WD 2007/ 143150PCT/ US2007/ 013041 1 SYSTEM FOR OPTI M ZI NG
TRANSPORMATR@W1STEEDULI NG AND | NVENTORY MANAGEMENT OF BRLRUPROMUGT+1
FROM SUPPLY LOCATI ONS TO DEMAND LOCATI ONS BACKGROUND OF THE

| NVENTI ON FI ELD OF THE | NVENTI ON [ 000%4] This invention relates to the
field of transportation of bulk product. Mre particularly the

I nvention relates to optim zing scheduling of transportation vessels
of bul k products. DESCRI PTI ON OF RELATED ART [0002] Transportation

costs of bul 0 ; pOPPAST IPEHURING AN
overal | COS% {L’u g@a ] ! T BF BUEKPK Eﬁﬁé‘ﬁ?Uﬁ‘ﬁ?

as, for *anp i products
(e.g., grain), is transpe ' rtation costs
that could be optim zed. For exanple, costs for transportation of
refinery feedstocks, which include crude oil, as well as gas oils,
napht has, oasollne blendlno co -onen%s and ot her internediate

streans, Such as gasoline, could be
optim zed. [0003]Current approaches to optimzing transportation

costs provide only routing scheduling where there is a known cargo,
whet her iIlﬂkﬁhﬁﬂﬁiiﬂﬁiﬂiﬂiﬂﬂﬂﬁﬂbroduct. No current approach considers
si mul t aneousl y schedul i ng transportati on and nmanagi ng i nventories
.With non-constant rates of supply (production) and demand

(consunpt [eOOLjof s mveninmi' ralates tcathecfiald of dnosprstativaatt byfk peosivet. sMore
t hat may neke ads d dIS har. t
known a%p?%ﬁﬂgﬂgébgl’%vﬁnﬁg? R g mc l%la cuPéa@%g f#%#l@g%l pp??lngl%gds of

i ncl ude fhatk grad@ds. denurrage costs and overage cal cul ati ons.
[ 0004] For exanpl e, the shipping of amoni a has been addressed by
Christiansen et. al. M Christiansen, Deconposition of a conbi ned

I nvent orymgtm;r]ﬁ@gmmngq‘mAIRToutl ng problem Transportation
Science, 33(1): 3-16 (1999). This article poses the WO
2007/ 143150PCT/ US2007/ 013041 2

[0002] Transportation costs of bulk products often represent a substantial portion
of ’t-he overall cost for said products. Virtually every bulk product, such as, for
example, bulk chemicals (e.g, ammonia) and farm products (e.g., grain), is transported
and has associated transportation costs that could be optimized. For example, costs for
transportation of refinery feedstocks, which include crude oil, as well as gas oils,
naphthas, gasoline blending components and other intermediate streams, as well as

finished products such as gasoline, could be optimized.

[0003] Current approaches to optimizing transportation costs provide only routing
scheduling where there is a known cargo, whether it is discrete or bulk product. No
current approach considers simultaneously scheduling fransportation and managing
inventories with non-constant rates of supply (production) and demand {(consumption)
of the product with a heterogeneous fleet of vessels that may make multiple loads and
discharges. In addition, no other known approach uses realistic economic calculations

for shipping that include flat rates, demurrage costs and overage calculations.

[0004] For example, the shipping of ammonia has been addressed by Christiansen
et. al. M, Christiansen, Decomposition of a combined inventory and time constrained

ship routing problem, Transportation Science, 33(1): 3-16 (1999). This asticle poses the



probl em where inventory managenent and routing are constrained by

ti me-w ndow requirenents and ships are permtted to carry partial |oads. A
fleet of wbipsy/msmnsport a single bul k product between prodisedn7onmoand
consunption harbors. The suggested al gorithm c approach breaks the | arger
probl eminto sub-problens, which are then solved via dynam c programm ng as
di scussed in M Christiansen and B. Nygreen, Mdeling path flows for a
conbi ned ship routing and inventory nanagenent problem Annals of

Qper ati ons Research, 82: 391-412 (1998). Sone preprocessing steps are

i ntroduced to decrease the problem s copplexity in order .t ed: un
tinmes in BVPPlewy W ¥%H§’€ﬁt°é¥ldn@agﬁi§‘§?te§9ﬁ%‘\%ﬁ)§t %rgdc ngﬁaggﬂvb%ng%gﬁ?gl%?%ti ng

probl ems r\e%ﬁihenilém@aﬁ& ENipS aRshéraiifiédto Annapatiaf loaper/aticonst Repeauciporta :
357-378 (1998). The econom c cal cyl ations, of thi s.algﬁ_lr Qt?a?ch gveerasli rrgsltéd‘y
real prolsiegle bl RedvitebeiBier SirdvctioasaRt OPSHRRETH AR ¢ bR TRRET T

[ 0005] Thpa(l%]rﬁh%'énaﬁﬁl%tacﬁ MOEEINSOMHE FaBikélr | FROLIRED B MRufboproblénis, phifichukdk thérqui d
I C

products h cannot be mxed) is addressed by D. Ronen, iﬂe i nventory
routing: wivedment dynamiamragramyeinemsl dissusserd iy Shrishanser ch Y86 et y,
53: 108- 14 {18902 L Pk 5p YOMAS Sh PHABABR) hav8gdir pPbBlem,
conpart ne’%A‘s’é’é{"ﬁdg‘ge’Zéﬁ’b‘?r(?g“i%”*rﬁg’é%‘}rq%}?:’% e%”tognl oaéi ng ?nd unff’oadi ﬁg at only
one port . Akl bif dysdrhtjonst Researant82ngoprdd Bl @RPBh| porle PRRBrasesivib §eReGIE pool
of vessels, [.0006] One conmmerci allw ' t b Qhesd T AL g sRR0M.
schedul i n’é‘trgh‘i‘ﬁ‘fglit}??e’lcgeaﬁ Yo c?%ieé])r( Sé.ggﬁh#egﬁblgglo?g%{otv\e\?gr, “does not. account
for i nvenChfistianBaiagadent . Nygethednorethodt foor solving shipi neuting probleist wie pool
of vessel s nust be honogengous and-the .vessgl n . 1608 | oad. and
one di sch&VgEo 6067 tHer e %lsnc%dgﬁ?rﬁl?lﬁsgﬁ%ggrﬁrm&gc?g?@og?%re ool s t hat
jointly reuheminealcahtehs ¢f thlvi 4pprosioh beemsimnplifyiraaligobleme rnd rysuprofdristant
Current practice invol vea usin idpreadsheets to manual |y assign ships to
rout es antas@iPEpdction 3ad copy M- [ 0008] A tool or systemfor optim zing
transportation scheduling and i nventory managenent of a bul k product froma
group of supply locations to a group of demand | ocations is ,needed. There
is al so a8 f oTha mEBMUsH coyls fTBiePIoR, ToORLRS |Rrebipms for, pyuliple &@hiqbqul

sel ection | A%ban R bt B d) RAadissE 8y B ReabR UbASe HREnioR) Hov:
Finally, p%q%%g%ﬂld%lSOPCT/ us20 7/013541 githere is . a need for a tﬁg%ls or
syst em t hshippeny idersing Jovpal of texiOpewtippal ResearchSacistyard ti0fe! It @ 0

that the suhts may, he_i e i 1 1Bh ship is

envi ronmaﬁﬁ‘.” SEIEHSEIEn Cﬂ@%(ﬁ%@kﬂ&%@%@cﬁéﬁd{%ﬁgﬁl oW ng I()jravvi ngs
are for itdstrixtedata loedippapdseboadigatanty enepordt Additiongby this oping Pabens cope
of the presen invention in an ol‘é’?%ssl: 0O10]FIG 1 illustrates an exanple
syst em t hIRY 8RGO REHATY Cal " odel to optinize the transportation
schedul i ng and i nventory nanagenment of a bul k product.

[0006] One commercially available tool for simulating and scheduling shipping is
TurboRouter®. This tool, however, does not account for inventory management.
Furthermore, the tool is limited in that the pool of vessels must be homogeneous and

the vessels can make only one load and one discharge.

[0007] There are no existing commercial software tools that jointly route and
schedule ships while maintaining inventory profiles. Current practice involves using

spreadsheets to manually assign ships to routes and to select load volumes.

[0008] A tool or system for optimizing transportation scheduling and inventory
management of a bulk product from a group of supply locations to a group of demand
locations is needed. There is also a need for a tool or system that facilitates, not only

ship selection and routing, but also load/discharge schedules and volumes. Finally,



[ 0011] FI GS. 2A-2G provide a series screenshots for one enbodi nent of the
present invention. SUMVARY OF THE | NVENTI ON [ 0012] An optim zati on system or
t ool (toolwoanel/mysvem are used interchangeably herein) for/uscenspant ati on
schedul i ng and i nventory nmanagenment of a bul k product from supply | ocations
to demand | ocations, over a predefined period of time, is provided. The
optim zati on system overcones the deficiencies in prior art systens by

si mul t aneously schedul i ng transportation and nanagi ng i nventories with
non-constant rates of supply (production) and demand (consunption) of the

product, and with et er ogeneoys fleet of,vessels that L pl e
| oads andh?if’s}ﬁﬁa‘?eﬁaégr?h ° %t%#'?reoth%ti Rroyidep ﬁ]ge \‘}’Bﬁfng%? rggﬁlgstiiﬁgi%%{?ﬁf IrFi]lat

af fect t hgnd Tedm®fsomak NYe ekt Phogube itnmemened | incat dyraniio teanspbmationsuch
as for exanple, the inventories at each of the |oading |ocations and

di schar g&nVEeRFRns, and how vessels are priced out, including cost factors
such as how the various legs for a vehicle, such as a ship, are added
together. The tool systematically considers a |arge nunber of pernutations
of t hese BREHEE DESGRIBFIQMN OB EHEBRAWINGN:nt i fj es the nost econonic way
to satisfy all supply, demand, inventory, shipping and economc
constraints. For exanple, the system considers whether econony of scale
oppor t uni[0088] exi he tfollowirg deawinks iapt dos iBnsteative RIS soRlytdnds argepot

fggﬁgrenrenltlg{?gﬁ%d§W%8%?ﬁoér§6@%@g%ﬁ\&§g{gﬁwgggrtsgfltﬁgl d\g(;iegi ons, can

provi de substantial savings in transportation costs for the product.

DETAI LED | PT. initions 0013] The .f ol | owi ng defini i y

t hr oug hoﬁiﬁg apg%lc ﬁ'ﬁ‘bﬁ‘i’aﬁﬁ*ﬂ aé‘seé‘a%ﬁpﬁeesrblﬂegé ttﬁigf ’éecf\:/'yltesgdl At Malitd] %ﬁ?cﬁéﬁ’%
product” smamse AWiriispaHation Sohkdhlnguidunehtarydnandpstrent ofik byikfpraduttas

| oaded; in other words, it is i.n a |l oose unpackaged form Exanples of bul k
product include coal, grain and petrol eum products. "Constraints" means any
restrictl ltI;]]e U RESPYA-BE PRov3ad @04Hriel ScHRBkIRItO Tor Bl erfiBddimibht of the
"Demand |l ocation" Is a polint, such as port with tanks, to which bul k
product ipresanamspotiord from a supply location and from which bul k product
is renoved at a rate that may or may not be constant. "Feasi bl e
solution” neans a solution for a particular set of problemdata that honors
all the cOUMMBARYOBTHEINWIENTION "Fl ow rate" means a neasure
for describing the anobunt of bul k product that nay be | oaded or discharged
within a fixed period of tine. "I nventory managenment” neans

nai nt ai ni [®1R]odugin bptaidatioy syaweal & tadl Gpelcird soteupp! ysedndicddrmagenbly

| ocations wthin maxi mum and. m ni mum,prodyct capacity. |lpmts, pply
| ocat i onsheTei@iferdrayIspatiaion SFhedwing adinX B?r?m@aegé’gﬁ% Of %holfr%cperr %%rrozrléluce
I nvent or YsdR¥e isoatidné 16 ABMAR 1b&itiohs) Ciler QNpredefindd peric 0f) tiimegliis phavideel. f r om

transport véssels in order to increase_i nvegt,or%/. | evel s, " Iaptgi ca%l b
const rai nT8® RHRFAHERSEYSIML SYHELRES ofhehidFAFYIEIEYi KalPHioT systems by

simultaneously scheduling transportation and managing inventories with non-constant

rates of supply (production) and demand (consumption) of the product, and with a
heterogeneous fleet of vessels that may make multiple loads and discharges. The
system considers the various constraints that affect the cost of moving bulk product
from one location to another, such as for example, the inventories at each of the loading
locations and discharge locations, and how vessels are priced out, including cost factors
such as how the various legs for a vehicle, such as a ship, are added together. The tool
systematically considers a large number of permutations of these transportation options
until it identifies the most economic way to satisfy all supply, demand, inventory,
shipping and economic constraints. For example, the system considers whether
economy of scale opportunities exist to combine multiple smaller shipments into fewer

cheaper larger shipments. The results provided by the system, when implemented in



expr essi ons. "Optinmal solution" nmeans a solution for a

particul ar set of problemdata that honors all the constraints of a nodel
and can bwoeserussd at a | owest possible cost basis for pchats2eeto1mfi dat a.
"Optimzed solution" neans a feasiblegsolution that may be optiml or may
be one that is less than optimal but the user determnes is sufficient. WO

2007/ 143150PCT/ US2007/ 013041 5 "Petrol eum and petrochem cal
flui ds" neans petrol eum and/ or natural gas and any substance isol ated or
derived from petrol eum and/ or natural gas "Rolling tinme horizon”

dat i dat a_and deci si t J f. : ' '
e, buenEEEgeaant v prsati b earib: HabrpiaRi e M e N ng

the sol uk@mcef a previous time horizon as a starting point for a newtine
hori zon. "Routing" neans selecting a set of |ocations for
vessels to visit and the particular sequence in which the vessels visit the
| ocati ongyrTRIEED PRSEPIFEASIONEans a variable introduced into a nodel to

| oosen constratnts.  "Solve" means perform ng conputations of a
nodel until an optimal solution is achieved and the al gorithmself

term nat §§,.q “{ioﬁpe user determnes that a current feasible solution is
suffici e ana manual |y term nates. "Supply location" is a

poi nt, such as port with tanks, where bulk material is produced or

accunul at . e..pbu r.oduck .t. I !éi?o%i 1484 heWiged to
t he si te)[ﬁgiéja ra?ge %Qﬁlé’?v lrﬁ%ée%?lttlgg%/aé{ﬁcﬁ'ﬂggg onstt%'rhp?fl%?h%gmgisr%ose of
future tnpaportation to a demand | ocati on. "Transportation
schedul i ng" neans, to,sel ect , the routing,f j v : td h the
specific tining of ‘é‘é‘aﬁ{os‘é'%sé’?eaw@Y-Pfgduégé%ﬂ}ﬂo@éﬁ@ﬁl ?ﬁgﬁﬂ%m@g%ﬁ%g\{%ch
that the dsnay@®ld; ih Bieg woedsyeen iniasbbse wparkaded Fabh.e Bxantphes ofdailk perdugt

consi dering vessel speeds and other,timng restrictions. Transportation
schedul i §° %Fgala%?‘%ﬂé‘ﬁ??tf BR RFYBEhi ppi ng requirenents while adhering
to the valdfRidanePagichis dngagéshgctidnd e sehspatatignr sdhegulingl dessensaimiss f or
t he vessels and | ocations. "Travel |eg" neans a portion of a route conposed
of the treisfy-bet ween two | ocati ons. "Vessel " nmeans a vehicle
for transporting bpklaRE adefion" FR" a eRIPIsBeh as RES &¥itHTasnhkee ta valfickp, bulk uck,
pl ane, train, barge or other vehicle for transporgii Sg%lful k progduct.

" \What - i fpraduadtyis tenspreteddiom aanmplsiosation g Fam; whichdulk product 15 TemoyeEd

dat a inp%gg&ttﬁgpﬁaygflgla ©8e RSkt bati ons or nodifications to a few
paraneters, or even only one paraneter, in order to determne if such a
change wi |l have 4Reistijacplusiont meeans|a sqlation fogce particular set of problem data

2007/ 143 1t§191f ]%rr{o%s 2l Hd Qh34khts of the model.

“Flow rate” means a measure for describing the amount of bulk product

that may be loaded or discharged within a fixed period of time.

"Inventory management” means maintaining product inventory levels at
specified supply and demand locations within maximum and minimum product
capacity limits, where supply locations require product loading to transport vessels in
order to reduce inventory levels, and consumption locations require product discharge
from transport vessels in order to increase inventory levels.

"Logical constraints" means constraints based on binary logical
expressions.

. "Optimal solution" means a solution for a particular set of problem data
that honors all the constraints of a model and can be executed at a lowest possible cost
basis for that set of data.

"Optimized solution” means a feasible solution that may be optimal or may

be one that is less than optimal but the user determines is sufficient.



6 DESCRI PTION OF THE SYS | EM [0014] I n one enbodi nent, the invention

provi des an optim zation systemfor transportation scheduling and inventory
managenemnwoaboimubisopr oduct from supply | ocations to deneou/use@matimas. The
system conpri ses a nat hemati cal nodel scontai ni ng nmat hermati cal progranmm ng
equations. An objective function of the mathematical nodel is to mnimze a
cost basis of product transportation for nultiple shipnments over a period
of time. The nodel contains constraints that account for transportation
schedul i ng and inventory nmanagenent. The nodel al so accounts for the

accurul ation of byl k product t uppl ocations and . the r V. | k
products from den&ﬁﬂrq?%’élapé%%Pﬁﬁg‘%ﬁéhﬁ‘éﬁs sUEA™S R%fdg%rin gl{:"ﬁgrur%h\fxg{ g%un and
renoval izdnRel sifAidedsblhed e dennat &oi @ueleuht akd/of fdif) gae system both
quickly finds a fjrst feasible sglution, and conti ?es to %ea(rhch t hr ough
far nore cases thapoiRgitines horpa resss Spdatiye "ﬁaﬁng FRFOPLES B DPr He Tt o

find an oRii-BRL foHwai®@i8 (85O AN KeRbinkeRekiRhRy BetwddnOftjadet e BozorsHy t ool
or systemreports transportation schedul es that are nore ecgnom c than

t hose t hémpiementing| the saluion @f arnedaupmetheeizoBs Asariie Pt {9 PHBIN™ME so

al lows the 4ser to perform”what-if' analyses. A nethod for optimzing the
transportation of bulk product is also provided. One advantage of the

opti m zation tool "Reutingt meansr salécliag byet plolacatiprmior] YRpesE itdYisik apddke | ¢
consi ders_al 0SS| . . g mai nt ai ni ng the many

i nvent or y‘?ﬁ“gur%%a%g{fg‘la{%dﬁ%@fm%gﬁgt&g;ﬁ%{tﬂg@ g%%LAG The system can be used to
optim ze the tran&Plack atarimhles? mennsbalvearigbleemitamiducesl énfoi mduedal i tal logsaes.
The optim zati.on tool and nethod of the current invention may be applied to
many transportdtt on scenarios and is not linmited to any particul ar node of
transportation. Nogelvefhirhéang porforplies @inpwatsmsodf tar ansisbnintil anveptimat he

system and net hod ¢an he applied i cIu% shi.ps, trucks. barges, rail.cars,
and ai r pl Sghon *Fh%cq’\’l%vsegear@ ﬁ’&ﬁ%@lﬁmﬁ gﬁeggugatg;, He P& 15§ ﬁ%‘%ﬂgi.ne ﬁh%cna:
pref er r edc prd@ GBI soltifieh Bk @ph Marally kenfifassportation of |iquid
bulk material in a_ heterogenepus fleet of shi

2007/ 143150PCT/ USSStRR1Y legsion’7is paint, & ?%Eqrg%i@ﬁégﬁpﬁlﬁﬁfez‘é‘tlF SRpteT s

formul at eﬁroa{i&dmisaiceﬁﬁﬁmécpplee Bul pro@etathidis thhedidea vengtet Aldiproaidts tas a
mat hemati cal nodel to be solved with a mat hematical oppim zatslm()af%} i ne. An

obj ect i vetheusita)i #nai Eate Jhat mas €8 may prdvbeieoasiapt doy dhe rrzpo S the

tranSpo”ﬁéﬂs%Ert&ﬂﬁh%J&’?’mﬁxcﬂ%ﬁ&ﬁ’&rﬂ period of tinme based on sone type of
cost basis. e particular cost basis is incorporated _ into the nodel and is

not particul arly ['TrAnspertatiensisheciing” stssns iasslect tharopling iy myligle yeseslaidi ng,
but not | élghé Sl ﬁ? giﬁfcoljirhﬂ%gt OBedciRRSsdl Wisi LA R e Y& B theGBates RBEL UNI
of volume or“mass tor transportation; (ii1) mnimze overall transportation
costs; (itha) theatxavel zieniogeetveenpyisits is reabivaiiein thentes! wesidsgonsidering yiepsehi ze

nunmber of vessel ilj. X Nl A j | Spei Vi
oy conbi FEeToa"E o Tl TrERpMALAO CHoRUEE Bhdect S oBecifil (V1)
basis i s sepecthimbifig oeytiremeaverahile adbtripgerto uthiet varigeis gbapacity.v lading) aed bul k

product transported. Alternativel.y,.in_ angther iment, the cost basis
i s overal Thsé}i‘%g‘i“?% Sf‘ﬂéc ‘%a?ﬁtig%lri%%v%sfs%gggé?&ﬁ??gi zation. In one
enbodi ment, the opTraviet kigl' omeany atpertiorsofth roatt cnpared ofl thehteavehbgipicey twd  a
bul k prodg{ét .such as petroleum natural gas and |liquid or gaseous

i nt er medi CBUSKHd fi nal products derived there from Non-limting exanples
i ncl ude: crude oi I"Vekidueddagsl anadhivlelfogasnspetig bulkt prodeci aFer exdmples 3
products such as light, ends, mddle distillate,, al ky] at hydr ocr ackat e,
gas oi | s, VessElLmaY P42 ship; bl lage, dratny barge, oF §ther |y el g@k‘f*ﬁ&%ﬁ?‘ﬁ;?“qfénd
ref or mat eprsane. f i ni shed products such as gasoline, diesel, jet fuel,
asphalt, marine residual fuel / bunker fuel, refinery fuel gas, |iquefied
petrol eum gas, heating oil, residual oil, greases, |ube and process oils,

sol vents, waxes, tufARg: {fughaysi@nhed hf aBhlySis inNwhARE MEalsef Adsexampm t he
product is crude oil. In ano¥her preferred exanpl e. the product is Ilg#efled

nat ural gdata inputdnsanes, apdanares reriaskations of moditielicas tp @ FFRCRAIAMSHES:&F1 . In
anot her pggéneéﬂlg On€ ?ﬁm&eﬂ e oRIcP 8@ dteindind §f Kh@LHah QMR B d ACimRE 6AENE,
and aviatiron fuel. I'n yet another preferred exanple, the product 1s either
gas oi | othemolutinner nedi ate refinery product. [0019] One exanpl e of the
systemis illustrated in FIG 1. The systemis conprised of nultiple
conponents. The first conponent is a database application 20 for input of
problem data froma user, and also for data storage. In the preferred
enbodi ment, the database application 20 is M5 Excel, but any nunber of
applications may be used and those skilled in the art will readily identify
an appropriate application. W 2007/ 143150PCT/ US2007/013041 8



The dat abase application 20 accepts input of data for one or nore,
preferably nost or all, of the follow ng paraneters: (i) basis anpunt of
product fwoz28ovassel (i.e , the part cargo mninmun); (i iprTfsaso7nadoer for a

| eg; penalty cost or incentive for usgng a vessel; (iii) product lifting
needs at a port on a day; (iv) denurrage days |imt for a vessel; (v)
denurrage rate of a vessel; (vi) inlet draft limt of a vessel at a | oading
port; (vii) outlet draft limt of a vessel at a loading port; (viii) inlet
draft limt of a vessel at a discharge port; (ix) mnimumflow rate at a
port ; (x) maximumflow rate at a port; (xi) mninuminventory at a port on
a day; (xii) maximuminventory at a port on a day; (xiii) maxi mum anount of
product QqQBEQCRESEEIN AIXTHME SeSTBEMM vol une of a vessel; (xv) m ni mum nunber
of tons of product to be transported; (xvi) |ower bound on the nunber of
vessel s used; (xvii) upper bound on the nunmber of vessels used; (xviii)
nunber ofyng XE of i, 5 € NAN R MeAL tﬂéfﬁ@én’txoﬁx roVideS T ﬁﬂﬂrﬁ%ﬁoﬁfsygﬁﬁﬁ fén time
hori zon; W? verage rate 01J a vesse (xxi) mnimum percent full base

vol une f dramspemativel scheduling apd oidyentonyroeanacpmeniuebdullt PRt e rSWRbh day:
(xxiib) q%catn%?tg 8@:%1 foc Lﬁ@ﬁrﬁﬁ%ﬂ% (%%{)I\Qes%trﬂﬁﬂleﬂﬁﬁceﬁ%od@?%ﬂtﬁﬁiﬂ%

cal cul ati OR 1oOF ‘a ¢ ere vésse XXV ravel time for a XXV

ti me wi noawheiiatical pmgyariﬁmungavqmdt@bsl [ Ayx objeptird fartction aef] Hhes ngrﬁgéﬁt’é@l

third t f duct
| oa df Scritas i miEies b opitRoitgh Rotil Babentbb S o Bl AP @ o BF OCE
avai | abl |4 tpériall &f pdel ; Hheximodel bﬁmamsndnmmmmlthadachmt forafrinsppitation at a

F IOHE Wi no%%ﬁe &E}{ﬁ"&g ?l&g}'yta{;%{’l?% emt é'ha\ﬁ%c{e?bis a;[cXm?x ?Or\‘cﬁgﬁgc!wm(l?t)%ﬂ)

i nvent or yoObulg fetact t@r\ﬁprlgxlﬁcanans/\md ﬂlesmh(ﬁ/aﬂmlfthqﬂt |pecvduufs fromederaiind

[ 0020] The, second conponent g 30 far f

busi ness 19FHIMSNN arMEANAGE ﬂ@“ll?atlh%%arl 8‘81’“%@0?5&“ rrg?ﬁg?/%llb]lsf %‘fge? {lonbé:
nodel i Nng’ laRoMaEeRagkage, such as, for exanple, GAMS or AIN M5, and

cont ai ns mat hemati cal programm ng equati ons. Preferably, the mathemati cal
nodel 30 is in the formof a m xed integer l'inear programm ng problem In
one embodjgi %B th e BERGS {hcg’+li0 £ d%? ETRIBES sEIAHAT, | 4135 cdrtfnued & OF
nore, preferably m)st or al ? OW ng constrai nts: (i) inventory
bal ance {darch thtanghrfaat mord £dsed tHaogmoale@elnlsﬁamaﬁeﬁtcb in(j giyen; pepiad ofitigge to (v)
draft vl vid HRIED I thE ehxsdsydrar r age
time caI gﬁp%tafn()# i ?n\%l%lel %Bﬁﬁ%ioﬁééﬁb{e %é%tl(grrererg{ vessel's. The matyk%ematl cal
model 30 r@yrtaltdaﬂypommeomschndne:svhﬁuaacbmese t:@nbent theadhofertbe aseivguld thigue

i nvent or n 2007/ 143150 4 in

sl ack va?lg?ﬂﬂrégg?’ﬁa%/\gﬁrl P& h S%SFver \/\agilbg%t %’F %sﬁg,ﬁbé\ﬁﬁ&rﬁﬁ aw?]gg;sf?bl e
sol uti on. ardigsesmtAh areiddcidl opﬁdﬁzkm@ﬂxermg(nsburtaﬂrmr oftuthpreduce fruatd privvidas.
deflnearollln time.horizon nd/or rade seqre on, constralnt / or
bounds onOPfi@dN¥ of the, QRizura “H‘s@@g g‘f‘mrﬂgmlﬁu‘gh SR gprTyr dventio ;lgr

M ni mum velaung ddndideportle gogsitsie Ofoumxuﬂwnaoheﬁilespewhlwmnmhta[mng ohenuhaoy
port-revigit order and timn Preferably, the mathematical nodel 30

conpri ses“@’&{}md %f”ﬁ% grcoﬂﬂfaén BSand preferably nost or all, of the
follow ng | ogical constraints: (i) only one vessel may stop at a parti cul ar

| oad or di scharge ort on any particul ar da %‘ (i) a vessel F\;lﬁe at
one pl ace[@@1@ne *(Thesystens ¢an heusgdfo pEMiZBS atPLRGEn &f 28Y BB Wmatte 8

may not hF‘V ?@Yl th'é.f’légge 1 898 dpinfilatldrOfbl Bad nﬁ:ﬂ{otd: of(ﬂh!)cuﬁfeﬂteﬁﬁéﬂltldmh‘lasbm y

t ake one ? ?roma l'oad port to a discharge port; (Vi)

vessel stbpspphedatodnsmh@awopemn sqehatios 3k ie npéllallfteflg & any P@@CP]&‘ “Wé’lfl ng

t he port; Mega them
1 ther e nporiliba, ONYEHMmERpARlel oF hiiieBlor RIS WhICH (6 sipbl

mat hemat i amthobchal beaﬂ)plhadmtréuda:sbm Irweks, bangss.i ratears.@nd isnlaanes. oTh%&?fé%IiStl es
for one or and refe r us
vari abl es: a(ﬂg’ &18 eousdélr;géto ’zés%“% ﬂl(ll)fuj %;eéﬁg%fe%qog% E}%(r)lg ué(i:]%mf rom
a | oad | ooptiindsestthe aamstehomnf hqtddymll(mate)mar mtachasérogermaus flegrafghins. from a
vessel to a discharge location on a day; (iv) total flow of product froma
| oad port to a vessel; (v) total flow of product froma vessel to a

di scharge port; (vi) first day a vessel starts its trip; (vii) product
inventory level at a port at the end of a day; (viii) product inventory

| evel of a vessel at the end of a day; (ix) total maxi mum product inventory
for a vessel; (x) last day a vessel finishes its trips; (xii) overall
overage volune of a vessel; (xii) overage volunme of a vessel on a leg; and
(xiii) total cost. [0021]1n one enbodinent, prior to first use, the

mat hEITB.tI cal rmdel 30 |s vvr| tten |n t he synt ax of a rmdel | ng Ianguage

e S ~ - Vs PAR M~ A1 R B A\ o, o




WD 2007/ 143150PCT/ US2007/ 013041 11 [0025] FI Gs. 2A and 2B, entitled "Product
Schedul e for Load Ports" and "Demand Schedul e for Di scharge Ports,"
respect i webyepopiesode screen shots from one conti nuous epramsdeii@eios4f or
production and demand information. Fl& 2A displays information for the

| oad ports and FIG 2B provides data for the discharge ports. In this
exanpl e the |l oad ports and di scharge ports are Exxon Mbil (XOW |oad and
di scharge ports. A button in the right hand conmer entitled "D scharge Port
Information” in FIG 1 and "Load Port Information” in FIG 2 allows the
user to t n the screens sho in. Fl 2A and .2B. [0026] Th
specific \%ﬁﬁgﬁn&t p&ﬁ“ﬂ“ﬁvﬁlﬁ%o‘jﬁtﬁmﬁf‘@n \g&o‘: OV’é‘Iﬁgﬁeédét %Pﬁ'éless rotfth "6
product i %ﬁﬁ&ﬁ%nﬂhleairhﬂs!boﬂaﬁo@fcdétﬂ Ks P GR4thématical heodgea flicedolsapphithport s,
identified as Squrce 1, Source 2 and Source Col ym A dIS I%ys tgﬁ dat e,

in this i methemesicaaumimizgtion epgisengHt RPISFUYRNCEER4S coptt pev

(|l abel ed ¢digyon ik %Bhﬁﬁle@ﬁleofr&isg)ﬁh%d B@/ﬁi‘fd}rfy cb@Me | peribaroftthifie magsaeorpor ts

for a particu ? he remai nder of the columms disp]ays i nventory

capacity scmae t}ﬂpe qi@pstsbasspéﬁher pastirylor cashbaginis ingeReratskmte thempsel gnd s ay

the m ni my f [ ndyO g Yuddt t he
coI um1 aflg hﬁqﬁ@& naélsgut%qg%s% Bia)s??vmm B?gmgq(ﬁe inu?glr%g st or ed.

[ 0027] Thelimited mb |tbe rﬁpﬂwmttyms (Proinieiéee ¢vierdtl s Ber vnif of yplamne ¢F mpgs for

consunptign rat .C } ﬁled
s Deot | OnuePyfiB O winh NP RERRIF oSO BEBGL Tyckipent
this inst @acmleaﬁimudaysstfs), Qi) MaipnirBike nzlﬁﬂﬁr b vdssals mnizeQ;O(Gza ,mlarmllze lagerage
remai nder, of the col um i spl ays, .inventory.capacity for the specific
ports. [Oﬁﬁ’ﬁfpfﬁevﬁ}é a‘écﬁ@gi‘f:@d“y‘% %‘8 eégrts, " provides a screenshot of
port information. The screen is divi ded into four sections or blocks. The
top two sectlons provi de information for | oad rts. ectl

( begi nni nfPO8lcol dipgordinglyingynefrabpdigpent, ﬁf ‘i‘%lsfs(?i} }%%fg eo?Yer? ?(CM

| oad port gostiRf Gt eleicht 85 viRke) ®f bulkSHYEES tRinsSdrted. | Alté@htivaly Gn ﬁ@thd:i’ms D
and E display any m ninmum or maxi num storage capacify at t%h?ﬂguﬁour ce

this i nst ambedimeat,he regibasis Dol Prdit op e RIAYIPUZaiONQL vEp %Prnoé‘agﬂ of
Sourcel , SEUILGRAARRACh SHE Gﬁ%mz‘éﬁbﬁ @yét%maissdlréc?écﬁfd%@ﬂdttﬁe'sﬂlpﬁir%mﬁé bRl ums
F and Gdlsplaytﬂe m ni mum and maxi mum f1 ow of bul k product

2007/ 14315@4@@151 §82087 perrdieumn, patiral gascind Havidreresapeany jtermagialg @nd; nal

br ought i n R i gn to
port to 1 BRs iyl ol Syt RofGRGR, LREAREInduder Balif off el

Ki | ot ons. nﬂmta]rgas WMN@phxaysn«tdmeseﬁmetrmgodmmemcbray light eads, ]I“é‘ﬂletqil%ﬂ%itmm fic

port. Colu J I nl d t bot h
Panama. x gﬂ;gfa'&? r@%’w%ocrtay%ﬁg %{Spghg"rﬁ%c (kjjg} Igg a%g% %%;t"hadg ?e?%%oStB én the
ship is | aaplithg ahﬁeefhxmﬁ‘ate thé finished pd:rchlbts siuclmas gasmmnlna,e@em;emt fusd ashhapt i's

entering por Bat,h .d f t.he m K| tons nt i t

ei t her en?‘@qnﬁdeﬁdb?}r l"%‘%ﬁﬂﬂ?é oﬁ” Exg‘f‘r%%«teéa odéf(%e at Eave
no nore t Bﬁnreﬁﬁluﬁ} b@ngremmnlwe%hdﬁg%@esk eaylsogvemr twaxasl t\ad‘h@nfualqs hn(ljtbwhste
entering it can have no re tha t ons. L.u sp cy,
which is 8Ui ninroneprataed Gxamp iQ?ﬂg‘EW %IWfif)é’ﬂ ;Inﬁ aé’ﬁﬂ@l' péea%%?? J( h| s

i nstance, i ipfodutBlid/RubHed Han@sl byt eld addtll’idﬂ mef@rﬁdumplenﬂeqabewmet her
Aframax ships are allowed in the_specif g 1_(OgjOOZQ] TpeH%;a%ond blﬁ

di spl ays VASWIHERF GH- phY ?Ié?th‘?rnﬁfef%reflrﬁ"raﬂlpﬁ Heh i sg'qe AZe22SR8R% Exxon
Mobi ') | ogdrRefid aind hiaSioRIfRaK 1RMRY m@tﬁﬁem@fen@ﬁ exRRpEa ke Fﬂbﬁe&triateltna a8 the
previous bl ock with some exceptions. Colum C and D di splay dates or tine
wi ndow i noiltfiren lategp@@mréﬁvwmoww port is available for |oading.
Colum F displays the amount available for loading within the tine frame

speci fied. [0030] The bottom two bl ocks in screenshot of FIG_2C provide
i nformati §0019F diQuhaxgmpproof sthe Tystenp perillstraded dn sPIGy 4. i rfher Aesterdnist or

Exxon Mobi | dI.SC arge AN t and
Dest 5, whi 8Wp|u§ea g%mrlp grre(f%}]%{s dﬁecfl ggg%ﬁheﬂtﬁgr&%ﬁ@ﬁa@%&%gg in
thi s bl oclor snpubefganbleas daiaefromr aespx;midr@sdalfm Kathostofags.o ninMbisi prefesed

ports exce t.hat for d| &aﬂi sPul K
product f Oflﬁge%thfthﬁ%\ tfaﬁ%a lﬂqgg é\ﬂgl na?lalbﬁgél?}?n?mug i na pﬂg e | ast
bl ock di sphadybe ﬁgeﬂldnarthosefsbmlﬂmlmheaﬂwlnabadﬂy idbntify qmaappyoprmamdmtlelmept
it is for third party discharge ports. [0031]FIG 2D, entitled "VESSEL

| NFORVATI ON, " provi des a screenshot of vessel (in this case ship)
information. Colum C displays a list of specific vessels available to be
used. Columm D displays the vessel use. For exanple, an indication that the
ship is chartered indicates that the ship is already chartered (and thereby
incurring a cost whether the ship is used or not). The indication that the




WO 2007/ 143150PCT/ US2007/ 013041 13 is an indication that there is no

comm tnent to use the ship or not use the ship (and thereby no cost will be
i ncurred wo 20éma4st50p i s not used). Colum E displ ays thectryseooofo1deessel ; in
this instance either Panarnax or Afragex. Columm F displays the maxi num
capacity of the vessel in Kilotons. Colums O, H |, and J. display various
econom c information related to shipping for specific vessels. Colum K

di splays the initial volune of bulk product in the vessel. None of the
vessels in this screen have any initial volunme. Columm L displays an upper

limt on_the X1 mum_ nunber, . of days_ of rra t r a
vessel tdng ?S%Pﬂmgongrﬁfcﬁﬁ%éwuﬁéggavﬁ fﬁ)&g)\?’veigr% ?%ésf%érvﬁh |£cﬁo%t(;.6rstar_t
usi ng a \Asselhe fHNBvirgSpdri@ertis plipyasis daicemt beprodsenfor mheswd (i 4.cbe rarid - -

| atest allowed start date for vessel , .Col um 0 di.splays. . | 4:ieS oOr
i ncent i vesrgorminipEgEye|((it) ﬁw%&& ég% RROY, '%bP%%e?th‘% f?%y Hflng)r'gnv&?%gp(gi ity
for the gf?&ﬁﬁk 1ififth@thebds atl § RriSeLE ddyedivg Mdirfagehdsrjmitdionanvedsd] $pl ay's
the percéntage of its full capamtx t hat . the shleg nuii;ff{jbe fold%hls(Ed LﬁOtSZ] In
the upperdemaitaghaete of arvaeselidyDrnlet deafidimit of apigesed At # IRgdng PPN HEer ¢ o
toggle b 1 Bl i Mnfef HrdPORit! ST DVBREl R disdharge2C) .
Finally, %%ﬁ%ggggﬁ%ggp%%ghl Vrgfcﬁgig I\/1\/_r?i ch vm'll I1 popul at e thé, screen for
the rel eyt @)aspesuosflewirps at b pore XRessimys ooy EF 882 BOGtGH TIRTHE upper
| eft hand_carner i iya by & Bk 146 a pBrt Mt BARA(xiDOSt . "
provi des "awesn(:f?ré/e%tsao%qc)fo\ét ég%é/f )(}é%js]%sd*ﬁ e Esrg@e_en di sap a§/ts t hr eeyeqlﬁu?gr ent
bl ocksb}/\/rrhi:tinﬂmsd. ; p heynt nfgxrc_nch?c'rcm al_efbwe?cixu‘d mia;f@we ﬂglwa\;é|a ﬁéi ( )
upper ock.di spl ays cost, i r r n P& ouA@ i @

(Sour ce 1@1%3?‘28’2%2’%.0? t%gé)?o‘lg@%ﬂéér?gtﬁt 9‘% ég g%orétd.’ %hgq%dl e block .

di spl ays mmsteri off osssels iusadsf Gevil) rappet boygnd ronthe huwaberpef vessels a1s6dis GHdly e

port (Destl, Dest?2, s{.3, etc). . T | ower bl ock di 0 i tion

for trave‘}‘l"htberforfocfﬁyaﬁ %eré%rt ﬁ%lg?t’t?’élxg t%tfaf %?ngﬁfgglﬁégmglrgﬁewpﬂ(ﬁr%?{l?n

I[:i) 8;3 ]25 ta@g)z RYBEE &ati%rcg'é%mﬁqX&Uangijdl pymbmaﬁﬂ%baﬁes‘}mameffb?ta vessals. )
4] FI 2F, entitled "Tine," provides.a screenshot .of trayv i Li ke

the scr eeﬁ%xﬂbrpr‘?qf%é‘m%‘&‘stpégf‘{cﬁé at & BeH 197 seﬁfﬁ?igigyt hfxé‘él%dfl}afﬂer?lgﬁtéogp‘@as

whi ch di spligdheiior (B&Y)ORark B tfBe db@uethid esledlativn fueh chegered Meeselipxaw) bl ock

displays tinme information for travelin from,&gg I (%ad Bo.titb.lgtSou C?lduct

Sour ce2 etrave) time HoHia feg; eXxxYid aigmp oindoyh utigieylay for availability of pro

2007/ 1431 - QqQ, /%%94,[33% B ddh&iib kit will b @s! Hayngor Aviallabitity oft f or
traveli ngé?%cgéléoag aport 0 apdi ’sgdﬁ(glrlgel port (Destl, Dest2,.. etc).

: t3,
The | ower protoakladilstischyeset pire thirdoparaY RS f @ VHD aVBPI WMo B 383_( $ehar ge
port to a %@%@ﬁbﬁg{ a ggﬁgpg{}g)eﬁﬁ%%ndw filafdag Fort HRiIALINBEESa bortPERXItHaE ar e

i n days. T i'des a screenshot” of a report of a summary of

i nf or mat | windoer tigitial dgy tfor taveilskilitt P67 wessehexprDLIRS Piueye égab¢ay Har
nodel . The report displ oAl - i DR C id sége
certain c%‘f?blgﬁ@lg ogoaste essa%l?jc(%g)gié) gé%rlggg{é o(s){tsg I?31Hr?1Jf:inatglc(;lt ?E{?%Zﬁost. The
report al smltiplepbfiysessekumary of the | oad port, issuing inventory, filing
i nventory and how nuch was | oaded. The | oading report for vessels
identifies a specific port on a certain date for a specific vessel and

identifi efoﬁw MuGtheisscdrdbeithodentlis achathgedticdl H831] F0 dor the eprcifonbiisimasher
provi des Tor a nmethod of n‘ini{n'zi E @_t ot st bt?SiS ;orof}eﬁ% lanpuace

t r anspor t Bfabdsn s c Hesdmathrgnatica f‘?ﬂﬁg 88y Pﬁ%ﬁ?&&ﬁé{ﬁf B AR OGUETEGFer a
period of ,LiaBe Uiidl ZisNdok Nekasfsié,e GAIESC bi PAIMMB)Y @nd Téuatdins shatbemptical t he
met hod i s i nputting data and/ or nodel i ng &%ti Qgéti nhg]t?%data asrorg%/_#gm
wher ei n t heogazmanes €943ionem Pisfariliclhs Rethymatngl Mot 7 cal "hitet®™ The
second st en L0 ;B BiddP brbsraihitlEobldh. MahhaEaEbakdinteadeihe ahtthematienl dat a
and/ or modelin options are input using an optimnzation eﬁg(!?iggﬁi& ohtain a

schedul e fmde} 3 comgrisessemiaonsfar 9880k F10Tey IR EEHNY ISt SR8 ewge
St eps one . . 0 Rt (i icdl tbnsliabdier tdadla to
obtai n mofe aé%’oﬁ@%@%%&ﬁf?‘#%% Q?eﬂg&zf s'Q.I(vli)rr%E% he rrrll)deal sh@ﬁjl d be
per f or med tinte; &m) Keaft lioyit;| @Esoveraes ealaplations (i) rsmaLTage pretedaxed flermyrage
preferabl Yime'ca cuma{f&ﬁ;eﬁdo(viik)eﬁl%viously chartered vessels. The mathematical model 30

may allow one or more variables to be fixed. Preferably, the inventory balance



Exanpl e [0037] Thi s Exanpl e descri bes one preferred enbodi nrent of the system
and net hod of the present invention as applied to a specific transportation
probl em wWobeoExaspbe is directed toward the probl em of ehbirppseevgolioqui d bul k
product (e.g., VGO in ships. It shoubd be understood that the system
described can be applied to many bul k products and many ot her means of
transportation and that the various equations WO

2007/ 143150PCT/ US2007/ 013041 15 expressed herein, while preferred, are
merely illustrative of equations that can be used to achieve the objectives

of the particul ar probl em being.solved 0038] A conpl gt h t]cal
pr ogr anmi PGSEFRHuF t?18n56"rk PFBH%?IG? 8}‘3%18[‘{ ﬁ}fné S5 g)}t)iag”ﬁa%'ggg %?J]I plrvgtgu%t i's
provi ded fehablef ididGod.NETHE Rhdthematical efod BOcasly Hathes oiyeiul @uatiens &o

period of time for rquting vesse|ls (in this case shi i n_l.oadi,n

t r anspor tdqf@emlm%ewar?wwgn@ﬁ@% 5%9‘36%@5@[‘0%‘?1}5&&%3 mﬂ?fn?%ﬂdagf’ the
capaci ti egmeQnet siIS ed ARFSF inghimns Kedsal asadsoahdvenhbivual vobeatfic
ports. Optim zigc? the transportation costs via the nethod a%jr/or system as
provi ded trasppred prd/ar HERERERCORPE GEROUWRATA Y QIReEOTCF IR LOTER LS t¥ning.

tr a“SPOFtﬁfeifé}ab@(?Qﬁ@%&m&?w@'xﬁmél%@wﬁ%ﬂ%&e eh@dlopl 09 gt ar iyl sad (1) a
scheduling tinme horizon; (ii) supply and demand profiles for various ports;
(iii) invewrfaoallymostiosall(dfithe fdtpyringilegieal saastradaisy (id ONBhNS WEsSHIMapBPP s ;

(v) a hetero I A ] I3 \ay v, ksitto
use for t%fn%%ﬁ?@?ﬁlgogg%éﬁ%th Bf% J?%QH‘ZA %l{nef g%?ﬁ%ﬁfgfﬁg% (ng\cé?sejgs%ll?gﬁtyr(gﬁggortt ation
| egs; andofevplaje £ oredtimed(ilinif aitsselobst net staptat pepozts S Gmey ngtihgve any

transportation enur.ra ine. and penal ti i .

[ 0040] For FE¥H LA 8 R FERpIsbP T (PP Rty e SR EP LB Yol e Jopd
devel opedpenden disvhafoel paatyi(nd ifiasesgel sops at didischange ntoot, itk thees dyasteavedn t he
end of the d volune: (ii) a,yessel can visit eac r I e;
(iii) a v%gsig?e tering fhe &:’8“% Bnq)}n(‘é“ Ry M Sy PP 2%%% rttps)(?rrﬂ? ;F%Qé%ﬁpor ts
ar bel as?]ih%heeﬁmareﬁistmc?]adh@aﬂsmkge oz il ﬁlehwyg@ehOIHrtyfera[bﬂ)ﬂﬂth}: Thatberxgond | | e .
probl em has - a few key characteristics, First, there, are.changi ng supply an
demand oufedek30 gﬁﬂ%&d%ﬂmly‘l%éﬁqg?tl%’éc@ﬁ Poupgs, ok GARACIFGS 55 9N rgVé' ' Ig?‘i‘?\’/ g‘ﬁ? ory
and the coREEVY R0st ecall] oNtife AR c¥niitisdus Siadiablekst (i) Rietuimge ays afd a
mnimum Third, the problemallows for a heterogeneous fleet of.ships,

whi ch f al Yessek §iowte of flovef preduscs fompg J%#&RC%}OH%&@Y%%@I Pt Ph ,(“’3 ﬁ?%sofnay

be ei t her gLerdPd-6ARE FroRd a TR &7 e?@iis&w%é?)%ﬁﬁt@@x}[ &f adhi;f @V aBtal HoBest, prodeitgh
n |

all have a limted carrying capacity. , there are mnimal and maxi nal

| oadi ng aframuniasddiargtodresel (Ydetad fen porrodud;fiam a tasesldo grddschprgsRory
travel ti o FE [ it }Ohe WA of

2007/ 143165bT RS 505 PR st TEEAR Qi BRARGF PSRRI ReL Qe SR o8
provi ded day;dbB)sprotdectiinvetonyripveliofia vesdd agche espeof afday; dixatatal meximp@ni ons.
Eighth, there ate both firs [t i : t: S ¢ NNtRs are
vessel si Iz’ré)dgﬁgmd’reélfotrylt{ofﬁat §e¥glf %%?%g&a?e%?“ ﬁ‘%%{ tﬁ?{‘r‘%%%a‘?% S’ot(g%pl %ﬂ?& ave
no i nvent ovaragegolunenefa yessell (néPdverate almenepoiba wedsel ph taddg:f anginfxiibetptal

El eventh, and finally, the transportation costs include flat rates, overage

cal cul ati 8% and denmurrage costs and other incentives and penalties.
[ 0042] These characteristics are specific to this problem As wll be

evi dent t ?0021] In one embodiment, prior to first use, the mathematical model 30 is written
in the syntax of a modeling language system or package 35 (e.g., GAMS or AIMMS)
and stored as a model file. Then, each time the process is run, problem data and,
optionally, a selection of modeling options, is input into the database spreadsheet 20
and then converted and stored as a data file in the syntax of the same modeling
language package 35. The modeling language package 35 then combines the data file
and the model file and converts the two into a format that a solver 40 can read. The
solver 40 then “solves” the problem by performing the requested computations until

optimality criteria are achieved and the algorithm self-terminates, or the user



those in the art, the characteristics and assunptions may change for
different transportation problens. As a result the nodel, as illustrated
bel ow, WiWwbD 28ém@3shange to accommodat e t he changi ng charattuseesoims: of the
probl em The routing of specific vesswls, as well as the timng of each
particular leg of the trip and anmount | oaded and/or discharged, is to be
determ ned by the solution of the problem [0043]1n the preferred

enbodi ment, the nmathematical nodel or formulation for this problemtakes
the formof a mxed integer |inear prograrruning ("MLP") problem The

fol |l ow ng, provi de he preferr approach to.deve i . i cal
model f ord cﬁgmb‘?soﬁ’laéﬁ‘n c‘ﬁ'feng %%ﬁffbge t?gp}lﬁlr?aeﬂssiuggﬂe?ﬁﬁa d)%l%?l lslgé Ft)é{i@%lé‘ﬁt@??ﬁ% in
palr ticul asrolvlerr he. specaht iﬁeﬁﬁuatént?ﬂs@gmsw_ths spﬁret‘ 40f ist 4_&3 etz ,opltieqzirze@@m
only one sol ution anpng nmany ilities, that vide a.vjable .

mat henmat | V&RSFHER F@% ﬁ%‘?‘mﬂlﬁdgﬁgihaylj: IB%II“X’&P%‘P ﬁ?‘g@j ?‘Hﬁ?‘“ﬁi’%{ﬁ ?ée EPEiR zed
resul ts tgckhe 1S flodeling |RpaeEd falkaké BB Whishpesdratchahe ohendre sepdrs Tyt be

i npl enented. As an il|lustration, alternate quaééegrrg ar.e row%gd !{3? some

i nst ancegthe feyuke Paithowsery MagrpPecifisdlbl inThe N SOPodimenY P S one
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[0023] In operation, a user inputs data into the database application. Input data is
then chosen from set entries and parameters. The user may put in as much or as little
data as necessary for the problem. In practice, the user may change certain parameters
while keeping others constant to perform a “what if” analysis. Any and all input data
may be modified by the user. In a “what-if” analysis, the user can take a current data
input instance, and make slight perturbations or modifications to only a few, or even
one parameter in order to determine if such a change will have an impact on the

solution.

[0024] For further illustration, FIGs. 2A, 2B, 2C, 2D, 2E, 2F and 2G provide
screenshots of one embodiment of the present invention. Unless otherwise noted, all

values are in Kilotons or K-dollars.



J all ports all original non-clone ports J ¢ Jjo J3 all 3rd party ports
J3 ¢ Jji, all load ports JL ¢ J jD all discharge ports JDc J jtfl ports
wi t h dr afwol2oemi4s150JLD ¢ JL j DD di scharge ports wi th dwrafrtuskeorion®d1j ag c

JDP." J all port names for revisits @f port j 9 allowed travel legs (if)
(edge set).

[0025] FIGs. 2A and 2B, entitled "Product Schedule for Load Ports" and "Demand
Schedule for Discharge Ports," respectively, provide screen shots from one continuous
spreadsheet for production and demand information. FIG. 2A displays information for
the load ports and FIG. 2B provides data for the discharge ports. In this example the
load ports and discharge ports are Exxon Mobil (XOM) load and discharge ports. A
button in the right hand corner entitled "Discharge Port Information" in FIG. 1 and
"] oad Port Information" in FIG. 2 allows the user to toggle between the screens shown

in FIGs. 2A and 2B.

[0026] The specific information provided in FIG. 2A is related to the
production/accumulation for of bulk product at the specified supply ports, identified as
Source 1, Source 2 and Source 3. Column A displays the date, in this instance each day
of the month of May, 2006. Columns B, E and H (labeled “Inv”) display the projected
inventory levels for the three ports for a particular day. The remainder of the columns
displays inventory capacity for the ports. Specifically, columns identified as “Min”
display the minimum bounds of what is allowed to be stored on a given day and the

“Max” columns display the maximum limit of what is allowed to be stored.

[0027] The specific information provided in FIG 2B is related to the consumption
rate of bulk product for specific discharge ports, identified as Destl, Dest2, Dest3, and
Dest4. Again, column A displays the date, in this instance each day from May 21, 2006
to June 20, 2006, and the remainder of the columns displays inventory capacity for the

specific ports.

[0028] FIG. 2C, entitled "XOM Load Ports,” provides a screenshot of port
information. The screen is divided into four sections or blocks. The top two sections
provide information for load ports. The upper section (beginning at column C, row 6)
displays information for Exxon Mobil (XOM) load ports, referred to as Source 1,
Source 2, etc. in colﬁmn C. Columns D and E display any minimum or maximum
storage capacity at that source. In this instance the minimum is 0 and the maximum is
72 Kilotons for each of Sourcel, Source2 and Source3, which is also referred to in

FIG. 2A. Columns F and G display the minimum and maximum flow of bulk product
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di sal l owed vessels at port j T days (tinme intervals) T" set of days for
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2007/ 143150PCT/ US2007/ 013041 18 (B) Indices [00481l ndi ces are predefined
terns in the equations used to index the sets within the equations (e.g.,
the index v refers to an arbitrary individual elenent of set of vessels V).
The Indices used in the mat hemati cal nodel for the Exanple problemare
provided in Table 2 bel ow. TABLE 2 |

in each instance a ship or vessel is brought in to port. In this example, each instance a
ship is brought in to port to load or discharge, the ship must take at least 0 and at most
72 Kilotons. Column H displays the starting inventory on day 1 at the specific port.
Columns I and J display the outlet draft and the inlet draft to both Panamax and
Aframax type ships. The outlet draft limit applies to when the ship is leaving the port;
the inlet draft limit applies when the ship is entering port. Both define the maximum
Kilotons of quantity on that ship either entering a port or leaving a port. For Example,
Source 1 can have no more than 72 k-tons when a ship is leaving port and when a ship
is entering it can have no more than 35 k-tons. Column K displays adjacency, which is
a limit in days within which two ships can enter a port. In this instance, this feature is
not activated. Lastiy, column L indicates whether Aframax ships are allowed in the

specific port.

[0029] The second block displays information pertaining to third party (in this
instance, non-Exxon Mobil) load ports. This block provides much of the same
information as the previous block with some exceptions. Column C and D display
dates or time window in which a specific third party port is available for loading.

Column F displays the amount available for loading within the time frame specified.

[0030] The bottom two blocks in screenshot of FIG. 2C provide information for
discharge ports. The upper block displays information for Exxon Mobil discharge ports
referred to as Destl, Dest2, Dest3, Dest4 and Dest5, which is also referred to in FIG.
ZB. The information displayed in this block is the same as the corresponding block for
Exxon Mobil load ports except that it is for discharge of material (i.e., unloading of
bulk product from the ship at the specified destination site). Finally, the last block
displays similar information to that of third party load port except it is for third party
discharge ports.

[0031] FIG. 2D, entitled "VESSEL INFORMATION," provides a screenshot of
vessel (in this case ship) information. Column C displays a list of specific vessels
available to be used. Column D displays the vessel use. For example, an indication
that the ship is chartered indicates that the ship is already chartered (and thereby

incurring a cost whether the ship is used or not). The indication that the ship is “New”



port j EJ v vessel ueV day t ET [0049] The use of sets and indices
allows for the equations of the nodel to be defined independently from any
parti cul avodad7au4s1sput i nstance. (C) Paraneters [0050] Paramaisesos/oasier set

i ndexed data values (e.g., if the demgrrage rate for vessel Aframaxl is
defined as DR(v--Aframaxl) = 20). The Paranmeters used in the mathemati cal
nodel for the Exanple problemare provided in Table 3 below. TABLE 3 basis
anount of product for vessel v Co. flat rate for leg (j1) c PEN penalty
cost or incentive for using vessel v Dii product lifting demand at port |
E .1D on 3 . . . .

° {jsa% }ndicatlon that there is no commitment to use the ship or not use the ship (and
thereby no cost will be incurred if the ship is not used). Column E displays the type of
vessel; in this instance either Panamax or Aframax. Column F displays the maximum
capacity of the vessel in Kilotons. Columns G, H, I, and J display various economic
information related to shipping for specific vessels.  Column K displays the initial
volume of bulk product in the vessel. None of the vessels in this screen have any initial
volume. Column L displays an upper limit on the maximum number of days of
demurrage that are allowed for a vessel to incur. Columns M and N define a window in
time in which to start using a vessel. That is the displayed dates represent the earliest
and latest allowed start date for a vessel. Column O displays any penalties or
incentives if a vessel is used. Column P displays the minimum % capacity for the
vessel. That is, if a specified ship is chosen, column P displays the percentage of its

full capacity that the ship must be filled.

[0032] In the upper left hand corner of FIG. 2D is a button that allows the user to
toggle between this screen and the screen for Port Information (FIG. 2C). Finally,
FIG. 2D displays default values which will populate the screen for the relevant classes
of ships if the "Reﬁet to Default" button in the upper left hand corner is activated by the

Uuser.

[0033] FIG. 2E, entitled "Cost," provides a screenshot of travel costs. The screen
displays three different blocks which display information related to different travel legs.
The upper block displays cost information for traveling from one load port (Sourcel,
Source?2 etc.) to a different load port. The middle block displays cost information for
traveling from a load port to a discharge port (Destl, Dest2, Dest3, etc). The lower
block displays cost information for traveling from one discharge port to a different
discharge port. In FIG. 2E the numbers are rounded and would typically display flat

rates.

[0034] FIG. 2F, entitled "Time," provides a screenshot of travel time. Like the
screen for travel costs, the screen displays three different blocks which display
information related to different travel legs. The upper block displays time information

for traveling from one load port (Sourcel, Source2 etc.) to a different load port. The



DWIl i m denurrage days Iimt for vessel v DR denurrage rate of vessel v
day, day t draf t vy" inlet draft [imt of vessel v at |oading port j draft
7 outl et woahi7/4ssot of vessel v at |oading port j draf®err/useeretsodr af t
limt of vessel v at discharge port ji4 minimumflowate at port j Fmax
maxi mum flowate at port j I? 1 initial inventory of port |

middle block displays time information for traveling from a load port to a discharge
port (Destl, Dest2, Dest3, etc). The lower block displays time information for
traveling from one discharge port to a different discharge port. In FIG. 2F the numbers

in provided are in days.

[0035] FIG. 2G provides a screenshot of a report of a summary of information
pertaining to the solution of the problem produced by the model. The report displays
the total overall shipping cost as well as certain component costs such as demurrage
costs and total legs cost. The report also displays a summary of the load port, issuing
inventory, filing inventory and how much was loaded. The loading report for vessels
identifies a specific port on a certain date for a specific vessel and identifies how much

is loaded or discharged.

[0036] The invention further provides for a method of minimizing a total cost basis
for the transportation scheduling and inventory management of bulk product over a
period of time utilizing the system described above. The first step in the method is
inputting data and/or modeling options into a database system, wherein the database
system interfaces with a mathematical model. The second step in the method is solving
the mathematical model after the data and/or modeling options are input using an
optimization engine to obtain a schedule for routing vessels in loading, transporting and
discharging. Steps one and two can be repeated one or more times with different data
to obtain more than one schedule. The step of solving the model should be performed
in an hour or less, preferably 15 minutes or less, and more preferably in 5 minutes or

less.

Example

[0037] This Example describes one preferred embodiment of the system and
method of the present invention as applied to a specific transportation problem. The
Example is directed toward the problem of shipping liquid bulk product (e.g., VGO) in
ships. It should be understood that the system described can be applied to many bulk

products and many other means of transportation and that the various equations
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product omowvessmbisy adjusted maxi mum vol unme of vessel wcirws2e0iot3oal
product inventory of vessel v Af mnigum anount of roduct to be trans orted

Ncov | ower bound on the nunber of vessels used NUBV upper bound on the
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expressed herein, while preferred, are merely illustrative of equations that can be used

to achieve the objectives of the particular problem being solved.

[0038] A complete mathematical programming formulation or model for the
transportation of bulk product is provided that finds the minimum or reduced cost basis
schedule over a period of time for routing vessels (in this case ships) in loading,
transporting and discharging the bulk product while maintaining all capacities,
constraints and restrictions related to inventory or specific ports. Optimizing the
transportation costs via the method and/or system as provided results in a substantial

cost savings.

[0039] This Example transportation scheduling problem is given the following
data inputs: (i) a scheduling time horizon; (ii) supply and demand profiles for various
ports; (iii) inventory limits; (iv) constraints and restrictions for all ports; (v) a
heterogeneous pool of previously chartered or available vessels to use for transporting
product; (vi) a network of all possible transportation legs; and (vii) fixed and variable
cost structure associated with transportation, demurrage time and penalties, and

inventory costs.

[0040] For this Example problem, the mathematical formulation or model is
developed under the following assumptions: (i) inventories are based on the end of the
day volume; (ii) a vessel can visit each port more than once; (iii) a vessel is limited to
one day per visit at each port; and (iv) ports are classified as either load-only or

discharge-only.

[0041] This Example problem has a few key characteristics. First, there are
changing supply and demand outlooks on a daily basis. Second, the supply locations'
inventory and the consumption location’s inventory must stay within a maximum and a
minimum. Third, the problem allows for a heterogeneous fleet of ships, which fall into
one of two classes: Aframax or Panamax. Fourth, ships may be either term-leased or
chartered and may be of different sizes, though all have a limited carrying capacity.
Fifth, there are minimal and maximal loading and unloading volumes for each port.

Sixth, there are standard travel times between ports. Seventh, each ship is permitted to



ND nunber of days of discharge port offset NT total number of days in tine
hori zon OVR,, overage rate of vessel v pctu m ninum percent full base

vol une fowowvessabise PJ, product amount produced at port pPCTAS2d0/003040ay t
Rim maxi num cost per volune ratio ',fhart . start day for denurrage
calculation for chartered vessel v e Vchad Tiwn initial day for a tine

w ndow for a port T iwy final day for a tine window for a port Tri initial
day for a loading tinme wi ndow for a vessel

pickup and deliver to multiple locations, provided it obeys its inventory limit and port-
specific draft restrictions. Eighth, there are both first party and third party ports. Ninth,
there are vessel size and draft limits for ports. Tenth, third party locations have no
inventory requirements and need not have product lifted from them. Eleventh, and
finally, the transportation costs include flat rates, overage calculations and demurrage

costs and other incentives and penalties.

[0042] These characteristics are specific to this problem. As will be evident to
those in the art, the characteristics and assumptions may change for different
transportation problems. As a result the model, as illustrated below, will also change to
accommodate the changing characteristics of the problem. The routing of specific
vessels, as well as the timing of each particular leg of the trip and amount loaded and/or

discharged, is to be determined by the solution of the problem.

[0043] In the preferred embodiment, the mathematical model or formulation for
this problem takes the form of a mixed integer linear programming (“MILP”) problem.
The following provides the preferred approach to developing the mathematical model
for the problem. It should be understood that this approach, and in particular, the
specific equations used as part of the model, represent only one solution among many
possibilities that provide a viable mathematical model. Other models may be
formulated that provide optimized results to the user in a practical time frame so that
the results may be implemented. As an illustration, alternate equations are provided in
some instances in the following example model. The alternate equations in some
instances take into account an alternate assumption or condition; in other instances the
alternate equations are provided simply as an illustration that the mathematical model

can take various forms.

[0044] The actual choice of equations may affect the time required by the solver to
solve the model and provide feasible or optimal results. So, in practice, equations are
developed or chosen that solve the problem in a practical amount of time, which time
will depend on the specific transportation problem. In the preferred embodiment,
optimized or feasible results are obtained in a time frame ranging from seconds to no

more than one hour. In alternate embodiments, optimized or feasible results are
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[ 0051] Vari abl es (conti nuous and binary) are the unknown decisions that the
optim zation tool needs to nmake, and they are defined based on their set

i ndi ces. [0052] The Continuous Variables used in the mathematical nodel for
t he Exanple problemare provided in Table 4. WO

20071 14310 qggarc/i L1JnS %%%Zrlx %%gé% o%qes-gﬁgxl" gre erably five minutes or less, or alternatively

less than one minute.

[0045] The following illustrates the shipping, inventory and cost considerations,
and corresponding equations, that are incorporated into the mathematical model or
formulation (unless otherwise noted, “model” and “formulation” are used

interchangeably).

Terms of the Model

[0046] This section defines all the terms of the following mathematical

model.

(A) Sets

[0047] Sets are lists of elements of the data instance (e.g., a set of vessels V
consists of Aframax1, Aframax?2, Panamax]1, etc.). The Sets used in the mathematical

model for the Example problem are provided in Table 1 below.

TABLE 1
G pairings of load ports to discharge ports for segregated product
J all ports
J° all original non-clone ports J° < J
J? all 3rd party ports J* < J
J*- all load ports J: < J
JP all discharge ports J2 = J
JEP ports with draft limits, J*° ¢ J*
J PP discharge ports with draft limits, J?° < J”
Jf all port names for revisits of port j
r” allowed travel legs (jj') (edge set)
vV all vessels
y Chart all previously chartered vessels, V" < V
VJ.X disallowed vessels at port j
T days (time intervals)
TjBOJ set of days for which a black out day has been determined to occur for
port
J, TjBOJ T




DI VL, demurrage days of vessel Ule 1. J qt flow of product fromload port
] tovessel vonday t r Di emflow of product fromvessel v to discharge
port j orwoOaygon14siso.tot icy total flow of product from lpoaasp@rto1jost o
vessel u f D tot total flow of producig fromvessel u to discharge port j
first day vessel v starts its trip product inventory |level at port j at

end of day t product inventory level of vessel v at end of day t pp/ total
maxi num product inventory for vessel v

(B) Indices

[0048] Indices are predefined terms in the equations used to
index the sets within the equations (e.g., the index v refers to an
arbitrary individual element of set of vessels V). The Indices used in the mathematical

mode] for the Example problem are provided in Table 2 below:

TABLE 2
J port jeJ
v vessel veV
t day teT
[0049] The use of sets and indices allows for the equations of the model to be

defined independently from any particular data input instance.

(C) Parameters

[0050] Parameters are set indexed data values (e.g., if the demurrage rate for vessel
Aframax] is defined as DR(v=Aframaxl) = 20). The Parameters used in the

mathematical model for the Example problem are provided in Table 3 below.

TABLE 3
B, basis amount of product for vessel v
C flat rate for leg (jj')
Ccr penalty cost or incentive for using vessel v
D, product lifting demand at port j € /" on day ¢
Dwm demurrage days limit for vessel v
DR, demurrage rate of vessel v
day, day ¢
draft lfj;"" inlet draft limit of vessel v at loading port J
draft 5]_""" outlet draft limit of vessel v at loading port j
draft 3 inlet draft limit of vessel v at discharge port j
Fr minimum flowrate at port Jj
Fr maximum flowrate at port j
1;? initial inventory of port j




| astv day vessel

v Ovf, overage volune of vessel v on leg (if) TF total cost [0053]The
Bi nary Vawoabdzemsissed in the mat hematical nodel for thepExrarspdos/opsoabl em are

provi ded in Table 5.

i f vessel
port j'

[ 0054] TABLE 5 hfy, = 111 vessel v e Vis used UWujr

O visits port j onday t =1 if vessel v travels fromport |
]j“:"“ minimum inventory at port j onday ¢
In> maximum inventory at port ;jon day ¢
15""“”‘ maximum amount of product on vessel v
Y adjusted maximum volume of vessel v
I initial product inventory of vessel v
M minimum amount of product to be transported
NLBY lower bound on the number of vessels used
NUBY upper bound on the number of vessels used
ND number of days of discharge port offset
NT total number of days in time horizon
OVR, overage rate of vessel v
pet, minimum percent full base volume for vessel v
P, product amount produced at port 7 € I* on day ¢
R™max maximum cost per volume ratio
Tchart - start day for demurrage calculation for chartered vessel v e ¥ <%
T initial day for a time window for a port
T final day for a time window for a port
Vi initial day for a loading time window for a vessel
kel final day for a loading time window for a vessel
T, minimum travel time for leg (j, ;')
Tj’”‘ time window initial day for availability of product load/discharge at
jeJ?
u upper bound on the number of total legs per vessel
ws world scale multiplier of a vessel

(D) Variables

[0051]

Variables (continuous and binary) are the unknown decisions that the

optimization tool needs to make, and they are defined based on their set indices.

[0052] The Continuous Variables used in the mathematical model for the Example

problem are provided in Table 4:

to

v finishes its trips OP", overall overage volume of vessel

1
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[0053]

The Binary Variables used in the mathematical model for the Example

problem are provided in Table 5.

[0054]

TABLE 5

=1 if vessel v eV is used

it

=1 if vessel v visits port j on day ¢

Xyt

=1 if vessel v travels from port j to port ;'

Objective Function of The Model

[0055]

The total transportation cost is a combination of voyage flat rate calculated

based on legs traveled, the overage calculations, demurrage costs and optional penalties

the user can impose for costs associated with usage of various vessels.

The ideal

objective function for this shipping problem would be to minimize the total cost-per-

amount of product transported. This, however, results in a non-convex objective

function and interferes with the ability to solve the problem with an MILP solver if
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i nventory of bul k product at each port at the end of day t is equal to the
i nvent or ywetoétmasend of day t-1 adjusted by any anount Ipoadsdotro13mnl

di scharged fromvessels on day t along with any production or consunption
of the product on day t. However, for discharge ports, because conplete

i nformati on about the product demand is not always known, the inventories
are set equal to the total amount discharged froma vessel on a given day.
Constraints for the case when the demand consunption information is known
are detail ed alon ith an alternat.e fornul ation for the case assunin
virtuall ynﬁﬂPlFﬁidfrgﬂwﬁeﬂa‘?fg.er 1 ARPRYFA Voﬁgp?ré?mgwaté%&%f °§~fcc§¥%’dgct i's
made avai |sahb@:16 8¢ 11 thialRotangRmARinheakk pepintterisalt engdiiglexas, thoertotahat
anount. There is no production_or consunFti on of product lat thesg%gorts,

however , BERQuehamewHEARSPRIGH: of Rerraiicalipi it §s 7 10 YT EBYPE AT ETFARPY®d t han
first paf&%m?ﬁ‘ﬂ fis mg@ﬁ]b\é?ﬁ%Qbih@Y@%l% Yhebroblten e8fhpafatidarlyl, thé sstufibhar |y
equal to the inventory at the end of day t - 1 adj us{)ed by | oads or

di schar get ta MHEP problany shewd ibe sxasilydeapi Glemrtdo she splutign usjas 8| nonrGONVEY 5
probl em age. r ey k BRIt fisRECHUS] aBrokiifat 3iucddy Of
the time F’]&(;Srt' gg%ﬁﬁoﬁgto{rﬁ%g{r]@tfgsgﬁig})jggft{ﬁé;twgﬁ Qlplrstl%duct 'gﬁq rs oadél_él3 is also
di schar gethei optinid eatvpersamheuhilratio,] BO501Thepiimak selotign olkely 4 heschicaed
adjusted in der to.allow.for.nmultiple visi 0 el . In
the i nst a?‘?’(’:%'%?s%ﬁupg?c Blél'lf\é\{;llvepcr)rr Fho} iog g %ﬁéﬁg%(gai?%aﬁg'eé P}c{)(ril?sggfes\aftﬁ%ort by
addi ng vi of aiéxpeotdd opvitied cost-idrammemwor K and considering all clones in the
same inventory balance for the original port that is cloned. This is
tracked using sets JR/ to link clones with their correspondi ng ori gi nal
port fromeede)d. FdHe dbjddtie FafidtionR@htte, pos€Y i himbdeeofwags. GasifbYokmegdsed by
sinply creating additional clones of the port with product anounts and tine
wi ndow daPBly omgexempie of hiwREoR Bred Rir3FtiSST ty ports and their corresponding
cl ones nmust not over}.ap. a f .equations for this constraint is
provi ded by the fol I%@vi ngg;%ﬁ?“- @Efct’f", Eff, tEE:ftVj J, t e T veWweV

fed  vereV fell.1 VIO 200&@7% ’us&og/msom 23 1j0=I7VI E J.
1:7,=1,,v,, _1+E4-EI f, VueVey &, Jit Jart g/ = v

+ >'DR,DW,

vel

- n, 2, 2t

veV- jeJ el

+ > Clh,

veV

where TF is the total cost, B, is the basis amount of product for vessel v, WS, is the
world scale multiplier of a vessel, C . is the flat rate for leg (jj'), x,is 1 if vessel v
travels from port j to port j', OVRu'is the overage rate of vessel v, LV is allowed
travel legs (jj') (edge set), OV, overage volume of vessel v onleg (j/'), DR, is the
demurrage rate of vessel v, DW, is the demurrage days of vessel v, f,;., is the flow of
product from port j to vessel v on day 1, C.®" is penalty cost or incentive for using

vessel v, and h,= 1 if vessel v eV isused.



VOV v e VIiolittr=0VWEV where kg is the product inventory |level at port |
at end of day t, .131, is the product anount produced at port j e /L on day
t, D, iswbheopusduct |ifting demand at port j JEI on dagrius2déo7iohzowa of
product fromload port j to vessel 1. on day t, If, is flow of product
fromvessel v to discharge port j on day t, .1-;) is initial inventory of
port j, .1 is all original non-clone ports J ¢ J ; It"v is the product
inventory level of vessel 1) at end of day t, Iris the initial product
inventory of vessel v, NT is the total nunber of days in time horizon, and
Tis days (time intervals). [0060]Alternate discharge port inventory
constraints do not take into account the demand of first party ports. They
only |i nminveherdadlyné ceharsgiatdased on the port capacity. Thus, the
followi ng alternative equation can be used: | =+ELi";EE T tieV fej fa

[ 0061] One issue of primary concern is the possibility of the probl em being

i nf easi bl @okey a Fhyalenfhry 6F bBIKQHUELdt @R cMDdr {ttthOendenade: ipakadrab elis .
Because the iInvent ory constralnts are equal Ities requlri ng al

. al | product
listed i rinpewancet ba ang deday ah Adpistelibn any aposgt loghed & pr fiiSF*earfaﬁf SFhnds
be met, t L R ARy BRSNS 08 rt diRis BN EE BF ¥hd brdduedys dagty. each
site may Ym??ﬁ‘q% %%lhn}éwpgggflgﬁ?l:tty o?ﬁ)fi ndioﬁg rq f(Saas?.bI e solu iron anda?he
reason f dowhwer, forfdisahiatgel ports, hegpuspeopletshinfesmation shpeiada 2rodyst dewand on.
[0062] I n grder, tQ_ac f. ks 1 m,tatian, [ j | ack
vari abl es™ & é’ﬁallyeayrsraiﬂé%b eﬁlg\rlffntrt\@é%t%% 5‘1' tcegﬁéltq ? alllén{z)gél a%’éc%%‘i’%i %Hé% Etzds)frgﬁne’;I
pl aced onvdskilsos| ackivas dagr tCofstraing 6 ¢lot icase twhemake dhwand egopsumption

unattractjve, and so they are nqt,.kept in,the solutign ecpr.abl

Thase of daiSiioRoRasiol off Pr@Tk ERe, bl AT RPloils RlpRletodlrdfE Gak
2007/ 1431500aTd 52001} AhBodtd 2endndadit bhied pawy pbitamsonre ahbugaggsodudt i he
sl ack vari ahl es haye .a non-zero val ue,, h ver, .then t.he .,spluti.on vi ded
will not E@Q%Wéﬂ% € fQYFT ¢ IO (TARET L BeRR<eERng PrFerg BBl

val ues of Th&ieS€ns pasduckan babbeanitiva Fipreducheat SIP&CHIris; howkoernaid the tabout
what production or lifting data is caysing infeasibility. Flow Rate

Const r ai nv&dep0eE3vaRabigy }delﬁglll‘:%’ﬁ H%“ﬁg%h f PEB RS product
transferred to or froma vessel is to be treated as sem -conti nuous, i.e.,
transfers are either zero or have a m nimum volunme strictly greater than

zero. UppHI038dund¥ essel imeenirsat thesndiof day é inyimdladireapalds thi infeqtapsd the
constral nfg ofqbg/ £X 0] St by R HA S HISchhRes bR iy GO Tiehfddis onah oMk ¢66b. by

the followng )
All vessels in this problem are required to have zero inventory of product by the last

day of the time horizon in order to ensure that all product that is loaded is also

discharged in the same schedule.

[0059] The inventory constraints are adjusted in order to allow for multiple visits
to a port by some vessel. In the instance of first party ports, this is handled via
“cloning” a port by adding virtual port nodes in the network and considering all clones
in the same inventory balance for the original port that is cloned. This is tracked using
sets JRj to link clones with their corresponding original port from set Y. For third party
ports, revisits are more easily handled by simply creating additional clones of the port
with product amounts and time window data. The time windows for third party ports
and their corresponding clones must not overlap. One example of equations for this
constraint is provided by the following:
1,=1;,, ,+P,-D,

Ji=1

DSy Mgt 2Ry, Xfe Ve teTl
vel

veV veV j'EJjr velV j'le



Frintkg, fiat FinaxVu e TT, j et e T Finuntko fujn, Fru,4, Vu EV, jJ e , 1D
t ET where Frinis mnimumflowate at port j, ums 1 if vessel |I) visits
port j orwOayotis3fsuL, is flow of product from | oad port prTiUS200888®l41 V ON
day I, Frax is the maximumD . flow ajze at port j, and ty | ts the flow of
product fromvessel u to discharge port | on day t Logical Constraints

[ 0064] Exanpl es of equations for a nunber of |ogical constraints ate

provi ded by the followi ng. 100651Only one vessel nay stop at a particul ar
| oad or discharge port on any particular day. Each vessel may stop at sone
particul ar | oad or discharge port only once. Euty, 51 V../ EBEJ,t ET teV
Eug,VV EV, e J ter where the expressions are as previously defined. WO
2007/ 143150PCT/ U82007/01%04=1185 [OQ)(]‘@%ﬁo vessel may only be at one place at
one time, Le., a vessel cdh o’hlg/ be’at one out of all ports on any
particul ar dayll=I0, .+ > fi- D fo Yo eV, t T, t <NT

jeJt jeJ?
v =1 VveV
I} yr=0 VveV

where I, is the product inventory level at port j at end of day ¢, P, is the product
amount produced at port j e I* on day ¢, D,is the product lifting demand at port
jeJPonday t, fuL., flow of product from load port j to vessel v onday ¢, fvﬁ is flow
of product from vessel v to discharge port jonday ¢, 7 f is initial inventory of port 7,
J° is all original non-clone ports J° < J ; I), is the product inventory level of vessel

v at end of day ¢, [ UVO is the initial product inventory of vessel v, NT is the total

number of days in time horizon, and T is days (time intervals).

[0060] Alternate discharge port inventory constraints do not take into account the
demand of first party ports. They only limit the daily discharge based on the port

capacity. Thus, the following alternative equation can be used:

L=>"fu+> D fo WeJdteT

vel veV  jleJR

[0061] One issue of primary concern is the possibility of the problem being
infeasible for a given set of production and lifting demand parameters. Because the
inventory constraints are equalities requiring all product listed in production to be
transported or stored, and all lifting demands be met, the minimum and maximum
bounds on the inventory of product at each site may limit the possibility of finding a
feasible solution, and the reason for that infeasibility may not be obvious from casual

observation.

[0062] In order to account for this limitation, the introduction of slack variables
can be made to the inventory constraints. Penalty costs are placed on this slack as part
of the objective to make them very unattractive, and so they are not kept in the solution

of the problem. These slack variables allow the MILP solver to terminate with a



‘do etV,teT ./Q1 where uo, is 1 if vessel v visits port j on day 1.
[0067]1f a vessel does not stop at sone port, then it may not have any
travel | ewe2w@/asi1shrom that port. Thus travel |eg binaripes/me@7hosoaed to
zero whenever the port stop binaries are zero. xVucV,jcJ fejter E 11 jr EU
ty, 'dueV, j EJ ler Ctnetu where LJJ is allowed travel legs (fl) (edge
set) and xte is 1 if vessel v travels fromport j to port j'

[ 0068] Because it is assuned that no vessel will travel from a discharge
port back to a load port, it is be inferred that a vessel may only take one

l eg that goeg froma |oad port a di schar ort. This is an |.e of
an assurrp%?%ﬂpl? hetlutes “hglil catoi bpfhﬁ sg?‘%eYa”taggaﬁ o R RIS é’%ﬁlg’r fﬁ&é‘gg%lrf xs1
vo Vv , D wh&k €he) solufiod! drotvigad Wil hs: Y4 aBledtoafidlyd Bieks all productivhasge lifirg s JD
aJ . [0069] The follow ng_constrajnts enSU{e that: if vessel tstsﬁg}s gt a
| oad por tdemasdp Thevalups of thesg glack vagablss as@aﬁﬂ’%&“ﬁ?@cﬁ-ﬁr LOGGENAN, AR08

stops at @ndisCNANPE P Pling SAEM dASIG ihfeadibilitpvel leg for entering the
port; and, a‘vessel may on%y stop at ports, and travel between them if

there is a |load-to-discharge leg in the voyage. E ;c=) Eute, WeV
Flow Rate Constraints

[0063] The following constraints require that product transferred to or from a
vessel is to be treated as semi-continuous, i.e., transfers are either zero or have a
minimum volume strictly greater than zero. Upper bounds on transfer amounts are also
enforced with these constraints. One example of equations for this constraint is
provided by the following:
F'™y, < fh<FP™v, YveV,jel' tel
VYveV,jeJP, teT

min D max
Fr'v,, < f.b < F™v

ut
where F J.'“i“ is minimum flowrate at port j, u,,is 1 if vessel v visits port j on day #,

qu., is flow of product from load port jto vessel v on day #, F™ is the maximum

flowrate at port j, and yA ,ﬁ is the flow of product from vessel v to discharge port j on

day f.

Logical Constraints

[0064] Examples of equations for a number of logical constraints are provided by

the following.

[0065] Only one vessel may stop at a particular load or discharge port on any
particular day. Each vessel may stop at some particular load or discharge port only
once.

Duy, <1 Vel tel
teV’
Su, <1 VYveV,jed
tel
where the expressions are as previously defined.
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Me) wher ewl20&/@B1supper bound on the nunber of total |egeTpseovesmel with a
maxi mrum default value U<- 2 and hi, i 1 if vessel z.) e Vis used Travel
Time Constraints [0070] The followng are the preferred travel tine
constraints for the Exanple problem These constraints are only activated
if two ports are in a vessel's voyage and direct travel between those two
ports is in the voyage. One exanple equation for this constraint is
provided by the following. reT where Tv. is the mninmumtravel tinme for |eg
(j, j') Draft Limt Constraints [0071] These constraints limt the total

| oad a vemmsls] ey AhadseMReY ohly besti siRSplade @& diertimé,Nal, hasssel dahrorly bg anat er
dept h. These constraints are enforced before and after |loading is finished,
and bef or @R EHIHFOT 28 BEGIRICHRAY- | inits are both port and vessel

specific. One exarrplzlpf @gt@;)ieop§ farpthis constraint is provided by the

fol | owi ng: o~ 7T

where u_, is 1 if vessel v visits port j on day .

it

[0067] If a vessel does not stop at some port, then it may not have any travel legs
to or from that port. Thus travel leg binaries are forced to zero whenever the port stop

binaries are zero.

Z xvjj.SZuLﬂ YoeV,jedJ
Je’

tel
A
rer

Z Xy S Zuq., VoeV,jeld
ie’

teT
o
(s h)er

where L is allowed travel legs (ji') (edge set) and x,; is 1 if vessel v travels from

port j to port j'.

[0068] Because it is assumed that no vessel will travel from a discharge port back
to a load port, it is be inferred that a vessel may only take one leg that goes from a load
port to a discharge port. This is an example of an assumption that may not apply in

other transportation scenarios.

xuﬂ...sl VYoeV

(et

L
jEJ ,j'EJ

where J*is all load ports J* = J and J? is all discharge ports J® < J .

2]

[0069] The following constraints ensure that: if a vessel stops at a load port, then
there is a travel leg for leaving the port; if a vessel stops at a discharge port, then there
is a travel leg for entering the port; and, a vessel may only stop at ports, and travel

between them, if there is a load-to-discharge leg in the voyage.

D o xy=>. du, YveV

UneL? JjeJt eT

D xyp=D. Duy, YveV

(el jel?  teT



< drafiviLi" + (I 7 - draftvy” )(1-u,0) Vue V,ei p.D, Liv 5 draft"" + (I
"P" - draft,,Lina )(l-uuyjovu EV, j eJ Dt eT+ (I 7 - draf

2449) (1- wpavar/aMsp | eJDD,t eT where /ay is the producticrsenioniosl evel of
vessel v at end of day /, drat-47 is 4he inlet draft Iimt of vessel v at

| oadi ng port j,1,,vi" is the maxi num anmount of product on vessel u, Jul is
ports with draft limts .ILDc J1; draft[/1Uis the outlet draft limt of
WO 2007/ 143150PCT/ US2007/ 013041 27 vessel t.) at loading port j, draft: is
the inlet draft Iimt of vessel u at discharge port j, and JDis the

di scharge port vvi draft limts dJr) 0072] An alter te draft limt
constraint for ; ge rtxsylsj;rom,(fe Ry Ytthe Kory

iv +Lint < drar’*‘ﬁ+ ‘Ej uv. nere‘dr af t (ﬂ)}‘(:l uoji)vV EYV, EJD), E T where the
expressi ons are as previ ougl y defieed. Over age Cal cul ation Oonstral nts

[ 0073] Thi whewet Uak anowrper dionn omsthegéwhea ofdptelilegseP e HeessdtHith pIREYBIRNe
and overa nna ) Ve r. j1.9i ven vessel on any

gi ven Ieg‘ge?? P [%H \g"/g{/%g@T fan% ?V%S%nls))lef}gr%s\?}g%’sel S voyage i nhcurs
overage, the overage rates apply to al | Iegs of that voyage. 01e exanpl e of
equations for this constraint is provided by the followng: 0/,"v - /3""do
EV, t T()TowelimgOonstriaings O/ oc. L- K, -(J-Bo) (1- x) u e V, (jf) E(3)
where OP., is the overall overage vol une of vessel v, | is the product
inventory level of vessel |1.) at end of day t, Bo is the basis amunt of

pr oduct ftﬁO'?\ﬂE}sseITha followngmye it prederaad] trevddtimesdongiraints farethofExamnlel v,
and Tic: the ver age une o @ >

[ 0074] Al t RioR) ‘%‘ﬁ%{?‘i“ ki °€a‘/na°b“’a%gs‘£<'5lw %Eg‘gof‘(fegm desker’s voyage and
direct travel between those two ports is in the voyage. One example equation for this

constraint is provided by the following.
Z Uyp 21=Q2—uy, —x,) VoeV,(jj) e L’ teT
t'eT

12+ Ty

where 7', is the minimum travel time for leg (/,j')

Draft Limit Constraints

[0071] These constraints limit the total load a vessel may have when it resides in a
port that has a limiting water depth. These constraints are enforced before and after
loading is finished, and before discharge has begun. Draft limits are both port and
vessel specific. One example of equations for this constraint is’ provided by the
following:

I _drajt"’" + (I Lme diaﬁL’”)(l-uuﬂ) YoeV,jeJ®,teT

1Y <drafib™ + (1 0™ —drafty™)(-u,) Vo eV, je ™, tel

I, <drafty + (I LT — draft]) (1-u, ) Vo eV, j eJ® teT

Lin is the inlet

where I, is the product inventory level of vessel v at end of day ¢, draft,;
draft limit of vessel vat loading port j, I™ is the maximum amount of product on

vessel v, J*° is ports with draft limits J*° < J*; draft,;*" is the outlet draft limit of
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2007/ 143150PCT/ US2007/ 013041 28 tines for each |l eg. One exanpl e of

equat i onswbanortaBsoconstraint is provided by the foll owpogwstoorstdosb day, +
NT('" -VE V,14 e .11,tT (4) lastday, 2NT(1-u01) VI) eV e.r ,t ET (5)
DW-last"- first"- E3/4.71.voev (6) Una" where first" is the day vessel v
starts its trip and day, is day 4 and last" is the day vessel v finishes
its trips. Relaxed Denmurrage Tine Calculation [0076]1n the alternate
SEenario where demand is assuned to be unlimted at the discharge ports,

t he nunber of denurrage days for a particular vessel's voya I.s cal cul ated
based onl yessel vRelopding pathd | &eft,diayheinletodiaftdgnit phaesss] |Ug9&g°ﬁ§°f@a%f-‘awr6ns
repl ace equations (5) and (6) for this scenarig (maxi mum denurrage can be
speci fi ed Jp@pdvkssisithe disglarge portgyith drafiimits /= Vv e Vv, j ee T
DW=last"- first,- E

[0072] An alternate draft limit constraint for discharge ports is provided by the

following.

I+ fop S draft)+ (I -drafi]) -u,) YO €V, j € JPP teT

ujt
where the expressions are as previously defined.

Overage Calculation Constraints

[0073] This set of constraints is used to calculate the total load volume and
overage tonnage (tons above base tons) for any given vessel on any given leg of its
voyage. If any leg of a given vessel’s voyage incurs overage, the overage rates apply to

all legs of that voyage. One example of equations for this constraint is provided by the

following;:
ov,z=1!, -8B, VYveV,teT )
oV, < [V Z X YveV (#))
(et
et pet®

OV =0V, — ()™ —B,) U—-x,) YoeV,(jheLl” &

where OV, is the overall overage volume of vessel v, I, is the product inventory
level of vessel v at end of day ¢, B, is the basis amount of product for vessel v,

I Fomax is the adjusted maximum volume of vessel v, and OT/’UJJ.J,J. is the overage volume of
vessel v on leg (ji').

[0074] Alternatively, equation 1 can be posed as follows:
ov,z>» > fgn-B, VveV

it
JeJ* el

Demurrage Wait Time Consideration

[0075] The number of demurrage days for a particular vessel’s voyage is

calculated based on the first and last day of the voyage and takes into account the travel



uneL: where the expressions are as previously defined. Binary Variable To
Represent Vessel Usage [0077] An artificial binary variable is added to the
f or mul at iwo 2v@r/mgpnesent whet her or not a vessel is use@cTifseooadadioti on of
the variable will typically help in rgducing convergence tinme by adjusting
the path of branching in the solution algorithm One exanple of equations
for this constraint is provided by the followng. hu= EWE V OE4 iej4 e
{0,1) W e V where the expressions are as previously defined. WO
[2887/ ]143150PCT/ US2007/ 013041 29 Previously Chartered Vessels

78] Previous]y chartered vesse|ls are vessel s.that have .alrea e hired
and are tHBeeeF éacrhe{?@i r§ae teﬁa‘E‘Bleugéa‘?“aﬁlﬁPs Prefhis 98?/%@8’%15 Rﬁ%%lgé%:g?f ?tge One
exanpl e egg@tv@ig@ for this constraint is provided by the following. E Euvr 1
Vu E VChart terie.] where Vann is all previously chartered vessels, vChart
a I\/ I[00_79] Charﬁlsrugﬁd\msséﬂil hayd v eddy éerm el red, sd4the denurrage
cal cul ation star te 1S M e ions f this constraint
i s provided by tlhset”%o cpjévmﬁﬁgavma 9190%(?[?&@ AL )
: DW, =last,, - first,- Z Xy Ty YoeV (6
‘ (el
where first, is the day vessel v starts its trip and day, is day 7, and last,is the day

vessel v finishes its trips.

ujt

Relaxed Demurrage Time Calculation

[0076] In the alternate scenario where demand is assumed to be unlimited at the
discharge ports, the number of demurrage days for a particular vessel’s voyage is
calculated based only on the first and last day of loading. The following equations
replace equations (5) and (6) for this scenario (maximum demurrage can be specified

per vessel). last, = day, -
NT (1-uy) Vo eV,jeJ" teT

DW,=last, - first,- . x,;T,VveV

e’
5t
where the expressions are as previously defined.

Binary Variable To Represent Vessel Usage

[0077) An artificial binary variable is added to the formulation to represent
whether or not a vessel is used. The addition of the variable will typically help in
reducing convergence time by adjusting the path of branching in the solution algorithm.

One example of equations for this constraint is provided by the following.

h,= > x,VoeV

e
st el
h,e{0,1} VveV
where the expressions are as previously defined.



first = Tim/ v v e vCharl u where Tr' is the start day for denurrage
calculation for chartered vessel v c¢c. Relaxation Tightening Valid

| nequal i twe=0¢70Q8G)pThe flexibility of port and vessel spezidsca7dimit |imts
detail ed previously may inprove the mexi num vessel volume |imts. Wen port

and vessel specific draft limts are used for all ports (./1- = JLE) and JD
= JDD), the followng is used to cal culate an inproved vol unme upper bound
for vessels. lvv.. = mn[ jui.,111aK ,{draft?" },f drairtue, jeyeit Ft.y I
jetp)Dt J )1,, maxi max\ where JI-Dis ports with draft |limts, P-Dc J ,
draf tvti" is the inlet draft Iimt of vessel vat |oading port j, draft: is

the inlet draft limt of vessel v at discharge port iDDc¢c JOj, and JDD and

di schar gepp&sibesiWidHarfirelitvdsédii t s, [0081] Then this new limt is applied to
new bound TTmis Tor vessel volunme. O6Vue V,tE T where the expressions are
as previ ousl y defined. WD 2007/143150PCT/ US2007/013041 30 [ 00821These new

limts ar fy Of theiﬁ%ﬁé‘& n%gﬂ{i:‘ﬂé}ga'\ggse‘ﬂ bl \Vé%%élg mhdanvaldlhep bbeh hirgdmasa t he

relaxatlo Using an artificial variaple Lv'w , the
val i d i neeuathergforsonspirginto betused, but thefil yowage is unSpemﬁed One example

equation for this constraint is provided by the following.
S Su, 21 Vo ey
1T jed

where V" is all previously chartered vessels, V<" < V.

[0079] Chartered vessels have already been hired, so the demurrage calculation
start date is known. One example equations for this constraint is provided by the
following:

ﬁl‘Stv — TUCharl VU e VCharl

where T.”" s the start day for demurrage calculation for chartered vessel v € ¥ """

Relaxation Tightening Valid Inequalities

[0080] The flexibility of port and vessel specific draft limits detailed previously
may improve the maximum vessel volume limits. When port and vessel specific draft
limits are used for all ports (J*=J® and JP = JPPy, the following is used to calculate an

improved volume upper bound for vessels.

~ max ; max
V ,max - V,m: L,in
]U ma\—mln(.{l) m’“’j ”LD {a’l‘aﬁ‘vj },j DD {C"r"q}l‘q J')

where J*° is ports with draft limits, J*° = J*, draft_" is the inlet draft limit of
vessel vat loading port J, draftuj is the inlet draft limit of vessel v at discharge port
j,and J”? and discharge ports with draft limits, J°° < J°.

[0081] Then this new limit is applied to new bound limits for vessel volume.
0<1” <" VYveV,teT

where the expressions are as previously defined.



Jai' ler lurtat holt*" WeV 0<I <F.ma VU E V where the expressions are as
previously defined. Capacity Constraints And General Bounds [00831The

f ol | owi ngweneoisgEbe bounds or capacities for all conti pewus200anibi es.
They are grouped together for organi zation and are used for maintaining
various variables within physical, logical and realistic limts while the
solver is working to optim ze the solution. One exanple of equations for
this constraint is provided by the following. 17 .5 1 .1, 517 Vi E Je,t T

0<1",11 < pv.""" Vi e Fct T O_<f;5FI"WeV,jelJL,teT O ft: 5 Fr' W eV, | e
‘(]) DO }Dr ::]:I' [9§8i]' rStT}'i_ksMeVpﬁXu% Ae th@r?tugecﬁm D\%ﬁn@t‘i@rp “ﬁt\?gahdoﬁllg NitiesBlaVl ) E

t1ghten the relaxatlon of the IVBILP model Usmg an artificial variable I, , the valid. ...

inequality constraint set is as follows.

IV=%"% fo YveV

jeJt  teT
M <h "™ YoeV

01V < V™™ YueV
where the expressions are as previously defined.

Capacity Constraints And General Bounds

[0083] The following are simple bounds or capacities for all continuous variables.
They are grouped together for organization and are used for maintaining various
variables within physical, logical and realistic limits while the solver is working to
optimize the solution. One example of equations for this constraint is provided by the

following.

<l <Ip*VieJ'teT
05\1}; <IV™ JieV,teT

0L fi, SF™ VveV,jeJ teT
0L fi SFM™ VYveV,jeJ’ el
0L first, < NT VYveV

0<last, < NT VoeV

0L OV, <["™ - B, VoeV

’ . TV, max r .oy JT
osovy <" - B, YvoeVl,(jjYel
0< DW, < D)™ YoeV
0L TF

where f,;., is flow of product from load port jto vessel v onday ¢; fuﬁ is the flow of
product from vessel v to discharge port jonday ¢; DW,™ is the demurrage days limit
for vessel v; Fj"“"‘ is the minimum flowrate at port j; F j"'“" is the maximum flowrate

at port j.



where fifr, is flow of product fromload port j to vessel v on day t; fly,
is the flow of product fromvessel v to discharge port Jon day t; DITV.:mis
t he demurwegeomiaysol i mit for vessel U, Fr is the m ni nurchusesoatnesoat port
j; Fr is the maxi mumflowate at portz;j. WO 2007/143150PCT/ US2007/013041
31 Optional Constraints [0084] The follow ng constraints are optional and
may be included in the nodel, but can be omtted fromthe nodel while still
provi ding optim zed solutions. They can be added when the user wants to

i npose additional restrictions on the solutions that are provided (A) G ade
Segregati on Extension 100851This set of constraints allows for the
extension of the nodel to allow for specifying that all product | oaded at

sone subs@ptivmapflomstraintst on a vessel nust be di scharged at a specific
di scharge port. A new conmpound set Gis defined such that it is conposed of
all the matched sets of |oad ports for the discharge port j for mhich the

segregat i (E08H]cUr StheNRWYoWRid é&k&%{n\’s o;ﬁnﬁm {2 feli 9n thP

total progduct Ioaded or discharged at a Port or the entire tinme hori Zon
jeJL 0 < Pytcan be mitteddrpm fhp wogel whiks stgl providing eptimiaedEolytioss.] Titegreant he

expr essi OB§ adde&y @'ﬁerpfﬂ%vds@f’@laﬂtsqg Eg add®loral pés%bc%nlpg A E"‘%lﬁ{xo Octh&:‘?sr%a >

Used [0086]Limts on the mninmm a maxi mim nu new vesse]
achi eved PHv#dgh bounds on the number of vessels used. One exanpl e equation
for this constraint is provided by the following. Ntsv < Ehu <N &

(A)  Grade Segregation Extension

[0085] This set of constraints allows for the extension of the model to allow for
specifying that all product loaded at some subset of ports in J- on a vessel must be
discharged at a specific discharge port. A new compound set G is defined such that it is
composed of all the matched sets of load ports for the discharge port j for which the
segregation occurs. New variables £, and f£,”" are defined to represent total product

loaded or discharged at a port for the entire time horizon.

“‘”—Zf,,,, YoeV, jeJt

1el’
S =D f YveV, jeJP

ujt
tel

2_‘ leoln— .{,mr VUGV,jEJ

[y
jEJl ’
(J'))eCG

L 7 .
0 i <I/™ YveV,iel
D 7 ,
0/ <I)™ YveV, jed

where the expressions are as previously defined.
(B)  Limit On The Number Of Vessels Used

[0086] Limits on the minimum and maximum number of new vessels are achieved
through bounds on the number of vessels used. One example equation for this

constraint is provided by the following.
NLBV < Zh < NUBV

veV



WO 2007/ 143150PCT/ US2007/ 013041 32 where NL87 and Nuar are the | ower and
upper bounds on the nunber of vessels to be used. In the preferred
enbodi menwo 20éme4bzeer and upper bounds are 5 and 8 respectivsedoy013bhe use of
this nunber of ships in this particulzar problem provides a feasible
solution within the time frame of 15 mnutes to an hour. Mdre or |ess ships
could be used if the timng of the solution is nore or |ess demanding. (C)
M ni mrum Vessel Loads [0087] This constraint sets a mninmum percent base
anount full for any new vessels hired or chartered vessels used. One

exanpl e equatigggyfor this constraint is provided by the faollowing, E EfelL
pctul | uk, Whete /| &l N e Targias bowss end ppperheurinemihs penkss of vegrls thdse

vol ure f Ofus3tefthe ¥rofbrda dhBbAIELY MhiFh,cl LABSHARANIONRH Jai & const rai nt

specifies a heuristic mnimum anount of product transported in the tine
hori zon byespestbalys . TiBheseeofzthis| ramngten af sluips frothis pardcwangroblenhprovideggovi ded by

the foll ow ng. - A Vi ; I ] R of
product ' ¢ ete roUFicT bitbiy pdfithe BB RGiRhish o bl YUEHRARG Mg}
maxi mum cosetlderused Lithe tindbg of theysohitivo ibercopbr keadémarsdeei f i ed by t he
foll owi ng equations: EB'"W5,, E C .11. X Le

© Minimum Vessel Loads

[0087] This constraint sets a minimum percent base amount full for any new
vessels hired or chartered vessels used. One example equations for this constraint is

provided by the following.
>, >.fys=zpct,Bh, YvoeV

jeJt terT
where pct, is the minimum percent full base volume for vessel v.

(D)  Minimum Volume Transported

[0088] This constraint specifies a heuristic minimum amount of product
transported in the time horizon by vessels. One example equation for this constraint is

provided by the following.

PIEDINDINFES

veV  jeJt 1eT
where M is the minimum amount of product to be transported.

(E) Maximum Cost Per Amount Ratio

[0089] A maximum cost per volume ratio may also be optionally specified by the

following equations:

R™> > == > BWS, > Cuxy

veV  jedb 1eT vel el
+ D.OVR WS, > C,OV;
veV CMel? '
+ > DR,DW,

vel

where R™ is the maximum cost per amount ratio.



veV JE. $ | eTeV(.10)e9 + EOVR ASE, E eV(.11l)ethi EDRuDWI ueV where R' is the
maxi mum cost per anount ratio. WO 2007/143150PCT/ US2007/013041 33 (F)Port
Revi sit Qvoeno7Aasisdi mi ng [0090] I n order to achi eve addi rcwrmbkooromosi ne

I nprovenents, the symretry breaking cgnstraints based on revisit order and
timng can be added to the mathematical nodel. The order of visitation rule
states that original ports nust be visited before a clone port is allowed
to be visited, and that clone ports are prioritized according to their
order of index. One exanple of equations for this constraint is provided by

the foll ogpgy‘ng Phtt Be &t Brdor AndTichingE refTter Uw Ely VUE 17,Ec ,J; , <"
teller 1] The tim ng of V|S|tat|§n rule states that original ports are

Vi Si ted before clone ports in time, and that clone ports are pri oritized in
:)Ir gSi 32 dogtg(%t gf ¢ Oﬁdgrder % aRiP a%d%onaﬂurg}xlh%les 1In%rrox;erx1ﬁesntscot%§:t r}(;%rrr]lt ry
breaking constraints based on revisit order and timing can be added to the mathematical
model. The order of visitation rule states that original ports must be visited before a
clone port is allowed to be visited, and that clone ports are prioritized according to their
order of index. One example of equations for this constraint is provided by the

following:

DUy =D Uy, Voev,jelJ’, j e J}

teT teT

Do 2 Xk YV EV, jEJ, e dl et <

teT teT

[0091] The timing of visitation rule states that original ports are visited before
clone ports in time, and that clone ports are prioritized in time by order of index. One

example of equations for this constraint is provided by the following:

>y, > Uy VvoeV,jel’ jlef,teT

'el” el

"<t 1"st

Doy Z D U YO EV, jeJ, e e R < teT
1'eT el

t'st - t"sr

" (G)  Preprocessing Techniques For Reducing Model Instance Size

[0092] The following equations apply to various methods that reduce the size of
problem instances before being sent to the MILP solve, which can improve solver
run-time. The user can manually adjust these. Anything parameter-based is based on
user input. Again, these equations are optional and specific to the Example problem

and could be changed or omitted depending on the specific transportation problem.

[0093] Fixing some variables with advance knowledge helps reduce the problem

size and are provided by the following equations.



(G Preprocessi ng Techni ques For Reduci ng Mbdel Instance Size [0092] The
follow ng equations apply to various nethods that reduce the size of

pr obl em iwetzaswmsisbef ore being sent to the MLP sol ve, wiiras2eaniioapr ove
solver run-tine. The user can manual I3 adj ust these. Anything

par anmet er-based i s based on user input. Again, these equations are optional
and specific to the Exanple problem and could be changed or omtted
depending on the specific transportation problem WO

2007/ 143150PCT/ US2007/ 013041 34 [0094] Legs not allowed: xo0.=0 VO E V. (fl)
0 [OOQS]TWS%par Eortlestrlctlons are as follows: VUE V. jc J3, t
<Tr" Wu E | deUEV'cJ3tVUEV,jEJ3,t>Tr/VU
cV. j elJ3 t < Tr Vu 08 W e c{J] Lw> Tr3f where J3 is all 3rd party
ports J3 ci J . [00967For d’thlr party port the actual anount of product
avai l abl e to be | oaded or discharged at a particular port within a given
time w ndgmgg]st qumﬁg&g égoqprest[rggggg Messebushge restrictions for a port: =
0 WecVf, | ETIO 98 one ports are too small for an Aframax cl ass
vessel to visit. Forughdrter EdV\IESSVeLBEJI,XKh’Ij A binary variable to one may

al so be included in l;he dmdel vQ)ve1,1 Vgﬁ ygmfm

Lyl

q/l =0 VUEV,_]EJS,I‘<TJ.W3'
JSi=0 VoeV, jedt>T/
fuj=o VoeV,je’, t<T/Y

UJ, =0 YveVl, jeJ3,t>YT'3f

where J° is all 3rd party ports J* < J .

[0096] For a third party port the actual amount of product available to be loaded or

discharged at a particular port within a given time window must be specified.

[0097] Vessel size restrictions for a port:
u,=0 YVoeV*, jed, teT

[0098] Some ports are too small for an Aframax class vessel to visit. For chartered

vessels, fixing a binary variable to one may also be included in the model.

hy=1 Yv eV

[0099] Time windows for port availability limit the overall range of days
in which a port may be visited by vessels.
w=0 YoeV, jed, t<T”

q,—O YveV, jeld, t>T"”f
where T;V"¥ and T ;" respectively represent the initial and final days for a time window

for a port.

[00100] Port blackout days allow for limiting of specific days for which a port may

not be visited by vessels.

u,=0 YveV,jed, teT



[0099] Tine wi ndows for port availability limt the overall range of days
in which a port may be visited by Vessels. icy, =0 Vv EV, |j E J, t<17

u., =0 VuvB 2wh7/54380J, t > Try where VII' and Trespecti vecy/usearesmat the
initial and final days for a tinme wi ngow for a port. [00100] Port bl ackout
days allow for limting of specific days for which a port may not be
visited by vessels. no =0 Vue V, j J, t E W 2007/ 143150PCT/ US2007/ 013041
35 where TI30" T represents the set of days for which a bl ackout day has
been determ ned to occur for a given port. 100101] Vessel tinme w ndows

1 1 R, L Y MRSl Yy LSRR,

respecti vel ycdueRir@s@Rtn poe. initial and final days for a |oading time w ndow
for a vessel. (H) Redundant Legs Deactivated Wien C one Ports Added [00102]
In order to prevent redundant binary variables and to break symetry and

cycles, Vfﬁﬂﬁhﬂs RAlsES Q%nﬁﬁfﬁn stqurﬁltl s Gl %g%emV%Q%M%n vahitRWa Ng

for ports't revisite cl oned” 1 n the nodel hese constraints
are opt i omedselymay visitdpading porthe user The constraints of this section can
potentially conflict with the nst aints of Pert Revisit and Tim ng. The
user is warned of tH&«rC fllct diﬁé ‘fﬁ eral the following | egs are
not allowed in the Igg-set LB: vM%;rlﬁeJL t>T”"’f

where 7" and T”” respectively represent the initial and final days for a loading time

window for a vessel.
(H) Redundant Legs Deactivated When Clone Ports Added

[00102] In order to prevent redundant binary variables and to break symmetry and
cycles, various pairs of port-to-port legs can be removed when allowing for ports to be
revisited and thus “cloned” in the model. These constraints are _opti}onally activated by
the user. The constraints of this section can potentially conflict with the constraints of

Port Revisit and Timing. The user is warned of the conflict.

[00103] In general, the following legs are not allowed in the leg set LY
iler. et

where J f is all port names for revisits of port ;.

[00104] Ie addition, when only a single load port and/or discharge port is allowed a
single revisit, then the following legs may also be removed from the corresponding leg
set L™

Gl e % e 1°

{Gmli e s, e 78}

[00105] Alternatively, a more limiting assumption may be used in that revisits of
ports may only occur directly from the same port. Under that assumption, the

following legs may be removed.



where .7:is all port nanmes for revisits of port j. [00104]1n addition,

only a single |load port and/or discharge port

when

Is allowed a single revisit,

then the wolzbemisggol egs may al so be renoved fromthe corceapendion®s eg set
L": kink CJlI)} kink f,.PtE [00105] Agternatively, a nore limting

assunption nmay be used in that

fromthe sane port. Under that assunption, the follow ng | egs nay be )
WO 2007/ 143150PCT/ US2007/ 013041 36 j J, jec Uye) and
when a port has nore than one clone, renove the following: Iv./ )1li e Jo

renoved.

,te JIR

fiei7,/> Jul

G niedsrie U J;
and when a port has more than one clone, remove the following:
G ili e e I e I > )
{on i e 1% re T2, 3je Thst < )

@ Rolling Time Horizon and Initial Conditions

[00106] A rolling time horizon may be implemented in order to allow the model to
solve for time horizons forward in time, but keeping continuity between adjacent time
horizons by i!nplementing the solution of a previous time horizon as a starting point for
a new time horizon. Using a rolling time horizon allows the solution of one problem

instance to be used as the starting point for a next instance.

Closing

[00107] The various publications cited herein are hereby incorporated by reference
in their entirety. While this description utilizes a variety of screenshots and preferred
examples .containing 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 in
the art and are covered to the extent that they fall within the scope of the appended

claims.

revisits of ports may only occur directly



{(j"j)k J, /e 4,3fie (lI)Rolling Tinme Horizon and Initial Conditions
[00106] A rolling tine horizon may be inplenmented in order to all ow
the nodel to solve for time horizons forward in tine, but keeping
continuity between adjacent tine hori;pns by i nplenmenting the
solution of a previous tine horizon as a starting point for a new
time horizon. Using a rolling time horizon allows the solution of one

probl‘ﬁﬁ[g" .ance to be used as the starting point for a next

i nst isnc et [00107] The various publications cited herein are

her eby i ntor poAatbptimipative bptan & tiasidigiisn @ﬁ&dﬂlﬁgﬁénd W&'eﬁt%rfxﬂhxﬁgement ofa
p

descripti r‘iuti izes a variety of screenshots an referréd exanpl es
cont ai ni nguhpf & 2o FEPRIY Lpcefiensdo demang Ipgations eapemmsing: t he concept s

behi nd the i nvg hRthendda@all ANEI bRBint qu ' .
Various nodifi ?@t i onse,_ ad) ust%?erf? gtggﬁr{% @%%P@%%Et%?gﬁ)gﬁ S ﬁ‘ghﬁ%?gf,o\g%%em
i nvent i onamiobiectiee Spghernf the matwswtiofl roodtl ety nsildrite breobthbasir 6f pdduct

are cover ent. + hat fall withip.the scope.of t )
appnded cﬁ%ﬁ'&gﬂ&g’g\ ﬁg]?ﬁl&gfecﬁ%a‘?r}?r%@ 23 alP%O‘i;ﬁ}t] ey 3”?’?@ g&‘f‘srflﬁcpﬁ?f%?tams
t ranspor t edriswainsc et ulctoumt afbol tranysortatioy sORRUSIRAR Bberfor)Ukin e RERC tand
from supplgﬁ | pcations.to demapd | ocations con‘gri si ng: aima_
mat hemat i Eaf Mothé| PG *aP TRy FrepRSRETaken pF . @Fdﬁﬁﬁ%"fﬁ’@ e ppRly teations and
wher el N aftn@keet bR Frddiietd R6mOf dbhihd BLARTREAGR nolRlred & bPconstant over
mnimze a cost basis of product transportation for tiple
shi pent st®9er a period of time; wherein the nodel contains
constraints that . spart at.i .schedul i. and .i nvent or
managenent, an a\‘/\ﬁ@?@#ﬁ%’ I%raﬁ%%zq} dgi%cﬁ(% r%:ttgaﬂfn(%tr"3 rt}g P e pg{l}egﬁg%aﬁ moel;
bul k prodael, at supply locations and renoval of bul k products froma
demand | ocation that, is nof required to be constant over tine;,
b) a database pﬁlr?%‘?’?ﬁf?a# GPURZALT Soyer ﬁﬁhf‘ﬂi"Fﬂ é}erwegow 19vidp by the
mat hemat i gathefBESI madat after the m&denttiBBl SR EERles QRG] 04 Al @d?at?%t@ Ystem,
er

that solves the_equations provided by the mathenmatical nodel a

t he nat heWherkathe vpHenzaiiae aysies pepyidss ppismzedher eriimeebspseltsfps thedata input.
wher eby the optim zation system provides optim zed or optimal results
for the data input. 2. The optim zation systemof claim1 wherein the
cost basi® is et entimigationcystemeofoladndl wheareis thepmst hasistis sebdcgiitfrom the overall

vol unme of 4GL.. LM zation systemof claim1l wherein
t he bul k %Jr%g#éggﬁﬁge? e|°éc?1§%‘%f°?§{ﬁ§k$é§“ﬁ’8*'eum natural gas and liquid
or gaseous internediate and final products derived there from 4. The
optim zatjon system.of claim1l wherein the mathematjcal nodel is in
the form i a WoGBIPIERGE VFFROSE OBk MATHY 1B GBlkeRIOdSEI TR cselected from
opti ni zat peunlams el gfl AdMghidVBe ERkbust RfriBdtk AQGRUNDRIRAS dhAl there

rat es, overage
from.

4. The optimization system of claitn 1 wherein the mathematical model is in the form of

amixed integer linear programming problem.

5. The optimization system of claim 1 wherein the model accounts for flat rates, overage

calculation, and demurrage costs

6. The optimization system of claim 1 wherein the transportation vessels are a

heterogeneous fleet of ships.



cal cul ation, and denurrage costs 38 7. The optim zation system of
claiml wherein the mathematical nodel conprises equations for each
of the followi ng constraints: (i) inventory balance; (ii) flow rate;
(iii) logical constraints; (iv) traveé time; (v) draft limt; (vi)
overage cal culation; (vii) denurrage § rel axed demurrage tine
calculation; and (viii) previously chartered vessels. 8. The
optim zation systemof claim7 wherein the |ogical constraints are
conprised of equations for one or nore or the following: (i) only one
vessel may. st oThebptimPafiéd eytah JfoasindN WhaehaigemPBEhaRal 3Bhel comprises
particul ar day;eéll) a vessel may only be at one place at one tineg;
r§

(iii) if edug adsohe Bileyingt cogstrints:, (DHaventery halaneey t(ith low ratey (iii)
t | 1| egs; T O e t ake.. I
that - goes Fiealeclbai ity Bheeb el dfolt BHERBFwPRY APabE I8P Ao

at a | oadompelaked ddmenragh dne dabulstibn;cand|(vilipgrebiously ebatieng vebelsport; (Vi)
if a vessel stops at a discharge port, then there is a travel leg for
entering the port; (vii) a vessel may only stop at ports and travel

bet ween tfiem iThd fmdzdtRnaybieAdbiPant B GMaleGOhb fekidal cbGaRYAE Bompiised of
The optim zation systemof claim7 wherein the inventory bal ance

const r ai ntadenitiar preseraarrethafllewing (g onky anewesssbmep sipprat £ particular load
t er m nat e, it f2asdd i Of- (i . j f. .
claim?7 V\%.er.e(%ﬁn eﬁ% mat !ﬁ@rgét}%] ca%l rrgélg?)q? ﬂ%ﬁﬁ% ??é{eg&oﬁ%é%ggr%rtgw’
equat i ons(if)oif 2avesssi Hoesgndtistnp derparthen it nay Tothoyst anyi trat] logs ®yst feom dlfiat

‘cl aim 7 wher.ei he h t.i.cal del . furt.her conpri,ses .0 or e, .
equat i onsp(’?r{j 1"3? te‘llgséseg%é}’ §g%§tti‘ﬂg‘n°n(?ggn% AL, B9ie Jrom i%aggﬁgﬁ%ﬁtdfsﬁafﬁ? P%'ﬁ ) if
syst em of a edsaél Btops eheload porttRemtatResa trata legfotlRhvifig tHeboft; GAYIPA vERE stops
equations for. one or n@re of the foll og ng: .bounds on the nunber of

vessel s u%t@di}ﬁﬂgﬁﬁﬂﬁa e there is g drgye! lgh Ipr sisTiRg HewsTiLEYED & Ma3Telgaey ey stop

13. The ogtjots 4ad £ AR StHeaMeh iCtaldts 4 1Aah YidhiBe1yat iRl idal nodel
further conprises equations for a nmaxi mum cost-péer-anount fatio. 39

14. A nethod for mnimzing a total cost basis for the transportation

schedul | ng andl'he optimization system of claim 7 wherein the inventory balance constraints contain

slack variables which allow the solver to terminate with a feasible solution.

10. The optimization system of claim 7 wherein the mathematical model further

comprises one or more equations for a rolling time horizon.

{ 11.  The optimization system of claim 7 wherein the mathematical model further

comprises one or more equations for grade segregation constraints.

12.  The optimization system of claim 7 wherein the mathematical model further
comprises equations for one or more of the following: bounds on the number of vessels

used; minimum vessel loads; and minimum volume transported.

13. The optimization system of claimm 7 wherein the mathematical model further

comprises equations for a maximum cost-per-amount ratio.



-

‘inventory nmanagenent of a bul k product over a period of tine

conprising the steps of: i) inputting data and/ or nodeling
options into a database system wherein the database system
interfaces with a mathematical nodel; g ii) solving the

mat hemati cal nodel after the data and/or nodeling options are input
using an optim zation engine to obtain a schedule for routing vessels

in | oadi ng4. transRMI 29 BRthnpCh 08 Q8 b for the .t%ﬁéjrogr%@l{ dgcthedlf%ng and

repeating steps i) and ii) one Or nore tine with di ata
obt ai n noiwvenieaImemgesehbelid ik pHdTteovep pariod af tioe ceyptisng e sepyofne

8{ i f: ?L(TS 1 or i)lﬁnpmgfgehg'tatQn%/o%o%tc)dgﬁlsgi gpt}o%s nmu%b grda?gbageegj?s%n?, wherein the
database system interfaces with a mathematical model;
if) solving the mathematical model after the data and/or modeling options are input
using an optimization engine to obtain a schedule for routing vessels in loading, transporting
and discharging; and
optionally repeating steps i) and ii) one or more time with different data to obtain

more than one schedule.

15, The optimization system of any one of claims 1 or 14 wherein the cost basis is

mmber of vessels utilized.





