEN Sonshihpheh

probl ens, t ent charter types (e.g.,
termor spotqa@en,fuHilayt, anp&d) duriNgseunal passaged. fumividatasalse rslwdes porthigeneed

pi ck-up at each |l oading site and deljver tqQ each di scha?rﬁgiln? sti te ecific
anount s of Botkppeoetess tei extimate ¢amak fegs: r1Rusy ithe WRILRES FPT'usd &6 ve
physi cal restIi Eti&)ns that mght limt the physical ability for any given
truck in t h&HEdt o perform a voyage include any applicable federal,
state and county regulatory limtations on truck weight (as neasured at
mandat ory wei 8ht stations), truck size and nunﬁt))er 1of r(g'tl ers II.BIstrati ve
tenporal  resi0PF T i odberindtviduamet marein £30enaB; Pe colCRed iRy b is2 Pl

uck in
the 1 eet {0 BRLALMA O IUE U Mhotdif! WIRedltE chORLYi@ital dietintak s e T1 1 st
avai l abi | i tySpl Vi éw of voyage statt time and rel evant nmaxi num hi ghway
speeds. Por tthe @sirkétclalznainus théyincoraed nestt r ansport ati on probl em can be
replaced in a land transportation problemw th state operator |icenses.
[0076] Sim | ar exanples exist in the airline and railway industries.

Accordingly, [08s8P" € Whh er'é?plec? D @i mffiplehRo yaB¥/eBéskP BssignrAe O MAL RS

concepts described previously remain valid and the concept of net margin is still

applicable. The net hire value revenue component is calculated based on
completion of the last voyage in a multiple voyage sequence. The fuel
consumption is calculated based on the laden portion of each voyage plus the
ballast portion between consecutive voyages. Other cost and revenue terms are
additive when applied to a multiple voyage combination. Finally, the MILP

vessel assignment optimization model includes constraints to ensure that each



nodel i ng application for the optim zation of transportation scheduling that
32 conprises code that, when executed, calculates the optinal solution to
maxi m ze wotzady/mseissmar gin for the assi gnnent of vehi cl e®cirrusamsavsis abl e
fleet of transportation vehicles to performa set of voyages to be
initiated during a planning period for transporting cargo conprising one or
nore bul k products. Preferably, the total net marggin i S .der.iv?d fromthe

i ndi vi dual teem vessejiimpermitieddetla,anmare they ape V¥ saTRbination (Wheree?
preferably, the total net pargin Ls t S fhevbdey) death RRY rgins
for each vefiPEAUYYSFR nggllg{g%ir”rg)ﬁ% .orAlggfen?%sgg B n‘él?vi d%?al net rrg?ég@ian for a
transport at /@5 \Hahé Cd evessalagssi i gsmbefore)s Thee i obgebtive ofnnchien meenkaans val ue
for the voyage using a notional vehicle and a predicted incurred coEt for

e

the voyage wekimyizatien £fsicidledey arareine. Theaomltris 3 SHIEPlE VPYRge YESHe

het er ogeneous. For _ex | e, ' i can differ in size,
shape, car g?)ss&%’tn??ﬂtﬁagrcq}zizpeg&’lﬁ)é/‘l?mea%ghiz%]ﬁlgc}gﬁ |H§£nlJ,;~1 the vehicle fleet may
differ in economc costs (e.g., contract terns). For exanple, the fleet my

conprise any conbination of termvehicles, owned vehicl ?s, SpQ vehi cl es,
etc. Prefer H159) t hEhiys, dbe asgiapmenle SPHHIZST 18 UFPY 4P &PELS A8 1816Ltve§/s§ icles.
[ n one pref ers e SDOH IEDLe SARRNEMREY Calkd bOCobhREY . corepblings wf the
econoni ¢ ba8fLEBRN s AEAPHE PV S 1'RE5i TTed as el ther a termvehicle or
spot vehi ¢l gernh@RGIsRsfhebaty sssignheene peisblém dih wdaeh additiesd ressrietidrisrrser
programm ng portion and at |east one m xed integer (i_hnearp) <{)r ogganm ng
]PO”i on. | deﬁpllqﬂ, Wht?hfMﬂttMrfe%ﬁbtﬁmllW%%gﬂlfn@% §eS PRI SOV Re

ol | owi ng: one. or Sibs NRalo4 et @y enue
optim zer p&)l?% P%eﬁg(-%) ,ﬂg\%ﬁwgk{eg%?o ?rﬁoarlg&ﬁlge%&)?rar n ca?@ul at ispsg{oornti ons; and
(4) one or RREMaRS aigRITRAIts OPhichi iheludpovdriassuseThepesified| eestiictioost TbA( s)
Voyagel vehi entus Hogniiin, Seert a5 Evhes BREERIEh '9Ehi Bl S Eontt PR s and
voyage/ vehi S S Si [ 0 s an
voyage constraints. . Th lsM, 287 thRONd tRE (babisdRSr B&vedling Othye at

| east one | ir?‘uceoé?mﬁli’%eéi_r gﬁ%ﬁgtrllgdg%g%%ggrsﬁ t hat etler m nejslst he maxi rrumgcar go
revenue for opaatal lig@as lbxlog{)aﬁn.ngl e voKage/thl cl e assi gnrrﬁnt - Where the 33f
maxi mum cargo revenue Is based on the nmarket rate and the nmaxi num anobunt o
cargo that can be lifted in the assignnent given vehicle constraints and
voyage constj ai . U@‘ﬁ i fggaiep@ti on portion(s) calculate the

i ndi vi dual é@%ﬁ%}’%@&%@ wou ??}elsul t fromeach feasible single
voyage/ vehi cl e assi gnnent and each feasible nmultiple voyage/term vehicle
assignnent using the results fromfthe revenue optim zer. The.assiagnnent

opt i ?n zer pdPPS%n( s Pngepmpedipints \3}? é‘f"qngﬁgtlsg%ew?ﬁixgﬁ’cleﬁst e :yralear)
progr amm ng tFar %b&‘?{{l&o &ﬁ&&%ﬂﬂi%% | 6s CofEdi Maddifi Clppyesss @mesiogslyent s
maxi m zes t ot Arrne margi n using the feasible single voyage/vehicle

assi gnnent s @Rerived. t ipbee empadanashihel rsastep gnrthaimethathis woptt@spBE¥®ng net

i . ti I 1y, but . f ly, th i t timz i I
ot or m ne 1 HEodama Rations dbte S GraPSi Wil , LRNEbRReTastl Fanteaility dor = *°
al ternate Solkl&:gaggsg méﬁ?ﬁ%“%ﬁ%ﬂﬁg %WA@E& %arﬂé&rﬁ@ghation scheduling.

In this embodiment, the second 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 recommended schedule of vessel to
voyage assignments. In this embodiment, the third step, which is optional, is to
repeat the preceding steps one or more times with different data restrictions to
obtain one or more alternative schedules. Finally, the fourth step in this

embodiment is to assign vessels in the fleet to perform the set of voyage during



100791The transportation tool of this invention is a considerable
advancenent over prior work processes which, generally, utilize

spr eadshewo0@ndiszpert econom ¢ anal ysis to conpare tweCoOUSREISA12515
transportation decisions in order to ¥ind favorable, but rarely optinal
solution. The prior art procedure is effective for a limted nunber of

deci sions where there only a few vari abl es but becones nore and oy &

i nef f ect i vetl@sptamemgo@pn@ii bgsesk onha wepmmended wbedwe openerriPda¥edhend t he
nunber of vari.abl es 'ncaqases. For exanple, the typical VLCC vessel

assi gnnment BP@H?% cfgnﬁu?te conpl ex. This invention uses advanced nodeling
and optim zation technology to find the optiml vehicle/voyage assi gnnent
schedul e. The optim zer searches through far nore solutionﬁﬁptiong}than an

i ndi vi dual {0061dverMoon padiculariph Fl 24 pp ongiath of As8yRa riagrapaiati ty

ext ends the. i zation.c il suGh h i t tJe@izat i on
explicitly pg%ﬁrgggan{l%ers érﬁﬁragf:}g% g&“\/%@gé@&% ?’ Sgﬁﬁ?%g@ t ngboodgggl%al
sol uti on qut;?éﬁlnyzaﬁ@ngppuéaﬁdn.essa. lBvisahéieohe part oftie repeart degranbodi nent ) ,

fast enough to for the user to re-optimze frequently as inputs (i.e.,
busi ness paraneters) change 34 and fast enough to support real-tine

Lranspor t at G achofieipe £ch e AHICnEORLiAgRRE IRk Achokhaghelirvan

and inporta ono t's si mul tafeous re-optimze feature
facilitatespryfasdesiaghd didnendNddnost sheckrsbifts avidétsminesifgebylesi tiputsoarpar i son
of alternate solutions and their corresponding economc i npbact. The results
sonet i mes alvelid onnoh behelethat vsal <w wdisaicahpol Galshiatan sigpe For example,

count et | nt U 1) (8Pl MORERIRLEES> 1Mty ST BTOECEIANEL ot ot

I nt roducti on I's exanpl e scribes one enbodi ment of the
i nvention amgr aflStheSeyages C EdL kiteg cuwhegedculatetr amsbaiteddfrbfre pebliclyr ades
of crude oil fromsupply ports to demand ports, wthi n.aﬂ{'c etﬂ?perio to

" 1" d
time, in a raakhle infigeshebabelm thapuse sResplt:'t Brdigate, astepgingy & Byages.

For reference .purpo t ' | Lot 4 THSEhoeMid i
enbodi nent i'&"" W&%%’?r%l f@'ﬁ%&%ﬂé@%ﬁ&?ﬁ@m § E%ap Rbégglitg??r:\; Suppc%'f t 1 " BASI C

REQUI REMENT S f eEsulitShhi10 88 plaly SRSntaaimemroar geeisi aloporesf that fexs Hean dekermingdd

sof t war e . )
for each feasible vessel-voyage assignment.

[0063] In FIG. 2A, the first step is "run transfer from Excel." In this step,
the required problem data is transferred from an Excel file or some other data

input and storage application file to the optimization application.

[0064] The second step is "<< Voyage Flatrate Calculation >>." In this step,
the flat rate for each voyage is either estimated or entered. Preferably, the flat
rates are estimated (as discussed below). However, the flat rates can also be
obtained from a commercial service such as Worldscale. The result of this step
will either be a data error or an indicator of successful completion. If the result
is a data error, the user checks the data for, infer alia, incorrect voyage values,
input errors, missing leg data, etc., returns to the data input and storage file to

make the corrections and restarts the process.



configurations. First, LSDS prefers a relatively nodern processor (e.g., a
1.86GHz processor with 1GB of RAM. Second, LSDS prefers a relatively
noder n opwoaniwmgieygst em such as M crosoft Wndows XP PretCeascasal2siy. 2002,
SP1). Third, since LSDS is an Al MVS msdel ing application, it requires a

| i censed version of a relatively nodern Al MMS nodeling system (e.g., ALWMS
version 3.6.2). AIMMS, a product of Paragon Decision Technol og is an

B.V.,
advanced de[0866pmeRrefoyzhlpnthecilatyatasdre gsameatedi gt sush HS&¥d ﬂzfeﬁﬁts?aé"n
support appli,catjons. Al [OV] a ti i : e t hat
i s desi gnedcﬁl‘é‘ﬁa Wél%&?e%c\){gnnéﬁ? éc())g F%ﬁ%ﬁﬁ%ﬁ%p °§’§§? ir(gglg,bogggl&l g%l%i}é?gl
i nt eract i vedjyRRedusiethel ditiplataCearsd &r lpaeitalpessyaer(Bsaidango)fiortonheThe
applications, and an ability to link the applications bo ogti i zaé}an
sol vers (e. gstimaed Eost foy ppagisulaxyoypsq sy swpefhe poft charge ’ét‘ﬂgkﬁ"r ers a
relatively nodern version of 0S9f I e Excel
2003). LshsceRiand yfsseb iy c%rtﬁ%g{gk%?%{r dlc%gegs aé%&r%“%%ﬁ{eﬁ’%g%}h éfcf‘nf,%t he
resul ts fromdhgokShSsitewds! theatoygest Bualler fudbxamst if ctheatost Fiff the, fuwhd

final'ly, although prograns witten in AlMVE can perform soagti. caf cul ations,
LSDS r equi r eensamed| while gteanging, ekt pprtpndshiledsansiapernennal (if releygnty o) ve

the |inear ogr i.ng and m xed-|nteger r ' | Lhens in
the appl i caB["én‘?l %Agﬁwwﬁ%é%g I?%O‘é@ia%gd%@l?s%gixgﬁdﬁéx%@? 1%E)lgl)tk}book f or
data entry. pldHu@eoLE Fariableenitiing bassdpsr trsmimbearafataysfor sgamuigngt passel

speci fications, voyage specifics, crude information and curiﬁnt mar.ket
rates. Pref endbiapsitinge caprlkplsiplied byra Bekconspmplign fgiek s Hessel hiregastis 1 ¢ een
wor ksheets haye the follow - A bek IoF divs ReGMkEL BN S

Vor - up workkrebeae Hav B8y 8RR BF'GRERRbef ok Bye R P b S

Wi Il consi debyhde BadBANGRIthE hRlys i spent as pbhatrahdiengsecandll (if melevantkiadént al | y
overwite any inbedded cal culations; (ii) a "Requirenents" worksheet that
cont ai ns t héteaoyRge definitions provided by the user in the Requirenents
Wor k- up wor ksheet and sone additional information generated by inbedded
calculations; (iii) a "Term' worksheet that contains termvessel data such
as the avai l[géd]i t y Tht akied s@p. is toiedviewnisufipt iaencaloalapinssi Tad usgydes fihcat i ons
of each termvessel; (iv) a "Spot" worksheet that contains spot vesgsel data
such as demeppagenityutwhichithe ussrHERes Pt HeRS 19 AACTRLAO Y YA FET FABTES *ts"g‘? and
physi cal spegificaty G tal18, e hkerdontiédme dhdcest es and
part cargo aﬁir%ﬁ%sifﬁggﬂgf??%r ?%a%??@u?es’, 0\‘/1e$ag(;1 costs,%essel fuel
cons _ugpt i on ,Ii ﬁ§§ﬂatl radéy a?pédf?nédﬁcﬁl Itfté usew rch_ectisethd; tiha][fpr,fillmt@n gli:;t ms\ngﬁd ngs I
provi des market val ues for fuel costs, i ne di ese il c S rl.dscal e
rates for divoyegeneluesdaBuY FIRTEsTISHE lﬁgﬁ%%t “%‘HPF 8% i ggt? AR 4,
different trade é?lltlé 85 makE Ghe cbrféatioRl andGesthdP HicA oL &RIMEIte udtP ks ket t hat
permts the USer® o assi gn a particular vessel to a particular voyage or to
di sal | ow a peplicetedstinasarflatraem a particul ar voyage; (vii) a "NetHire"
wor ksheet that allows the user to specify a trade route basis that wll be
used to calculate the net hire rate for each termvessel, and coefficients
used to cal ¢ n hj r3kesgs "k¥idbiy veyades NetMgroinkoskshagt thishat

all ows the u@ke)fghteo ?E(hcel {Joé]gthdée{s gsnat ed ft)er mygﬁsgfg)s( fromgvi siting designated
ports; (ix) dep, Th¢ faSiloaki arfersiblSsingleedsselivdyspeend nhdtiplg|viessed/ voyegeuser to
specify the nunber of days agi errr%vessel nmust spend in quy dock agiﬂfje

t hereby be osiggments @ ddentifiedy| ha nmax M CHEREVERYS 18r -85 t EgdP e

wor ksheet t hat: Al @rdﬁ? 84 ah@ R abiusdee JRSE IHRLRN BRAbleVASRAhfen [OM
visiting deszl?st(f;1 adggw%o‘tflét}s; x{i) a "SuezCanal Tol I " wor ksheet t_%gt cont ai ns

i nformati on degatidedg Tharedulf efthif step sypbteithes be hlatpeermeradn §n medcasercef t er m
vessel specifically; (xii) a "Ports" worksheet that details the tepporal
and physi cal sqce%%SﬁHiCﬁwl?ﬂPWe@gEF Zesyjt 1@3&%‘%8??“ ithe P 8?}%59%’8 ;dataﬁn a

" Port - Regi on; - 1Rl £PufsrsPREdsig el Matay @MadRfurhOtoR
specific geogf%}gﬂ%&zgﬁ%ﬁggg&%&?%v ’aﬁlilér adesSPﬂlvxo} lg;lh%et that lists the

di fferent cradelagl mgasaidwsrage e tcombke theanspotiorschndyressprse fhieiproggsavi ty and
density; and (xv) a "LegData" worksheet that describes each | eg of each
voyage by port of origin, destination port, relevant routing through the
Suez Canal or around the Cape of Good Hope (S. Africa) and the total

di stance of the voyage leg. [0083]Entering data into fifteen worksheets for
the first tinme can be work




i ntensive. However, thereafter, the job is much easier since nuch of the
data is relatively static (e.g., distances between ports, the physical

char act erwetzbegeofsseach avail abl e vessel, port constrai RCI/USet08/0)2515he user
starts with a copy of an existing dat® file and updates dynanic information
therein to the extent that changes have occurred (e.g., voyage definitions
the identity of the vessels that are available, etc.). Preferably, this is1
done routinely as part of a regular work process. Table 1 details, in a

af of ement 1 olIOBEE caTeud e R e B e B e behoar s
\%(r:ﬁ.s' 3na:?'e§/eusiwwd°yiatg@| %@érgﬁ&isl,m,t shdRanetiynul didrg@ dreviemies Heet eacRefraisibdarent s
P 9ess£1?vq§lgg§ ases!irgrrrl]me%gt anV\(li)rtlhg Sfe%lsiglel Izgrun'égnsdigar{e' n&lessN%f |_\|l|orygge
assignments, in that order. If everything appears in order, the user continues the
process. If the net hire calculations appear incorrect, the user reviews, inter alia,
the relevant daily rates and the voyage schedules, returns to the data input and
storage files to make any necessary corrections, and restarts the process. If the
maximum cargo revenue calculations appear incorrect, the user checks, inter
alia, the limiting constraints on the vessel and voyage ports, returns to the data
input and storage files to make any necessary corrections, and restarts the
process. If the candidate vessel/voyage matrix appears in incorrect, the user
checks, inter alia, the dates and volumes required on the voyage and the input

vessel availability information, returns to the data input and storage files to make

any necessary corrections, and restarts the process.

[0069] In FIG. 2B, "MV" denotes multiple voyage, and the sixth step
"<<QOptimize Ship MV Assignment>>" is the calculation step in which the tool
is used to calculate the vessel assignments which maximize the total net margin
(this involves the solution of the MILP optimization problem described
previously). The result of the sixth step will either be a data error or an indicator
of successful completion. Again, if there is a data error, the user needs to review
the underlying data to check for incorrect voyage values, input errors, missing

leg data, etc. and make data corrections.

[0070] In FIG. 2B, the seventh step is the step where results are viewed.
The rectangle labeled "Result: MV Ship Voyage Gantt" refers to a Gantt chart
that is provided as one means to visualize the current vessel assignment solution
including the various voyage events (i.e., a forward projection in time of the start

and duration of all voyage events). In addition, the results can be viewed in



TernExcl ude Term Ship Pl anned Service Spot Excl ude SuezCanal Tol | Port
Port- Regi on Grades LegData [0084]Each of these worksheets, as well

stati c amsoadyeamsi4s3i nf or mati on t herein,
FIGS. 3A, 3B, 3C, 3D, 3E, 3F, 3G 31130 31, 3J,
respectively,

WWORKSHEET

tabular format. At this point, the user should check the infeasible or unassigned
vessels to insure the results are acceptable. If so, the user can forward or save

the schedule of voyages.

[0071] There is also a eighth, optional step, indicated by the "Assignment
Options - ReOptimization" and "ReOptimize" rectangles. In this step, the user
has the option to review feasible assignment options, apply new assignment
constraints (e.g., force a particular vessel to a particular voyage or sequence of
voyages) and re-optimize the rest of the vessel assignments. This provides a
what-if capability to support investigation and analysis of various assignment

scenarios.

[0072] The application is typically executed multiple times to explore
sensitivities in input data, different assumptions, and different assignment
constraints (e.g., force the model to assign a given vessel to a given voyage and
optimize the rest). The application runs fast enough to support these sorts of
what-if scenarios, and fast enough to evaluate opportunities in real-time (e.g.,
while a vessel charterer is negotiating potential terms with a vessel owner). In
one embodiment, the application performs the calculations for a typical problem
comprising twenty to fifty voyages and an equal or greater number of vessels in
five minutes or less, and typically less than one minute, running on an

unimpeded 3GHz single-processor personal computer.

[0073] Typically, vessel scheduling is done on a monthly basis since it is
difficult to project needs much farther than a month in advance. The voyages,
including cargo to be transported, and the available fleet may and probably will
vary from cycle to cycle. Also, the economic factors ihcluding freight costs, fuel

costs, etc., will change daily on both a regional and worldwide basis.

BEYOND MARINE TRANSPORTATION

S
as the

is illustrated ipoTiUSR00BOCIPANYI ng
_ 3K, 3L, 3M 3N, and 30,
and separately discussed bel ow. THE REQUI REMENTS WORK- UP



[ 0085] The Requirements Work-up worksheet is first of the fifteen worksheets
in the LSDS wor kbook. The Requirenents Wrk-up worksheet is used to enter

t he voyagwonreguicisaent s data which ultimately will be cepraseosoosifhe

Requi renents wor ksheet discussed in t3e next section of this exanple. A
separate worksheet is used for this purpose to prevent the user from
accidentally overwiting inbedded cal culations in the Requirenments

wor ksheet . T0094RequAttbomegit theviavintign has Resnedascribed, il theeepritextaef paripe
frequently. [0086]FIG 3A.illustrates . a typj.cal uj Nt S -

wor ksheet . ?%’Of'!agf’&sw' ey ﬁetﬁwgéeﬁrggte %%m?ﬂtéeﬁgse%&lﬁagga%p}sh\ég@l%t%gr by

typing the dal the optifrfi€dtlon Sanims&d 6CHIIRPréducpRfgivratibe. dattaaldpaiion from
a drop down nenu, are set forth below 38 [0087]"Voyage" - A nane_for each

i ndi vi dual ebttegteadhings dascribed alioveoyislysespeet toHBaEIMEISPOBALIQMAY @RHYpl e, s

a desired series,of one or.nore.pickuy ro | ts,
pl us one or aﬂ@ﬁ%d R gl Sy ?})p&ﬁgtl%r}spf%{”{hee @égﬁ%%tggnpgf%%sggﬁh@ﬁgugﬁé nor e
grades of cChy@ethde)ype 6T NBE: MpaRRdss W twhethdiahaskegiedcolldetioh Gf tidys, t he
"Voyage" nanes are set forth under the correspondi ng header in.colum A

The voyage taiks,i panespeatashierf formpef buls pipdpet fraespesiptige. Ipowhlfiomdhe and

"Grade" - The grade of.each crude t.0 ed, | ..as port
wher e the gtt%?(‘fgmigé g Bg 1 ll?é'ﬁguvﬁﬁtfla%g ,55’%@8@%6%“%%? }tl\?}uglr(gdg |€Séred
(i.e., the desrndopsiher forBYofbMR ps&lucy@hndportagomssi gned, is entered for
port stop in the voyage. Different supply ports and demand ports are
associated with providing and utilizing different crude types,

or s, ar e NWTHal Ty S el NOELRUBRPY o0k SOIART AR ERberY

associ at es geR¢R%in n?rcﬂﬂéﬁns (eBy, ®§f ithick) OB, sigildraite ppfitizifig. g. marinet he
Arabian Gulf and st Africa) are classified as |oad ‘%%r supply) ports and
ot her port s t(asspprtation prableuni Inhotht problemsn thengshicles M Mg grd may k| Bssi fi ed
as discharge.(or_dema rtS..| ; . ) '« are
set forth urf rsl?eﬁg aﬁ‘gﬂ%%&s)ga r‘i‘gi%gﬂlﬁ@é&gﬁe’%ﬁé}ilﬁtb?gl B@gé%s’é%%élgfﬁqlg?& 3A, a
"Name Lookupgget hiagtbe diffieetgit RBage typess(efy. areen@r spdt oefidlysawyed)i delse,ihi es t he
full name of each selected port and grade. Faqr each voyage, .each crude
grade nust \hotlprobbemstbere is theperd Pigkuaat eady loadsg %;Fé’ae‘?ehtvﬁ%‘% tedl

volume of eagh, crude Sad5dRAYGRALOBY Wi QA RRGES TUSpoegUalinko Lot a

vol une of e rged at emand ports. [0089]"Start" -
The start ofwindswki MBupestivedphysanl desiictichs chatdmigharinhié the physical ability

for any given truck in the fleet to perform a voyage include any applicable

federal, state and county regulatory limitations on truck weight (as measured at
mandatory weight stations), truck size and number of trailers. Illustrative
temporal restrictions that might limit the ability for any given truck in the fleet to
perform a voyage would include the location and time of first availability in
view of voyage start time and relevant maximum highway speeds. Port
restrictions in the marine transportation problem can be replaced in a land

transportation problem with state operator licenses.

[0076] Similar examples exist in the airline and railway industries.
Accordingly, a more general embodiment of the invention is a computer

modeling application for the optimization of transportation scheduling that



obtai ned from each designated supply port and the start of the tine period
when desired crude can be delivered to each designated denmand port stop, is
speci f i edwbanosmedss3voyage. For supply ports, the start iPeTiUseooBionzsts day t he
desired crude is avail able. For denmanm# ports, the start is the first day
the desired crude is WD 2009/ 061433PCT/ US2008/ 012515 39 required. In FIG
3A, the "Start" is provided, in nmdd/yy format, under the correspondi ng
header in cobmprises, code®iem] whem execufgsh chlgtlatas the pptimpl SHEN tBAYERILE e
crude nust in to be.loaded fror dj d.1o Si d

suppl y portgg% agﬁdﬂﬂgﬂbrof &%55%" |¢%ty§FﬁE%§%§%f i%hqggpdggcﬂg§§§gge. For

suppl y port grandgoetafibfl vehidlbe td prtfothnya tsee ofevdyages ¢F bdeinitsated aluralgl @. For
demand ports, the end date is the last day the desired crgg& i's required.
In FIG 3A, plansingepaiads forr wansperting ¢Rree eompriping onerat mayp ik preducts.

corr espondi ggetgr?a§ grt{lc%,' g?tgp L Balpin i %%%l]/e&/ ?ljog{rp'le( in(aﬁ)i'('llﬁél el (;r?ﬂ%msnﬁlr vol une

of each cru needs be "obt al ne rom each supply~port and

del i vered t @;apedhicleRdpagd@signnics pRE murd prefersblpy theitetabinétanargic is theyage.
The volune is based on t%e needs of a refinery or refineries serviced by

the desi gnasent efetariodiyidual nghmargias rsach wohicle/venags Assgameat 1 ASHY he
desi gnat ed Ly..pOrts. Fl. " ] ..th
R L e

Dependi ng oRictibed Gap@aché ineskef vilhe fow did abfagevessehmdtiontheeliicleesnd & may
not be possible or optinal to obtain or deljver th ngnh;al vol une of each
crude gr ade paedieted dnduireed coshior dreyeyage ypue thaessigge el t s are pl aced on
t he devi ance from each specified volune that is tol erable. These upper and
| ower deviances are expressed as percentages. In FIG 3A the "Upper Tol"
and "Lower Tob77]ar e The e¢hidbsfiesnidan behetetoganesyonBomxampdelersh vehiclslioms G
and H . e

the fleet can differ in size, shape, cargo carrying capacity, etc. In addition, the

vehicle fleet may differ in economic costs (e.g., contract terms). For example,

the fleet may comprise any combination of term vehicles, owned vehicles, spot

vehicles, etc. Preferably, the fleet comprises both term vehicles and spot

vehicles. In one preferred embodiment, each vehicle in the fleet, regardless of

the economic basis of its contract, is classified as either a term vehicle or spot

vehicle.

[0078] Preferably, the code includes at least one linear programming portion
and at least one mixed integer (linear) programming portion. Ideally, to further
computation speed, the code includes the following: (1) one or more simulator
portion(s); (2) one or more revenue optimizer portions(s), (3) one or more net
margin calculation portions; and (4) one or more assignment optimizer portions.
The simulator portion(s) determine the single voyage/vehicle assignments and
the multiple voyage/vehicle assignments that are feasible given vehicle
constraints and voyage constraints. The revenue optimizer portion(s) define and
solve at least one linear programming problem that determines the maximum

cargo revenue for each feasible single voyage/vehicle assignment - where the



[0093]"to override route options (e.g. Suez) / Laden" - LSDS i ncl udes
general routing preferences (e.g., between regions) that specify if a
vessel shwol2dossisBoul d not use the Suez Canal during tRreTiusdens/ofisie. ,

| oaded) portion of the voyage. Howeve, the user can optionally override
this for a particular voyage. If the vessel ultimtely assigned to the
voyage nust use the Suez Canal, then the W) 2009/061433PCT/ US2008/ 012515
40 user ent SREXIMBYEAIEO [révenye 1$/b8§$él omﬂxeurﬁﬁltl@t pat%§§¢§%wa¥HnFW@mge must

travel around the
Ot herwi se, ecaﬁ%e&hﬁe%%g ©t Qe L& Itﬁglasgl Hleépgh‘}eéigg?}ﬁaltete é&lasgt)gﬁﬁg I'n FIG
3A, any usekoyfeldonsteainfsOr The LAste fnaryipy @gRulationr pettiteds)ucdknldidethe

correspondi ng_header in colum [. [0094]"Bunker |In/Qut/Not" - relative
poi nt wher e iediviskigbnet(margin that wi 9CSVJ|T [ﬁ[onbg?ﬂbeﬁeapbleesmg £ yeyses e %%ﬂ?er ed

for each port .sto of th I
be fuel ed Wit gnrflg%omaea(%hvfoysaﬁg r?lﬁtl gé/ oad&g&%aéigsl %ﬁ%s\lﬁggsegt e\r,\lle:jI
i f the vessebsilbsftorR@hd HbleBte abtifiizetr atlhe dsslghﬂﬂﬂEdptllﬁlmEQQﬁlmléS)(ﬂEﬁn@ 1) is

entered if the vessel will not be fuel ed t he port FIG 3A this
"Bunker" d ataadlsglVﬁr%\l%fé ene Ared wyegeE 6@"@%@& WH&H@BIQ% tQ AFIGHAINE.

[ 0095] " Del aXVlg Elé com mat10¥ okfnv \égelt ! Hﬁ?ﬂgﬁ@égﬁﬁzé@ﬁg@ %E{ ﬁﬁ}glh%ﬁﬂ%eat any

port stop In age i1's ent er & for each port

stop is provesgigle tsth @evay:@gemethldwuasmgmdmsthmdcmléplpomuyage/netacuer in

colum L. [0096] The Requirenents Wrk-up worksheet aHs contfai ’ﬁ aql Excel
assignments, and corresponding net margins. Optiona ut preferably, the
assignment optimizer portions also determine the "N" next best solutions where

N is the desired number of alternate solutions.
COMPARATIVE ADVANTAGES OF THE MODEL

[0079] The transportation tool of this invention is a considerable
advancement over prior work processes which, generally, utilize spreadsheets
and expert economic analysis to compare two or more transportation decisions in
order to find favorable, but rarely optimal, solution. The prior art procedure is
effective for a limited number of decisions where there only a few variables but
becomes more and more ineffective as the complexity of the scheduling decision
increases and the number of variables increases. For example, the typical VLCC
vessel aésignment problem is quite complex. This invention uses advanced
modeling and optimization technology to find the optimal vehicle/voyage
assignment schedule. The optimizer searches through far more solution options
than an individual can ever consider. The multiple voyage assignment capability
extends the optimization capability such that the assignment optimization
explicitly represents sequences of voyages. The tool finds the optimal solution
quickly (e.g., in less than a minute in one preferred embodiment), fast enough to

for the user to re-optimize frequently as inputs (i.e., business parameters) change



auto-filter for manipulating how the entered data is viewed in the

wor ksheet (e.g., show all data or show a particul ar voyage only). In FIG
3A, this weamaeidSert Data" button. [0097] Once dat a ent PgTits2@s/mpises e, t he
user copies the data into the Requiredents worksheet discussed in the next
section of this exanple. In the enbodi ment shown in FIG 3A, this is done
by clicking the "CopyData" button. Alternatively, the user can send only
sone of t heaudtfasttepongle tRsUPPITE fga ttimevtiarsnestation scheduling| decisionse 18§ages

transportin rude ,to eci,fi region). Int . i in FIG
b eh s o el reongigtR AL RE FAEYAY s dhibohand Lol URCRIARIRL. ", £ S
Slate B." Thige ki REMERRR  AORGEHEET“wH4d: iP0023] ablabysRe aud peoeides a wideksheet

is the second of the fifteen worksheets in the LSDS workbqok. The |
Requi r ement dywidek shmparistaf jofi ealtesnate) spbyioge angi i §9rresReRINGPPLANOMIEM t he

Requi renments_\Wor k- wor kshee b)..dat a. der | f i | ati ons
and (c) dat dMBAte rtai'ge rﬁ)?ul[tsn%orﬂétgpf(zs %Jﬁ%j E@a Ui (ka'%érreﬁn g E %c}(&iﬁ%@?%gpﬁagﬁg he
Requi r ement $MbutdtinRiiksh@chondtBeleedadlerl rel atively frequently.

[0099] FIG 3B shows an illustrative Requirenents worksheet. Data inported
fromthe Requirenments Wirk-up worksheet is provided in colums A C D, E,

F, H I, J, el d headers entitled: "Voyage," "StartDate"
(i.e., Star gﬁ‘%&eﬁwgﬁ%nd); "Port," "Grade," Volune (kB);" "Upper
Tol ," "Lower Tol;" "Laden Route" (to override defaults),"™ "Bunker
In/Qut/Not (0, 1, -1);" and "Delay (hrs)." These fields have the sane

meani ng as detwedudtied tp &SI Requi rements Work-up worksheet. Edits to the
data in these fields is made by correcting the corresponding data in the
Requi renments Wor k- up wor ksheet and then, using the "CopyData" button,

copyi ng the [deg@ | Ntrdid Hanfad des@bes bsie waibodhaeait. of[tBe 1@htion addiits wse, t he

Requi rement Sinvsvccjllielili?i?lgtvoiyggcelsldtlg %rsanggo?i (Fiiiff%pe%lt g];eildeéls g? crude oil from supply ports
to demand ports, within a given period to time, in a manner that best maximizes
the total net margin of the voyages. For reference purposes, the particular
application described in this embodiment is nicknamed "LSDS" for “Large Ship

Decision Support.”
BASIC REQUIREMENTS OF LSDS

[0081] LSDS has some basic preferred hardware and software
configurations. First, LSDS prefers a relatively modemn processor (e.g., a
1.86GHz processor with 1GB of RAM). Second, LSDS prefers a relatively
modern operating system such as Microsoft Windows XP Professional (v. 2002,
SP1). Third, since LSDS is an AIMMS modeling application, it requires a
licensed version of a relatively modern AIMMS modeling system (e.g., AIMMS
version 3.6.2). AIMMS, a product of Paragon Decision Technology B.V., is an
advanced development system for building optimization based decision support
applications. AIMMS provides a mathematical modeling language that is

designed for the development of modeling applications, a graphical interactive



where the data is either automatically popul ated by inbedded cal cul ati ons
or, in one case, entered by the user either directly or using a drop down
menu. Thiwoaddidsi4sal i nformation is set forth bel ow [pOOABLJ0sHBSGEIENCE” -
Sequence nunbers are automatically geerated showi ng the order in which
each supply and demand port in a voyage will be visited by the vessel
assigned to the voyage. In FIG 3B, the "Sequence" nunber for each stop in
each voyageuses ipterfacaiddt dentdoperhearciailpe s shrippniicatenfe and an @bilitnte Bnk 42
[00102] "Action (LID)" | oad. and di sch i eat ' OB R |y
generat ed f %%P‘r‘fag Sté)l ﬂptérgﬁzf?tl\cl’gfggvg.rgg‘%g" idr%]%g’t gr%rés%bg\%g up agﬁgjh L
for each supgly HRkth, BBDSPprefrs h eélagadly nitkizan derpidhtof MivrédoB EXE] (&.pe
"Action" for each port in each voyage Is provided under the correspondi ng

header in cdfigrasofs Offag1B8gel 2003)- MbSHuses an dixcek weoskhaokpiondlaty) eaBY t he

m ni mum (ear| i est nd XI | at r SO r

optim zati oﬁn%elpia)ggl 198" ﬁ% rgglﬁgs: %%§é§§g§q_se§%§8£a@€n gﬁet om?ﬁ%%’ﬁfcgl fgﬁ)}‘aﬁgtr' at ed.
The mi ni mMuMpgR eady BinGRY) MltkGighe pRspRalas twrifidie itk IMMES. cdatpgerforimtoma t he
wor kbook for the start of a voyage or the availability of _a vessel. The

maxi num dat ealcylakions, SRS requtss aaolves (e8e GRIE: XBrass, Xéh MNITR@n&Cwor kbook

for the end,k of vgyage or the avaj i 1.1 .
addi tional - Soete B el plepRtfihy 3, bitePhndlF HEpRAmBld I Eliing
desi gnat ed pedE@BGEtHeHPlibabn 9. the Arabian QGull). In FIG 3B, these

dates are shown in cells C2 and D2, respectively, in mdd-yy format, to
the right of header cell B 1/2 entitled "M n/Max Date." [00104] "End of

Qptim zat i Ofb&ﬁ&%ﬁ?iéﬁﬁéllﬁﬁswed fying the end of optim zation horizon

is entered e wthin the planning period upon which term
vessels start to earn a net hire daily rate once their assigned voyages are

conpl ete. Most scheduling for new voyages is. dgne on a _peri odjc, basis
(e.qg., o_nlce [Qo?ﬂint 3) . Lﬂ?% vsed apfExsgl Wﬁfqil%%’k_cfﬁr ﬁﬁaiezgs- ila %?B?rﬁlaltb?g:ﬁu% t not
necessarily, aced. r the - . [ SRUTHIROL after
the | ast vofé?%&’“.sﬁs t"ﬁgglﬁ?tg&r}lmrr%g%g i%&%%ggésl?g?t%f QL§ S Assunes that any
term vessel ihfteinafibii fldesuiré® hasket aasdsgn@deferaplyy ethei woklbaokecappiisdszat i on

peri od and before the end of_optim zati horgzon I?arfn not hi nl%ﬁup to the
end of opti rfifieen; wierksbeetson That fifteer Meprkehesets ayq,dhey 8'3%\6}% DAt 1 o

daily rate. This devigce . IRLA" WS KB tEAD f1IEw I ehdoOsdrh@t
havi ng terrrspu\%%sseg'l sclggai#‘bg]glﬁlg%gﬁse?vﬁéﬁﬁgxt pl anni ng period at aS tri me near
the end of anpdraneivogagesthad $S weitl donsidensi & maaherethahthsprasithafitbe USES from

O e e e e LTS TR BRSNS |,

the right of AR B B O e e BT iron

[00105] The Reeiireareany Workiupsherddsheet and same afditional iEfaraiatiqnigendrateddyy f or
imbedded calculations; (iii) a "Term" worksheet that contains term vessel data
such as the availability, location, fuel consumption and physical specifications of
each term vessel; (iv) a "Spot" worksheet that contains spot vessel data such as
demurrage rates, the expected time and place of availability and physical
specifications of each spot vessel as well as Worldscale rates and part cargo
minimums for different trade routes, overage costs, vessel fuel consumption,
etc.; (v) a "WorldScale" worksheet that, among other things, provides market

values for fuel costs, marine diesel oil costs, Worldscale rates for different trade

routes, outlook market Worldscale rates for different trade routes, etc.; (vi) an



mani pul ati ng how data is viewed in the worksheet (e.g., show all data or
show data for one particular voyage only). In FIG 3B, this function is
acti vat edwbyotdne143y” button. THE TERM WORKSHEET [ 00106] Ploe/ubesosionasiksheet
is the third of the fifteen worksheet® in the LSDS wor kbook. The Term

wor ksheet is used to enter information about termvessels in the fleet

i ncluding each termvessel's nane, availability, location, fuial consunption
and physi cal' Inpptissignmentomeorksheehbal Remmitsnthfusehito a9388y FRETIEHIAT Y6 Ter m

wor ksheet is relatiyel tat | & 1,6yl ' i :

wor ksheet | io 686‘3{‘583;‘“ rvéplggel éﬂeﬁ%ydl§arlfé§’ug§% &éevgges?’gﬁ%;d Qg"rl\litf;u%gs ggﬁéetn: on
pertaini ng (@) £TNRIARRS SorRitiiet tat hlldws tirciseowaspecify b sradpdaite tasif @2207] FI G
3C shows an il'lustrative Term worksheet in a typical workbook. Fields in

t he wor ksheatilltheausettie cglratate et hipeate ,fore‘?ﬁéﬁmbyeﬁ? i1g @etigients| ect i ng

options froma, dro wn e S8t . "o
The nane of .ué?ﬂ:g? ‘ia@“r‘ﬁ%‘?éls?gg% F%%?‘é@ﬁ&egl%%xgﬁggmgehg? %%%%'teér[%etgg;s?l
names are | iygére@ bxdlede Hbstghfned espondisely freadeisiting dedigmatedAportg4(ix) a

cal cul ations is provided. Specifically, the user enters a "0" if.the vessel
i s not avai ['dbime, Ship "Alanped tsﬁlﬂ,‘/l%‘é"s&’é’Fkﬁ}@eta@‘éﬂai]BWé thquser o speeify iBey essel

Is not only avail abl g but of e t |
i n the opt| AURET 3 ar d e st BN foeh 3R Wy S o ESEENEGA ITYERE
term vessel sBRA®, féMslatdd @ateadhog (REadSpotExciudttworkshéethadllovethar t ur e

From' - The port where each termvessel w1l be |ocated when it becones
avai | abl e f aserto, eyeiyde desiggaiad fpot é’eiﬁeﬁvﬁﬁ@dYls}thF?i@‘g@@,dePHQS;" &é})ért ure

o 0012 R0 SR ShBheCh SORGEY BiGARMELtl cof seBond no
colum 11. gpot vessels generally and each term vessel specifically; (xii) a "Ports"
worksheet that details the temporal and physical restraints on vessels at each port
in the voyages; (xiii) a "Port-Region" worksheet that associates each port in the
voyages to a specific geographical region; (xiv) a "Grades" worksheet that lists
the different crude grades that need to be transported by specific gravity and
density; and (xv) a "LegData" worksheet that describes each leg of each voyage
by port of origin, destination port, relevant routing through the Suez Canal or

around the Cape of Good Hope (S. Africa) and the total distance of the voyage
leg.

[0083] Entering data into fifteen worksheets for the first time can be work
intensive. However, thereafter, the job is much easier since much of the data is
relatively static (e.g., distances between ports, the physical characteristics of
each available vessel, port constraints, etc.). The user starts with a copy of an
existing data file and updates dynamic information therein to the extent that
changes have occurred (e.g., voyage definitions, the identity of the vessels that
are available, etc.). Preferably, this is done routinely as part of a regular work
process. Table 1 details, in a very general manner, how often one needs to

update the data in each of the aforementioned Excel worksheets.



100111] "Departure Date" - The nonth, day and year when each term vessel

w || becone available for a voyage assignnment based on its current position

i s estinmaweadooslppissal |y, this is done in midd/yy formPCTIUS2008@1253C,

“Departure Date" for each termvessel37is shown under the corresponding
header in colum |. 100112] "Departure Tinme" - The tinme of day, using the
ine reference, when each termvessel should-be-available for
I'ts next VoyagEreq&éﬂltWMﬁécB cOctasidradly Mygified! | y| Riatdly Maedifieghor t jed,

mlitary tinme| wRkideisnear est hogrkéieetn i nt eger r aNgorkghdetom 1 to 24.
FIG 3C, the !'Departure Tine" |s shown—under—the p)”aennnﬂ er i

port's | ocal

col.um J. 1001R34ui‘r‘éfhéf&s Rédray " | Inpandssegpeetted del ay anai B
a particular tggmvessel is available for an assi gment i's provided.
his is provided to|the nearest hour. If there are no expected
ceReguiagmentef t bl apkNetHite F| G 3C, t he | Prrg Delay," to| t he
;Pheg[? in colum K
rel ativel y POERSER nf or mat i on

htﬁghy5|cal characIQQhﬁgh pRhn&fch terq;g&§§el In FIG 3C,

Typically, t
del ays, the
extent appli
[00114] The
describing t
t he physi cal

i ncludes the follow ng: "%-ull

capacity is
bunkers t hat

A" wJ A\ARAY L] Ilf II\,M

cabl e, is shown under the correspondi ng
TedBiMor ksheet al so Si.E ng

Pacteristic |n1grnat| n prOV|ded for each term vesse

af f ect when

45

e percentage to;which the termyessel's

ut i d F&bate DW™ (degi;j@g\(ey,(gmd_)3 the wei ghttegpaaici ty of cargo and

he termvessel can carry in kilotons;

[0084] Each of these worksheets, as well as the static and dynamic
information therein, is illustrated in the accompanying FIGS. 3A, 3B, 3C, 3D,
3E, 3F, 3G, 3H, 31, 3J, 3K, 3L, 3M, 3N, and 30, respectively, and separately

discussed below.

THE REQUIREMENTS WORK-UP WORKSHEET

[0085] The Requirements Work-up worksheet is first of the fifteen
worksheets in the LSDS workbook. The Requirements Work-up worksheet is
used to enter the voyage requirements data which ultimately will be copied into
the Requirements worksheet discussed in the next section of this example. A
separate worksheet is used for this purpose to prevent the user from accidentally
overwriting imbedded calculations in the Requirements worksheet.  The

Requirements Work-up worksheet is updated relatively frequently.

[0086] FIG. 3A illustrates a typical Requirements Work-up worksheet. Data
fields in the worksheet that the user updates, either by typing the data in directly
or by selecting an appropriate data option from a drop down menu, are set forth

below.



"Displ. (displacenment),"” the maxi mum di spl acement of the termvessel in
kilotons; "Draft," the di stance between the waterline and the keel for the

t erm vesseb 2009/0se438rs; " Di spl10, " the displacement of tireTiuseonswexssel , in
kilotons, when the vessel sits ten neers bel ow the surface; "Displls," the
di spl acenent of the termvessel, in kilotons, when the vessel sits fifteen
neters bel ow the surface; "cubic98% " 98% of the cubic capacity of the term
vessel ; [0087] " DEWoyage optAoramg for igachyiindixidual veyge He Prdfled o 4he

upper nost conti nuous, dec f e termivesseh.. . - iy s Canal
net tonnage) *Y4E5E%&T &° g’gtaoﬁtglsc%’?aéntﬁlé’t%%eesizrgd TEHE! 8 ond™6 thort A :

ups from one or more defined ports, plus one or more deliveries to one or more
defined ports, of one or more grades of crude, by a single vessel yet to be
assigned. In FIG. 3A, the "Voyage" names are set forth under the corresponding

header in column A. The voyage name is repeated for port stop in the voyage.

[0088] "Port" and “Grade” — The grade of each crude to be transported, as
well as the port where the grade is to be picked up (i.e., the supply port) or
delivered (i.e., the demand port), by a vessel yet to be assigned, is entered for
port stop in the voyage. Different supply ports and demand ports are associated
with providing and utilizing different crude types, respectively. Therefore, grade
and supply ports, and grade and delivery ports, are typically selected in tandem
from a drop down list that associates grades and ports. By definition, certain
ports (e.g., in the Arabian Gulf and West Africa) are classified as load (or
supply) ports and other ports (e.g., in the United States and Northern Europe) are
classified as discharge (or demand) ports. In FIG. 3A, the "Ports" and "Grades"
are set forth under the corresponding headers in columns D and E. In FIG. 3A,
a "Name Lookups" list, bridging columns P and Q, if necessary, identifies the
full name of each selected port and grade. For each voyage, each crude grade
must volume balance. In other words, for each voyage, the total volume of each
crude grade loaded from the supply ports must equal to total volume of each

crude grade discharged at the demand ports.

[0089] “Start” — The start of the time period when desired crude can be
obtained from each designated supply port and the start of the time period when
desired crude can be delivered to each designated demand port stop, is specified
for each voyage. For supply ports, the start is the first day the desired crude is
available. For demand ports, the start is the first day the desired crude is



Canal tolls for the termvessel; "mani fold ht" (optional), a
nmeasure fromsea level to the highest point of the termvessel in neters;

"bal | ast wornsd/deo8i onal ),

stabilize the termvessel to a proper3dtrimduring a ballast voyage in

kilotons; "Trini (optional),

t he speed caq:mmeﬂl tin BIGt BA, the i$waes 98 proyideds da rmmédddye Sommaty Hader

46 "Bal | ast

eed " eed lity of the termvessel on ball ast
voyages in Kf ??oagr,ngﬂbeaﬁg S LoRARRE.

[0090] “End” — The latest date by which the desired crude must begin to be
loaded from, or discharged to, each designated supply port or demand port,
respectively, is specified for each voyage. For supply ports, the end is the last
day the desired crude is available. For demand ports, the end date is the last day
the desired crude is required. In FIG. 3A, the "End" is provided, in mm/dd/yy

format, under the corresponding header in column C.

[0091] “Volume (kB)” — The nominal volume of each crude grade that needs
to be obtained from each supply port and delivered to each demand port,
respectively, is provided for each voyage. The volume is based on the needs of a
refinery or refineries serviced by the designated demand ports and the éupply of
crude available from the designated supply ports. In FIG. 3A, the "Volume" is

provided under the corresponding header in column F.

[0092] “Upper Tol” and "Lower Tol" — Depending on the capacities of the
available vessels in the fleet it may not be possible or optimal to obtain or
deliver the nominal volume of each crude grade as specified. Therefore, upper
and lower limits are placed on the deviance from each specified volume that is
tolerable. These upper and lower deviances are expressed as percentages. In
FIG. 3A, the "Upper Tol" and "Lower Tol" are provided under the

corresponding headers in columns G and H.

[0093] "to override route options (e.g. Suez) / Laden" — LSDS includes
general routing preferences (e.g., between regions) that specify if a vessel should
or should not use the Suez Canal during the laden (i.e., loaded) portion of the
voyage. However, the user can optionally override this for a particular voyage.

If the vessel ultimately assigned to the voyage must use the Suez Canal, then the

a nmeasure of the wei ght of seaTwst@sonsesled to

the difference between the depth of the bow
and the depth of the stern for the termvessel in neters; "Laden S eed

hour



"Speed Factor (% ," a percentage representing the difference between the
hi storical performance of the termvessel and its speed capability; "Laden
Fuel ," a woaswrs1438 the fuel consunption by the term vesselUsonsloaziesn
voyages in tons per day; "Bal40oast Fuel ," a measure of the fuel
consunption by the termvessel on ballast voyages in tons per day;

"Port Canal Fuel," a neasure of the fuel consunption by the term vessel

whi | e novi ngsémenders SSUERS." dfitle vessel wiisnaily agsigned togthe voyage must Haydur e of

the fiiel consu i an t he t.er m.vessel whi hdlied n REr, ;
"MDO-L," a ﬁﬁ‘ﬁg‘g&_ﬁe g‘P Q?ﬁé)uﬁh{}‘%’ﬁ%a’ glleélstgg i enclt:%ﬁsgjr}%tﬂrond t&gﬁ“ﬁ% t{"ge]lrayrﬁ'rvessel
on | aden voyases tHetediBlanioaid dydefaults apply. IIMXGEBA, énynises Uoeerdifie’t foe mari ne
di esel oil consunption by the termvessel on ballast voyages in tons per

day; a "LaNed oyage inprasised vtier the caespradingdeeadenin calwnadnpt i on by
the termvessel while noving through a canal or port in tons per day; and
"MDO-I," a neasure of the marine diesel oil consunption by the term

[0094] “Bunker In/Out/Not" — The relative point where a vessel (once
~ selected) will bunker (i.e., fuel) is entered for each port stop of the voyage. A
zero (0) is entered if the vessel will be fueled while inbound (i.e., before being
loaded). A one (1) is entered if the vessel will be fueled after crude is loaded. A
negative one (-1) is entered if the vessel will not be fueled at the port. In FIG.

3A, this "Bunker" data is provided under the corresponding header in column K.

[0095] "Delay (hrs)" — Any known time delay that will affect laytime at any
port stop in the voyage is entered. In FIG. 3A, the "Delay" for each port stop is

provided, to the nearest hour, under the corresponding header in column L.

[0096] The Requirements Work-up worksheet also contains an Excel
auto-filter for manipulating how the entered data is viewed in the worksheet
(e.g., show all data or show a particular voyage only). In FIG. 3A, this is the
“Sort Data” button.

[0097] Once data entry is complete, the user copies the data into the
Requirements worksheet discussed in the next section of this example. In the
embodiment shown in FIG. 3A, this is done by clicking the “CopyData” button.
Alternatively, the user can send only some of the data to the Requirements
worksheet (e.g., only those voyages transporting crude to a specified region). In
the embodiment shown in FIG. 3A, this is done by clicking the.button “Copy
Slate A” or the button “Copy Slate B.”

THE REQUIREMENTS WORKSHEET



vessel while idle in tons per day. [00115] In FIG 3C, this data is set
forth in colums L-R U X-Z and AA-AL, respectively. [00116] The Term

wor ksheetwel2s@/woss8ai ns functions for copying and del et iPog/Usesosiovesssel
information. In FIG 3C these functi¥ns are performed by the "C one Term
Shlp"|?nd|"DE:E;e TernLShip" buttons. 47 show data for a particular term
vessel ). In 3C, this auto-filter is_activated by the Sort _Term Ships"
butt on. THE 698} \AmKEhEERegmmg]tsrhéwQ%?etwﬁké}?eéﬁg? 19k Pgudiffees thg

fifteen wor kShgsg{ﬁe ts' il th@‘itﬁ%o%éﬁ(o Oh}'ee i?ﬁlé.et éntWAé'ﬁé}fé@E ARl A

i nformation ‘1 & I'ng spot” vessel's 1 n I ncl udi ng spot vessel

nanes, ?? MUKo Eﬁhg Qa)I ﬁﬁﬁecd;fﬂe‘ﬂ tfione sheo Requiremerts tWoek-np gv arkshéeg,e(b)
consunption and physical specifications. A though much qf the infarmation
in the Spot datsrdeshiedifrom imbedded ealgulations and (08 tad%ﬁﬁﬂd&y. Medtsske i85 in the

Spot wor kshegt | vel I I
A BT R LGB oG,

i nformati on

! aytime | S lt@ldﬁ{rag-freqb&@t_l)l% FIG 3D shows an illustrative Spot worksheet
in a typical workbook. Fields in the worksheet that the user shoul d update,

either by typing or by selecting options froma drop down nenu, are set

forth bel OW'[0099] FIG. 3B shows an illustrative Requirements worksheet. Data

imported from the Requirements Work-up worksheet is provided in columns A,
C,D,E F, H I J, K, M and N under field headers entitled: "Voyage;”’
"StartDate” (i.e., Start); "EndDate" (i.e., End); "Port;" "Grade;" Volume (kB);"
"Upper Tol;" "Lower Tol;" "Laden Route” (to override defaults);" "Bunker
In/Out/Not (0, 1, -1);" and "Delay (hrs)." These fields have the same meaning as
described in the Requirements Work-up worksheet. Edits to the data in these
fields is made by correcting the corresponding data in the Requirements Work-
up worksheet and then, using the “CopyData” button, copying the data into the

Requirements worksheet.

[00100] In addition, the Requirements worksheet includes additional fields
where the data is either automatically populated by imbedded calculations or, in
one case, entered by the user either directly or using a drop down menu. This

additional information is set forth below.

[00101] "Sequence" — Sequence numbers are automatically generated
showing the order in which each supply and demand port in a voyage will be
visited by the vessel assigned to the voyage. In FIG. 3B, the "Sequence"
number for each stop in each voyage is provided under the corresponding header

in column B.



[ 00120] "Spot Vessel" - The name of each spot vessel is provided, In FIG

3D, "Spot Vessel" nanes appear under the correspondi ng header in colum A
[00121] "Wermewwmg33 - The contractual |y agreed upon idl epcodatS2008/0L258 $1000
increments per day is entered. In FI@2 3D, the "Denurrage"” is provided

under the correspondi ng header in colum K [00122] "Use" - An instructi on,
for each spot vessel, spem/lg %ﬂ et her. the spot. vessel . is or ﬁot to be
consi der ed &002hb| YAetipn KB 12%{1 iad é&F'&IBﬁt‘iﬂgf‘F@tqr 1SplaB§ﬂnE?é’(‘fa

Speci fical | éFnetrht%gﬁ %%néglgﬁgaeac %%et hﬁhé"f‘rﬁﬁ@ﬁt i shawt uﬁl\é@.la_lnatlnefora "t

if the vess e vesse I's not” only avail abl e
but, for \Ahehavgipgl}egﬁmndrﬂm" he casks dgmand poxtoaddG. 3B, like bAttion"z&ri on
cal cul ati on 8 FIG 3D, this information is sho in 8olunn L under
t he header €a¢h pomsivamach vwge@ﬁnmﬂ%wmﬁr QWCSPOP%S IR CORIPR"  (py
regi on) - T?g date and regi on each spot vessel will be available is

speci fi ed. pically, this is done in nmdd-yy format. In FIG 3D, the
"ETA" data is provided in colum Mif the region is the Arabian @ulf (AQ,

in colum Nif the region is the Red Sea (RS incaolum O if ion is
West Africa DVABR) : Dlfin- POHES CAECAUIENE 1S T EURET dePSifen

(MED). [00124]), ETA Ti tes-gq?e A8 ?graﬂ?exerf %t}@ﬂ? LBEnRIcANGERM fEBeon’ S

|l ocal time FEFeT nce en ‘each spot vesse d arrive in the designated

region is enrbgsigéered BYPLSDSI ate ahfdrﬁatleallgdcgenenatedm The ariginimelate ypmadyg to t he
near est hour, as a number between 1 and 24. q{o k% &‘F the."ETA Tinme" is
prkbogk Tarthes

shown for eserrespands e thsegariiest éé‘lalﬂ?ﬁlt@’ W LA NoYaesSier .
[00125] La%@‘a‘%?/aﬂa% ﬁté/t (C)ife Qb&yesg gi of maxTIQﬁanSt%vfyggtglly%%?%ﬂdgetosﬁﬁrt of

the |l ay peri Si gha ed region I's provi this the
"Layday / Stiatebt'datspsiRoitntheiworkboaldfoy yhef erdeitg voyage o c;lrmavmllabllmef thegion is

the Arabian Gulf (AQ, in colum S if the r is the Re in
colum T if \tep.@lfp i pnadditionad mmeupf Egtl T‘% r"'ﬁssfgsl (ﬁ@f %‘ﬁ% % egi on
I's the Medit ESE fEL 1oc[a9§ 368+ Qﬁuaiﬂgﬁ CUEH KD EE. IBSMesOBIRE S
relatively s a P AFSTati on desc ing the physical characteristics of

each spot vesséh. inl tellsl G2 @14, Daheeqpbg/tmdqa,lmcﬂmm -ddtygr fogtiat tonthe roagltti @fn

provided for each spot vessel || the foll owi ng: "DW" (deadweight),
the wei ght dwgdenes)l BAZ §ftﬂﬂedvé§ i??%arry in

[00104] "End of Optimization Horizon" - A date specifying the end of
optimization horizon is entered — which is the date within the planning period
upon which term vessels start to earn a net hire daily rate once their assigned
voyages are complete. Most scheduling for new voyages is done on a periodic
basis (e.g., once a month). The end of optimization horizon is normally, but not
necessarily, placed near the end of a planning period at some point after the last
voyage in the planning period has started. LSDS assumes that any term vessel
that finishes its last assigned voyage within the optimization period and before
the end of optimization horizon earns nothing up to the end of optimization
horizon but, thereafter, earns a specified net hire daily rate. This device
inéorporates into the program the notion that having terms vessels available for
the next planning period at a time near the end of a planning period has an

intrinsic value and prevents LSDS from otherwise assigning term vessels to the



ki | ot ons;

necessar ywoaeoavmweps3she spot vessel
line; "Cubic98%" 98% of the cubic cadacity of the spot vessel;

49 "D_raft," t he di stance between the waterline and the keel
the termvessel in neters; "TPC' (tons per centineter) the tons
one centi neter farthercClhaisoswsnsisat er

" Dept h"

of

(optional), the distance fromthe keel to the uppernost deck of the spot
vessel in neters; "Speed," the average speed capability of the
sgot \éessel lorigest vehaggs lﬁ@’éfﬂbbatlhr@&h e certigeisiaropered sipply KAJESPPEF hour ;
"Speed Fact or r p n t t he
hi stori cal 58?5%}? ﬂ% égagf e Spo I?v{ehgig b tu}l?gs gdrul ga%ggnﬁ etM;W
format, in cell G1 to the right of header cell F1/2 entltled "End of Optimization
Horizon."
[00105] The Requirements worksheet also contains an Excel auto-filter for

manipulating how data is viewed in the worksheet (e.g., show all data or show
data for one particular voyage only). In FIG. 3B, this function is activated by
the “V¥” button.

THE TERM WORKSHEET

[00106] The Term worksheet is the third of the fifteen worksheets in the
LSDS workbook. The Term worksheet is used to enter information about term
vessels in the fleet including each term vessel’s name, availability, location, fuel
consumption and physical specifications. Although much of the information in
the Term worksheet is relatively static - the dynamic information in the Term
worksheet is updated relatively frequently.  Generally, only information

pertaining to term vessel availability and location is updated.

[00107] FIG. 3C shows an illustrative Term worksheet in a typical
workbook. Fields in the worksheet that the user should update, either by typing

or by selecting options from a drop down menu, are set forth below.

[00108] "Term Vessel" - The name of each term vessel is provided. In FIG.
3C, the "Term Vessel" names are listed under the corresponding header in

column A.

[00109] "Use" — An instruction, for each term vessel, specifying whether the

term vessel is or is not to be considered available for the optimization



"Laytine,"
vessel char

per cent ageoahowdems3cr edi t ed agai nst

"Max Ports
willing to

the total time, in hours, permtted under the terns of the spot
ter to load and di scharge cargo; "ELF" (early loading factor),

laytinme if the vessecTius2008admsds earl y;

/ Load," the maxi num nunbe#t of | oading ports the spot vessel i s

visit in a single voyage;

maxi mum nunber of discharge ports the spot vessel is willing to visit

si ngl e voyagalculations is prOMﬂag‘épemféFaﬁéfr theneseg entsrs ah 8" ng}ec"?sls%lﬁﬁk?rtt ation
8{’ ):/a; sel ,, ,haéﬁ}ﬁsvés%r ea a,{ g%p%ng%al ot H“thgf 199 I{Jta&ﬁ?orted

rate the sp
over the sp

optio ., the fue

"Max Ports / Disch," the

in a

consunpt i Ona9£1la¥b|[@ lﬁﬂo'[foi/eﬁrfhﬁievbln re@dbh, PRLstd e a551gned a \kaymige Simm thet he

agreed upon
based on a

| unp sum payrrent for _using the spot vessel if %atyment [
optimeratiagecatsfulation. visr FHec3Ce ttwn"Wse' ds shepyn for each ferm vesse

under the corresponding header in column F.

[00110] "Departure From" — The port where each term vessel will be located
when it becomes available for a voyage assignment is provided. In FIG. 3C, the
"Departure From" ports are identified by port abbreviation under the
corresponding header in column G and by port name under the corresponding

header in column H.

[00111] "Departure Date" — The month, day and year when each term vessel
will become available for a voyage assignment based on its current position is
estimated. Typically, this is done in mm/dd/yy format. In FIG. 3C, the
"Departure Date" for each term vessel is shown under the corresponding header

in column 1.

[00112] "Departure Time" — The time of day, using the port’s local time
reference, when each term vessel should be available for its next voyage
assignment is estimated. Typically, this is reported, in military time, to the
nearest hour as an integer ranging from 1 to 24. In FIG. 3C, the "Departure

Time" is shown under the corresponding header in column J.

[00113] "Time Delay” — Any expected delay that might affect when a
particular term vessel is available for an assignment is provided. Typically, this
is provided to the nearest hour. If there are no expected delays, the cells are left
blank. In FIG. 3C, the "Time Delay," to the extent applicable, is shown under

the corresponding header in column K.

not

a



"Shutout (nx+b)," the tons of spot vessel capacity that nust be dedi cated
to bunker fuel for the voyage, where mis a nultiplier for the vessel

repr esentwogoadsi43ens of fuel per mle required to noveprChass@sizsessel , X
is the 50 voyage distance in mles a%d b is either a general or a vessel
specific constant (e.g., in this exanple 0.6 for all spot vessels). [00127]
In FIG 3D, this data is set forth in colums WZ, AA-AH _and _BC, BH BI,
BW and BX, [@0dddtt i Vh¢ yTeripowosishauiealsposoniping srdatively statcinfirmatione

financial inforpatian set .fqrth bel ow faor SS it ect to
a variety ofYFRie ﬁb%?ﬁ%s.w"ﬁoﬁ’fﬁ?] CLSAE? O{\f%?ﬁggﬁgﬁleefyq' eF\ggé?g’e@geci fic
Wr | dscal e pbaygcdinéarddiéistROMnfo@sRh sroaideasiof @acleaain veadb indudes. the

Wirl dscale is"a periodically updated index for a specific trade route at a
gi ven tine. falldwingver age val ue i s designated as Wrl dscal e100 (W5100) .
Dependi ng on market conditions, vessel size, etc., a spot vessel may charge
nore or | ess than WS100 for perform ng a voyage along a trade route. This
variation is expressgeylas i Retéfidicagavitth Wellefin aeskel'y papzaity ys viligds from
40% (Wb40) to 200% V\SZOO&j. 00130] "PCM n" (part cargo m ni rru]g;, t he

m ni mum anount of cRW3" (deadweight)f the wipighhcanaeity sdrcajgas and bupkgry dhat
regardl ess of cargo si,ze. [0013 For. exanple, in FIG 3D, in colums Al

t hrough AJ, ?Wéfeémi ses%lelgg%f%%}ﬂme%%l?tpﬁgéd "AG to:" that contains a columm
there under identifyiigg. edisplacendr)t theahaxjimuai displatement dfthéreabi wassebul f/ Red
Sea (AGRS) and ending in Japan. For the trade route, the vessel specific
Wor | dscal e rinkéotomd; part cargo m ni mum for each spot vessel is provided. In
FIG 3D identical f,elds @f f.i.nanci i j i i | ums
BA t hrough BB for a]f]ia de81 och%tgg %?%&ﬁ%ﬁﬁ%%&%ﬁn&@? t}% Ife|é/éclgliS{(j\t/l\iAélgtIS)ﬁ(ﬂand

endi ng in tRRsddl § mekeks;

"Displ10," the displacement of the term vessel, in kilotons, when the

vessel sits ten meters below the surface;

"Displ15," the displacement of the term vessel, in kilotons, when the
vessel sits fifteen meters below the surface;

"cubic98%," 98% of the cubic capacity of the term vessel;

"Depth" (optional), the distance from the keel to the uppermost
continuous deck of the term vessel in meters;

"SCNT" (Suez Canal net tonnage), a measure used to calculate Suez
Canal tolls for the term vessel, .

"manifold ht" (optional), a measure from sea level to the highest point
of the term vessel in meters;

"ballast tons" (optional), a measure of the weight of sea water needed
to stabilize the term vessel to a proper trim during a ballast voyage in kilotons;

"Trim" (optional), the difference between the depth of the bow and the
depth of the stern for the term vessel in meters;

~ "Laden Speed," the speed capability of the term vessel on laden

voyages in knots per hour;



[00132] The Spot wor ksheet contains various functions for copying and
del eting spot vessel information. In FIG 3D, these functions are perforned
by the " GvoreosBpoi33Shi p" and "Del ete Spot Shi p" buttonspCrasp@sioises y.
[ 00133] The Spot wor ksheet al so includges an Excel auto-filter for
mani pul ati ng how the data is viewed in the worksheet (e.g., show all data
or only show data for a particular vessel). In FIG 3D, this auto-filter is
activated by the "$Ballagpbpeedesths smad cappbilitioef the somMessslon byllasthe Spot
wor ksheet contains sorting functions for view ng spot vessel information
rel evant tovﬁy?ﬁfﬁt"ilgﬂ?tﬁrpegg%'ilrc)n. In FIG 3D, these sorting functions are
activated by the "SkguedEactor BhpWa\WrERntaaRdepobentng the Refferense bétwteenns. THE
WORLDSCALE WORKSHEET [ 00135] The Wor |l dScal e wor ksheet is the fifth of the
fifteen wor Kehlsstosicalrperfrsmagpsofbeitermnkessalandyity speek s2R2DHFYk sheet cont ai ns
mar ket average Worl,dsgal rcent a [ S . j s. As
T8 BupFoaoary ONS AN PofullthisA T Bickl (Rl

stated, Wbrldscal e update specitic trade

route. Thi soﬁqgamoy\égémtbﬁs @sd-gnated as Worldscal e100 (Ws100). Depending
on mar ket conditions, the nmarket average spot vessel cost for performng

for a voyage al ong "Ballesiduel i mepniye Ioé thpfuel spnuarntionnly, theged Eseeli s
expressed as er.cent age 3\% V\Slrocp.,This information is set forth in the
Wor | dscal e WOrISANSLY 4RI NP BESE e wor ksheet i s updated rel atively

frequently. [00136]"poHCCardl BhélWSa afedsliteust fiad fuet cdasumdsiian dywbekshmet in a
typi cal workbook. Fields in the worksheet that the user should update,
ei t her by t webselwhilelgoyng éxe PAY BPERDAR tNSReF da¥r op down nenu, are set

forth below. 52 [(Q 7L “REroml To/l Vi ar 4 - S i t he
mar ket average Worl gé%a*‘éelr a?er%eag{ﬁrcf g{ﬁheer E%gs(%oégl\%ﬁmrl&ggﬁs%%g{e |ed€% el. g.,

fromthe Ar ami@erqd@ﬁlftoﬁﬁ@rdgy;the United States (U. S.) using the Suez
Canal). In FIG 3E, the "From" "To," and _"Via" informatian Egr t he trade

routes are set fort'™MDEtEs" a measse oé isonaningdises] ealconsumplpn A¥dheters ang

respectively. 013 " Bunker . "o e cost for heavy fuel oil on the
trade route‘feﬁle%.o .é‘hg”’%}{asg%ﬁél} ot%tgr??rfigr}h’Fl G 3E, the "Bunker Cost" is set
forth under the corngsB}i Aomegaderofi the anhrimen didsel oil consumption by the

term vessel on ballast voyages in tons per day;

"MDO-P," a measure of the marine diesel oil consumption by the term

vessel while moving through a canal or port in tons per day; and

"MDO-L" a measure of the marine diesel oil consumption by the term

vessel while idle in tons per day.

[00115] In FIG. 3C, this data is set forth in columns L-R, U, X-Z and AA-
AL, respectively.

{00116] The Term worksheet also contains functions for copying and
deleting term vessel information. In FIG. 3C, these functions are performed by

the “Clone Term Ship” and “Delete Term Ship” buttons.

[00117] Finally, the Term worksheet also includes an Excel auto-filter for

manipulating how the data is viewed in the worksheet (e.g., show all data or only



[00139] "MDO Cost"™ - The cost for marine diesel oil (MDO on the trade
route in U S dollars per ton. In FIG 3E, the "MOO Cost" is set forth
under thewoaneesposadi ng header in colum E. [00140] " Curcenis2esmuzsifge
Rate" - The market rate for excess potit tine on the trade route in U S
$1000 increments per day. In FIG 3E, the "Current Denmurrage Rate" is set
forth under the correspondi ng header in colunmm G [00141] "Market Ws" -
The market viow detsafor arparticylar teemcvesselhdbn b 3Ch e guionfiken santivatad ket

condi tions expressed..as er.centage (W5100). In FIG 3E, the "Market W5
is set fortﬁy%ﬂﬁfor?ﬁgmagpfp sg’gﬁa?’ng header in colum H. [00142] "Qutl ook
W5" - The market Wbrldscale rate for each trade route, to be used in a
future period in the cal cul ation of net hire value for termvessels,
expressed aFHE PBOTeWIQRESHIEID0). In FIG 3E, the "Qutlook Ws" is set
forth under the corresponding header in colum |I. [00143] "NetH re Base W5
- A Wrldscale rate for each trade route, expressed as a percentage

(WB100), th%omisgl beThs 8got Wosidhesl Rtthe tfourth vEskelfifleet Worksheeatasthen t he
Net Hi re wor ksheet (di scussed bel ow) which change relative to 53 changes in
the Worl dscaSDS avarkboek. F| Ehe Spot twerkshgst iqontainsy dxfoppation; regarding, spptunder

the correspondi ader. in, colu , 44140 1 : st" -
The bunker fVﬁ%ﬁeﬂgﬁBQﬁ% %F‘Btr‘néla“g’hngt grgg’éJeveerSw%‘?’esr r‘?eH’[odﬁaglF gﬁﬁgfé‘ﬁgﬁ,%i“ﬁg? Wil |
be used to GglasivAll 4 hgidEriteNéssamphioh andrghysizhk spdcifidatiendle tAditiomgh

wor ksheet (discussed below) which change relative to changes in bunker fuel
costs. |In Fingch3i the heformetien in tzaSpot merkshess is relativelt StﬁB?t’ﬁh%HW‘fhe

correspondi ng. header .in ¢ 0} " B/ 3 ! Pt
The backhaul™OFRaIY% ! ﬁ(‘f géﬁ‘f%ﬁisﬁ%% I%L{@ejgtgglljéﬁcagﬁ afrr%qla?érﬁq?’ éﬁ;atlégglgyérn on
each trade W §afofmBA6K Hrtthirfiedb tspoBiessel eailybilins RTA, deenrtape andssel
transports cargo on a return |leg of a voyage for the purpose of m nim zing
bal | ast ni | daganaiscupdatadeby reduci ng bal | ast transportation costs. A
backhaul debit (B/H Debit) results when a vessel ballast froma region
where it otherwi se was in position for a backhaul cargo, thereby, |oses an

opport uni ty [He1 B8R’ N FAGK3BKkasws & dtlistrativenSpotGrokEheetaw b tyiBcH Woddook. and
"B/H Debit" relevant to a return |leg "Front and " To" = eg)i f{_y%d Ioc%ti ons is
provi ded unddeldsonr tgpyatksheetnbiabidhs user by dgte, it % HaRIE or by

selecting options from a drop down menu, are set forth below.

[00120] "Spot Vessel" - The name of each spot vessel is provided. In FIG.

3D, "Spot Vessel" names appear under the corresponding header in column A.

[00121] "Demurrage" —The contractually agreed upon idle cost in U.S. $1000
increments per day is entered. In FIG. 3D, the "Demurrage” is provided under

the corresponding header in column K.

[00122] “Use” - An instruction, for each spot vessel, specifying whether the
spot vessel is or is not to be considered available in the optimization calculations
is provided. Specifically, the user enters a "0" if the vessel is not available, a "1"
if the vessel is available and a "2" if the vessel is not only available but, for

whatever reason, must be assigned a voyage in the optimization calculation. In



[00146] "Laden Route (Default)" and "Ballast Route (Default)" - The default
routing of vessels along each trade route (e.g., whether the vessel should
utilize tWwe 8wawi43anal or go around the Cape of Good Hopex/uskowsbirsis 3E, t he
"Laden Route (Default)" and "Ball ast #®oute (Default)" is specified for
voyages "Front and "To" specified points under correspondi ng headers in
colums T, U, V and Y. Were this information is not relevant, the cells in
the field afdG. ¥R, Blisrirfosmatippis jshowmt By salunprpds andertHhie headsr #slli b3 above
can be popul at.ed, girectl r sone.qr all of the information can be

ext ract ed fFBﬁﬁﬁ%ﬂ%ngt?ﬁgéEﬁ%?ﬂ?%ﬁned in the course of business. In the
case of LSDS, the information on this worksheet is updated by 54 pressing
the "Popul ate Worl dscal e Data" button, which |inks and draws from exi sting

dat a tabl es.[00138] | NFEFAIBaERIEXTegiomKSHbe date and 838701 c3HntROAY§FGh MEH t
ksheet is the..sixth of .th i ft ) .S ] liﬁ@)k. Th
\IAKr)][)uts Aggi gln rﬁvg St';lé%géetcﬁi% ti!?'ﬂlggﬁcﬁgtl bﬁ‘gﬁaﬁﬁg’z ';:lh&élt']ﬁé: i owé'w'lti e ‘user, tg

the extent agpith@9ETIA® @itk Reprdvadedeinadol@ingaVl ib\thargpdor isctheakrabems@hlft o a
particul ar voyage. Such a designation mght be necessary, for exanple, due

to contract (A&)nin eslumhaN iethe regiom is the Red\SeadBiS)+ 18 colusan O if theregifit s f or
i nt w€1C o] O | G . 3. b . i . : t
Wor kshoat . THES AER LV ARR MR inXoumb R BN U SRl A SSERSPTER

either by typing the data in directly or by selecting an appropri ate data

option froma drop down nenu, include the fol]ow ng: . _
[00124] ETA Time — The time of day, using the designated region’s local time

reference, when each spot vessel should arrive in the designated region is
entered. Typically, this is done in military time, rounded to the nearest hour, as
a number between 1 and 24. In FIG. 3D, the “ETA Time” is shown for each

spot vessel in column Q under the corresponding header.

[00125] “Layday / Start” (by region) — The date that denotes the start of the
lay period for the designated region is provided. In FIG. 3D, this the “Layday /
Start” is shown, in mm-dd-yy format, in column R if the region is the Arabian
Gulf (AG), in column S if the region is the Red Sea (RS), in column T if the
region is West Africa (WAFR) and in column U if the region is the
Mediterranean (MED).

[00126] The Spot worksheet also contains relatively static information
describing the physical characteristics of each spot vessel. In FIG. 3D, the
physical characteristic information provided for each spot vessel includes the
following:

“DWT" (deadweight), the weight capacity the spot vessel can carry in
kilotons;

“LWT” (lightweight), the weight of the spot vessel itself absent stores,

crews, cargo, etc., in kilotons;



"Voyage," the nanes of the voyages (this field can be automatically

popul ated with a list of all voyages or nmanually populated with only those
voyages fwo 20#vosiu3a constraint will be specified); PCT/US2@8ioms15 t he
nane of the termvessel or spot vesseld, if any, that the user wants to be
assigned to, or disallowed from the voyage; and "User

Specification," the preference, if any, for the assignnent, ere a one (1)
forces the desi gnat®tafiésthe|distanqeneetygen &Wat”éﬁfr\}’éﬁlaﬁgfheakﬁ?l sthg fermp- 1)

di sall ows the designated vessel fromthe designated voyage and a zero (0)
or enpty ceP’FSSﬁE’é‘rfgetteFFere is no preference. [00150] In FIG 3F, this

information i s set <rtyteids ctAEmERE) e pamdictgssasatiediopithe spbtvensel A, B
and C, respectively. WO 2009/061433PCT/ US2008/ 012515 55 [00151] The NetHire
wor ksheet i one kentaetenfasthet belew theaseilingsr ksheets in the LSDS wor kbook.

The Net Hire works hegfqbﬁcﬁi%f 9&%0%%@%&? Ocrﬁggcq' thh@rg;?étr\f%gé%lf oute basis to

be used to determn € rate ach term vessel. The net hire

rate is a daily netmgpigi (bptibail), BPIigasienomatht deal wesgalppeanos: detker bot h
of the follow ng events have occurred: (a) the termvessel's assigned
voyages, if odithe spopvesshbingnelieri; ng peri od are conplete; and (b) the end the

optim zation horizonghas ,bgen_ reach T - 1 ihGudet hire
rate for each day du$1?eﬁ’ 't HE ?r‘{)eé%e %l%r?g %gfl}ir’lglg};r?ogﬁﬁée?b?tﬁgéég?éren%nt oned
condi tions ajeh PRlast hikPHLI) vEapesh Khiotseper ber;i s det erni ned by an expected

daily net margin (earni n%s) of a termvessel on a noti g{]ﬁj vo%gge.
Therefore, the net ‘Hipeed Factor (i aprgeriegseicarasgnisng theciHetensh aF ) age
sel ected and, of her. i pport ant f r S |.cul.ati gin, such as
changes in gﬁ?t}’éfor%pﬁ%f %%rfaélc?§fléeh% S?’SW? gg %gtlﬁogﬁggdeﬁi/aggg&hnd bunker fuel
costs. Accordingly,“Ingtinty,” ehe it e einclidues)| permittébundmmehe termwoonthei onal

voyages and then changes in the net hire rates are specified relative to
degree changest Yesseleahreer tpplopdigedilischige 6¥€9ge rates and bunker fuel costs.

[00153] Preferably, ‘tﬁﬁ’n?éng%adﬁfﬁ%tJrguﬁ PerdeBfagdSSE tifheCabGitd PhAigstt Ne net
laytime if the vessel is loaded early;

“Max Ports / Load,” the maximum number of loading ports the spot
vessel is willing to visit in a single voyage;

“Max Ports / Disch,” the maximum number of discharge ports the spot
vessel is willing to visit in a single voyage;

“Overage,” a percentage of the basic transportation rate the spot vessel
charges for each additional ton of cargo transported over the spot cargo
minimum;

“Fuel Consumption" (optional), the fuel consumption of the spot
vessel in tons per day;

“Lump Sum," the agreed upon lump sum payment for using the spot
vessel if payment is not based on a percentage of the Worldscalel00 rate; and

“Shutout (mx+b),” the tons of spot vessel capacity that must be
dedicated to bunker fuel for the voyage, where m is a multiplier for the vessel

representing the tons of fuel per mile required to move the spot vessel, x is the



hire rate are provided for each termvessel, nanely: one trade route
representative of voyages south of the Suez Canal and one trade route

repr esentwoizo@/mwi43oyages north of the Suez Canal. LSDSpchars2a@snsisders term
vessel locations and applies the appr®priate net hire rate. For term

vessel s that are assigned to a voyage, LSDS uses the final discharging port
to determ ne whether South or North net hire rgte shoul d apﬁj . It South,
LSDS uses t Weyagstdipanee papdles gndithis §1§l§éiaf$%’d"r%dﬁtanv?§sﬁld§’ef’ H‘%/‘é‘?nsﬁntNort h,
LSDS uses either the So i r the larger of the South and
North net h‘?‘%”?lb{héssex(aﬁlﬁ;slgg%gﬁ)r%isles of)?ées eelF)gnce). If a termvessel is not
assi gned, LSDS uses the specified ETD port (initial vessel position) to

determ ne between South and North. . 56 [00154] FI G illustrate typi cal

Net H re wor K&H@al . ImFIG. P kbredata jis s¢f faghdn W&%ggza%'\ﬁli&’e?‘?ﬁs?@sel i's

added or de , noti onal voyage basis needs to be '
L5, B R BB PeyfiRa sy

nodi fied, o I'cients net hire rate calculation need to be
updated. Data fields in the worksheet that the user popul ates, when

necessary, either by typing the data in directly or. electin
appropr i at e [00%28] opThe$pet Bierksheeioplse santaims e 11 C@E%/nf?’HP?tFP%%qqotaﬂh

00155] "Reqi des, - ' ' tif [
(o9, * 3ApOeRRy KIRE spol ROT MBGE ety O IR LRI RLe Fue B0 ol £ °5 ey

for the Mediterranean, "SNG' for Singapore, AS for Ain Sukhna, "NE" for

Northern Europe, "U. S." for the United States,_ "BS". for. the Black Sea "RS"

for Red Sea [@ 9]V\A|:W‘S"f(EV°1\¥@?§PIC)\f rT!héé’F?Sf’ speeties %Jsfﬂgél%tertgﬁﬁﬁﬁsl%%des

proxi mat e t he. oL SIROR DA NERANSHID WHRsdale B &PEhiSuiAIC hUIES irfexB and
p -

C. [00156] VM e nanes of each aval l'e termvessel in the
fleet. In Flfr a3ecifibasrlenamasatapgin timderThihaverage asherididegighetsdeds in row

A. [00157] "South Notional: \Voyage" - The "Sputh" notional voyage "Front
and "To" spe¥pridsalelffi (Hh310Q) sepgnding,pn market W%o@ewg%?bﬁgﬁy&%@ user

to cal cul ate Lhe. A tn\}g%/ rcﬁalrggtn?orgq;r 18 3Gh HEH DIVBLBH pEFbMmiNE SS®yagt AldnkG 3G

this south n8Prona age“information 1s identified under the appropriate
headers in gphiadesroBtel hrThighvabiatipAOik 5&prédsed tas Aqiareansdge VHYW§E00 -antlhe

"North" notional voyage "Frond and "To" eci Ll regions "Via" an

appl i cabl e dapigplly gngse from w%t(%&i@éf’ ng&t&"%z&gte the net hire rate for

the designated termvessel. In FIG 3G this north notional voyage is

identified under the appropriate headers in colums F through H 57
[00130] “PCMin" (part cargo minimum), the minimum amount of cargo, in

tons, for which the spot vessel charges regardless of cargo size.

[00131] For example, in FIG. 3D, in columns Al through AJ, here is a section
entitled “AG to:” that contains a column there under identifying a trade route
originating from the Arabian Gulf/Red Sea (AG/RS) and ending in Japan. For
the trade route, the vessel specific Worldscale rate and part cargo minimum for
each spot vessel is provided. In FIG. 3D identical fields of financial information
are provided in columns BA through BB for a trade route originating from West

Africa (WAFR) and ending in the U.S.



[00159] "Net Hire [Rate] k$/ D' - Atable of net hire rates for each

noti onal voyage option, "From' and "To" specified regions "Via" an

appl i cablwocasals1433 provi ded. LSDS references this tabl ecrassdeseisifne t he
net hire rate for the termvessel basdad on the north and south noti onal
voyages the user has selected for the net hire rate calculation. In FIG
3G the net hire rate information, in U S. $1000 increments per day, |s set
forth in col@M32) M The Sast Wotkshest @malappv%xWSaﬁ@crieaﬁefpg copyme1 60§ "

Hi re Change,

hire rates Sglre§/ﬁg tSE%t Yeﬁiﬂ)m{?&“ﬁ‘f\°‘& hanggt'{]%’bt S\?befﬁﬁﬁgoélaslt%g {}gﬂg%% 13ga(r:] ﬁt

notional voyRgeIghé 5931; Ship? afild “Bertte Ipot Simecblittcﬂﬂ fegpcdively. Vi a" an
applicable canal, is provided. LSDS references this table to calculate the

net hire rate for the term vessel based on the north and south noti onal

voyages the Iy, N selected for rate

Wor | dscal e r[@ggldiaﬂ]%r Siplo m toﬁléshg’%)tec?l cfp; h‘(‘%‘feﬁl ?aéBa}g)gé ara{zg!t {gﬂe%@@

cal cul ati on pynfih ulmﬁgﬁ@mh@aat@xg viepel ah ﬁlef\()érk@lil@dweg ishow la#l dadr bdedgl e rat e
that are smaller or Targer than 10 points. t he netdgmtg\ rate

i nformation Sth <$ta for am@@cqlm\‘@ﬁ@htbw %Bythlﬁ @tg-é}lteréﬁgqu,a];? fms X

t hrough AB u‘ Jat headers. [00161] "Net Hire Change, K$/D
per 10%/t Fu R%’egsgq?i)oa? t{raepresents the change in net hire rates per
a 10 dol |l ar per ton change in the bunker fuel cost for each notional voyage

option, "From and "To" specified regions "Via" an applicable canal, is
provi ded. . L60%34]ef Erl@llﬂcfeéhft fPipst mkfgleﬁbcﬂéﬁ’élﬁ rfoRdNg Aenghions HPF ¢ie%IN8 £ or
the term vessel based.on o] er has
sel ected forPPhESH tmf?r?n@l?%tr&%aqéﬁggtaﬁ%#i% éberlﬁ(il 5@3?%?%55&3'8?{# r from
the Net Hi r eBgs&idndeire Gasiivatedl bg thd hiShead au@,at iShiowniW AFRoancht‘Show All
extrapol ate for changes in fuel cost that are smaller or |arger than 10
dol | ars per Regions”Hpuptpgs. 3G the net hire rate information, in SU.S. 1000
increments per day, is set forth in colums Al through AM under the
appropriate headers. 58 THE TERVEXCLUDE WORKSHEET [ 00162] The Ter nExcl ude
wor ksheet i sTlHReVeRIIHSHICALE WORKBHERT wor ksheets in the LSDS wor kbook. The
TennExcl ude wor ksheet allows the user to exclude termvessels fromvisiting
certain ports. This m ght be necessary, for exanple, under the term vessel
contract. Tgﬁoﬁﬂksheeﬁl S@’%ﬁdﬁczﬁ@ &b‘?ﬂéﬁe@fjls"{’ﬂé@ﬁéh%f hB eI fReehSwérkehenom i n the
rul es that whi ch 'ports a particular termvessel is allowed to visit
or when a nemetESDBVe®sitiooks datdeiVor]dBrhES Werkihe8Hcbhaust marks averagsi cal

Ter mExcl ude wor ksheet. The worksheet is basically a matr.i ells.

i ndi cati ng p%{mlﬁéwl%mpe&csaﬁ%g%%t%wﬁsﬁhﬁr ﬁ%ﬁf)‘ﬂ?gtr %‘/féﬁs Asc%?tﬁﬁmﬁ{&rl'%ﬁ%a[lg 19
particular te Q?l&ﬁ&?lél Spd RO iddSPRE %&%lﬁ@ﬁ%&@%lﬁé PEAi homing $AhidTisvessel
and port fie s can Bt onati cal | ulated wth every available term
vessel and pdysignatednasWdrldscplepOd QWO&)t MDepenidsig of nmarksgt ¢dngiétéonse tha
vessel s and ports that are rel vant to a}.n excl usi on de5|1§nat| on

FIG 3H, onIWaTh@éaWPg%SF%rVWﬁ CRstolaF prtAriRear & Voyass albpgiarade ré’lug

i ndi cat ed. 9 3o NbS | §t1‘1"a 06! drlged e'xBreB@é’M ds a$RrénBlRCSRISI60.
reference porfl i'S repeate tiple tines to fill out the worksheet. To
exclude a paTlhllscmfca-rnatnenmsvmsfetthf momevMéthdsc@leaNpléﬂShWtul &he p¥prldsaatee user
enters a one (1).in the aé)(g (ﬁ) % matrix cell. A blank cell indicates
that there | ¥op§hpeids ppdatprelat *NQEV BRAFEM P PLANNED SERVI CE WORKSHEET

[00136] FIG. 3E shows an illustrative Worldscale worksheet in a typical
workbook. Fields in the worksheet that the user should update, either by typing

or by selecting options from a drop down menu, are set forth below.



[ 00164] The Term Ship Pl anned Service worksheet is the ninth of the fifteen
wor ksheets in the LSDS wor kbook. The Term Ship Pl anned Servi ce wor ksheet
provi des wbeomwusbss of days a term vessel nust spend i npdmyusdasiiisosit of
service) for planned mai ntenance. Thes2wor ksheet shoul d be updat ed as
necessary to reflect planned mai ntenance. WO 2009/ 061433PCT/ US2008/ 012515
59 [00165] FIG 31 illustrates a typical Term Ship Plapned Service '

wor ksheet . [BA1371 i eiTrom/Rof\Ha” worltishisade rowtes e Whieh thegneket QVERGE by
typing the data,in directly or l.ecti : | jcon from
2t op donn HereRteial o per By S i’ eeila el ebnahe A RAGLICT T0L
each term vesgshe thhisled 8atRI (LNS)) ub@gahe BuéOCRIAIY. aln FIGe3T,rthe EBrdm St of
every availablé termvessel or a manually generated |ist of onldy t hose term
vessels for "Whj"chntihdi\ﬁta"enlaﬁé'élaﬁlﬁflofqmtheoﬁ38§ fogfcsy aye set forth under e,
Voyage, " the sequence .nu r. ' : age that the term
vessel shouIcansg??ﬁﬁg{gehegg?%r"é%é%%c%?%;aagnﬁzI;r%ggl%@y' "Servi ce Days," the
nunber of days the termvessel is expected to be out of service. [00166]

In FIG 31, this information is set forth under, the corresponding aders
in col ums A0OB&nd"Bunkes{astt+ @Pypsﬁmhwmmlbmt%m@ﬁw Ll

dollars per ton. In FIG. 3E, the "Bunker Cost" is set forth under the

corresponding header in column D.

[00139] "MDO Cost" — The cost for marine diesel oil (MDO) on the trade
route in U.S. dollars per ton. In FIG. 3E, the "MDO Cost” is set forth under the

corresponding header in column E.

[00140] "Current Demurrage Rate" — The market rate for excess port time on
the trade route in U.S. $1000 increments per day. In FIG. 3E, the "Current

Demurrage Rate” is set forth under the corresponding header in column G.

[00141] "Market WS" — The market Worldscale rate for each trade route
based on current market conditions expressed as a percentage (WS100). In FIG.

3E, the "Market WS is set forth under the corresponding header in column H.

[00142] "Outlook WS" — The market Worldscale rate for each trade route, to
be used in a future period in the calculation of net hire value for term vessels,
expressed as a percentage (WS100). In FIG. 3E, the "Outlook WS” is set forth

under the corresponding header in column L

[00143] "NetHire Base WS" — A Worldscale rate for each trade route,
expressed as a percentage (WS100), that will be used to calculate term vessel net

hire rates in the NetHire worksheet (discussed below) which change relative to



[ 00167] The Spot Excl ude worksheet is the tenth of the fifteen worksheets in
t he LSDS wor kbook. The Spot Excl ude wor ksheet all ows the user to exclude
spot vesswbh=odvmwm3si siting certain ports. This m ght ocedr/ustas/oesanpl e, if
the vessel owner refuses to service c®rtain ports. The worksheet should be
updat ed whenever there is a change in the rules that govern which ports a

particul ar spot vessel is allowed to visit or when. a ew\b&ggt, vesfseh i's
added. [0016BjmResin g Warldgsealaras. dnFJ6 5 t@péﬂﬁk‘é‘lé’l}g@e kdhedtloFhe
wor ksheet is hasically a matrix.of. C kndi cating particul ar spot
vessel / port uegﬂb‘hﬁﬁ?f%sr@?g%&%e%%g‘kn|°§l+§“ g'arti cul ar spot vessels. Row |
specifies particular ports. The spot vessel and port fields can be

automatically populated with every availabl e spot yessel d port or
manual |y pof00ktddd Wethire Base FWY&ﬂsy rh%bu@@rs%‘&f C%té?éf £agh dradsr ¢ s

| tt | i o ol t )
whi o cer t arpgettapis Bef RIS wilHE wshd o Louitd (RGm BRodHel BirtDT

pernitted i Ra@9VihltheSNeaHipd avahehater(disefised imdowpwhitls ahepgatreldtiveltbi pl e
times to fill out the worksheet. To _excl ude a"&a{ﬁj cgl ar s o{: vegssel from
visiting a phengesundunker fuel cpgs.yda Flon 38, thg "NetHire, &b%FBglr'%ﬁte et i x

cell. A bla ell, i.ndic t e ] estriction. THE
SUEZCANALTQ%“MQEE?O%%%%@F%’uheeta@%relgcﬁ)ﬁgq@g'I wor ksheet is the el eventh
of the fifteen worksheets in the LSDS wor kbook. The SuezCanal Toll worksheet

provides information used to deternmne if a voyage should or oul d not be
routed throdfBl4fle SBEZ Cradil ?ndl'hBéH\Rﬁb!@sI’TeFQ%e%/%C%ﬁB Nl BS‘Wdt‘EF étséﬂﬁnge in

the set of termyvessels r n I I e, el (B
i 11 ustrates RVEP & © ue@(%m@'l%#ﬁ%\%o? ghtléaeﬁte%%g?aﬁ? F%é@l} e Bor ksheet
that the useTreiiiptdsalts &Heheahe hyssey pangpotisecarat an iarvetlirn deg by acoybge é&l ect i ng

an appropriate data option froma drop do menu, i nclude the fallow ng:
PPTOP the purpose pof minimizing ballasF,)t mileage and thereby reducing Payt "9

transportation costs. A backhaul debit (B/H Debit) results when a vessel ballast
from a region where it otherwise was in position for a backhaul cargo, thereby,
loses an opportunity to earn a backhaul credit. In FIG. 3E, each “B/H Credit”
and “B/H Debit” relevant to a return leg “From” and “To” specified locations is

provided under corresponding headers in columns O, P, Q and R.

[00146] “Léden Route (Default)” and “Ballast Route (Default)” - The default
routing of vessels along each trade route (e.g., whether the vessel should utilize
the Suez Canal or go around the Cape of Good Hope). In FIG. 3E, the “Laden
Route (Default)” and “Ballast Route (Default)” is specified for voyages “From”
and “To” specified points under corresponding headers in columns T, U, V and
Y. Where this information is not relevant, the cells in the field are left blank or

“NA” is entered.

[00147] The information above can be populated directly or some or all of the
information can be extracted from data sources maintained in the course of

business. In the case of LSDS, the information on this worksheet is updated by



"Nunber of days for Canal Passage," estimates, in days, to be comonly
applied to all vessels for the duration of the "Ballast" and "Laden" voyage
passages wbnrowmgisi43ie Suez Canal ; "Spot Ship Toll Yalrusg9080exsts mat es
of the tolls, in US. $1000 increnent®, to be applied to all spot vessels
for the "Ballast" voyage and the "Laden" voyage through the Suez Canal;
“Ship," the name of each termvessel in the fleet; . Pm é uez Canal
Net Tonnagepressing theoiepulste MerdscalenDeigndutioehich liske %R dLOTR anal
tolls; Qcﬁﬂglgatggé 1|;A’§] : the tolls, in U S $1000 increnents, for each

term vessel ° ast" voyage through the Suez Canal from Northern

Europe and for a 61 "Ballast" voyage through the Suez Canal fromthe

United States, reflectin anﬁ applicable discounts such as a U S. ball ast
voyage di scdlHE MU@A[S%&NM éﬂg ORKSHEEHen" and "Partial Cargo," the
tolls, in U S $1000 increnments, for each termvessel, for either a fully
or a partially "Laden" voyage through the Suez Canal. [00171] In FIG 3K,
this informgomsms)is SThe hipubAssigienerthevatkshees denthengittbadér thei difsehums A
t hrough X. The relevant canal tolls can_be entered di rect{(%é}?(%r cal cul ated

usi ng f act omorkshsetssinoths) LSS evenkhaele dhe Anpuidissigngians Workgisey sont#s
SuezCanal Tol |, uonksaPtnA' SR IEdIdes 30 ¥ ek Winbh kithe! rarBaIgu ati ng
din e WOr ks ( d

how t he data*i's Vvie eeét (e.g., view all data or only data
pertai ni ng tdgsaflomed partichBilk veeseb &) ) pattivular Goyage. $ineh adesighatianemighg be
activated by the "Sort Suez Canal Data" button. .

necessary, for example, due to contract terms or the need to bring a vessel to a

particular port for maintenance, etc.

[00149] FIG. 3F illustrates a typical Input Assignment worksheet. Data fields
in the worksheet that the user, if desired, updates, either by typihg the data in
directly or by selecting an appropriate data option from a drop down menu,
include the following:

“Voyage,” the names of the voyages (this field can be automatically
populated with a list of all voyages or manually populated with only those
voyages for which a constraint will be specified);

“Ship,” the name of the term vessel or spot vessel, if any, that the user
wants to be assigned to, or disallowed from, the voyage; and

“User Specification,” the preference, if any, for the assignment, where
a one (1) forces the designated vessel to the designated voyage, a minus one (-1)
disallows the designated vessel from the designated voyage and a zero (0) or

empty cell means there is no preference.

[00150] In FIG. 3F, this information is set forth under the corresponding

headers in columns A, B and C, respectively.

THE NETHIRE WORKSHEET



THE PORTS WORKSHEET [00173] The Ports worksheet is the twelfth of the
fifteen worksheets in the LSDS wor kbook. The Ports worksheet contains data
rel evant wo 20évep38enti al ports that nmay be included i nPChaSeeE8ion2535
voyages. This data can, and typicallysdoes, include the following: the rate
the port can punp oil into and out of vessels specifications for berth
within the port to | oad or discharge car port charges; maxi num and

i In| rm\r/n\b c?a d8913xi nuhe dyeiHineyorkslech iy ﬁﬁge@ba:fftth@] Ao vearlssheetsoniage |
PN A T A SR

i | ustrates rguteltpszab bPaked to\ddteshiae the mmaefraelﬁﬁeddmetem lvesselzl Thenéthe
fol | ow ng: "Port," the nane of each port including a "Default"”
entry whi ch hiteosate istredaibf mefimargsn thas LSDIS asspmes ajterma vesssl cyms st BP® not

known; = 62 ¢ the fo lol\ixgiég everﬁ§ H5%d Q%Heg,n Mté’?x}i %&P? B} é}}%ﬁ%é/ s> if?

supply port “or i’est time
of day, in rdnlyi tf@lr Yhe prmnmgupe&e@a tage chbmphear &sd (biothe, eodiche ptimixdtidn al | ow
a vessel may dock; 'Msc. (Berth, etc),"” the total hours_ for each
port to ref |hagizonhas bege r%aobe@sé'heugréé vegsehgrmp thi Betohirgate dor eacheday.

during the model time horizon after the aforementioned conditions are met.

[00152] The net hire rate is determined by an expected daily net margin
(eamings) of a term vessel on a notional voyage. Therefore, the net hire rate will
vary depending on the notional voyage selected and other important factors in
calculating net margin, such as changes in market Worldscale rates for the
notional voyage and bunker fuel costs. Accordingly, net hire rates are calculated
for one or two notional voyages and then changes in the net hire rates are
specified relative to degree changes in market Worldscale percentage rates and

bunker fuel costs.

[00153] Preferably, two notional trade routes for use in calculating the net
hire rate are provided for each term vessel, namely: one trade route
representative of voyages south of the Suez Canal and one trade route
representative of voyages north of the Suez Canal. LSDS then considers term
vessel locations and applies the appropriate net hire rate. For term vessels that
are assigned to a voyage, LSDS uses the final discharging port to determine
whether South or North net hire rate should apply. If South, LSDS uses the net
hire rate for the specified South trade route. If North, LSDS uses either the
South net hire rate, or the larger of the South and North net hire rates (based on
user preference). If a term vessel is not assigned, LSDS uses the specified ETD

port (initial vessel position) to determine between South and North.



"Punping Rate," the rate, in kilobarrels per hour, at which each port wll

permt a vessel to load or discharge bul k product; "Berth Cut-Of
Tinme," theoletemt43Bi me of day, in mlitary tine roundedpPCuo/usb@snexsiest
hour, each port will allow a vessel nwy dock; "De-Berth Cut-Of
:]'l me, " thﬁ | atest tinme of day, in mlitary tinme rounded to the nearest
our, each port wll allow a vessel to depart _fromthe docgk;

"Grade SwitdB0154he t Fie, 3nillstates aiﬁ‘}’PtcéEE@ﬂé‘é?:l’i"% ﬁt'ileefo%\‘/ﬁ VershFgm

| oad: g o oL SERREE RE0R: B1P i GEABE OLico! 8RB0 o00 sl ng
each port | gytiefal vdyalge Hasi${¥e0s kd1bE enmdified, cirocoeﬁﬁc/i,enty iilahgaet,: hirdeatearri er
(VLCC) cl ass vessel; "Term Port_Charge, .KS, Suez," the charge each
bor £ 1 evi os caloniation. nesrotio benepdaat Daik Grelds hahnaonphest as s teer
"Tenperature' [ ) Aot qﬁ;m I Of 4 1Lt

Fahr enhei t; IPOPSﬁPéSA%%\L}a CCE{}@{}’ eﬁ{hglair%x nﬁtlgég{ci}g\/\é?gdﬁ?%?gr?g CHylt %élibitlln t ons,
each port wigdnlappedptiate atu@psioh fiotn Bavep dgommeennj aralset forth beldwn DAV t he

m ni mum deadwei ght tons, in kilotons, each port will permt a vessel to
have upon arrival, "Max Arrival Cargo" (weight), the maxi mum wei ght of

et A val OBLSTC: REBIaREptest e GoEE Bhid B IR SR R b T
each port wiklg. PEAP tfonJaRms ESKE doh8ide Kiepon“AGH ifvmArabian Gulf, “MED” for
the Mediterranean, “SNG” for Singapore, AS for Ain Sukhna, “NE” for
Northern Europe, “U.S.” for the United States, “BS” for the Black Sea “RS” for
Red Sea and “WAFR” for West Africa). In FIG. 3G, these region codes

~ proximate the corresponding header in rows 1, 2 and 3 of columns A, B and C.

[00156] “Term Ship” — The names of each available term vessel in the fleet.

In FIG. 3G, these names appear under the corresponding header in row A.

[00157] “South Notional: Voyage” - The “South” notional voyage “From”
and “To” specified regions “Via” an applicable canal selected by the user to
calculate the net hire rate for the designated term vessel. In FIG. 3G, this south
notional voyage information is identified under the appropriate headers in

columns B through D.

[00158] “North Notional: Voyage” - The ‘“North” notional voyage “From”
and “To” specified regions “Via” an applicable canal, selected by the user to
calculate the net hire rate for the designated term vessel. In FIG. 3G, this north
notional voyage is identified under the appropriate headers in columns F through

H.



63 "Mn Cargo" (volune), the m nimum vol ume of cargo, in kil otons,
each port will permt a vessel to have upon departure; "Max Car go"
(wei ght) ,woheoamax4i3aum wei ght of cargo, in kilotons, eaclrcparstoogioiisipermt a
vessel to have upon departure,; "$ax Departure Draft,” the nmaxi mum
draft, in neters, each port wll perm't a vessel to have upon departure
" Max Arrrval Draft " the maxi numd ! rreters eachnﬁort W | ‘F)rmt a

vessel to hd0M59o n“l?ifitr Hizrg| [Rate] k$/DM‘nA[5|aB]Iet° "net fhdregags Fnea?}hf‘f’tlo
neters, each ort || «permt a “xfgs§§émﬁgd p%l&lgnu‘ﬁglr,m ; é)hcablel\éﬁﬁalqua_rt

Oi spl, " the" G spfacerrent of vesse each port wi ||
permt a ve@s&hdéd) heps repaBnetephistiabsle;to determindbthe Avet hiralratBifopthe’tetrhe

maxi mum di spl acenment of a vessel in, kilotons, each port will per
vessel to havsselipasedaer theaporth and sowthrnqtiong] veyagss the H?‘?’ﬁ}rﬂsoﬁeé‘% "éjght‘rent of

a vessel, in kilat.ons t iq1 the
port B Tore EREIGRONT G DRE e i KB Bte et O 1 1
each port W$'1b0@ﬂﬁé‘ﬂe¥neﬁtsV9615@hy,t & bavorihi trhicolunres prthrough Q under the

appropriate headers.

[00160] “Net Hire Change, K$/D per 10 WS” - A table that represents the
change in net hire rates per a ten (+10) point change in the Worldscale rate for
each notional voyage option, “From” and “To” specified regions “Via” an
applicable canal, is provided. LSDS references this table to calculate the net hire
rate for the term vessel based on the north and south notional voyages the user
has selected for the net hire rate calculation when Worldscale rates differ from
the specified NetHireBase WS rate. The calculation will pro-rate or extrapolate
for changes in the Worldscale rate that are smaller or larger than 10 points. In
FIG. 3G, the net hire rate information, in $U.S. 1000 increments per day, is set
forth in columns X through AB under the appropriate headers.

[00161] “Net Hire Change, K$/D per 108/t Fuel” - A table that represents the
change in net hire rates per a 10 dollar per ton change in the bunker fuel cost for
each notional voyage option, “From” and “To” specified regions “Via” an
applicable canal, is provided.. LSDS references this table to determine the net
hire rate for the term vessel based on the north and south notional voyages the
user has selected for the net hire rate calculation whenever fuel costs differ from
the NetHireBase Fuel Cost value. The calculation will pro-rate or extrapolate
for changes in fuel cost that are smaller or larger than 10 dollars per ton. In
FIG. 3G, the net hire rate information, in $U.S. 1000 increments per day, is set
forth in columns Al through AM under the appropriate headers.



"UTC Offset," the nunmber of hours any indicated time values are offset from
the universal time clock (UTC); "Voyage Ws Multiplier,"” a neans to

adj ust t heowsedwbsal e rate by multiplying by this factoPCTius2e08izses a
prem um (or discount) that is associaied with a port that is the first

di scharge port in a voyage; and "Voyage W5 Constant,"” a neans to

adj ust the Worl dScal e rate by addi |s factor, to reflect a prem um (or

t
di scount) t HAHE TERMEXGI/RE WQ%KQﬂE&t that is the first discharge port

in a voyage. 1001751 In FIG 3L, this information is set forth under the
correspondi ng headers in colums A-X and AA-AD, respectively. 64 THE
PORT- REG ON [0ERRFHEETThe TtrtExdlnde Rairkshetyis thre eighthsifabe fiftoen morkdhieetseent h

of the fifteen worksheets in the LSD rrkbook. The. Port - Regi.on rksheet
associ at es dadhe babs werkbaegkr dgp Jﬁr‘?ﬂﬁé‘}’,@d‘f ReTieet ﬁywsoti‘&uég‘. toggyclude
wor ksheet 1 §0bdlL{deR0g AW RALI bett2IUEE - micBPbd AkEdsGary3Mr dAaufié at es a
typi cal Port?rgggl on mer‘@g‘ﬂ(saletgo%ataa III?(;ﬁ}al'ds tr{g{rggi n i nclsudrg’ t he fagjlﬁilldvm ng:
"Port Abbrewndér theeteadnbvessélatomract.or Thaohonjsheet should be updated whenever

there is a change in the rules that govern which ports a particular term vessel is

allowed to visit or when a new term vessel is added.

[00163] FIG. 3H illustrates a typical TermExclude worksheet. The
worksheet is basically a matrix of cells indicating particular term vessel/port
combinations. Column A lists particular term vessels. Row 1 specifies
particular ports. The term vessel and port fields can be automatically populated
with every available term vessel and port or manually populated with a list of
only those term vessels and ports that are relevant to an exclusion designation.
Thus, in FIG. 3H, only the ports for which certain vessels are restricted are
indicated. No blank entries are permitted in Row 1, so a placeholder reference
port is repeated multiple times to fill out the worksheet. To exclude a particular
term vessel from visiting a particular port, the user enters a one (1) in the

appropriate matrix cell. A blank cell indicates that there is no restriction.
THE TERM SHIP PLANNED SERVICE WORKSHEET

[00164] The Term Ship Planned Service worksheet is the ninth of the
fifteen worksheets in the LSDS workbook. The Term Ship Planned Service
worksheet provides the number of days a term vessel must spend in dry dock
(out of service) for planned maintenance. The worksheet should be updated as

necessary to reflect planned maintenance.



"Port Nane," the nane of each port corresponding to the abbreviation; and
-the region where each port is located is identified by placing a "1" in a
col um f ovotzhe@/kesbi an GQul f (AG, the United States (USPCTAmspe@s/of25 ,
Si ngapore (SNG),- Nort hwestern Europe NE), the Mediterranean (MED), the Red
Sea (RS) or West Africa (WAFR). [00178] In FIG 3M this information is
set forth under the_correspondi ng headers i ol ugg]s] A t hr.ough

P

respect i vel y001650 1 751Gh 31 phngtratesy? &?i%r?%rﬁgéﬁlpap ¢ OetHes “éﬂ‘iﬂ’@?&‘bl

auto-filter [ ¥ t e Is ) [ Kk e.g.,
Viewall dati @%&gtg%ﬁgé@’ath@ %hga‘gébé‘?‘%%u%g’gr ﬁg’r‘:"g‘]ﬁ‘#ﬁ{eﬁ%ﬁgl\/ﬁ thi s
aut o-filter dirsci¢ tor Vit ecledting be appespriaRo dataRepticn fidat a" divpt down MiédH, GRADES
WORKSHEET WD 2009/ 061433PCT/ US2008/ 012515 65 potentially are transported
by abbr evi atindude thgfpllowimgei fic gravity and density. This worksheet is

rod 1 when new Gy @Kol B cadl cHISGeTHE LRSI BETHS o e

automatically generated list of every available term vessel or a manually
generated list of only those term vessels for which maintenance information is
relevant;

"After Voyage,” the sequence number of the last assigned voyage that
the term vessel should complete before service begins;

"Service Days," the number of days the term vessel is expected to be

out of service.

[00166] In FIG. 31, this information is set forth under the corresponding

headers in columns A, B and C, respectively.
THE SPOTEXCLUDE WORKSHEET

[00167] The SpotExclude worksheet is the tenth of the fifteen worksheets
in the LSDS workbook. The SpotExclude worksheet allows the user to exclude
spot vessels from visiting certain ports. This might occur, for example, if the
vessel owner refuses to service certain ports. The worksheet should be updated
whenever there is a change in the rules that govern which ports a particular spot

vessel is allowed to visit or when a new spot vessel is added.

[00168] FIG. 3J illustrates a typical SpotExclude worksheet. The
worksheet is basically a matrix of cells indicating particular spot vessel/port
combinations. Column A lists particular spot vessels. Row 1 specifies particular
ports. The spot vessel and port fields can be automatically populated with every

available spot vessel and port or manually populated with a list of only those



[00181]FIG 3N illustrates a typical G ades worksheet. Data fields therein
include the follow ng: "Crude (Abbr)," the abbreviation for each crude;
"Crude, " wbeooawes3of each crude correspondi ng to the ablpceaisatosomsis (|1 nput)
APl ," the American PetroleumlInstitut@® gravity for each crude;

"Density (60F)" - the inverse density, in barrels per ton, for each crude

grade is then automatically calculated fromthe AP fi.r l.cul atin
t hg sEeci fi lép‘gflr‘@ﬁql%/m{@m rel¢vaat toran Wiuse%@m%u%4&ﬁ§§éi9@y+ AI%I )
and then calcu ' | r : / : N¥b hid
aravi ty (andieran ftokiEn FRHaE FeBR ach A TEY AT A NeoRARChirles
:['Tlol er ances 'afe yﬁmﬂwéa andr6wol es@ncpladdholdenereferendeeparppe repeated owdtiple

ol erances in the requirenents work-up sheet (described previously.
speci fi ed haimeesftgrdilbaetthe erkshpehgdo eéﬁl&g? ﬁi@&&ﬁ%f §pgt é{ﬁ%F\e}éBmt ‘GS‘¥‘)“gar ©
correspondin : at ;11 and
"Crude mnsia%&ggrgipéﬁ’u@ggﬁgfg&eﬁi%ﬁ thita gér'p,ﬁﬁgavlglgﬁlﬁg(g%élfg?‘, blg.HSSC(%I, used
for all crudgdigitasdmt thebals noegseephs that ratio of the crude density at

105F to the density at 60F (e.g., a standard reference tenperature).
[00182] In FIG 3N, this information is set forth under the correspondi ng

headers in E@‘ﬁ%ﬁ?ﬂrﬂ'ﬂgf‘m%HE gpectively. [00183] The G ades
wor ksheet arfsi% i'ncludes an cel Tauto-1 ?Iter for mani pul ati ng how t he data

is viewed in the worksheet (e.g., viewinformation for all grades or only a

selected grade). In FILG 3N, thi to-fil i i "
Gr ade Dat g" [QQIQSHn_ The ‘SuezCanlafToiJ v?or Ishete(?risI t eace év\é:%ghEdotb ¥het ht?fteegort

worksheets in the LSDS workbook. The SuezCanalToll worksheet provides

information used to determine if a voyage should or should not be routed
through the Suez Canal. This worksheet is modified with a change in the set of

term vessels, or when canal tolls change.

[00170] FIG. 3K illustrates a typical SuezCanalToll worksheet. Data fields in
the worksheet that the user inputs, either by typing the data in directly or by
selecting an appropriate data option from a drop down menu, include the
following:

“Number of days for Canal Passage,” estimates, in days, to be commonly
applied to all vessels for the duration of the “Ballast” and “Laden” voyage
passages through the Suez Canal; '

“Spot Ship Toll Values,” estimates of the tolls, in U.S. $1000 increments,
to be applied to all spot vessels for the “Ballast” voyage and the “Laden” voyage
through the Suez Canal,

“Ship,” the name of each term vessel in the fleet;

“SCNT" (Suez Canal Net Tonnage), the amount of cargo, in tons, used to
determine Suez canal tolls;

“Canal Toll[s],” the tolls, in U.S. $1000 increments, for each term vessel,

for a “Ballast” voyage through the Suez Canal from Northern Europe and for a



WO 20091061433PCT/ US2008/ 012515 66 THE LEGDATA WORKSHEET [ 00184] The LegDat a
wor ksheet is the fifteenth of the fifteen worksheets in the LSDS wor kbook.
The LegDawe 2omwdesdseet |ists the routes that the voyage Pegaistaislonsis The | eg
data generally includes the follow nglinformation: origin port; destination
port; routing through the Suez Canal or Cape, if applicable; and voyage

di stance. This worksheet is nodifjed when new di_stances aref%6 UI red due to

tlhle p{ esenceB@HaSﬁeMPY?égstmwgbﬁée&lﬁz Srangbifametde Unitego$tatesyre 880 Fl G 30
illustrates_a t (o ,,
: a- @l cél nccﬁ% otlnﬁ%l?%cﬁ aﬁ%}?ﬁ?ﬁﬁi st Pﬁ};a%a &bt (08 Bist); Nglqude the

foll ow ng: potential voyage |eg
starts; "Desti natigenPand "PaitiabCargd," ihe tmllﬁ Qiﬁ[b&(ﬂi(}@ﬁtlmmmhtsvﬁy@ehl eg

ends; "\/a" whet her ge fromthe aqrigin rt to t |on ort
woul d typi cégrny vessek tf?b&tjgleraa dalhy or @epagtiall S?héa zV%’é‘ﬁSqut ﬁcfhe u§?ange "
t he di stancgjof the leg in knots. [00186] In FIG 30, this information is
set forth u ‘the correspondi ng headers in colums A through D,
respectively.

[00171] In FIG. 3K, this information is set forth under the corresponding
headers in columns A through X. The relevant canal tolls can be entered directly

or calculated using factors (not shown) to estimate Suez Canal tolls.

[00172] The SuezCanalToll worksheet also includes an Excel auto-filter for
manipulating how the data is viewed in the worksheet (e.g., view all data or only
data pertaining to a particular vessel). In FIG. 3K the auto-filter is activated by
the “Sort Suez Canal Data” button.

THE PORTS WORKSHEET

[00173] The Ports worksheet is the twelfth of the fifteen worksheets in the
LSDS workbook. The Ports worksheet contains data relevant to the potential
ports that may be included in the various voyages. This data can, and typically
does, include the following: the rate the port can pump oil into and out of
vessels; specifications for berth within the port to load or discharge cargo; port
charges; maximum and minimum cargo; maximum departing and arriving draft
depth; and a voyage value Worldscale multiplier. This worksheet is modified

when a new port is added or when port characteristics need to be modified.

[00174] FIG. 3L illustrates a typical Ports worksheet. Data fields therein
include the following:
“Port,” the name of each port including a “Default” entry which shows

the default values for a part if actual values are not known;



TRANSFERRI NG DATA FROM EXCEL TO THE LSDS [00187] The LSDS nodel is witten
in the Al MV nodel i ng | anguage and enpl oys an Al MVE graphi cal user

i nt erf acewobhevosissse, when the user has popul ated or upaatrasidkseiBicel

wor kbook, the data in each of the wordsheets therein nust be transferred to
an Al MVS application. This is acconplished using an Excel add-in feature of
Al MM5 that has been_appropriately configured by the LSDS devel oper. The
LSDS devel oper, usi“MBt he dasignasiqn shawiad WhGthIhe iRPGT 15t 3 SWPRY or a
configures thﬁxgﬁ&'%&“ by specifying the necessary |inks between the data in
t he Excel ook and identifiers in the underlying WO

2009/ 061433PCT/ US2006r B 1XadSTiav, Athd\Earliext ¢imed of dayydh mhiitarg-tohe chumdgdner .

The add-in also generates a button that appears i he Excel tool bar and

i s named any® Hiefparesehelery eacdprort wald plew avesye ,may£%; ute Read/Data" in the
case of LSDS). When. h& I ! i ey on

t he Excel tool bar (%\;rI I,gg'a eg{hhg{c?’vgﬁ?/%d?%apﬁsﬁg&%%crﬁgggto%?%ec\%?;seutg?e Easi C
function, tRes@atigesito behk aldeedesertkibetok; i s exported to the LSDS nodel . |f
an error occurs during this read data s

2 tep, an error dialog wll appear in
Excel . Otherwise, tHamppgRug @@%Wt?,éadﬂfg’hﬁﬁdﬁﬁ?f%gbs% Fhs"&E‘&ngquy.
THE LSDS NAI N..PAGE.[ 0 ] \M%R Adus:t he data to the LSDS nodel
fromthe Exé"éllll ﬁ\?em%flgbaog%?éttﬂe ritdggchg%gblggiaan A’MVB gr aphi cal user
i nterface desi gned fByrth.SRSOMTENAY tiealatest ampedrday, Thailiser timasoundede a

| i censed version of AIMVS for LSDS tgQ start up pr rly. The Main page is
i | | ustrat ed tp ghemnearess pouy, gaatgpart vl aN/BWn"%@‘g r%%’o&gc everal navigation

buttons common in ald LSPSH &CH, P £ Yda2qs mliaad,Stimet h t he
o34t - ERROM IHREAC PRSP tinke/ RV BdyS i

sane header row, wt t Large Ship Decision Suppoft” in the
| eft hand cqbtfded TOthHehgeatésyHouk,0dchvpdrheviflodllosniangessdlrtoeddpartt Ham fhenki ng
the following three interface pages: "M n page," "Sol utions page" and
"Options/Re Kii ze page.” The Sol utions page (a.k.a. the MV Sol utions

page) and Options/ ReEhll W ZecHP28k g, ] RS SR aledleabh pBril i swvikdckben. Wien
viewi ng any one of the three pages, that page's button is marked in |ighter
col or and i slobdihg®relisdhyrging onagride’ ofarrndevsiltotioadjng s dessharginganotllyr cki ng
t he navigation buttons noves to the selected page. In the right corner on

the header rgade ef grudepdse page" button, which closes the current page and

ercby et s LaciepOe SRS, VECCsabe ol g, pencoageipeass
20091061433P5ID00SRGeRIeAtk? fikms very large crude carrier (VLCC) class vessel,
“Term Port Charge, K$, Suez," the charge each port levies, in U.S. $1000
increments, for a Suezmax class vessel
“Temperature” (optional), the typical temperature of each port in
Fahrenheit;
“Arrival DWT,” the maximum deadweight tons, in kilotons, each port
will permit a vessel to have upon arrival,
“Min DWT” the minimum deadweight tons, in kilotons, each port will
permit a vessel to have upon arrival,
“Max Arrival Cargo” (weight), the maximum weight of cargo, in
kilotons, each port will permit a vessel to have upon arrival,

“Max Arrival Cargo” (volume), the maximum volume of cargo, in

kilobarrels, each port will permit a vessel to have upon arrival;



68 [ 00190] The Mai n page al so contains two error boxes, |ocated under the
primary page navigation buttons. If an error occurs during optim zation, it
i s di spl ayedoewensse of the two error boxes. O her warni RgS/USRYSAIZOS appear,
but they do not inhibit LSDS s cal cul@tions. The user should attend to any
error nessages, and should make a judgnent about the need to attend to any
war ni ng nmessages. "Data Errors" and a "Solution Ergors" buttons proyvide

links that |ead tMén (8ego’t (yolume)sthe minigpun vehume oh 6388 otgps, &G ut i on

Errors” page (not,.sh i %‘E can be used to troubl eshoot
errors suchP% Wh?s?flﬁg}'l)‘éeggﬁzggggén (llryn?eé)am ‘#e voyages. [00191] The Main
page al so di spl ayslagaC4rgb™ (Weightpded maainauratweeightiofieargohm kilotons,xagks,
including the "Start" and "End" of the "Econom c Horizon" (i.e., the

pl anni ng~ peppBayillinerpitavesselda hays HREN dFRITWUES " Al | owed voyage late time" in
days. In additio | folrtely ' 2t gl hewss tdaeh wi Vi ew
"Al | owed- Voyage WS@‘Q‘?E@S&EF%U C)ng&jé)}o%rxh%lﬁ@e?%ct’ ed voyage. | 0192]1Fi nal |l y,
action and peghith weys tehevealpogrieganme; at op t he ot her along the | eft hand

side of the Main page., These acgtjon and result. keys, which wl] be .

di scussed in det aMaxIriyal Dé?égdg"eﬁlat"gn?fﬁicﬁiaét’é‘ ’P%tgrs\’/ﬁ?‘?hoﬂ%‘)‘ué{’d{liptgﬂgltand

di splay the variQusyt dSarBlatt Ne LSDS nodel . RUNNING LSDS [00193] The

basi ¢ appli ¢ation workflow procéss for running LSDS conprises the follow ng
three to four sté&pntn Drdf, ctheaninahemfdraft, inanetsrs, eactaport woll pgevit a( wWssalheck

for candi date vessels and optim ze net margin for each feasible
vessel/voyaglélqgéhPPﬂﬁ;; (3) determ ne the vessel/voyage assignnments to cover

all the voyages LGPt Bighi oMl mdkEhufPdishReerAGR UM VGl 8 kiGBnaDi 11ty
of termvessels to perform tiple voyages during the optim zation peri od;

and, opti onalably poft4yillipermitta veszet to hevesgpart departusi; ng addi ti onal probl em
constraints to “Max Arrival Displ,” the maximum displacement of a vessel in, kilotons,
each port will permit a vessel to have upon arrival;

“Min Displ,” the minimum displacement of a vessel, in kilotons, each
port will permit a vessel to have within the port;

“Max mfht,” the maximum permitted manifold height, in meters, each
port will permit a vessel to have within the port;

“UTC Offset,” the number of hours any indicated time values are offset
from the universal time clock (UTC);

“Voyage WS Multiplier,” a means to adjust the WorldScale rate by
multiplying by this factor, to reflect a premium (or discount) that is associated
with a port that is the first discharge port in a voyage; and

“Voyage WS Constant,” a means to adjust the WorldScale rate by adding

this factor, to reflect a premium (or discount) that is associated with a port that is

the first discharge port in a voyage.

[00175] In FIG. 3L, this information is se\t forth under the corresponding
headers in columns A-X and AA-AD, respectively.



WO 20091061433PCT/ US2008/ 012515 69 determ ne "what if' scenarios. Between
each of these three main steps, the user can identify and corrects any data
errors (vwWochowmy43Bequire returning to the Excel worksheerajs:asaizsas i dat es
i nternedi ate cal cul ations. Each of th@se steps is detailed nore
particularly below STEP 1 - FLAT RATE CALCULATI ONS [00194] The first step
in the LSDS workflow process is to calculate flat rates for all the voyages
in the opti FHERORA-RBGION WORKESHEEId LSDS to performthis action, the
user clicks the action key << Voyage Fl atRate Cal cul ations >>. LSDS then
estimates the corresponding flat rates based on each voyage specification.

If an erroropgoer s The Porg-RepforcRbaishadtiiothe thirtesntt oftheeificennworkehdsss a Err or
nmessage fie‘d. I'n the event of an error, the user clicks the C. < %ta

Errors >> binttherd.SDS vwoakbodk: r She Pordregion poskshepioiisgciies cathBAtt AR 8% r and
suggest where.the error . hayve oc - S$HenGRW pEXIiEW and
val i dat e th‘ée%‘é’agrefH%Stp%?%kseogagfcguﬁgg‘ggrsksgl?‘g'gl Egll(ﬁ?fr?g%l step off)t he LSDS
wor kf | ow prggras by clicking the key "Result: FlatRate Calcs." Cicking the
Result: FlatRate Cal cs key causes a "FlatRate Cal cul ati on" screen to

appear. This screen, which is illustrated in FIG 3Q displays, in a

tabul ar for ach LS 250 i d38orf AlopihatedDhlatciaat e. | f
t he user beW’é\?Z thg@.ﬁh@gn%t%?gﬁ{cﬁgﬁ%g?%% parotllkgclzlul ar vgya%e is
incorrect, @erdif ind1@de!@Rronewing:to enter a flat rate value, then the user

can type a flat rate for any given voyage di rectlé into the correspondi ng
cell in the "Input Fl affeat Abbrex.lirthe abbreniation foreeackROH; voyage has a

WsMul ti plier and VBCO.&?@%FSW@L.C ar fan etoﬁ-:)r%%}ﬁgp(}f}?s&grégpoﬂ&ﬁgcw rfgspondi ng

val ues specified in t Wworksh rst discharge port of

each voyageghhersoMpdiées are applied to adjust the specified WrldScal e
rates for each voyage (

20091061433PCT/ uszoo8‘/@@\2/\/?%2'g’é;P%%lé"l/'%ﬁ'rMﬁDvﬁ%?WRLF)R" O the
region where each port is located is identified by placing a "1" in a column for
the Arabian Gulf (AG), the United States (US), Japan (JP), Singapore (SNG),
Northwestern Europe (NE), the Mediterranean (MED), the Red Sea (RS) or
West Africa (WAFR).

[00178] In FIG. 3M, this information is set forth under the corresponding

headers in columns A through J, respectively.

[00179] The Port-Region worksheet also includes an Excel auto-filter for
manipulating how the data is viewed in the worksheet (e.g., view all data or only
data relevant to a particular port). In FIG. 3M, this auto-filter is activated by the
“Sort Port Region Data’ button.

THE GRADES WORKSHEET

[00180] The Grades worksheet is the fourteenth of the fifteen worksheets in
the LSDS workbook. The Grades worksheet lists all the crude grades that



[00196] In addition, the user can view each conponent val ue used to

cal cul ate each voyage flat rate by clicking the result key "Review Fl at Rat e
Cal cul at iwo 2Devmmid33” which is enbedded in the FlatRate Ealrast@sionzsiscreen.
Cicking the Review Fl at Rat e Cal cul atéson Details key causes a "Flat Rate.
Detail s" screen to appear The FlatRate Details screen is illustrated in
FIG 3R This screen lists the values for each conponent used in the flat
rate cal cul apotentiglydatestranspaged by abbeﬁll@ty)na nduisu gproific gravidi aghdsisityt ool

whenever the I rat es, ear, i.nc n this
embodi nent , Ftrﬁ{eg \g/%rkggeeeqllwés{(g%g?g 1Y © %rgfif ds (ag‘é?fgtoédw 0 2fU$) and
each fl at raa@snylﬂe&igt@rbe u;ﬁiaﬁﬂl cuI ated as the sumof the flat rates for

the two parts. Mre particularly, FIG 3R shows the follow ng information:
"Flatrate"” - estimated flatrate (i. e. , FR Pl FR P2), in $/ton; "FR PI"

and "FR P2" rat part
Cargo P2" gmilhg;t ed @ggﬁg %?uSE ngpxﬁgnlt @Fﬁ%ﬁorlfswett et fi Cﬁ‘{sgtﬁ?frefn in
t ons; "R/Trlmcl?idéﬂa@ﬂ)udajlf[gl p Pl" - round trip distance for the each part,

in knots "\Voy P1" and "Voy Days PI" - voyage days steam ng
for each part, in daQEUde(A br) thewb@emwmeadnwudwc Days P1" - port

days pl us canal daysc U G ESBQ%% tfeflél}rl?r%éﬁgrréﬁ@t%%&l&o abt;[rg\%lp{l bunker

fuel consunption, Shs Rhar ges

for the each part, l'(flnﬂﬁﬁ A1F1'xe@hePlA"xn@mn"Féﬁ«ﬂéurHZInsuuM@sﬁzwlmf&eeﬁaﬁt for
the each part, in k$;, "Bunkers PI" and "Bunkers P2" - n cost for the

each part, i¢ufs;
"Density (60F)" - the inverse density, in barrels per ton, for each crude

grade is then automatically calculated from the API by first calculating the
specific gravity (SPGR) from the API (where SPGR = 141.5/(131.5 +‘API) and
then calculation the barrels per ton (BBL/ton) from the specific gravity (where
BBL/ton = 1/(SPGR*0.15885437-0.000194),

"Tolerances"/"Upper" and "Tolerances"/"Lower," the upper and lower
tolerances in the requirements work-up sheet (described previously) are
specified here for each crude grade, and this data is applied to corresponding
grades to the load segments of each voyage; and

"Crude Density Temperature Adjustment Factor", a value (e.g.,
0.980), used for all crude grades, that represents that ratio of the crude density at
105°F to the density at 60°F (e.g., a standard reference temperature).

[00182] In FIG. 3N, this information is set forth under the corresponding

headers in columns A through F and H, respectively.

[00183] The Grades worksheet also includes an Excel auto-filter for
manipulating how the data is viewed in the worksheet (e.g., view information for
all grades or only a selected grade). In FIG. 3N, this auto-filter is activated by
the “Sort Grade Data” button.



and "Total Cost PI" and "Total Cost P2" - the sumof Pt Cost +

Fi xed + Bunker, for each part, in k$. WO 2009/ 061433PCT/ US2008/ 012515 71
[00197] TWe 2u@ars143an return to the FlatRate Cal cul ati onpstrusessioy2ses i cki ng
on a "C ose page" navigation button ewbedded in the FlatRate Details
screen. [00198]After reviewing the flat rates for each voyage, the user
clicks on of _the "Cl ose page" or "Main page" navigation buttons enbedded in
t he Fl at Rat eT@%EG&A%Wg)MHEETr eturn to the Main page and continue the
wor kf | ow process. At any later tine, if desired, the user can re-access the
Fl at Rate Cal cul ation screen by clicking the Result: FlatRate Cal cs button

on the Main [$8984]STEP The KépibativbEcshibkis Bl ERMAMNGF Y fiASHORbARRegeaPNd

step in the LSDS workfl ow process determ nes, for each voyage, the
candi dat e ved&diSDAnworkheek.odihenk egldata yeorksheetrlistgi the routes dledt the aoybgee

|/ | i | i . ' del saql ved. b .
ootim zor (gt TIPS HY 09, Bug wBRBPERHAT heBalIRR T P Rtion o™Bin : o,
the user clipdes debgnationQRirt; Youage thebigh thetSver Wansl srCasd, itdppiRiblelaldS t hen

determ nes which vessels are feasible candidates for a voyage and .
cal cul ates, Y®agg difienceo| This werkshees igmodifiasl when newedigtane¢saaregagiirddeasi bl e

I . The LP im ' bl f
car cul at 1 g Ssaonat Pkl SR e bet ASPeblit MBRDe oo i no i nct udes

constraints that limt the maxi nrumtonnage that can be lifted (i.e.,
carried) for each feasible vessel/voyage pairing given vessel, port and
ot her voyagel00&83] i &EG3O illystigteser hpicabdegPata workshersr Dita ElekistthereinDat a
Errors” bu“ﬁ@{uﬁl@ﬁe%o%t\xﬁn .rrors" screen (not shown) will then appear and
suggest whereée € error may have ori gi nat ed.

“Origin Port,” the port in which each potential voyage leg starts;

“Destination Port,” the port in which each potential voyage leg ends;

“Via,” whether a voyage from the origin port to the destination port
would typically go through a canal (e.g., the Suez Canal); and

“Distance,” the distance of the leg in knots.

[00186] In FIG. 30, this information is set forth under the corresponding

headers in columns A through D, respectively.
TRANSFERRING DATA FROM EXCEL TO THE LSDS

[00187] The LSDS model is written in the AIMMS modeling language and
employs an AIMMS graphical user interface. Therefore, when the user has
populated or updated the Excel workbook, the data in each of the worksheets
therein must be transferred to an AIMMS application. This is accomplished
using an Excel add-in feature of AIMMS that has been appropriately configured
by the LSDS developer. The LSDS developer, using the AIMMS Excel add-in
configuration wizard, configures the add-in by specifying the necessary links

between the data in the Excel workbook and identifiers in the underlying



[ 00200] The user can review and validate the results of the second step of
the LSDS wor kfl ow process in four different ways, by clicking one of four
di f f er entwoesalis1468ys on t he Mai n page. Each of these recrasomsonzEmns sns i s
di scussed bel ow. WD 2009/ 061433PCT/ U82008/ 012515 72 [00201] The first way
the user can review and validate the results in of second step of the LSDS
wor kfl ow process is by clicking the "Result: Net Hi re Values" button. This
action causeéIMM&léflocﬁéll tea painfendsdick ananner.agpe add-imalse geerees, a bittarh | s

illustrated jn 3S, . displ ays .t.erm vessel net hi.re rates.(in U S

k$/ day) cal cet}}?tagépgl A5 %‘rﬁht%héegﬁﬁz%{?-ﬁlrbear \/&5‘1\&@ ﬁ‘gfé}f’a all—lé’ﬂmé%élhe Q%XFAé%e;r ‘{Jeﬁ’éest erm
vessel net hel®, rBicutdRebdiDdt£dibyhd BasensMDSDSYayWHeR thelhdd® chigkd @k t hat
starts on the later_of the end date for the vessel's |ast voyage assi gnnent

and the st artExeste Read Pata”rastionikey omthe Bxrel depldagpraalternatiesly, edllstae

del ti hor i : : ' ' S. ' I .Th
oviews the TEIRPORUERVTLE bl EEIpECHERa i Rl Sl PPty SRt

insure that fohhy [SDS fiedskNEherrorfockid @atingehie YeAl @ath etéplan kher Bt shoul d
check, inter alia, the values input into the WrldScale and NetHi re

wor ksheet s. Ydbapngapin &xcelev Oshgrivdse; e detp has dserireateintoiithe LSRSemodehe user
clicks one Ou&&%ﬁii@ ose page" or "Miin page" navigation buttons enbedded
in the Net Hre Valué screen to return to the Main page and continue the
wor kfl ow process. At any later tine, if' desired, the user can re-access
the Net Hire Value screen by clicking the Result: Net Hi re Values button on
the Mai n pagEHE[IRDY M AR PAGBnd way the user can review and validate the
results of the second step of the LSDS workfl ow process is by clicking the
result "Result: Lift/Tonnage" button. This action causes a "Lift" screen to

appear. The [00188]scrWhen tNdhusdt dxporth Ithie daat ©dthe TSHSGmedel BdaWEe tHiRel
feasi bl e voyage/vessel assignnents and the nunber of correspondi ng maxinmm

tons of car g¥orkbapkcihg "Blainy apgpef e AIMMS resaphied] gnpinterfiopadesignsd or, port
and ot her VOygss a%?&ﬁ&tfc%lgta%pears. The user must have a licensed version of AIMMS
for LSDS to start up properly. The Main page is illustrated in FIG. 3P. )

[00189] The Main page shows several navigation buttons common in all the
LSDS interface pages. Every page starts with the same header row, with the title
“LSDS Large Ship Decision Support” in the left hand commer. To the right
follow the following three buttons linking the following three interface pages:
"Main page," "Solutions page" and "Options/ReOptimize page." The Solutions
page (a.k.a. the MV Solutions page) and Options/ReOptimize page are discussed
later in this section. When viewing any one of the three pages, that page’s
button is marked in lighter color and is bordered by ">" and "<" arrows noting its
selection. Clicking the navigation buttons moves to the selected page. In the
right corner on the header row is a "Close page" button, which closes the current
page and thereby returns to the page viewed immediately before. For some

pages, there are additional page link buttons in the header row.



[ 00204] After review ng the voyage/vessel lift tonnage val ues, the user
clicks one of the "Cl ose page" or "Miin page" navigation buttons enbedded
in the Liwo2evmesss3to return to the Main page and conti mag/ush@sworshs | ow
process. At WD 2009/ 061433PCT/ US200878012515 73 any later tine, if desired,
the user can re-access the Lift screen by clicking the Result: Lift/Tonnage
button on the Miin page. [00205] The third way the user can revi ew and

val i dat e t hel00d20] t s ofhet Niin poge @lsot eqntains twe dr®DPDomeskloceted prrgleesise i s by

clicking the_ "Result: Candidat ova Shi p" button, This action causes a
Feast ble. VoBHmEDGRTSs PAMERSCHL Bpa R A sfar S65rS Guihe) anBvegaat 1

Pai rs screendisplayéd in Sné ldfURé t@basrdrbdxkb$ Oldr watnfge hadyt ab BEAD but
vesseUvoyage assignnments LSDS has determined are feasible. A one (@)
appears in t#eyaispnepmhihie LEEIS s icalculasions s SBie wsey ahouldaattand tat aryherrbot t om

of the screepn if the vessel/vaoyage assign t.is feasible. At the top of
the screen tﬁlg'?se? EF% af‘ét?ﬁ%@%é%ﬁﬁ‘f%“?@?&&%&ﬁﬁ&?‘?g? aé)ed‘rﬁidiooaé‘tyewe%‘%ées
that are feamelaged OYDRAHIOIESERL aaSoMitioh Fiford” babR prBOMe NEhKS BattiBf A
nunber of candi date vessels that are feasible for each voyage. [00206] After

revi ewi ng t héiefesgsitplae "DatesBirpisdypage (@osishomehos "Sohionskrows!' ipeigs (bt her of
the "Go Back”, or ."Math page" .navi gation tton nbedded in.the Lift screen
to return to Oﬁven)f\/ﬁqsﬁecﬁgﬁg"a“ﬁ}b‘c Sﬂ?i ﬁl}ge‘?ﬁ%tt%ﬁ?gli‘%%eﬁo&@é@ aSAPUSHRE | at er
time, if deslepeRlta dddEinBa8ibl&Adydges.access the Feasi bl e Voyage Ship Pairs
screen by clicking the "Result: Candi date Voyage/ Ship" button on the Miin

page.
[00191] The Main page also displays certain key model parameters under
the error boxes, including the "Start" and "End" of the "Economic Horizon" (i.e.,
the planning period) in yyyy-mm-dd format and the "Allowed voyage late time"
in days. In addition, there is a drop down list that allows the user to view

i
Ha

"Allowed-Voyage Vessel Combinations" for a selected voyage.

[00192] Finally, action and result keys are aligned one atop the other along
the left hand side of the Main page. These action and result keys, which will be
discussed in detail below, are used to initiate the various actions and display the

various results of the LSDS model.
RUNNING LSDS

[00193] The basic application workflow process for running LSDS
comprises the following three to four steps: (1) calculate flat rates for all
voyages; (2) check for candidate vessels and optimize net margin for each
feasible vessel/voyage pairing; (3) determine the vessel/voyage assignments to
cover all the voyages to optimize overall net margin, accounting for the ability of
term vessels to perform multiple voyages during the optimization period; and,

optionally, (4) re-optimize the solution using additional problem constraints to



[ 00207] The fourth way the user can review and validate the results of the
second step of the LSDS workfl ow process is by clicking the "Result:

| nf easi blwoVoywages3shi p* button. This action causes a "I rCeascéiseidzoyage
Shi.p Pairs" screen to appear. The Inf@®asi bl e Voyage Ship Pairs screen,
which is illustrated in FIG 3V, is a chart of which voyage/vessel pairings
LSDS has determ ned are infeasible. A one (1) is shown in the appropriate
cell in the dgagaevsdabil” seenariesi Betwieeneachpdthessdhteeanaingtensnthei usenot
feasible. In_addjfti. hart prqvides potential reasons wh iring

i s not feasi %ﬁgiefatg%}hgjr]E‘)I\lfirl g | H%Ctﬁ %ng%i)eqoﬁs g‘géﬁ’ﬂc@fw TPRIS ﬁ%’lﬁ’a\%{g ??18&3

appl i cabl e t Bxeel WesksleelsP and QhkddtésitdriRARM EdlO\datidiRl EHchIf thARSAPS is WO
2009/ 061433PCT/ US2008/ 012515 74 for rejecting a pairing include tenporal

factors, facdepided mprg partjcelerlydelovant port restrictions in the voyage

i ncludi ng vessel capacity, draft, or displacenent and ot her m scel | aneous
factors such as contractual factors. Additional details regardi ng why LSDS
has rej ect edSBRY 1V-ESAT/RAYEAEAPEUTIADIANS Y., t he anpbunt by which a voyage
restriction has been mssed), can be found by clicking the "Details - Al
Voyages" and "Details - Sel ected Voyages" buttons. This action takes the

user to a " i Nt Spq- alls! pa ot wn) which pravid h
voyage rest fﬂ@? %ﬁs arsllglet ﬁgs &ge{pt n ﬁﬁfg%ﬁghwf)ﬁ%%rwe@f%eﬁ ilsbgos Cglr‘:}éﬁ?ﬁ bﬁgd 1 f

i naccur aci esratésefdroalnthe ¥bPagesein hBOsPtEnEMEGK petitd eI T@ldothmardie L 8eSs &

avai lability dates on the Spot Wrksheet or Term Wrksheet and the port
restri cti onsP@fPrithdhisoetiomuothes sen clipkn2beg] atioar kepvievwweyagh & latatasi bl e
voyage/ vesse b ts, r.clicks,eith of,. t he "(Cl os ge" or
b B pager ACRBHBRERSH LSAS HRE sl nE ik EipRaute et HSEREL Pai s
screen to regachnvéyagk hgpebficatipmgelfadid eaonlocows ditgMiekEdlonabRCRSWill At any
later time, if desired, the user can re-access the |nfeasible Voyage Ship
Pai rs screen3ipgapin e leta theorrmsssage fipkk clasthplexentyfzanesrapr, theuser shickn t he
mai n page. P | 0209 el hi b tep. i S r kfl ow
process is tSt @%ﬁ%&ﬁ%&%ﬁé&%ﬁl %?/eis?ge Eggésl ;Lﬁ?regﬁtgl?pf %@‘g%tgﬁﬁ é ™t he
voyages in tipept anhsupgestovherd thd &rddr mBX hilez®guare@r al | net margin, using
the assunption that term vessels can be assigned to nultiple voyages during
the optim zation period. In other words, during this step, the multiple

bt o, & ne [VBIOSL P10 D oAkl o1 SRR v Rd Rafto AR oo
The setup stepthenfitst weep ohiltkhe) LEDD meorkfloweprocessrigy ehitking chetkiepatReznk: of

voyages can be assigned to. various vessels. A
FlatRate Calcs." Clicking the Result: FlatRate Calcs key causes a "FlatRate

Calculation" screen to appear. This screen, which is illustrated in FIG. 3Q,
displays, in a tabular format, each voyage and its corresponding calculated flat
rate. If the user believes the flat rate calculation for a particular voyage is
incorrect, or if the user wants to enter a flat rate value, then the user can type a
flat rate for any given voyage directly into the corresponding cell in the
"InputFlatRate" column of the table. Each voyage has a WSMultiplier and
WSConstant which are determined based on the corresponding values specified
in the Ports worksheet, for the first discharge port of each voyage. These values
are applied to adjust the specified WorldScale rates for each voyage ( WSRate *
WSMultiplier + WSConstant).



WO 2009/ 061433PCT/ US2008/ 012515 75 m xed-i nteger progranm ng nodel is then
sol ved by an optim zer (e.g., CPLEX) to determ ne the optional assignnent
of vesselwonRoowmxi3ai ze total net margin. [00210] When t hectrhiseasst=ps i s
conplete, the "W Sol utions" screen wiol | automatically open and display the
results - namely, the optim zed vessel/voyage assignnents for maxi m zi ng
total net margin. The MV Sol utions page can al so be access fromthe Min
page and anyl0§dfek pade #dditien,cthiengserhean' Sisvuteaom scomponieytatvale bsedt en. The
MW Sol uti ons reen is illustrated iin F.G. 3 The Sol Ut i ons..screen has
a nunber of ?aé(gﬁlgtr e%%C%e‘é%aggf ﬁ%ﬂfag‘ﬁ blysd%%’ég ﬁ‘fl@@ﬂﬂ#@gnsgﬁe&%&a Raf90211]
A first featgaeuRtioh BefNs'SWHIEh Q8 Senedasd ia! def Fiatiige SOA¥hIAGoS Nerdefl 2l net
margin for the optinmal solution found by LSDS to the assignment problemin
mllions of ©ligkingotheaReviewsFiptBate GalpalationaDetailsukiey shusear go'Hlaf Ratk i n

ki | ot total jdle days f i gned | s, W
these val uesPAs pRoSmisterbsathEnd Elask g ISR BN Gyrad AEIGLaR
[00212] A secDhig stRRhUIses i vaeesMdr SHIESRPSnchE &N id thedldtiriledeAifidbtidhi SP! ays

all the termand spot vessels that LSDS has assigned to a voyage, the
voyages t hat anshisiprasarilynsed ee 6 debugging gnd giagdosis tand wehenevércthe eglestatel of
each voyage (" Voyry..if. a _vessel has beep.assigned to.performnultiple
voyages and egﬁefiat rrr%tf%fi?P%rmceoérceﬁt'vg%ggT ?Whgg ?“é\’s@?d’ﬁ%@%‘? 1S S§Bﬁ‘i§‘%ﬁ’et
mar gi ns may e bYephrtsi(dted PI aadirey) rﬂn‘deb%l@'ﬂa@?&bﬁﬁﬁﬂ/t&ﬂ i6 \4RlcAlatdiPLL
voyages, the conbined net margin is shown rather than the conponent net

margi ns for hashmefithgdlat ratesHogthegiwo partss Moteoparticulerlyi EIGr 3R istiews theder
appropriate Rﬁag,ers.rlifn t%e field entitled "Assignment and Net Margin [Ks]."
[00213] A thi rd t eatiP e di™ he Mv Sol utions screen is a field that |ists

each term vessel thaFldus hatiniiedd Asedtg (e KR PA VPR 399, idfhohhe net nargin
for each "FR P1" and "FR P2" - flat rate for each part, in $/ton;
"Cargo P1 and Cargo P2" - estimated vessel cargo (or Est_Cargo) for
the first part, in tons;
"R/Trip P1" and "R/Trip P1" - round trip distance for the each part, in

knots;

"Voy Days P1" and "Voy Days P1" - voyage days steaming for each
part, in days;

"P/C Days P1" and "P/C Days P1" - port days plus canal days for each
part, in days;

"Fuel Cons" - total bunker fuel consumption, in ktons;

"Pt Cost P1" and "Pt Cost P2" - port charges for the each part, in k$;

"Fixed P1" and "Fixed P2" - vessel hire cost for the each part, in k$;

"Bunkers P1" and "Bunkers P2" - bunker cost for the each part, in k$;
and

"Total Cost P1" and "Total Cost P2" - the sum of Pt Cost + Fixed +
Bunker, for each part, in k$.



unassi gned termvessel. The net margin for each unassigned termvessel is
WO 20091061433PCT/ US2008/ 012515 76 cal cul ated using the net hire value for
t he ter mwess@lo6i438hat is a cal culated net hire rate (i RCUUS200808/5d8Y)

mul tiplied by a cal cul ated nunber of Ways starting on the date (the net
hire date) that the unassigned vessel is both available and accunul ati ng
net hire value. The net hire date - which is a calculated date which is the
| ater of thel0§398 whre wsse comsetuin fosthe\FaatRatsi Galgnldtivhecrernl byfcliogingnomrat i on

horizon - is Q_shown. In Fl 3W thi.g infornation is provi ded under
appropri ate ?12@1%’5? 8985, %%&%i"&%d‘“@ﬂﬁf’%ﬁ%ﬁed %‘?‘&r@ﬁkﬁ? fRﬁtPH%“erifhed. "
[ 00214] A fourth feature of the MV Solutions screen is the "Result: North-

South Programi ? button. Cicking this button displays the N-S Program
screen (not K03B)) whisherirevigwing theoflatirates fortdagh replages Ssenseashickmoreof |

show ng the rdH_ Vo e@s._tpget her and the South vo t oget her 00215]
Afifth featt{#.rgetdg?set %%M?rsﬁﬁﬂfli% g@ylggﬁo g’u{tﬂ%s eégg‘fffetd mL‘SF[ﬁ?MFage"
button. C i cRalaglacibnt $tr€en’ & Uetusn k@Y i MiRYSagehgnd-idohtifitd 888 - whkflow
previously stated, the Lift screen provides a table of all feasible term

and spot vesBEF¢ssoyddeansonttehdimend dasired, Bwnusel canr nabcoess ythe FatRaenved as

b hart, voyage, for al.l, feasih e ve S oL .as,a bar chart, .b
veseel « or SRR Rresn by Bliging o XSy E Rt fe RealfS g opr beniain”
Sol utions scpfen is the "Result: M/ Ship Voyage Gantt" result button.

Clicking this key opens a "Sinulation W' page (not shown) that displays
the npodel solution as a tine based visualization via a Gantt chart. The

Gantt chart gispl,a i I i gnnment by different col or
bars, e.g., ?i&égzdg@ﬁf@égﬁ%ﬁﬁ #@ﬁ@@@ﬁ%@%e time, ballast voyage
time, bunker tine, discharging tine. [00217] A seventh feature of the MW

Sol ution screen is the "Result:
[00199] The second step in the LSDS workflow process determines, for

each voyage, the candidate vessels and then optimizes the net margin for each
feasible vessel/voyage pairing using a linear programming model solved by an
optimizer (e.g., a CPLEX solver). To command LSDS to perform this action,
the user clicks the << Opt Voyage Ship NetMargins >> action key. LSDS then
determines which vessels are feasible candidates for a voyage and calculates,
using the solver, the largest voyage revenue that each feasible vessel can
accomplish the voyage. The LP optimization problem for calculating the net
margin for each feasible vessel/voyage pairing includes constraints that limit the
maximum tonnage that can be lifted (i.e.,, carried) for each feasible
vessel/voyage pairing given vessel, port and other voyage restrictions. If an
error occurs, the user clicks the "Data Errors" button. The "Data Errors" screen

(not shown) will then appear and suggest where the error may have originated.

[00200] The user can review and validate the results of the second step of
the LSDS workflow process in four different ways, by clicking one of four
different result keys on the Main page. Each of these review mechanisms is

discussed below.



Net Mar gi n Conponents” result button. Cicking this key opens a "MW Sol ution
wi th Net Margi n" page (not shown) that displays the nultiple voyage

assi gnmenvo 200/@0439/ 061433PCT/ US2008/ 012515 77 sol ut i onpcm/usadmsloszsi$ or mat
so that the user can view, by voyage,72the net margin for each voyage/vessel
conmbi nati on nmade by LSDS as well as each conponent value therein (e.g.,

fuel cost, port fees, canal tolls, net hire value, backhaul credits, spot
vessel costs, overage, denurrage, voyage value, etc.). [00218] An ei ghth

feature of t Sol utj 0 is the "Result: Ter.m Ship D schar
Posi ti on" but@%w adic |engrs?ﬁ’|['a§?@‘eeyusoeﬁe%§l %V%a‘f%rvﬁilg‘]ﬁtlepth%@%ﬂﬁr ’d‘egF
Posi tion" pagRofdelepSITane LSDB ok §6ceds iPbyRlicking Phe CRERM: Ket IS

assi gned and unassigned termvessels and contains an ETA for these vessels
to specifi edVakeer buiten.| dbist 3c8i98. capsrs aSNeyHug Value'ebereen b sppeapr dhimt s ETA

upon conpl et | of .t.-he. I gn vQyage for .each vesse] .. 1002191A ninth
fgat ur em;f t ngeﬂ}lv“g%?lﬁtlil g’?}‘}%%?"?eﬁ‘ ngt gé’ gﬁ@LaWF eV EPSE nFLPEﬁsrP P10 | es
button. O i cKiikS$Iduys chieylatqeismathe NetHe watksiaset. DFbi édcﬂss}byﬁ%éﬁﬁé' tdript

shown) that lists, by vessel and by voyage, which voyage/conbi nations
initially dewssel nephpe ratesmulindieddryethe aymber daysein; afimapienipd thtetarts arenpor al

what doar o VEIPLRbOE HORER Rf 2t SeRteB VpBee it Bl A AER el r e
of the W Solodthené i R& arderidien’ dfahélbhd of\Hel M6del time horizon, equals the

term vessel's net hire value. The user reviews the term vessel net hire rates on

the Net Hire Value screen to insure that they are reasonable. If inaccuracies are

found, the user should check, infer alia, the values input into the WorldScale and

NetHire worksheets.

[00202] After reviewing the term vesselh net hire rates, the user clicks one
of the "Close page" or “Main page” navigation buttons embedded in the Net Hire
Value screen to return to the Main page and continue the workflow process. At
any later time, if desired, the user can re-access the Net Hire Value screen by

clicking the Result: Net Hire Values button on the Main page.

[00203] The second way the user can review and validate the results of the
second step of the LSDS workflow process is by clicking the result "Result:
Lift/Tonnage" button. This action causes a "Lift" screen to appear. The Lift
screen, which is illustrated in FIG. 3T, shows the feasible voyage/vessel
assignments and the number of corresponding maximum tons of cargo that can

be transported by the assignment given vessel, port and other voyage constraints.

[00204] After reviewing the voyage/vessel lift tonnage values, the user
clicks one of the "Close page" or “Main page” navigation buttons embedded in

the Lift screen to return to the Main page and continue the workflow process. At



constraints on cargo” button. dicking this key opens an "Active cargo
constraints" screen (not shown) that lists, for each assigned vessel and
voyage, tweeovsi43aint that |imt the anount of cargo. [PQ@AR2o8mIBiEVeEnt h
feature of the MV Solution screen is Bhe "Solve: Find N Best Alternate

Sol utions" button. Cicking this key opens a "Milti-Solution" screen (not
shown) that contains an input field to specified desired nunber of

sol utions ( Ny ktesdime idesised, tthe qa¢rceanateeaccess the HaBtscsasnuhyi ohekingitlee i el d

to display t X solution results. . WO 2009/ 061433PCT/ US2008/ 012515 78
[00222] A twe gs[ullﬁ'%ﬁrﬂ? agf’lbf'lﬁgn%%%ﬁ{ﬁrm?gf'scr een is the "Result:
Mul ti-Voyage Sequences" button. dicking this key opens a "Milti-Voyage

Opt i ons™ screenﬂé}{lot shown) that lists the various nulti-voyage options
(shown as col®9R82dk i onslhsfthirdoway thepnser\capageisyv anvhvalidage theawsishlte of the each

t | 4- RE- ZATI 00223] . The. h, i anal,. . step i
e S0 vior KEVEsp STERETSDY GOkl brogfot pidliskRikehe sRii: Coaiaa o '
addi tional u¥eyade/Ship" BOAGH." Thidlftiod RhSses bW eadBleDRoYdPetIHAp BdirYsbdki nY

the "Qptions / ReQptim ze" navigation button on any page. Cicking this
but t on openstozaPPRAr- Gbhe Sgasime)eyagedhip Paye screar, whiog issldedtratessin FEGar e t he

optim zed vegsel/yvaoyage assi gnnent.s. However, the may nt. tp reassign
vessel s for ?)ép’e#a i%ﬁglofggls%ngesgﬁdvoélﬁﬁe &Bs@gnﬁ%h[ﬁ%gslﬁﬁil?sp%?g%naﬂﬁgm gh the
i npact of sufbsibRassiodd TENigpearkia thd/afdtbpaae/cBE M ihdWetSelRaglge hlatis bt at ed

in FIG 3X, allows the user to run such what-if analysis casés. As shown in

FI G 3X, thethepottenseRbepcrasnzié thecyessel/ yagapssigmentiipifeastdd| éd.thé¢ 6gp24]

means Lo exa 06 FislipeE b sRUER 0B e Beable GRRLRATEY a5 B o7 ©

vessel s by vaygafgesible &F €achl Séssell ay RHISS abubesisAVing e totd] afurhbg sesul t's
by specific voya(ges or vessels, respectively. The user can then interact

with the tabtasdidsts wessels dhat aretoasible fon caghsyayagent . More particularly, the
"Soln" colum in the table indicates a "1" if the assignment is in the
current nodel solution. In addition, there is a "Force (1/-1)" colum where

the user can[09206Jup a Afeératevidwingahe dedstblan@sdedv6fage DR[dninfdnksIthé Qisen
vessellvoyage.assignnent option In by entering a "1" in the correspondi ng

cel | or for bligks eher pktheaiGe Bagk'yax sMiain, pagey enayigatign hations ymbgeded itg a
"-1" in the R [ ggﬁg! . . . ' Opfi m ze
page, entit I@g Llﬁ\l%Pl%nggg pec‘%oftngf%é glﬁ%%an%cﬁ?dn‘égﬁgg é%ﬁ@qwgﬁ%\%g& e}éich '
assi gnment t 4t labesirhedf desiredie thedtsedicamlré-avedds the Feasible Voyage Ship Pairs
screen by clicking the "Result: Candidate Voyage/Ship" button on the Main

page.

[00207] The fourth way the user can review and validate the results of the
second step of the LSDS workflow process is by clicking the "Result: Infeasible
Voyage/Ship" button. This action causes a "Infeasible Voyage Ship Pairs"
screen to appear. The Infeasible Voyage Ship Pairs screen, which is illustrated
in FIG. 3V, is a chart of which voyage/vessel pairings LSDS has determined are
infeasible. A one (1) is shown in the appropriate cell in the voyage/vessel matrix
if the voyage/vessel assignment is not feasible. In addition, the chart provides
potential reasons why a pairing is not feasible by providing a one (1) in each cell

for the pairing applicable to a reason for rejecting the pairing. Potential reasons



WD 20091061433PCT/ US2008/ 012515 79 [00225] After review ng these tables, the
user, if desired, can re-optimze the solution to the nodel using the new
forced cometzn@imei43 by pressing the << ReOptim ze >> actrcomskego1dshen t he
user clicks the << ReOptim ze >> acti®n key, the application, to the extent
possi bl e, resolves the multiple voyage problemtaking into account the new
restrictions, [00226] When the re-optim zation is conplete, the user can

vi ew t he i npfeeirejgetingia pagngvinsluder tepposal rfa¢tatss fantorsgektinggo refevaitrporThe

table in the |lower right area di spl.ays a view of the.curren i.e., |ast
opti ni zed orreﬁ%@&‘? ?éedv%’éaﬁeglﬂﬁ@ﬂ{ B YTSEE ‘@I}?:‘lm%h raftear QﬁBfﬁ@grt“ﬁPtsa’f‘Lbl e)
di spl ays songthkemiedlfafesmNEaotbradbicht 88 Scoffratdisl Bassrs( | Q@cfdiﬁgnﬁsdétgl)?ng ")

solution and the change therein with the delta (labeled as "DELTA
sol ution, i freapingwbyd.SD%bacigjected anyovess¢lomyage pafingdd gashe mmosnt byt i on

obtained after. certain assi.gnaent cqnstrai nt to force di.sall ow an
assi gnnent ) ﬁébcgl %e\g)llf agﬁﬁssstgﬁ ,lo%hlﬁsﬁjr? n%&é?‘ﬁh&@b@eﬁm}“@?b&?l}ﬁ \.,t\f‘el'he
di fference baysteien- WIEVeYagaNtanaNDRARE Sbstbd MbyaE€ Kitony! atted adish

di spl ayed as "DELTA." Specific performance indicators for the base and

del ta are thékeothglusaeto adCgnsiraintse Petadls" padet (not Keowiok whichdirevidlgy sheand t he
total ballas s.. .[00227] A,re-optimzed.sol ution can be set .as . the.new
base sol uti O%oy(é?gcrlelsté(cg%s #Rd &§e_€el g ¥Rk uf?s&\&?o,&snﬁrree“ﬂ%sfgi I iﬁ
conpari son bghyResiéderebPdafd ShkulstOshould chéik, AP BlihMeorkssQl Mhilgligan be
vi ewed by clicking the "Sideby-Side Cong[arl son" button. [00228] A detai | ed

descri pti on @éftes eretheobpatiWarksheetoriTeemm Worksbeeteandctba pent iestmigtibys os ¢k by
ship scheduI%;I%,WS hge‘? obtai ned by pressing the "N-S Prograni button. A
nore visual descrrptron of the solution, as a Gantt chart, can be obtai ned
by pressing the "Gantt Chart"” button.

[00208] After reviewing the infeasible voyage/vessel assignments, the user
clicks either of the “Close page” or “Main page” navigation buttons embedded in
the Infeasible Voyage Ship Pairs screen to return to the Main page and continue
the workflow process. At any later time, if desired, the user can re-access the
Infeasible Voyage Ship Pairs screen by clicking the Result: Infeasible
Voyage/Ship button on the main page.

STEP 3 - OPTIMIZATION

[00209] The third step in the LSDS workflow process is to calculate the
optimal vessel assignments, to cover all the voyages in the planning period, that
maximizes overall net margin, using the assumption that term vessels can be
assigned to multiple voyages during the optimization period. In other words,
during this' step, the multiple voyage assignment problem is solved. To
command LSDS to perform this action, the user clicks the action key <<
Optimize Ship MV Assignment >>. The setup step involves calculations to

determine which combinations of voyages can be assigned to various vessels. A



THE UNDERLYI NG LSDS MODELI NG FORMULATI ONS WO 2009/ 061433PCT/ US2008/ 012515
80 [00229] Key mat hematical fornulations used in the LSDS nodel are the
vessel rewenu@/EBRB formnul ati on and the nultipl e voyageprasdisginsemnisiy MWA)
formul ati on. These fornul ations are d&scri bed bel ow THE SH P REVENUE
FORMULATI ON [ 00230] The vessel revenue (SR) fornulation is a |inear
programm ng problem The objective function for the SR fornul ation

maxi m zes r eWerpdeintegen pragsampyng model isdhérbsodvadley eh optimiase (pgi, IGREXY

maxi m zi ng the [ I ght ubj ect to.the . specified vo cargo vol une
speci ficati otrral’sqe?%g\g\ger &%n%t‘SB%IZ%SQ{g&P’eGP;ﬂE‘é?S%EE PapuEe o%glﬂegtn?adfg s. The
obj ective function for the SR fornul ati on can be stated as foll ows:

Maxi m ze: Su voyage, ship) in Candi dat eVoyageVessel (voyage, ship),
p_VoyageFl at Wﬁ//age)Whervihﬂ)ﬂmWiﬂghs complete, tby AYEY Solutions” screen will

Ov Co We)l Ov T hi p,. bj ect t
Phe Fol Tow raeaRy iR nd Bty (IR aReRTY o6 fume bttt e,
grade) = v_Vaxsionacae foirRaxitesag totabR&NHMRgiR0The MVaShtidns page can also

p_CrudeDensity(grade) for all (ship, voyage, seqNum port, grade),
v_Cumigt Loadesipesiess Siemp theo)taye pasesodhasyrather page by clicking the "Solutions”

navigation button. The MV Solutions screen is illustrated in FIG. 3W. The MV

Solutions screen has a number of features, each of which is separately discussed

below.

[00211] A first feature of the MV Solutions screen are fields showing the total
net margin for the optimal solution found by LSDS to the assignment problem in
millions of U.S. dollars (M$ U.S.), the total amount of cargo lifted in kilotons
and the total idle days for the assigned vessels. In FIG. 3W, these values are

provided in the lower left hand side of the screen.

[00212] A second feature of the MV Solutions screen is a field that
displays all the term and spot vessels that LSDS has assigned to a voyage, the
voyages that each assigned vessel is assigned to cover, the sequence of each
voyage (“Voy#”) if a vessel has been assigned to perform multiple voyages and
the net margin for each vessel/voyage assignment. Some net margins may be
blank since, for a term vessel assigned to two or more voyages, the combined net
margin is shown rather than the component net margins for each voyage. In
FIG. 3W, this information is provided under appropriate headers in the field
entitled "Assignment and Net Margin [K$]."

[00213] A third feature of the MV Solutions screen is a field that lists each
term vessel that LSDS has not assigned to a voyage and the net margin for each

unassigned term vessel. The net margin for each unassigned term vessel is



v CumAgt LoadedPort (shi p, voyage, seqnum 1, port-1) + Sum {grades,

v_Wjt Loaded(shi p, voyage, segnum ,port, grade)} for all (ship, voyage,
segNum pweot©pe9/061433 v_Tot al Vol une(shi p, voyage) = Sum pCTasbhosio1sost,
grade), v Vol Loaded(shi p, voyage, segMum port, grade)) for all feasible
shi p voyage pairs, v_Tot al Wi ght (shi p, voyage) = Sum {(segNum port,
grade ), v_WjtLoaded(ship, voyage, seqNum port, grade) for all feasible
ship voyage ¢Aftated uypotheoa dir3aheTfaysheo 080 Yeseb—dhat is a calcylated net

e R S LI e i g o (o
v_Cumigt LoadaRddte (s Ret MY adife) SRONKMIUNERIgned vessel is both available and
(p_UP_MaxArrival Draft _DWI(shi p, _gfhage, segNum port

ft_DWI(ship, vo t) . :
p_VoyageShi p3sralatinggies dee ‘@Enﬁp) o st hablda@eqwbw%l iparcalculated dasasvhicte

o Lo shi by anb e pfsbe oS WE PESEER] B osybE iR tropman )
pﬁ_\/oyageShi piSStikioRut (iygﬂétg%hoﬁhj PIn TAIG.23 W, S@@Nii¥oriidn i@ peodiads ivlder
Shl p-voyage palirs, an

P yag .'Eppropriate headers in the field entitled "Term Ships Not Assigned."

[00214] A fourth feature of the MV Solutions screen is the "Result: North-
South Program" button. Clicking this button displays the N-S Program screen
(not shown) which is a view of the optimized vessel assignment, showing the

North voyages together and the South voyages together.

[00215] A fifth feature of the MV Solutions screen is the "Result:
Lift/Tonnage" button. Clicking on this results key displays the Lift screen. As
previously stated, the Lift screen provides a table of all feasible term and spot
vessel/voyage combinations which can, alternatively, be viewed as a bar chart,
by voyage, for all feasible vessels or as a bar chart, by vessel, for all feasible

voyages.

[00216] A sixth feature of the MV Solutions screen is the "Result: MV
Ship Voyage Gantt" result button. Clicking this key opens a "Simulation MV"
page (not shown) that displays the model solution as a time based visualization
via a Gantt chart. The Gantt chart displays each event in a vessel assignment by
different color bars, e.g., idle days, loading time, laden voyage time, ballast

voyage time, bunker time, discharging time.

[00217] A seventh feature of the MV Solution screen is the "Result:
NetMargin Components" result button. Clicking this key opens a "MV Solution
with NetMargin" page (not shown) that displays the multiple voyage assignment



v_CumAgt LoadedPort (shi p, voyage, seqNum port) + LW (ship) +
VoyageShi pShut Qut (voyage, ship) <= p_LP_MaxDepartD sp(ship, port) for all

segqNum paot2posmd43Beasi bl e shi p-voyage pairs where PCTNRA0s USSR shi p,
voyage, segNtun, port, grade)” is the7wei ght of product grade |oaded at a
gi ven port-segqNum pair for a feasible ship-voyage pairing; "v

Vol Loaded(shi p, voyage, segNum port, grade)" is the volunme of product
grade | oadedscdetien g (AbHlasdprmafesonibiat il wset 6an yigveds Boxagehths nasymagin

pairing; ’ edPar. hi v segN ort)" is the
curmul ati ve wfé)lrgeﬁ%{hc?# %@‘%}%@% cépgjd}ééstis nolgxag%lgyg[rgﬁgs ik 3’%#%50 7°&ls‘)é)mﬂﬂeﬁgi r for
a feasible swilpe thtage (P2, fuBldcost, port fekés, Tanal YOS RE SitPvaliey 8g&kdhaul S the
total volune of cargo | oaded for each feasible ship-voyage palring;

"v_Tot al Vi gtedishispot ¥es5el gests, oweragre demumpgaeioyhge wilueatgd | oaded for each
f easi bl e shi p-voyage pairing; and "v OverageTons(ship, voyage)" is

t he anbunt of overage cargo for each feasible ship-voyage pairing. WO
2009/ 061433PQ02182008/Ax tzhth fature of the MV Solution screen is the "Result: Term

Ship Discharge Position" button. Clicking this key opens a "MV Term Ship
Discharge Position" page (not shown) that provides a forward projection of the
assigned and unassigned term vessels and contains an ETA for these vessels to
specified reference locations. For assigned vessels, this represents ETA upon

completion of the last assigned voyage for each vessel.

[00219] A ninth feature of the MV Solution screen is the "Result: Timing
Infeasibilities" button. Clicking this key opens a " Timing Infeasibilities" screen
(not shown) that lists, by vessel and by voyage, which voyage/combinations
initially deemed to be feasible were found to be infeasible due to temporal
constraints (e.g., the vessel could not make all the supply windows) and by what

degree the temporal restrictions were missed.

[00220] A tenth feature of the MV Solutions screen is the "Result: Active
constraints on cargo" button. Clicking this key opens an "Active cargo
constraints" screen (not shown) that lists, for each assigned vessel and voyage,

the constraint that limit the amount of cargo.

[00221] An eleventh feature of the MV Solution screen is the "Solve: Find
N Best Alternate Solutions" button. Clicking this key opens a "Multi-Solution"
screen (not shown) that contains an input field to specified desired number of
solutions (N), a solve button to calculate the N best solutions, and field to

display the N best solution results.



"p_VoyageFl at W5(voyage)" is the product of Worldscale rates (input data)
and the voyage flat rates as estimated/cal cul ated by the cal cul ation

engi ne; WO 2009/g81438udeDensi ty(grade)" represents the grade/usessiotises as
vol ume per weight (e.g., in barrels p8r ton); " p_VoyagePCM n( shi p,
voyage)" represents the part cargo m ni num (weight) that applies to a

shi p-voyage ﬁﬁli ring; " 1?_UP_MaxAr rival Draft _DWI(ship, voyage, seqNum
port)" is a t(M222] at edAdiglithcieabire aifnthe( YOE eSolutionse spreenf isctieq BResmitght )

that represe -t L oum. arki.v dratt. limt tfor a ship, a_particular
port; (11) " g/}_@c%ya%'ea%g?%%lﬁ?ﬁft (Q}%{?Bgealglﬁ%;thﬁ i‘eft' r?é’egi)é‘ciﬁuétﬂ'vg%(ﬁge out
for a shi p- vopagas'Piiréert (it sheRhPERADiSs e FESGIEmMORI-IBYadef oﬂ?}%sgm ty
that is occupied by non-cargo elenents (fuel, stores, etc.); (12)

"p_LWI( shi p) as ¢ambinationsyefi twoedrgheretvoyagess thiap arefeasiblehiop edaketeghtvesdel.t he
ship); (7) "p_UP_MaxArrival D sp(ship, voyage, seqNum port)" is a

cal cul ated constraint (posed in terns of cargo weight) that represents the

maxi mum ar r i STEPA SREOPTRVIIZATION for a ship at a particular port; and
(13) "p_LP MaxDepartDi sp(ship, port)" is a calculated constraint (posed in
terms of cargo weight) that represents the maxi mum departure di spl acenment

limt for a | t rticul ar rt. TH ILPLE VOYAGE ASSI.GNVENT (MWA)
FORMULATI ON f@&%ﬁ] ﬁheg%%ﬁk"f%?ﬁ ?lgtsﬁeé’n“ﬁ %’Hﬁﬁ%gor YL e P )re-
programi ng pptahiRMessh asainaedts 1€ink o GHERBnEIset HpuMYondtints! ahioded s to
maxi m ze the total net margl n of vessel/vogage assignments where term

vessel s ( but cambe npénted by shrking thg " Optiensd| imigehnavigptien bestreon amy

e el SRR Bl N RSBy B,

ship) * v_MiMaldehtegoltd areSthic ptintizé&l! fessslNdyak8 assignments. However, the user
may want to reassign vessels for operational reasons and can do so using this
page and weigh the impact of such reassignments. The MV Options/ReOptimize
page, illustrated in FIG. 3X, allows the user to run such what-if analysis cases.

As shown in FIG. 3X, the Options/ReOptimize screen contains multiple tables.

[00224] The upper table on the left side on the Options/ReOptimize page
provides a means to examine feasible vessel/voyage assignments, either as a list
of vessels by voyage or as a list of voyages by vessel and filter the results by
specific voyages or vessels, respectively. The user can then interact with the
table to force or disallow an assignment. More particularly, the “Soln” column
in the table indicates a “1” if the assignment is in the current model solution. In
addition, there is a "Force (1/-1)" column where the user can set up a “what if”
scenario and force a particular term vessel/voyage assignment option in by
entering a "1" in the corresponding cell or forbid a particular term vessel/voyage
assignment by entering a "-1" in the corresponding cell. The lower table on the
Options/ReOptimize  page, entitled "All User Specified Assignment

Constraints:" shows each assignment that has been forced or disallowed.



WO 20091061433PCT/ US2008/ 012515 83 Ternthi p, p_M/Ful | Net H reVal ue(ship) *
v_MWShi pNot Sel ected(ship)} - Sum (voyage, v_M/VoyageNot Covered(voyage) *

p_Penal t W 28a0bjees8 to the foll owi ng constraint Sear{tseasivi2sshi p,
voyNbr] in Candi dat eConbShi p, v_WMat®h(conb, ship)} +
v_MWoyageNot Cover ed(voyage) = 1 for all voyages, where Sum { conb,

v_MWMat ch(conb, ship)} + v_MShi pNot Sel ected(ship) = 1 for all ships, V
MVMat ch( conbl003R8k)  arAftes rexiewingrthess! tables,athd user, if desired, can re-optimize

Moy age ot LR AN modlet MRIE BRSSP 161808 L5 Rdis 265 pRQUg e 22 Veen ©
ReOptimize >> action key. When the user clicks the << ReOptimize >> action
key, the application, to the extent possible, resolves the multiple voyage problem

taking into account the new restrictions.

[00226] When the re-optimization is complete, the user can view the
impact of the new what if constraints on total net margin. The table in the lower
right area displays a view of the current (i.e., last) optimized or re-optimized
assignment solution. The area above this table displays some key performance
indicators of the base (labeled as "BASE:") solution and the change therein with
the delta (labeled as "DELTA:") solution, if applicable. The current solution is
defined as the solution obtained after certain assignment constraints (to force or
disallow an assignment) have been imposed, and the model has been re-
optimized. The difference between the current and base solutions are calculated
and displayed as "DELTA." Specific performance indicators for the base and
delta are the total net margin, the total lift, the total idle days and the total ballast
days.

[00227] A re-optimized solution can be set as the new base solution by
clicking the "Set Base Case" button. A more detailed comparison between the
base solution and the re-optimized solution can be viewed by clicking the "Side-

by-Side Comparison" button.

[00228] A detailed description of the solution, in a tabular format
conventionally used by ship schedulers, can be obtained by pressing the "N-S
Program” button. A more visual description of the solution, as a Gantt chart, can

be obtained by pressing the "Gantt Chart" button.

THE UNDERLYING LSDS MODELING FORMULATIONS



" Candi dat eConbShi p(conb, ship, voyNor, voyage)"” is the nmultiple voyage
equi val ent of Candi dat eVoyageShi p(voyage, ship) that was used in the

si ngl e- voyageosassisgnnment nodel but, in the 4-di nensi onalPCTAtS2008/012515

" Candi dat eConbShi p, conmb” is the set 8f all feasible ship-voyage
conbi nati ons, and voyNbr is the voyage sequence nunber in this conbination
(e.g., 1 to denote the first voyage for a ship, 2 to denote the 2nd voyage
for a ship, 02291 Key mathemptigalNeormmiagions cised, insthiepl.SDiSs mpdeh raseraher

whi ch cont ai h c d net .margi,n, for .each feasi bl e assi of a
ship to a vog%éél gec‘)’%%illenﬁﬁg ?mnﬁanon afld %,e ﬂé‘#ﬁ? Sy VOYAEe ASSLgnLfRt gmﬁ chis
set to a | arfiemubdtion. SIHeRe fhiaiul MORGESs décBbb@beloavered (a ship is not
assigned) only in situations where there is no feasible solution which

covers all voyages, "Binary Variable v_MWWatch(conb, ship) =1 (or

0)" denotes 4 SﬁﬂgﬁEvﬁﬂhﬂf?éﬁih@Qgﬁgéﬁé not assigned) to this

conbi nati on of "voyages, v_MWoyageNot Cover ed(voyage)" is
an infeasibility breaker that is included in forrmulation to assure that MWA
has a feasible solution, and to identify any voyage for which a ship is not
avai | abl e t ol®9898F , Thep veest/ ooenes HER) USTODEAOND 59 52 Binear  programiriiteg i abl e

VS POt S BRI ACRI BhiechiSe TIRLUST RSk BSh ThiRaLA RIS hore

ships are n assign any voyage,

i s a cal cul agafingsr foreéh f&%im@%smﬂ\@?@gﬁ PawiL bydangimiid en Wakgdnet
hire val ue earned g%.a termship that it 1t is not assigned to any Vvoyage,
and " Ter nShi Yeighs subiect éq thst spesiiiadsyeyage cdesss volomei spetififetispntlowhi ) .

upper tolerances and capacity constraints. The objective function for the SR
formulation can be stated as follows:

Maximize:  Sumf{(voyage, ship) in CandidateVoyageVessel(voyage,
ship), p_VoyageFlatWS(voyage) * v_TotalWeight(ship; voyage) -
p_OverageCostperTon(voyage, ship)* v_OverageTons(ship, voyage)}

subject to the following constraints

v_WgtLoaded(ship, voyage, seqNum, port, grade) = v_VolLoaded(ship,
voyage, seqNum, port, grade) / p_CrudeDensity(grade) for all (ship, voyage,
seqNum, port, grade),

v_CumWgtLoadedPort(ship, voyage, seqnum, port) =
v_CumWgtLoadedPort(ship, voyage, seqnum-1, port-1) + Sum {grades,
v_WgtLoaded(ship, voyage, seqnum ,port, grade)} for all (ship, voyage,
seqNum, port),

v_TotalVolume(ship, voyage) = Sum{(seqNum, port, grade),
v_VolLoaded(ship, voyage, seqNum, port, grade)}for all feasible ship voyage
pairs,

v_TotalWeight(ship, voyage) = Sumf{(seqNum, port, grade ),

v_WgtLoaded(ship, voyage, seqNum, port, grade) for all feasible ship voyage

pairs,



TRANSFERRI NG OPTI M ZATI ON RESULTS FROM LSDS [ 00232] All the grids and tables
I n LSDS support conventional copy and paste functionality enabling the user
to copy amd2e@wsi14data in an Excel docunent, M crosoft Wercad/usoasmests or

anot her type of application. FREQUENGY FOR UPDATI NG DATA AND OPTI M ZI NG
VESSEL ASSI GNVENTS [ 00233] After the nonthly data validation cycle and
optim zati on has been conpleted, LSDS s data should be routinely updated to
reflect current cl¥anges Qveraged opsishipeyoyaga)ket v_TotdWeighteshihevayegeled due

to large shifts in Wrl.dscal e srat.es,. interruptions in.crude supply, or
vessel avai I%—b??ﬁ%%@l\é\fsgﬁ%b‘ioy ?g?)npfﬁ”&‘aflﬁ Slﬁf SEB’d‘éﬂy«?&ng“%ppr opriate to
refl ect any rel evant change in the business environnent. CLOSING

[ 00234] Wil e this description utilizes a variety of screenshots, exanples

and illustrative @juatv_smnVgtheadedPort(shipt r aopagese segNempt poisEhi nd the
i ust mont s Ut s EPFARRR et PRERED S i Gt nu ertot B || BVappar ent fo
those of ordpmasyageBhipShutOut(voyage, ship)) for all seqNum, port, and feasible ship-

voyage pairs,

v_CumWgtLoadedPort(ship, voyage, seqNum, port) + p_ LWT(ship) <=
p_UP_MaxArrivalDisp(ship, voyage, seqNum, port) -
p_VoyageShipShutOut(voyage, ship) for all seqNum, port, and feasible ship-
voyage pairs, and

v_CumWgtLoadedPort(ship, voyage, seqNum, port) + LWT(ship) +
VoyageShipShutOut(voyage, ship) <= p_LP MaxDepartDisp(ship, port) for all
seqNum, port, and feasible ship-voyage pairs

where |

"WgtLoaded(ship, voyage, seqNum, port, grade)" is the weight of product
grade loaded at a given port-seqNum pair for a feasible ship-voyage pairing;

"v_VolLoaded(ship, voyage, seqNum, port, grade)" is the volume of
product grade loaded at a given port-seqNum pair for a feasible ship-voyage
pairing;

"v_CumWgtLoadedPort(ship, voyage, seqNum, port)" is the cumulative
weight of product grades loaded for a given port-seqNum pair for a feasible
ship-voyage pairing;

"v_TotalVolume(ship, voyage)" is the total volume of cargo loaded for
each feasible ship-voyage pairing;

"v_TotalWeight(ship, voyage)" is the total weight of cargo loaded for
each feasible ship-voyage pairing; and

"v_OverageTons(ship, voyage)" is the amount of overage cargo for each

feasible ship-voyage pairing.



WO 2009/ 061433PCT/ US2008/ 012515 85 in the art and are covered to the extent
they fall within the scope of the appended clains. 86 What is clained is:
1. A conpwbenoszepiddcati on stored on a conputer-readabl eprsrasags/onsds um f or
the optim zation of marine transporta®i on scheduling conprising: code that,
when executed, calculates the optimal solution to maximze total net margin
for the assignnent of vessels in an available fleet to performa set of

voyages to be i ni 't MovaselllriWM(veypganis nthe prreduet oHWeondsesfsorates ginpat go

conprising o [ | Kq@r C .where the total, ne rgin is derived
Crom i natvi dog g BE Sl RN ES e tBENRH B Lb Bl d Phgteacrr
i ndi vi dual net nafgiCiuddDenity@es®)! tepredata sisd Nderissticdesd VBRnkd BB} t he

mar ket val ue for the voyage using market freight rates and a predicted
i ncurred cosVeigd (¢sein £PertPRl t he assi gned vessel, and where the code

: 2?;;2?5 ( ?It nle:?)s L}S’ﬁo@?é#ﬁ%“ﬁ%@g ?ﬁ%@%“ pl%{)}eisgrﬁsah% gzta.rtlga%g(g r%{]nelmrlpmxed
(weight) that applies to a ship-voyage pairing;

"p_UP_MaxArrivalDraft DWT(ship, voyage, seqNum, port)" is a
calculated draft constraint (posed in terms of cargo weight) that represents the
maximum arrival draft limit for a ship at a particular port;

(11)  "p_VoyageShipShutOut(voyage, ship)" is the specified shut out for

a ship-voyage pair that represents an assume weight of DWT
capacity that is occupied by non-cargo elements (fuel, stores, etc.);

(12) "p_LWT(ship)" is the light-weight tonnage for each ship (weight

of the ship); (7) "p_UP_MaxArrivalDisp(ship, voyage, seqNum,
port)" is a calculated constraint (posed in terms of cargo weight)
that represents the maximum arrival displacement limit for a ship
at a particular port; and

(13) "p_LP_MaxDepartDisp(ship, port)" is a calculated constraint

(posed in terms of cargo weight) that represents the maximum

departure displacement limit for a ship at a particular port.
THE MULTIPLE VOYAGE ASSIGNMENT (MVA) FORMULATION

[00231] The MVA formulation is a mixed integer (linear) programming
problem. The objective function for the MVA formulation is to maximize the
total net margin of vessel/voyage assignments where term vessels (but not spot
vessels) may be assigned to multiple sequential voyages. The objective function
for the MV A formulation can be stated as follows:

Maximize: Sum {CandidateCompShip(comb, ship),
p_MVNetMargin(comb, ship) * v_MVMatch(comb, ship)} + Sum {ship in



where the fleet of vessels conprises termvessels and spot vessels and
where termvessels can be assigned to multiple voyages within the planning
peri od, wwereowdses3appl i cati on determ nes each feasibl e vesamsbéosoymsye
assignnment, given tenporal and physic&dl vessel and voyage constraints, and
then cal cul ates individual net margins for each feasible vessel/voyage
assignnment using the fornmula: NMEW-1C where "NM' is the net margin for the

f easi bl e voy&g@rthins et_MY&ullMethireValng(shipd *he_dEY ShiplNetSetestkd(shipd) ue of

t he voyage b d a (N on ket freight rates, and "IC" is
the predict egﬁlﬁn ’Vﬁ%%éd%c&\(vgygg%ﬁedtgwﬁfﬁ Vﬁ%’?&é t egglg%éi ied vessel, 87
where the esti natgbjdrbidkel fsRbwmhe onseaah feasi ble term vessel /voyage

assi gnnent consi dered by the application is determ ned by the follow ng
formul a: nv, ERAr [ 33Re ({keded, shipoyoydybriin CandidateSondiShip, my MMMaschH(WmBR i s
t he esti mat 6511

Rr ket I f he vgvage using the termvessel "FR' is the
voyage fl at réﬁg,ﬁmqegoﬁ%veﬁ%&@% rl ldg’égpémlyﬁ%%s’ expressed as a

percentage, "C' iwhése maxi numtotal tons of cargo that the termvessel can
carry w thout violating vessel and/or port constraints for the voyage,
"CTuNms" is the appniicapbe vaMMMaieh{eomtbshimst+ volyBgRhipNatieleated(shibbr t he
voyage and a:rletf()%ﬁgﬁﬁsspot vessel, "DCEDEAL" is the market denurrage cost
for the voyage ‘assuning a best case scenario where a vessel incurs no

dermurrage costs wai M_MVahaei{céhb] sp)aBBinarg @hgsbled, ahdie first supply
| ocation in the | oading segnent of the voyage, and “NHV" is a net hire

val ue assigned to aViMWVezagafotOexeregeroyeges vi NEV ShipNgtS elerted(shiphlacail at ed

usi ng a dai lB’ox[rﬂ%lteﬁbexr/ e%quldjf\y the termvessel is available after the term
vessel has conple RN IS gned voyages for the planning period and a

specified start daidewh&e incurring the daily rate has been reached, with
the daily rate cont i"nuiqr,]ig until a specified end date. 2. The conputer
application of cl ai nfandifietecomhShip(earsk) ship, vexNb1, swtyage)" vissthe| mulimie di f f er

| PRyt ol SHALBSEN L 57 U AR OURI SN Suge Jip IS, SRR

. . (1
application arm ere, tor ea S a loading gnent

where one orsifgleevdydpk pasiiiehentar enddeddesut] r offi OnBie Or 4rdifRnSiBRA Y sBOrts
within port specific quantity ranges and port specific |oading periods and
a di schar gi ng‘g efcomphip, osemdr ridr dhoulsrt ppbdabt sfeasibledi upyoyege at one

gir Sgﬁ;ﬁg?ggﬂ%@gg@&%@b&w Is HR&%yakE sSYRALE WnfRP 98 ShRANSRARhhusPec! T c
(e.g., 1 to denote the first voyage for a ship, 2 to denote the 2nd voyage for a
ship, etc.),

"P_MVNetMargin(comb, ship)" is a parameter which contains the
calculated net margin for each feasible assignment of a ship to a voyage
combination,

"P_Penalty" is a parameter which is set to a large value such that
voyages are not covered (a ship is not assigned) only in situations where there is
no feasible solution which covers all voyages,

"Binary Variable v._.MVMatch(comb, ship) = 1 (or 0)" denotes that this
ship is assigned (or not assigned) to this combination of voyages,

"Variable v_MVVoyageNotCovered(voyage)" is an infeasibility

breaker that is included in formulation to assure that MVA has a feasible

solution, and to identify any voyage for which a ship is not available to cover,



88 4. The conputer application of claim1l where the one or nore bul k
products are one or nore different grades of crude oil. 5. The conputer
appl i cat iwo 2009/sl4383m 1 where the code conprises the fol lPomiusgoosepmsift e
portions: (i) one or nore sinmulator partion(s) to determne the single
voyage/ vessel assignnents and nultiple voyage/term vessel assignnents that
are feasible given voyage constraints; S") one or nore revenue optim zer

i
portion(s) to defineVameblgor M VahipNatielestad(ship)ars pnelydedmiongnededblem t hat
determ nes t 1 100 nue .for. ea feasi bl e single voyage/ vessel

gﬁn{{@mﬁ%ﬂs‘@ﬁ&@ sﬁ%ér%ﬁeogot aS%lﬁ'IllJ%CF {]o 9 yag

assi gnnent, ere the maximum rev Y aSEE86n the narket frei ght

rate and the maxi nurp aVFUlINYiHG8Vaelsha)" Cidna Ralduldié® aginiétdr Y65 &¢h
constraints and voyage constral nts; 111 ) one or nore net nmar

( (i, arging
cal cul ati on {§ERishinyBichidsnetesdhe fitlbnetrhird yadus earned byat tmsjnmghamaﬁlt\imul d

result from . i b i e, voyage/ vessel assignnment and each feasible
mul tiple voyrgcg(gd?%1 r%é@e%ngefd@gé’ia&\ﬁmnt using the results fromthe revenue

optim zer; (iv) one"DémiBKig" BIhE SEtEMrnOFHipIdoes neoitiuds ot shepsha) def i ne
and solve at |east one m xed integer (linear) progranmmng problemto
determ ne whi ch conbi nati on of voyage/vessel assignnents maxi m zes total

net margin } i | ignnents and feasible
mul tiple vo%%ﬁ%%%@i@ﬁ%@%‘%ﬁ@g%%¥sm¥m ng net margins,

and, optionally, (b) determne the "N' next best solutions where Nis the
desired nunber of alternate sol utions. 6. A conputer application stored

on a conput el092382%dabl Albths geds gaditables dr LSS swrnost genvestond! apyi anad
transportati | -1 Sig: , e ut.ed | cul at es
the opt1 mal  atCHEA A, SATRIAS BP kb dB LR -ant SRl HERLOE it of
vessel s in adocaviint,MicoddfeBlord dop@hémronanothet typle ofQpplietiond be

FREQUENCY FOR UPDATING DATA AND OPTIMIZING VESSEL
ASSIGNMENTS

[00233] After the monthly data validation cycle and optimization has been
completed, LSDS’s data should be routinely updated to reflect current changes
in the business market. Updates may be needed due to large shifts in the
Worldscale rates, interruptions in crude supply, or vessel availability. Preferably,
input data is updated as appropriate to reflect any relevant change in the business

environment.
CLOSING

[00234] While this description utilizes a variety of screenshots, examples
and illustrative equations to fully illustrate the concepts behind the invention, the
invention is by no means so limited. Various modifications, adjustments and

applications of the disclosed invention will be apparent to those of ordinary skill



89 initiated during a planning period for transporting cargo conprising one
or nore bul k products, where the total net margin is derived from

i ndi vi duavornety/mwea3gi ns for each vessel /voyage assi gnnmenrcaru2@aninsis

i ndi vidual net margin for a vessel/vd®page assignnment is derived fromthe
mar ket val ue for the voyage market freight rates and a predicted incurred
cost for the voyage using the assigned vessel, and where the code includes
at | east oneln tha@gtrandrasgcaveredto poraxitant thaydfalltwitldadhe soope mif tedappenderer
(l'inear) programm ng portion; where the fleet of vessels conprises term
vessel s and g%g?&vessels and where termvessels can be assigned to multiple
voyages wthin the planning period; where the application determ nes each

f easi bl e vessel /voyage assi gnnent, given tenporal and physical vessel and
voyage constraints, and then cal cul ates individual net margins for each

f easi bl e vessel /voyage assi gnnent using the formula: NMEMW-I1C where "NM' is
the net margin for the feasible vessel/voyage assignnent, "W" is the

esti mated nmarket val ue of the voyage based, at least in part, on narket
freight rates, and "IC" is the predicted incurred cost of the voyage using
t he assigned vessel; where the estimted market value for each feasible
spot vessel/voyage assignnent considered by the application is cal cul ated
by the follow ng fornula: nvspor[ FR*( WBMARKE27/ 10 0)* +CTUNDI S+ DCl DEAL



where"W " is the estinmated nmarket value for the voyage uor using the
spot vessel, "FR' is the voyage flat rate, WBmMARKET is the market

Worl dscal e rate expressed as a percentage, "C' is the maxi numtotal
tons of cargo that the spot vessel can 90 carry w thout violating
vessel and/or port constraints for th&yvoyage, "CT 15" is the
appl i cabl e | aden and ballast voyage canal tolls for the voyage and a
reference spot vessel, and "Dcne,a" is the market denurrage cost for
t he voyage a§ﬁﬂuﬂmg(dahﬁsxinﬁse scenari o where a vessel incurs no

denurrage co ;ﬁﬁeﬁ’ﬁ%@cﬁl ﬂ%téflid)bh ﬁa&ﬁﬁpﬁteﬁ E@a&lﬁbﬁi supply
Iocatlonlnt ut er
appl i cat i ot %f &ﬁflﬂ QPﬁim&zﬁé@n%ﬁﬂguﬁt@@ﬂSﬁ@ﬂ@ﬁ%I s may
differ in pehediding cenaptisingt i cs and econoni ¢ costs. 8. The
conput er app'dcﬁfé\ﬂ%]ﬂ“r ﬁfhéﬂ@k@él@teW@é lfa?ésﬂ?é MAY; %‘?Jlghgﬁif'l% IS a

| oadi ng segnent eré one.ar ro uct are om one
or nore supply JHGFEUEE ﬁﬁl maggél& gl%@ﬁﬁltuwepgﬁ’ oESERP port

speci fic | oadi ng anramﬂabhadﬂaedlteqtenfgmg assefmefitvoyeges tmdeor nore
T e i 812%‘%21%5?’%’51%% n port
The conputer apgtiNPdisisg GRC OTIAE i‘r]érq §ne or nore bulk
product s ar e wheretheuntalief enargingrsadesivetl fromdenditidual 1€t The
]fgﬂ)g\tme;]gagg:ogf% '1‘9'h§ffof' @ééﬁ Q- MBlRoYag e A88 oritfBht ShR Idikh
mde fvitual net margin for a vessel/voyage a351gnment 1s
derived from the market value for the voyage using
market freight rates and a predicted incurred cost for the
voyage using the assigned vessel, and
where the code includes at least one linear programming
portion and at least one mixed integer (linear) program-
ming portion;
where the fleet of vessels comprises term vessels and spot
vessels and where term vessels can be assigned to mul-
tiple voyages within the planning period,
where the application determines each feasible vessel/voy-
age assignment, given temporal and physical vessel and
voyage constraints, and then calculates individual net
margins for each feasible vessel/voyage assignment
using the formula:

NM=MV-IC

where “NM” is the net margin for the feasible voyage/vessel
assignment, “MV” is the estimated market value of the voy-
age based, at least in part, on market freight rates, and “IC” is
the predicted icurred cost of the voyage using the assigned
vessel,



(i) one or nore sinulator portion(s) to determ ne the single

voyage/ vessel assignnents and nultiple voyage/tem vessel assignnents
that are feasible given voyage constraints; (ii) one or nbre revenue
optim zer portion(s) to define and solve at |east one |inear
progranm ng probl emthat determnines tRé maxi mum cargo revenue for
each feasible single voyage/vessel assignnent, where the maxi num
cargo revenue is based on the market rate and the _91 naxi num anount
of cargo t hathees the estimedednmarkehsalyenton egrlicteassbieterm

const rai nt s angsweyaasyanatsigithent tbiisidens] by trappktatiigi n

cal cul ation poraﬁ%ngﬁ. taalgal u ﬁqtlﬁ t he inadi w%éal n mar gi n t hat
woul d result flP ELHIEERY %Wéngo@){&yﬂ ssel assignnent and

each feasible nultiple voyage/term vessel assignnment using the

results from tmwzg%ﬁmoﬁgﬂcmDpﬁ nor e assi gunent
IDEAL T,

optim zer portion I'ne and 'solve at | east one m xed
I nteger (linear) programm ng problemto determ ne which conbi nation

]g)fe av%?gewea%eﬁ‘w ' 3 ghé@sit?haeéd ?ﬁapkemealu@f@f nhglw'qpl te he
voy:lge/ t e?%g\g/bgyigy ' %ﬁig@ﬁgng r S;@%dﬁﬁgﬁa% W&%‘?& >, and,
opt i onal | YVS4ia) z dei-db theanexiset og.lélscaiﬁgat%xprew ARG BEN i s the
desired npehtigef“@rtienthetraasohiimongal todd of sagzgonaethepeticat i on
o107 ¢0 OPyBSCTAELHAPAI PR OGHEE VU] 01 ik Bl on O
execut ed, SEANAH A0BhenEORAEEmIC daiapisnis SIReAPRISa BlA0CHe
mar gi n f oanther bedlagteoyage cassd diodls fomthewayate antl ageten per f orm
a set of éﬁ%é%?’i)t%‘éé%@l At at ed ’dﬁrﬂi&xﬁrgbfﬂ%h@ﬁg%gé &8st Rir
transportj;ng _cargo co I’ISII{ or _nore bul k Pr uct s, er t he
total net HRIYASS AOTIDIRSE2 hesinGRYR REAIHID. RIGIEnd’ YE9Sehach
vessel / voyzejersagei demenraga dasis wartgiahead eéthewsiypplytdates
xg; 2 SL/ ‘Jgﬁﬁgﬁeafﬁ‘éﬂ . 3N %Oéigﬁgﬁeﬁlfﬂﬁnl@r)ﬁﬂii r 1n‘é@it‘r12ff@fest hfeor
o ARl et e ML P
| east oneVBSS@al?laﬁm FmISIGCHY 38 aAds calrBlafedomung adatlynt eger
(l'inear) pitegfemench dayttilenterm vessel is available after the term

vessel has completed its assigned voyages for the planning

period and a specified start date for incurring the daily rate has

been reached, with the daily rate continuing until a specified

end date.

2. The computer application of claim 1 where each vessel
in the fleet of vessels may differ in physical characteristics
and economic costs.

3. The computer application of claim 1 where, for each
voyage, there is a loading segment where one or more bulk
products are loaded from one or more supply ports within port
specific quantity ranges and port specific loading periods and
a discharging segment where one or more bulk products are
discharged at one or more demand ports within port specific
quantity ranges and port specific discharging periods.




92 where the fleet of vessels conprises termvessels and spot vessels
and where termvessels can be assigned to nultiple voyages within the
pl anni ng period; where the application determ nes each feasible
vessel / voyage assi gnment, given tenporal and physical vessel and
voyage constraints, and then cal cul at 88 individual net margins for
each feasible vessel / voyage assignnent using the formula: NM=EW-IC

where ' | net or the a . bl ssel

assi gnrrent ‘fl\j;ﬂel @m@@gﬁﬂﬁ%%l%@ﬁ? ﬁewg?erpnél éy-gg%r based,
at | east imopabulkqrodardteare ceieyr m@t@dﬁfemnt aradesof tmide edi ct ed
i ncurred gt of the voyage using the assigned vessel; where the

Qéiﬁ'gﬁhiﬁt'%“ Eﬁfﬁ yietaafsel if E‘n&ai%@l RaE ERE
followngqqmﬁ'ﬁls@s WEREHCPAS Akt PORK "I CTERM' is the
predi cted i r¢honedransirefsomula mmngs)ttbaietermmél%ﬁaﬁin tethe fuel

consunpt i on COV%??% ésEE ‘éf@é '[‘Staha ﬁﬁﬂ%ﬁﬂ@d@ﬁghgﬁgﬁe | aden

vessel , "PF" is
and bal | ast vOJERE Jve@éﬂigegafﬁal ¥Ry Shles sel
after accountls’(galﬂﬁs any d| scount 12. The conputer application of

claim 11 whgip) @&e brasserevantideptimere oméﬁ oagfidefdigt 1 n

h | ch
ARETE F A e b e i O
segment where @%I@rann@é S MNRXBAYH G 28y

e Ofrfiﬂﬁib%‘éabr nor e
suppl y ports vgiblé Bll}l)@}etVepage/f\rezssehasmgmneah,gwhmadhacmaxspec| fic

| oadi ng peri odgnAfidcargo revenue is based on the market freight rate
and the maximum amount of cargo that can be lifted
given vessel constraints and voyage constraints;

(iii) one or more net margin calculation portion(s) to cal-
culate the individual net margin that would result from
each feasible single voyage/vessel assignment and each
feasible multiple voyage/term vessel assignment using
the results from the revenue optimizer;

(iv) one or more assignment optimizer portion(s) to (a)
define and solve at least one mixed integer (linear) pro-
gramming problem to determine which combination of
voyage/vessel assignments maximizes total net margin
using the feasible single voyage/vessel assignments and
feasible multiple voyage/term vessel assignments, and
corresponding net margins, and, optionally, (b) deter-
mine the “N” next best solutions where N is the desired
number of alternate solutions.

6. A computer application stored on a computer-readable
storage medium for the optimization of marine transportation
scheduling comprising;:

code that, when executed, calculates the optimal solution to
maximize total net margin for the assignment of vessels
in an available fleet to perform a set of voyages to be



93 a di schargi ng segnent where one or nore bul k products are

di scharged at one or nore demand ports within port specific quantity
ranges and port specific discharging periods. 14. The conputer
application of claim1ll where the one or nore bul k products are one
or nore different grades of crude oil 89 15. The conputer application
of claim 11 where the code conprises the foll ow ng separate portions:
(i) one or nore _sinulator portion(s) to determ ne the single

voyage/ vessel 1mt=1a@dréurmga dlanntng periad fgeraasporaBgatargssi gnnent s

oot maéirfﬁﬁf'é‘*lﬁ %WWSHS%S%’* oot inemg, oM
o e o SEhe P the thTal St BialE A0SR HEIR dndit: 4%@&&% for
each feasible mangnm oya&;wh/e@ssel/mg/a@measlgnmw’e aawhi num
cargo revenue j %ﬁﬁfﬁﬁhvéﬁs%m@é&éeag@ ]ﬁ@hﬁf@unt of

cargo that can be | 1, f ed | S men v éh ves nstraints
andgvoyage corfldh F‘é?ﬁjlt o1 tj}@)n}ﬂ{ i ‘%lb’fe %(Hggh‘?ra Q’g%ép Skion
portion(s) to fa:eighl]mltes ahd a prédictied incerredecastior he vayage resul t

from each feagj tﬂe”@ései gua@@gs\é?sgﬁa assi gnment and each feasible
mul tiple VOXﬁH mve nt u5|n theresultsfromthe
iWHEEY | %Héc

revenue opt er?o@'é CH PP ATNYRE | on( s)
to (a) define pcntdlcmnhmd atldaehenemexedxntbgen(dgwaﬁ) lnrogaan-
progranm ng prpbh ng;} m ne whi ch conbination of voyage/vessel
aSS|gnnents XI I n u5|n t he fe bIe 5|ngle

ter

? net . mar
voyage/ vesséV ﬁ’é‘é 1%3399% Yiehsels eopnRrises i HieV ARV essel
assi gnments, are‘ssebsaﬁdpwhd:regenﬂvewedsmnbeass ed)tralmul (b)

determ ne they %ﬁﬂﬁ 8 e desired nunber
of alternate oﬁiet]zggéogg%i B&i a&qon s@g ed on a
corrputer-reé’&] gret 6?3&@39%@% lnﬂﬁ@ GRS V¥ ne
transport at i orageehssighiment,gipeirsengporal and physical vessel and
voyage constraints, and then calculates individual net
margins for each feasible vessel/voyage assignment

using the formula:

NM=MV-IC

where “NM” is the net margin for the feasible vessel/voyage
assignment, “MV” is the estimated market value of the voy-
age based, at least in part, on market freight rates, and “IC” is
the predicted incurred cost of the voyage using the assigned
vessel;
where the estimated market value for each feasible spot
vessel/voyage assignment considered by the application
is calculated by the following formula:

MV spor={FR* (WS 14rxzr/100)* Cl+CTyyprst+
DCIDEAL
where “MV o, 1s the estimated market value for the voyage
using the spot vessel, “FR™ is the voyage flat rate, WS, ;. rxer
is the market Worldscale rate expressed as a percentage, “C”
is the maximum total tons of cargo that the spot vessel can



94 code that, when executed, calculates the optinmal solution to
maxi m ze total net margin for the assignnent of vessels in an
available fleet to performa set of voyages to be initiated during a
pl anni ng period for transporting cargo conprising one or nore bul k
products, where the total net margin P8 derived fromindividual net
margi ns for each vessel/voyage assignnent and each individual net
margin for a vessel/voyage .assi gnnent derived fron1tqgw ket

val ue for GaEYWigaItEGiIaiating kessalangyor parteonsizamty

lngurredI qmyacfr@r“@fw,gysé’qs theiapplidubledadenethd badlaist vey do@lﬂer etthe
code inc 0 eas

one m xed ﬁegaéq,l fﬁ)k @1% bb’&gga?ﬁ?ra rgg&}%ﬁog%%@%g ?h et of
vessel s cong Gmteﬂﬁ]ﬂﬂ@smaé alemuﬂa@@sé eV@Yﬁgem

et ot W e O Voyage
besi gnmenticigiresed Sty it epeedoliiecd iy ARl E R Y2

constr ai ntsalpplrjrdlctd&tromandhlea]mshngcﬁagmemt ofdﬂlamoyage for each

feasibl e vesy ﬁ%ﬁ@m{uéﬁ' JEEclif Go5mdE Wé& wher e
th L/ t,
BRI R e

part on @Icket:()hmngrhbos‘as es, and ' |s the predicted incurred

cost of the ea?gﬁg élhﬁspzﬁ:lsa vess } %%P@rfof %ECE redi cted
f

incurred cos voyage assi g
consi der ed’%ﬂg% hgre ISC%L ga1Ng S@&f@e e’iﬁiloﬂ?eofénp
products are loaded from one or more supply ports within port

specific quantity ranges and port specific loading periods and
a discharging segment where one or more bulk products are
discharged at one or more demand ports within port specific
quantity ranges and port specific discharging periods.

9. The computer application of claim 6 where the one or
more bulk products are one or more different grades of crude
oil.

10. The computer application of claim 6 where the code
comprises the following separate portions:

(1) one or more simulator portion(s) to determine the single
voyage/vessel assignments and multiple voyage/term
vessel assignments that are feasible given voyage con-
straints;

(1) one or more revenue optimizer portion(s) to define and
solve at least one linear programming problem that
determines the maximum cargo revenue for each fea-
sible single voyage/vessel assignment, where the maxi-
mum cargo revenue 1s based on the market rate and the

or nul a:



| cspornt!”(wsnaii 0)* RPCM n)-E(Ov*OvRat e/ 100)] +DCEsi +CTui vw8+LS
where "I Cspor"” is the predicted incurred cost for the voyage using
the spot vessel, "FR' is the voyage flat rate (i.e., Wrldscal e100),
"WBExr," is the spot vessel's expected Wrldscale rate for the voyage
expressed as a percentage, "PCM n" is9 he part-cargo m ni num

requi renent which the spot vessel owner charges even when the spot
vessel is loaded with |l ess cargo,. "Ov" is the over OvRat e

the per cent agdNexiaNyMs Gs0ALNt of garga ﬁg%;ﬁﬁllv]@@g]éﬁeélmg ahﬁfers

from the frei %Slgﬁﬁieﬁprﬁﬁénpvw&lc@b@l@tl*afin@S(Qﬁ?@ \Qﬂ hdbe WM N,
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in an available fleet to perform a set of voyages to be
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where the total net margin is derived from individual net
margins for each vessel/voyage assignment and each
individual net margin for a vessel/voyage assignment is
derived from the market value for the voyage using
market freight rates and a predicted incurred cost for the
voyage using the assigned vessel, and
where the code includes at least one linear programming
portion and at least one mixed integer (linear) program-
ming portion;



(iv) one or nore assignnment optimzer portion(s) to (a) define and
solve at | east one m xed integer (linear) programmng problemto
determ ne whi ch conbi nati on of voyage/vessel assignnents maxim zes
total net margin using the feasible single voyage/vessel assignnents
and feasible nmultiple voyage/term vesS2l assignnents, and
correspondi ng net margins, and, optionally, (b) determne the "N

next best sol ution ere is the desired nunber of alternate
sol uti ons. where the Heet of vessels comprises term vessels and spot

vessels and where term vessels can be assigned to mul-
tiple vovages within the planning period;

where the application determines cach feasible vessel/voy-
age assignment, given temporal and physical vessel and
voyage constraints, and then calculates individual net
margins for each feasible vessel/voyage assignment
using the formula:

NM=MV-IC

where “NM” is the net margin for the feasible vessel/voyage
assignment, “MV” is the estimated market value of the voy-
age based, at least in part, on market freight rates, and “IC” is
the predicted incurred cost of the voyage using the assigned
vessel;
where the predicted incurred cost for each feasible term
vessel/voyage assignment considered by the application
is determined by the following formula:

IC 121 ~FCON+PF+CT ;s

where “IC .z, is the predicted incurred cost for voyage
using the term, “FCON” is the fuel consumption costs for the
voyage if it is assigned to the term vessel, “PE” is the port fees
for the voyage and “CT,,s” 1s the laden and ballast voyage
canal tolls for the voyage and the term vessel after accounting
for any discount.

12. The computer application of claim 11 where each ves-
sel in the fleet of vessels may differ in physical characteristics
and economic costs.

13. The computer application of claim 11 where, for each
voyage, there is a loading segment where one or more bulk
products are loaded from one or more supply ports within port
specific quantity ranges and port specific loading periods and
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a discharging segment where one or more bulk products are
discharged at one or more demand ports within port specific
quantity ranges and port specific discharging periods.

14. The computer application of claim 11 where the one or
more bulk products are one or more different grades of crude
oil.

15. The computer application of claim 11 where the code
comprises the following separate portions:

(1) one or more simulator portion(s) to determine the single
voyage/vessel assighments and multiple voyage/term
vessel assignments that are feasible given voyage con-
straints;

(i) one or more revenue optimizer portion(s) to define and
solve at least one linear programming problem that
determines the maximum cargo revenue for each fea-
sible single voyage/vessel assignment, where the maxi-
mum cargo revenue is based on the market rate and the
maximum amount of cargo that can be lifted in the
assignment given vessel constraints and voyage con-
straints;

(iii} one or more net margin calculation portion(s) to cal-
culate the individual net margin that would result from
each feasible single voyage/vessel assignment and each
feasible multiple voyage/term vessel assignment using
the results from the revenue optimizer;

(iv) one or more assignment optimizer portion(s) to (a)
define and solve at least one mixed integer (linear) pro-
gramming problem to determine which combination of
voyage/vessel assignments maximizes total net margin
using the feasible single voyage/vessel assignments and
feasible multiple voyage/term vessel assignments, and
corresponding net margins, and, optionally, (b) deter-
mine the “N” next best solutions where N is the desired
number of alternate solutions.

16. A computer application stored on a computer-readable

storage medium for the optimization of marine transportation
scheduling comprising;:
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codethat, when executed, calculates the optimal solution to
maximize total net margin for the assignment of vessels
in an available fleet to perform a set of voyages to be
initiated during a planning period for transporting cargo
comprising one or more bulk products,

where the total net margin is derived from individual net
margins for each vessel/voyage assignment and each
individual net margin for a vessel/voyage assignment is
derived from the market value for the voyage using
market freight rates and a predicted incurred cost for the
voyage using the assigned vessel, and

where the code includes at least one linear programming
portion and at least one mixed integer (linear) program-
ming portion;

where the fleet of vessels comprises term vessels and spot
vessels and where term vessels can be assigned to mul-
tiple voyages within the planning period;

where the application determines each feasible vessel/voy-
age assignment, given temporal and physical vessel and
voyage constraints, and then calculates individual net
margins for each feasible vessel/voyage assignment
using the formula:

NM=MV-IC

where “NM” 1s the net margin for the feasible vessel/voyage
assignment, “MV” is the estimated market value of the voy-
age based, at least in part, on market freight rates, and “IC” is
the predicted incurred cost of the voyage using the assigned
vessel;
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where the predicted incurred cost for each feasible spot
vessel/voyage assignment considered by the application
is determined by the following formula:

ICopor=FR* (WS p/ 100V [(PCMin)-+{Ov*OvRate/
100)[+DC s +CT st LS

*r

where “IC.. ;. 1s the predicted incurred cost for the voy-
age using the spot vessel, “FR” 1s the voyage flat rate
(i.e., Worldscalel00), “WS.,.” is the spot vessel’s
expected Worldscale rate for the voyage expressed as a
percentage, “PCMin” 1s the part-cargo minimum
requirement which the spot vessel owner charges even
when the spot vessel is loaded with less cargo, “Ov” is
the overage, “OvRate” is the percentage rate discount, if
any, the spot vessel owner offers from the freight cost for
shipping cargo in excess of the PCMin, “DC.,.” is the
estimated demurrage costs incurred if the spot vessel is
assigned the voyage, “CTp;s 18 the applicable laden
and ballast voyage canal tolls for the voyage that would
be paid to a reference spot vessel, and “LS” is any
lump-sum cost term.

17. The computer application of claim 16 where each ves-
sel in the fleet of vessels may differ in physical characteristics
and economic costs.

18. The computer application of claim 16 where, for each
voyage, there is a loading segment where one or more bulk
products are loaded from one or more supply ports within port
specific quantity ranges and port specific loading periods and
a discharging segment where one or more bulk products are
discharged at one or more demand ports within port specific
quantity ranges and port specific discharging periods.

19. The computer application of claim 16 where the one or
more bulk products are one or more different grades of crude
oil.

20. The computer application of claim 16 where the code
comprises the following separate portions:
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(1) one or more simulator portion(s) to determine the single
voyage/vessel assignments and multiple voyage/term
vessel assignments that are feasible given voyage con-
straints;

(i1) one or more revenue optimizer portion(s) to define and
solve at least one linear programming problem that
determines the maximum cargo revenue for each fea-
sible single voyage/vessel assignment, where the maxi-
mum cargo revenue is based on the market rate and the
maximum amount of cargo that can be lifted in the
assignment given vessel constraints and voyage con-
straints;

(i1i) one or more net margin calculation portion(s) to cal-
culate the individual net margin that would result from
each feasible single voyage/vessel assignment and each
feasible multiple voyage/term vessel assignment using
the results from the revenue optimizer;

(iv) one or more assignment optimizer portion(s) to (a)
define and solve at least one mixed integer (linear) pro-
gramming problem to determine which combination of
voyage/vessel assignments maximizes total net margin
using the feasible single voyage/vessel assignments and
feasible multiple voyage/term vessel assignments, and
corresponding net margins, and, optionally, (b) deter-
mine the “N” next best solutions where N is the desired
number of alternate solutions.





