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ABSTRACT

A commodity distribution problem with
intertemporal storage facilities and dynamic
transportation networks is proposed. Mathe-
matical integer programming methods and
multiobjective programming techniques are
used in the model formulation. Dynamic
characteristics of commodity distribution
problems are taken into account in the
model formulation. Storage facility loca-
tion problems and transportation link
addition problems are incorporated into the
intertemporal multicommodity distribution
problem. The model is capable of generating
the most efficient and rational commodity
distribution system. Therefore it can be
utilized to provide the most effective invest-
ment plan for the transportation infrastruc-
ture development as well as to evaluate the

existing commodity distribﬁtion system.
The model determines simultaneously the
most efficient locations, sizes, and activity
levels of storage facilities as well as new

highway links. It is extended to multi-

- objective planning situations for the pur-

pose of generating alternative investment
plans in accordance to planning situations.
Since the investment in transportation net-
work improvement yields several external
benefits for a regional economy, the induced
benefit maximization objective is incorporat-
ed into the cost minimization objective.
The multiobjective model generates expli-
citly the trade-off between cost savings and
induced benefits of the investment in trans-
portation network improvement.
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<# 1> Shortest Paths between Nodes
Nodes With link E-G Without link E-G

A-G 26 35
A-1 51 55
A-J 41 45
AK 44 55
B-G 22 41
B-1 47 61
B-J 37 51
B-K 40 49
cG 31 50
C-1 56 70
c-J 46 65
C-K 49 56
D-G 21 40
D-1 46 70
D-J 36 55
D-K 39 46
E-G 6 25
E-1 31 55
E-J 21 40
E-K 24 31
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r Yy ‘ij

Xvigt = amount of commodity q shipped
from node i to node j by trans -
portation mode v at the time per-
iod t

Xvjqt = amount of commodity g shipped
from node i to node j through new
transportation link at the time
period t

Wrj =1 if facility r is open at node j
0 otherwise

Wvij = 1 if transportation link for mode

v builds between node i and j
0 otherwisc
i = index of all origins

j = index of ail destinations
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q = index of all commodity types
r = index of all facility types
v = index of all transportation modes
t = index of all time periods
La = set of all potential locatians of new
transportation link addition ,
Ny = set of all supply node
Ny = set of all nodes at which handling
facilities may be
Cvigt = transportation cost of shipping
a unit of commodity q from node
i to node j at time period t,
Cvjqt = new transportatian cost of shipp-
ing a unit of commodity q from
node j at time period t,
Fr = fixed investment cost for facility r
Fv = average cost per mile for building a
new transportation route v
Or = operating cost of handling facility r
Pigt = price per unit of commodity q at
node i at time period t
aj = scaling parameter for the fixed
cost at node j
Bij = scaling factor for the geographical
dif ficulty
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B £<-(Geographycal Multiplier ) a; &} B;
£ 27 48319k 19 = Ratick et al.
(1986)2] Intertemporal Network Storage
Location Allocation ®@lefj 4] ¢} 7o) Adz)=)
BRM FRE HEe B #MILE Fo

RER M ( Economies of Scale )} 3% i
Halgish o] MBAR/ML BHEBE =
FA717 A ¥4 2445 (2)-(10) &
23 7}

subject to tha conditions

(1) b Clyae * T 00 "0 W ¢ Fpoa w2t
(2) §§ O e * Tigqe) Mg Y1 Fpa 2,01
(3) P O yqe * Fyyge) = P A e * ¥ g

Ve Npqoeel2, T

(4} )Eq):g O e * K igac) € B, ¥y ¥i e R rwel2 T

v
{5) ®1qe = 3yqe1 * EICqe " T X jq0

—v —~ -
+ (223: LA vk[v): e ¥) ¢« W, q, t=1,2,....T

(6) EX"U“ su, N, Vij € L. v, w121

(7) Esm =8, W, ¥y e N e-12 T

(8) ¥y - @D Vi« ﬁH. T

(9) ¥ty - O ¥ij e L, v. t-1,2.....T.

Evij = total benefit from the new link v
between nodes i and j .
Nb = set of all demand node
T = number of time periods
Djqt = demand for commodity g at node
j at time period t
Miqt = production capacity of commodity g
q at node i at time period t
Nr = set of all transhipment node
Hr = handling capacity of facility r
Sjqt = amount of commodity q stored at
node j at the end of time period t
Sjgt-t = amount of commodity q stored
at node j at the end of period
t-1
Ns = set of all potential sites of storage
facility
Uv = upper limit of the shipping capacity
of transportation link v
Bj = storing capacity of storage facility
located at node j
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Evij = total benefit from the new link v
between nodes i and j
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Vi e Ny q, e-l2,, T

v v =
(4) )EE% O+ X iyqe) S He urj ¥y e By, o, oeel2, T

v v
(5) Ssac ™ Sgqer * T LN yyq0 - TEX o0

v . -
+ (E; iy -RZVZ K e Vi e Wy, g 1,21

(6) Ex"nqt SU, v, VI e L, v,oeel2, L, T
(7) ESJ“SB" & Vi eBg =12, T

(8) Vpy = 0D lefx

(9) %y - @1 Vij e L. v, t-1,2,.., T,

No = set of all demand node
T = number of time periods
Dijqt = demand for commodity q at node
j at time period t
Migt = production capacity of commodity q
q at node i at time period t
Nt = set of all transhipment node
Hr = handling capacity of facility r
Sjgt = amount of commodity q stored at
node j at the end of time period t
Sjqt-+ = amount of commedity q stored
at node j at the end of period
t-1
Ns = set of all potential sites of storage
facility
Uv = upper limit of the shipping capacity
of transportation link v
Bj = storing capacity of storage facility
located at node j

ol HEMHE UL 7 AT FHk
o 2x HovdBte shiE R = uby
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o] &t SAge TAHZ ke BES T
st st TR BBl 2 A
(Weight )& Fo] 319 Exgd42 #44
A 21 BEE Tsle Hikol k™

o]213l #HMY Intertemporal Storage
Location Transportation Link Addition ® @
< BEY Fo43 4FY |EE AY 14F42
T Jt RYBRIWARE st Aol K
BEY A =2 FAAR4Lo] $53 HBRG
- (Plaming Situation)o] 4 7} g9 &
HERREARES TSI A% BEHBE A
7l A% EAEE B3] st 1 & H
o AT BEE 2T UIAAE @}
= AdA 2A4E BRAA BEY d4e
WA X v = A$E JHIAS F
a2 FaAE F5sle Aoieh =iy o
A= BB GHFRE BLAA BRREE
b7 Aolwl, & REBEAS/MLY SHGES
S @A EtER Fa9 343 SHPSE
FEEATI = Aol (ol 2%, 1986)% F 2
o g level o] FMREFEHANA 7HF 5834
sEagAA 9] FAd g ATy
REBN A 8T8l BRERE AHE +
om 2578 Trade-offs & |23 <4
o B BHEE o] 83 o] muly 49
R o1 F5(1986 Yol HHi=lo] gieh

i

4, =249 @FA BRs= BH

ol 4 A/H& Intertemporal Storage Lo-
cation Transportation Link Addition =3}
% Hi Intertemporal Storage Location
Transportation Link Addition 2®-2 A2 &
& RPBREME FHT & Ak oot
vzl 2 250 fREN B kel A
L mgozy ofud FFo A4dEL] 7.
B iy B mRme] BE (Closing)
PISO T M §ol WeEsiel,

23 o] i3t B HEE R So] duly
Agsta Ao 7k BES Bt + 3
L e MY BEMNoR Ak Hoks)

T gelA AL A=k she A% 2
vh EREstE ST BHEE FlAsd=
of 2A] 2Rk F ooleiq WMEBH =9
HEE A e sty Ao +94 34
T BRY TE3 ¢l AFHEmS B
HiZEsEY 8olgto] RiE/E & Aolsy, o B

HEY FAT A4 BT 22 EHE

Eo] AFs]eiof e,
1) #5&E
(a) &) aE, (b) =2 QB 4
RARS, (c) 2 F4E2) EMER
2) BEH
(a) BES) ME, (b) 2 AT YR
BE
3) ZE
la) 7 ®RFEH 259, (b) &+ 2EFL
A9 RAB(ZTL EEE, B S), (c) &
BREke B2feh, (d) Hims BBl By
Y HRERE
4) HE
(a) 7+ A2 E9 BRRE, (b) & A4EY
E % (Operating Cost ), (¢} 7 A4E9 &
B - WRBREN
ol 3 BT Network K5 EelA 4]
AE = - AR FAV 3 EFEEA 5
o] MM HEEA-g FHA AdlAde =
Qe Aol 44 Network Lol 3= ZEH
(Node ) & 4fo] o] BE L ( Shortest Paths)
7} AR solof gel, &3] £ o Tl AHY
Network ¢ $i# 7t A sle] = ¥ A=
+ aEEgel Aldsl g BMEE e AS
o = ol &l Bifel Network ol HFiaRsl
+ =29 fEe B =el Ar] HEg 7
HE7] A ZE 2AHE 4+ = B B
HIRE Algorithmo] BRS¢},
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0.& &

2 AT B SEMelI #EMI IE
TEAAE BYslr] Y3 el B &
Hitd#le 4197 S BRREEE A-H
€ A5 442 259 AA HsAs 2
4ol o By HEBIMRE ZRY BEN HE
wag APk o] $HH AYrUSL
1) "4 o] BPRRWRE AL, 2) 2
TERTHEBEE HwHs7] AT M 2934
FRAY S AS$ed v} ERST SEMY
BHRE #B4g + U=k
| XEES WS SEeEd ol gH:

AAEY i B, 2Eln BgEs
of ulxl = 4F& AAs] Al AL EY
2] - AIAEA, FERFFEA, 22 TR
¥ FERMES b BUREHRRE A
BeEy HER g AR F3 A4FY
Rl ftare] pERAMY BMES ZE9 AH
BAERE A3 2aaA4de) sikEE o
Foel, £3 2FT Y HES A =3
55 o] &5 o A4 B REd T
Aok we| g B - it d - L 7]
2 Qo] 2o =7k WARS EHE
Higel gl& + domz & ATd4= 2H
B EHEF RS B AR HEsEs T
A E Afolol AHA FFH FAY KRES
< Bftg + s 2dg AYsigsh wel
A d7ld 4" BB HEEYUEL X
fql sE4EAAE S8 A% 2E A
ol @Al Waestel, 58 aE 0o KEel
o3t o] & FWslsls HMEREE TTAIY
% HiJ Intertemporal Storage Location
Transportation Link Addition ®# .2 ¥&E%H
B YEFAE Z = At FHEE
EBeA BYBRERY HES A% T2
g A Sed B #8% Holvh

v @Y wELR QT MRS HE
o] oggF-2 wrl §ahslAl Aol wezof 3le
I Figel FHuE o] pHgEslel ok & ME
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olef, & TEMY HEHL L T4 ol f
T A AL ntdy FER Bal ohiel EEA
o AR ( Incame Effect )7} 918 4 glo
o = o2rkx] BENT HRE Fuse
2 oly 28K EAFNE HEd & J& K
el 27t a7 olutel® AEY BE
S} s 5 BWREABRRE Bt BHE
o] A 84F TIY +x Jouz o
8 FREHS ERYE + A= F Stocastic
BEHBE Y 2o 2haje] U gd Aolr)
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