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Mathematical Optimization techniques in transportation system

management
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Kazuhiro KOBAYASHI

Abstract

We describe the mathematical optimization techniques in transportation system design in supply
chain management. Especially, we describe the mathematical optimization techniques for tramp
ship routing and scheduling, route and speed decision problem in ship navigation, and the risk
management in supply chain management.

In recent years, there has been a significant improvement in the software to solve mathematical
optimization problems. By utilizing the software, it becomes possible to solve planning problems
with which the players in the supply chain confront. However, for nonlinear optimization problem
with integer variables, it is sometimes difficult to solve large-scale planning problem. In order to
overcome this difficulty, we developed some efficient computation approaches to solve these
problems. In Section 2, for tramp ship routing and scheduling problem, we show the column
generation approach in which the planning problem is formulated as the set partitioning problem
and the mixed-integer linear optimization solver is utilized. We also show the nonlinear
programming formulation for the ship navigation problem in which the ship route and the speed
between the consecutive visiting ports are optimized. In Section 3, we show the mathematical
optimization approach for the risk management in the supply chain management. In this approach,
probabilistic aspects have been incorporated in the mathematical optimization approaches.
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CVaR [FLL F Ok A< 2 & TR D
ZLENTED,



g B Ee i e T FE T

. 1
min y+—— 2,
5%
subjectto z, Zf(x)+2psgs (X,)-y VseS
seS§
2,20 VseS
xeflF
X, € G (x) VseS

314 YRUIZHT D3t iE & B

U AT 5 7 10%, R&E L TREEIGEIC
giFensd, FX. V7T A4 - Fo A BN
HERE D — SRR BAET 5 Z LI L D BERE R 21T s B
ZEEBS OB AR L, REIE. HiERS
W o 7z & ZICZENITR LT EDRIEDZ L & 1F
T BB, B EE TCE LTSS
Mx5Z5AMNET D, VAT ~OXPRIEIL,
F OGBSI 2 WSO, @i 5 ORI R
M-k, T2bb 72— XL CHET A
EMTE DL, Ao X9z, @ifEBE L il
WOV TTA - Fodg BT EERTEIT, A
NTGT T BT 4, AL —v g
EE VAN BT A ZENEHTH-T-, U A
I ADORIEIT S 20D 350 L~ L~ 55 %
WHZENFEHTH D,

T Ex, BT T A - T = A UHEE
DEICHAZTCEDITHTHD, Y FF7A4 - T =
A NCBWTHRENEE LRSS, RO L —
Y— (BRI, AEES) TR DO EFEE /NS L
THHMT, HERLIESITTEIZID Z &N E X
bhbd, AR RE L LTk, NEIENS DE
DBIEREMAFET D, 20X 5 REICx
LR TIE, 7T A - F oA U EREARNEIC
ffaoTLE S, ZILICBBICH T 5 72DITiX,
HOEMUOTHITEIZ &> TR ZENLETH
5,

WA, FRIICTPROH D b DL FH TR
LORBHDH, FRICTFIKOH D HDITHT DM 2
. RMRLOEWMDZENTED, ZOLD
(2, FATICH D RREERN - EERMRERNED
NWTWABRIETE 2 THHITEIO Z & %, SRl
LW, ERTHEH O L LTE, ARICK TS b
DONWETF NS, BEOERKEHE, 2L TEh
ZRE D B E O Mk OB E X, B DFEE O T
HZENTES, TLT, ZOWELRET 72
DO ERB R EMBD LN TE D, BlZIE.,
R O BESEERT ~ D FE BT D7 5 FERE] . BESE AT T4
T AETE RS ONAE « B, B E xR
Bl LTHETOND, FRTEMITEA ~EEM o

14K Fas FES (P26 4EE) M 59

VIR TIT 2 ITEICHh Y, AL —T g
T, FRIEE T 4 AL D EEREIT S
HTx5,

AT EfE 235k H 2> B B0 B o i 9O RER T
1T29TEICToh D DIxt L, FRIHEN TR VT BhIX,
Bor AN OEFERN TIT 178, T7hbbA T
TV LSV RITENTH D, FEEIC@EaN e
L7z & Il IckHGE T 21213, 20kdnA v
TIEENLETH B, BRI LTI, &
YO EMR, BELGHTORENFT OIS, A
BB, fHHRABERR O E R &b FAER T
RWFHIcEEN D,

FREATENC BT, PAR S L2 il oo Fte
W, B EOwE i NEETH DL, O
ool W T —%, ARnT7—%, [ T7 —
X WEENT -7l RfihborlAab
HVERBH DL, BHICLoTIEENLHICL D2
Fa—#% vIal—YalybAHTHD,

JEEATENT, RELSHISE LEIBIZHT bR
Do PIHEEIL., B EERICIT O tER A
B & LIiE®h 2459, PIHIGE CEER O,
W 2R EMINETH 5, B AERFIZIT, @E O
REETH W T W 728 T Be AN AE L 72 W ATEEME 2
bbb, ZOXHe Lz, HERNR EEZRAHIC
INEFT D700 FEEHBEL TR ZEREET
HDH, Lz, BERICRT S RERAEFONE
HMINEDTZOD 1 DD IFFEMN, Savvaidis HIZ KL
STERREINTWD P, Savvaidis &3 - 72 [
L, EHE T O K EROMNYISEICBIT S BA
LT O i 70 8 PR LR BRI OE Th B,
ZoLE, BEHROBERWARET DO
L LTHHT AT ANERINTWNDS, =
DY AT A TEHETIIC T TITTFEE L TV D B
MHLBZERE T AL FOBENC - - &
GPS T —HIZHE SN THEDL, ZOZ LITLy,
SERAHMOER A v N T — 7 2RO G H %2 I
BT DHLENTED, 2 LTELET —XIT,
BAHEM OB E 7 EOMBISETEO DI H W
HIEMNTE A,

AT AR B AR AT O PRI LT, il
EHEBOIBREOHE N -T-DL, 7T A -
F oA OHREECICKET 2O DOITEIZ, HIF L
L5, HETEZERZOIX, 5757 —YRO
BB CTh s, BRI, WEROITEER .,
¥, Bo#il, XERERENERLENRRD
B ZE - THET -0, TA60RMEER
N OLEUREIREISCS RN LT H 2L
NEE LW,

3.1.5 ERRELANL
T, ERFHEOKEET L ERBERE L

(317)



60

S EDORFRERARD,

ANTTVw I LV OEBIRE. BEND
BHFEICDEs THEBERIETHOTHL, 20O
LoOL OB BRE T, WESRIZ RN R E A 5 D A %
HANWTETF LV ERAITCDHZEN S o7, &2
AN O LN OREBREIZS 2 B B O ffe =8 i i
BICKDET NV ELG 252 ENTE D, 2T,
WM AERICAET R RER A%, Va— AL L
LCETMEEITD E LW, £, F1EETO
B E 2RI EL ST, SR AERIC
FALATF 4 TS 2L Ic ko TEHEAIRE/R A S b
LTHOIBALDD, 20X REKITUE) 2 —
ABEBEMES, W) a—2ABHTETNMETE S
HOOFENE, O N T v 7 OlEETFRENEIT 5
nNad, ZinoofmsFEEs BN ARZHICE S
TV TV AEGE, BB EE % -
THEATEIHMEZETET AN TEL LS
KEZEEL TV D,

RIT AN LB BRETIE, AT T
Ty 7 LoL L RIRRIC, & AR IS T AT RE e
BT, Va—2AEHEE L TETEITS,

HAITTLANET VL, AT T V7 LL
BRI, B AERICEERERE KT, V=
— AL E LTETMLEIT I,

F_XL—2 g F AL LOEBRREICBWT,
INEITE T LT DRI, /ERIFY 2 —R
B D B E BT CTEn, P
WY T AEHEID ANTZET VEMETH Z
L TED,

32 VRO EEE LEREELETILOM

VA BB LY T T4 « FoA UxiilbT
TAOHE LT, RNERETT LV, BEEFRE
B, ey b A XOETFALERRD, 2
ECHE BEED T AT A& D L OTIEZR Y, L
NP, WEERSE AT AOEBE X, ESLONH
STIEHLDTEELLDTHD, LinoT, i
MTOMMICED2WELT TR HL TEZDONE
ETHZEIFLEELL Y, LA, ESEHLDIE
(fEEEDT) E2hb, WO, EnFET, Eo
X2 RET IO, bELZOMRLT L NHE
RTh D,
3.2.1 EEMAEEETIL
HERMTEEE T LTI, @DV A7 25+
%
Y7 T4« FoAf B TERENEAE LS
AOBEARELE LTREMZLDIC, G o@iE
Nbb, ZOET NV, GO RMEEET LI
WRL7zboafiE LT, Higheenitki <
W5, HEEMERET LOHMAET LTI, 8

(318)

MEEAHWLONTE T, ZOHBKET L E2IK
BLIZbO0, SESEREHTTOYAT LD
RAZ|ENICEET 225 5 FmNTE T LR
I TWD,

WA EE LS UM OMBRHAEREET L& L
TiE, BRI EEH 2 W B RIEEE T AN
ERTHD, ZOFFTNIE, BEEBZBEDOKFR
x4 7 7 0 VB E L CER LA L A A
Thod, ThExk, ESHET LE LS,

e REEE T T 6 LTIk I # mm T s
WL DT REATHDN, VAT EZEE L
fERREILET VEMET L ENTE, b
EHAEERICE VST 5 2 & T, B AR
IGEATEN A ED D Z LN TE D,

F 7o, MERMIER T TV Tk, 5L /R O 2
TEEERE LT T VEMETH LN TE S,
ZOFETITIE, A ERET S OO
OETLE LT, 2 2B EERET S, ZT95LT
B<E 1 DOFELHEHICEDEREL 2L 22
Sl U ATYH, MOREL, S EREET
LI llitko Tl BoREER T A LR TE
2
3.2.2 REAEEBREETIL

LGREE LT, TEOLHN D > HH AT M
Unz®5MRTHSTEDICb > TRBLLEED Z
ETHDH, MUINNREDERICEL-T, O
XLEREEOE L LD D, KEIEHEEET LT
WX, EBRA IS RER] & D mASEE R MEREE BT
610 2 AE, KENCIE, HOAREEELLT
MO EBICHEIND T TCORMEZERT, V77
A F = A ANOKS TOTEEE I ERg 7
B ET 5, £ 20, KeEEMELET T
JTOBRMIE, MY ERE S SEREORE AN
/AL T2 D EWRGI R 2RO D 2 LD,

CORBEBEEET Y A7 2% 585
AL B RIIRE O RTICE L Tl < Bl
WEEHE LTET VLT D, 2k, BEeTfEHE
BIIRHEORNICIRE L TBLS BERDH Y | Rk
LAWCEHAEFETERVWI LA L TS,

4. FEDH

ARG T, gt AT M 2 EEKE LD
FHEEARN, WX AT AL, 7 F74 - F=
AVO—RERERTH Y, (EEF M E &
ERICTIVEET Z LI TE P, Fn oY
LHOIEREEEDOXNRBIIANDIVLERND D, £ 2
T, BEATFLAOMICE, BYURAT 47 A%y
U — 7 GG RE & e AR R R E R oV b



g b B 22 e s

NPz, @V AT MR R RELE T L E
LT, A7y a—0 7 (Bifehm) o il
BT L7 & QN E & i % (A R 1 Sk 3 %
BT INERART, THHEFESE LN I E THE
EFHEDTEZHOTHY, ITFEOKIREEI L X
CEDIEH G TOREHOMAERKMI L= O
Thd,

T, VT4 Fo A BV TIEEROR
MEFEER>ZTBLDOTH DL, ThbLEHH I &1L
LWERZ R, TEZDTD DA 727 L — A
T—U R ENDOOH D, EEOITHEAEER
FRELEFRTEO T L—L U — 27 OB E T
DTER, ZO—HERFI Lic, TRNT THIZ
D) EWHEIHRT, RHEFEEICR XA D ik
ThD,

B R wEL 0SB L, B - =50k Y7 b
VT NEAESRLTEY, 1 0OFANTIEML Z
ERHE Lo RO M R EBME LA D &
I ote, T2 L, Ol M#Erees
by RWLETH S, #U7RET MBIZIE, x5
EHPRE AL O H IO W T ORENRNLETH S
DL EDO XD RERESRME IR Y 7 Ny =T 4R
¥, av AT 4 VT REVERFET S, BT
RZIDEI R EELDOFERSHZBLE T, ks
AT KON E FEB S D HARN 72 FIER B & H
(272 B ATEEME I A Y,

#oO##

AWFTE D —E 1T, BAFE 23510162 O Bh% & 52 1) 7=
LOTH D,

2E XM

1) HAFBIA, AR ERD : feifeiE, N, 2002

)W, KAEH  flEa T Rilb-A & kg%
e LT, #AEIE, 2001

3) Golden, B. L., Raghavan, S., and Wasil, E. A.
(eds.), The Vehicle Routing Problem : Latest
Advances and New Challenges, Springer,
2008

4) Christiansen, M., Fagerholt, K., Nygreen, B.
and Ronen, D. : Ship routing and scheduling
in a new millennium, European Journal of
Operational Research, 228(2012), pp.467-483

5) BRI LM, MEREIR  ISHICENL D5 0 Ol
Ll i ENE, 2009

6) Desaulniers, G., Desrosiers, J., and Solomon,

Bk Ham FHES (P26 %) 6l

M. (eds.)
2005.

7)Kobayashi, K. and Kubo, M. : Optimization of
oil tanker schedules by decomposition,

Column Generation, Springer,

column generation, and time-space network
techniques, Japan Journal of Industrial and
Applied Mathematics, 27(2010), pp.161-173

8)Koch, T. : Rapid Mathematical Programming,
Technische Universitdt Berlin, ZIB-Report
04-58(2004)

9) Lo, H. K. and McCord, M. R. : Adaptive ship
routing through stochastic ocean current:
general formulations and empirical results,
Transportation Research Part A : Policy and
Practice 32(2003), pp.138-156.

10) Tanaka, M. and Kobayashi, K.: MISOCP
formulation and route generation algorithm
for ship navigation problem, Department of
Industrial Engineering and Management,
Tokyo Institute of Technology, Technical
Report 2013-8(2013)

11) Psaraftis, H. N. and Kontavas, C. A. :
Speed models for energy-efficient maritime
transportation : A taxonomy and survey,
Transportation Research Part C, 26(2013), pp.
331-351

12) Alizadeh, F. and Goldfarb, D. :
Second-order cone programming,
Mathematical Programming, 95(2003),
pp.3-51

13) /hARFnfE, FERIE 2 BBz b S A
Va— U kb o — AR, BARA
NL—v g X U —FFa 2015 FERFH
RERET T ARNT I NE, 2015

14) AR - SCRM Tk 5 5Kk b€ 5
V& BRI, T4 - F oA - URY
BH L NEIER AT 47 A =EE I —,
2014

15) Savvaidis, P., Lakakis, K., and Ifadis, I. :
Organization of emergency response after a
major disaster event in an urban area with
the help of an automatic vehicle location and
control system, GPS Solutions, 5(2002),
pp.70-79

16) CPREREE, JARFNIE, AT, BRAROK,
HiEf, 774 « FoA UiklElicBT 5
2 wHEREILDIEH, AL —va X U
—F, 59(2014), pp.739-747

17) WA, AfREHE, AR, 5T,
FIXIER, FHEEMEABE LY I74 - F =

(319)



62

A UBEHILET IV, ATV a—) TRy
7 A 2014, G5-1, 2014

(320)





