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o Cerpame ze ¢lanku
[Branda a kol.(2017)Branda, Haugen, Novotny a Olstad].

@ Cilem prace je optimalizovat cestu heterogenni flotily pres
predem urcené trasy.

@ Pred optimalizaci firma vlastni 3 tovarny, kde kazda tovarna
zasobuije ji pfifazené lodé. V optimalizaci se bere v Gvahu
centralizované planovani.
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PoZzadavky na model

@ Kazda lod mlze udélat vice cest béhem jednoho planovaciho
horizontu.

@ Kazda zakazka ma nejdfivéjSi a nejzazsi termin splnéni.
@ Kazda zakazka musi byt splnéna najednou.

@ P¥i planovani nemusi byt vS§echny lodé v pfistavu, staci védét
kdy se vrati.
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@ Model se da popsat jako:
Model trasovani obloukl vozidel s vice depy, ¢asovymi okny pro
doruceni, heterogennim flotilou a vice trasami mezi depy.

@ Pouzijeme nasledujici indexové mnoziny:

VY — vessels v,

J — factory visits j,

Q — customer orders ¢,

Q, — customer orders which can be satisfied by vessels v,

e JUQ =N,

e JUQ, =N, — nodes feasible for vessels v,

o N° =N, U{o(w)}, N4 =N, u{d(v)}, Not = N, U {o(v),d(v)}.

e R{zné zakazky g mdzou byt od stejného zakaznika.
o Navstévy pro kazdou tovarnu musi byt pfedgenerované, zde kolem
30. Nemusi byt vS§echny pouZity.
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@ Pouzijeme nasledujici rozhodovaci veliciny:

o T €{0,1},n € N2,n' € N4 v € V — whether vessel v services node n/

directly after node n or not,

tn > 0,n € N2 — the time at which service at node n starts,

® 4y, > 0,n € NS v eV - on-board inventory of vessel v after servicing
node n,

® a,, >0,n € NS veV - amount loaded/unloaded to/from ship v at node
n.

o Cas je spojity.
o Nezalezi na konkrétnim zboZi z diivodu typu pfepravy, naklad je
méfen hmotnosti.

5/17 Stanislav Svoboda



@ Parametry modelu jsou nasledujici:

® Cnn — cost of vessel v going from n to n’,

D, — requested quantity in customer order g,

U,, — (un)loading (service) time per product unit at node n,

K, — capacity of vessel v,

T — time horizon,

T,nv — time distance between service nodes n and n’ for vessel v,
Tin Tmer — time window for service n, T < T,

o(v) — start node of vessel v,

d(v) — end node of vessel v.

e Cena c,y, muZe byt urcena vzdalenosti mezi na n’ nebo
spotfebou paliva plavidla v.

o Casovy horizont T reprezentuje planovaci periodu. Je to horni
hranice do kdy se musi splnit vSechny objednavky. Pokud 77" > T
musi se objednavka vynechat z planovani nebo prodlouzit ¢asovy
horizont.
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@ Ugelova funkce je tvaru:

min Z Z Z Cnn/vTnn/y T & Z td(u)-

veV neNg n’eNd vey

e Funkce se snazi minimalizovat celkovou cenu cestovani a
penalizaci lodi za nesplnéni cesty v&as. Protoze skute¢na cena za
nesplnéni cesty vcas se téZce odhadne, tak je druhy €len pouze
aproximace s parametrem «, ktery nam umoznuje pfidat vahu
kterou pfifazujeme nesplnéni.
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@ Podminky na lodé:

SN anp < 1,j€J, (4.2)
veEVY neN?
S @ = 1,9€Q, (4.3)
veV neNy?
Z Toyw = 1L, veEV, neN,, (4.4)
neN,
Z Tpn'v = Z Tp'nw, V € V7 n' € Nu, (45)
neNyg neNg
Z Tidw)y = 1L, vey, (4.6)
Jj€T
Z Tod(v)y = 0, veV. (4‘7)
q€EQ
o (4.2) Kazda navstéva tovarny J byla pou2|ta nejvyse jednou.
@ (4.3) Kazda objednavka je vyfizena pravé jednou lodi.
o (4.4) Lod se nevrati do pogateéniho uzlu.
e (4.5) Kazdy uzel, ktery lod navétivi, musi i opustit, kromé
pocate¢niho a kone¢ného (oba predem uréené).
@ (4.6),(4.7) Lod po skonéeni posledni objednavky se stavi v tovarné.
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o Casové omezeni lodi:

Lt (tn 4 Untom + Tonry —twr) < 0, n€NW €N veV, (4.8)
in < t, < TMT ne N, (4.9)
oy = 0, ve. (4.10)

@ (4.8) Nelinearni omezeni na délku ¢asu premisténi a sluzby. Da se
linearizovat nasledovné:

th+ Un@un+ Towy — 0 < (1 - Xnn’u)T~

@ (4.9) Zaneme sluzbu v ¢asovém okné.
@ (4.10) Inicializujeme pocate¢ni ¢as 0.
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@ Podminky na naklad:

TnjuYom +av; — ;) = 0, neNJ jeT,veV, (4.11)
gy (Yon — Aug —Yug) = 0, nENJ, qEQ,,vEV, (4.12)
Aoy = 0, vEV, (4.13)
Yooy = 0, vEV, (4.14)
Vi < KoY Twjy, JETVEV, (4.15)
neNyg
ay; < Yy, JET,VEV, (4.16)
Yooty < K, D Ty, ¢€ Qv EV, (4.17)
neNg
D, < Yaum e, (118)

vey

e Musime explicitné uvazovat omezeni na naklad, protozZe lodi
mdazou mit vice cest.

@ (4.11) NaloZeni nakladu v tovarné, (4.12) vylozeni nakladu u
zékaznika (da se opét linearizovat), (4.13),(4.14) lod za¢ne bez
nakladu, (4.15) lod muzZe nakladat pouze v tovarné a nepfesahne
kapacitu lodé, (4.16) da se vynechat z modelu, nenalozime vice
nez kolik na konci mame, (4.17) vyloZené zbozi a zbozi na konci
nepiekroCi kapacitu, (4.18) kazda zakazka je splnéna, s pomoci
(4.3) bude spInéna najednou, bez rozdéleni.
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Reseni problému

@ Reseni pomoci smideného celogiselného programovani se da
ziskat explicitné maximalné do 15 uzld kvili komplexité problému
(pomoci CPLEX solver).

@ Cely problém feSen pomoci heuristik.
o Nejdfive pomoci konstrukéni heuristiky, ktera nedévala dostate¢né
dobré feseni.

o Heuristika tabu prohledavani s pocate¢nim feSenim pomoci
konstrukéni heuristiky.

o Nakonec heuristika shlukovani misto konstrukéni heuristiky a s
pomoci tabu prohledavani. Nejrychlejsi a nejlepsi feSeni.
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Historicka data

@ Mame historicka data z roku 2010.
@ Flotila obsahuje 10 lodi.

@ Kapacita je rovhomérné rozdélena mezi 600 az 1650 tuny s
pramérnou kapacitou 1200 (az na jednu lod s kapacitou 350 tun).

@ Rychlost lodi je mezi 17 az 24 km/h.
@ Primérna objednavka je 80 tun.

@ Vzdalenost mezi sousednimi uzly je desitky az stovky kilometrd.
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Historicka data

@ Porovname feSeni pomoci heuristiky a historickych dat.

@ Autofi zvolili datum a algoritmu pouze fekli, kdy se lodé historicky
vratili z probihajici trasy a naplanovali trasy pomoci heuristiky
tabu prohledavani s pocate¢nim feSenim pomoci heuristiky
shlukovani.

@ MnozZinu zakazek zvolili vSechny zakazky se splatnosti do 10
dnu a ty které byly historicky splnény v trase s nékterou z nich.

@ Porovnani historické trasy s trasou ziskanou algoritmem:

Table 2. Test case summary.

Start Horizon | Served Optimized Historical | Improvement
[days] | orders | distance [km] | distance [km]

2010-10-14 10 118 8680.7 12923.3 32.8%

2010-10-24 10 124 10405.6 14595.3 28.7%

2010-11-06 10 139 9935.9 13753.4 27.8%

2010-11-15 10 113 9015.7 12679.5 28.9%

13/17 Stanislav Svoboda



Historicka data

Table 3. Proposed optimized routes.

Vessel From | To | Departure | Arrival | Fill-rate | Days | Dist. [km] co

M/S ARTIC FJORD F F 17 11:10 24 11:12 0.98 8.1 1512.0 28
M/S ARTIC LADY F F 17 21:46 23 13:48 0.94 7.9 1522.6 16
M/S ARTIC SENIOR F F 19 20:00 23 02:14 0.55 5.7 76.1 4
M/S FEED BALSFJORD H H 15 23:14 22 16:17 0.99 7.3 1398.1 14
M/S FEED TROMS® B B 16 08:19 22 05:53 0.90 6.9 1037.0 15
M/S HOLMEFJORD F F 17 10:22 21 19:34 0.84 3.7 521.3 9
M/S MIKAL WITH H H 16 14:04 24 00:16 1.00 6.5 2038.1 20
M/S RUBIN B B 18 18:13 20 20:02 0.91 5.5 535.6 3
M/S SAFIR B B 18 13:10 23 01:53 1.00 5.6 375.0 4

Table 4. Recorded historical routes.

Vessol From | To | Departurc | Arrival | Fill-rate | Days | Dist. [km] | Visited
M/S ARTIC FJORD F F 17 07:10 19 18:15 0.47 2.5 888.4 14
M/S ARTIC FJORD F F 20 21:10 22 16:11 0.77 1.8 667.4 12
M/S ARTIC FJORD F F 22 21:04 24 00:55 0.31 1.2 267.4 6
M/S ARTIC SENIOR F F 18 02:10 21 13:15 0.77 3.5 1045.0 5
M/S ARTIC SENIOR F F 22 08:15 24 02:20 0.74 1.8 616.5 12
M/S FEED BALSFJORD H H 15 15:48 18 15:38 0.63 3.0 848.1 7
M/S FEED BALSFJORD H H 18 19:47 21 08:16 0.45 2.5 795.1 6
M/S FEED TROMS®Y B H 15 15:00 18 19:00 0.40 3.2 719.5 6
I\/I/S FEED TROMS® H B 19 07:55 22 15:41 1.16 3.3 1188.2 14
M/S HOLMEFJORD F F 18 04:52 20 12:10 0.17 2.3 492.1 4
M/S MIKAL WITH H H 17 19:55 21 09:30 0.36 3.6 1287.8 5
M/S MIKAL WITH H H 21 23:20 24 00:45 0.49 2.1 1422.7 10
M/S RUBIN B B 15 08:18 22 07:09 0.29 7.0 650.0 1
M/S SAFIR B B 17 17:00 19 23:00 0.55 2.2 614.9 6
M/S SAFIR B B 20 14:00 24 07:30 0.35 3.7 1176.3 5
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Historicka data

Table 5. M/S ARTIC FJORD, Fill-rate: 0.98, Days: 8.1, Distance: 1512.0 km.

Dist. [km] | Travel [h] | Wait [h] | Arrival | Departure | Deliv. [tons] | Destination
- - - 16 09:20 17 11:10 - Florg

35.9 1.7 0.0 17 12:51 17 14:19 80.0 FUREVIKA

60.9 2.9 0.0 17 17:10 17 18:36 77.5 BAROYOSEN
135.2 6.3 0.0 | 18 00:56 18 01:34 34.0 | HOLKAHOLO
158.6 7.4 0.0 | 18 09:01 18 09:28 25.0 | SMALSKAR

7.4 0.3 0.0 | 18 09:49 18 11:30 92.5 | NAUTVIK

6.0 0.3 0.0 | 18 11:47 18 12:09 20.0 | KJERRINGA
162.8 7.6 0.0 18 19:48 18 20:54 59.6 HAGARDSNESET
40.4 1.9 0.0 18 22:47 19 00:00 65.6 HAVIK

23.2 1.1 8.2 19 09:19 19 10:03 40.0 ALDALEN

22.6 1.1 0.0 | 19 11:07 19 12:47 91.4 | MIDTFLUA

0.0 0.0 0.0 19 12:47 19 12:47 0.0 MIDTFLUA
130.0 6.1 0.0 19 18:54 19 19:52 53.4 LEIHOLMANE
25.4 1.2 0.0 19 21:04 19 22:49 95.8 KJERRINGNESET
21.0 1.0 0.0 19 23:49 20 00:00 10.0 JUVIKA

51.3 2.4 17.7 20 20:07 20 20:32 22.0 EIDESBERGET
15.8 0.7 0.0 20 21:16 21 00:00 148.6 MIJOLSVIK
129.4 6.1 4.4 21 10:26 21 12:05 90.0 OSPENESET, AUSTFJ.

5.0 0.2 0.0 | 21 12:19 21 13:19 55.0 | REKEVIKI, AUSTFJ.
137.4 6.5 0.0 21 19:46 21 22:07 127.8 DJUPEVIKA

2.3 0.1 0.0 21 22:14 22 00:00 96.3 TOBBHOLMANE
36.1 1.7 38.9 | 23 16:32 23 16:54 20.0 | ALDALEN

15.1 0.7 0.0 23 17:37 23 18:10 30.0 NYGARD

21.1 1.0 0.0 | 23 19:09 23 19:42 30.0 | DJUPEDALEN

8.9 0.4 0.0 | 23 20:07 23 20:40 30.0 | SKATAVAGEN
16.9 0.8 0.0 | 23 21:28 23 22:01 30.0 | MJANES
42.1 2.0 0.0 24 00:00 24 00:55 50.0 USHOLMSVIKA
19.8 0.9 0.0 | 24 01:50 24 01:57 6.0 | FIKSNESET

93.4 4.4 0.0 24 06:20 24 07:04 40.0 BAROQYOSEN
88.1 4.1 0.0 24 11:12 - - Florg
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Zaver

@ Primérné zlepSeni nakladu oproti historickému feseni je kolem
30 %.

@ Vyuziti kapacity lodi je vétSinou pres 90 %.
@ Méné delSich cest.
@ Moznost potencionalniho zmenseni flotily.

@ Navzdory nenalezeni exaktniho feSeni je feSeni dostateéné
dobré.
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