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C=caqr=cigsr .. 18
ZIT amags  (0Ss1<1)

RS A= siid, BMEIC B3 THEORFY o8
EEFE L. s:=0 ORICIE, BEOBEFMIELAR T
EHOX MIMERICEIST—ELR D,

BFAUDED D T, BTFREEMEED Q OB,
INLEBHFRBOETHE THET 2B50. —
DORFARLYEHDIZXMNE Cr(O)& T, Thid
A®)RIZAOR & (12X O R L #k B 2R L. R
BFETEBMELAZLIZES>TUTOLSICEHE
N3, BB, TOMBEHIL. ADRKOBE & FARFIC
BEL. ADXOERMATE I LICL-CEIET
=5,

Cr(0)=Z ())c1g-41(bDyj)

=1

=6bDc1 2 j2(we-ebDj)l-sl

=6bDciwi=sl % j2e-ali
=1
=6bDci1wlsl(eal+e-2a1)/(1-e-a1)3
7272 Ls
w= (Q/6) -eabD(l_e-abD)Z
a=al-spbb L a9

WICH TIZEAE%T 20 HTRHO®ARLHT
OHRIZBITOENZY—IF VDD (1 DOHT
H=bD) #EIZ L Ca®BHT 3, LT RERRIC
ERBEOBICH > TERNT 5, COBATARTH—
BY—IFNABREINZDITHIH0 5, BERI
BRLYHQT—ETHD. H->T. 1A LD.

Car=X (6)c1Q=1(bDj)= 6bDe: Qi+ T 2
=1
= bDein(@m+1)(2n+1)Qi-st
b s
Z—=IFNIXb Cold. 17 —IF)NVH7=h D
BBE q 2 Lz E, I9RA & ERIC TREOEE
My 2ER L.
Cez=caqls2
L. 051
ERBHDET B,
HTAORADOREBRDBMS Y — I FNVOEHR
BTHEPS, F—IFNV2Z L Cald, 1DRITL

..(20)

...(21)

hEHEhazRERE, QHRITRALT,
Cco= c2(3n2+3n+1)1s2 Q12
LB,

&oT. BE D OHT R TENEXRET O
D 1IEFEDDDOAR M Cr)lk Cor & Cor DFIE
QROHTORFRETHRTILIZLD UTOLS
252605,

Cr(n)= (Cc1+Cc2)/Px
=bDc1Qlsin(n+1)(2n+1)/(3n2+3n+1)
+ c2Q1-s2(3n2+3n+1)s2 ...(23)
=7 L. 12n=EN (n=0 OB} 19K)

...(22)
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FHETiX. Hub-Spokes HIRELKEK L Point-to-
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#—1 HAFEH

BTG i34 F. Direct REfTREEET, BHOLRER, BHRT v 7ORFIREEMETHHTOLR. L
B () & EAETIEEBIE URBEEy — IV, TRAL HTUSEhZEMAT Y 7ORFRE. T

B Rid. HTIZEZh 2ERET R

Case | Case 1 | Case 2 [ Case 3 [ Case 4 I Case 5 | Case 6 i Case 7 | Case 8 | Case 9 [Case 10| Case 11 ICase lZlCase 13| Casc 14
D, D=1
Q Q=107 Q=10%Q=10*] Q!
a a=1 | a=4 ] a=2 I a=0.5 ] a=0.1 a=l
o1=c,=107 =107, ¢p=1
s 512=0.5|5),=0.6|s,,=0.7|5,,=0.8] 5, ,=0.9|s, ,=0.95 51=5,=0.7 $;=0.95, 5,=0.05
Direct Direct Direct
| I J
3% Jevel 3(42.58) 2(50.27) 3(42.58)
Terminal Direct (37/1813] Direct |19/2527]| Direct |37[1813]| Direct
I I I ! I | f
2" level 4(20.66)] 1(7.0) 2(11.54)|2(11.53)| 7(56.67)| 1(7.0) |5(41.58)
Terminal Direct | Direct | Direct |61/427]| 7[49] Direct | 19/133]{19[133] 1693211}, 7[49] 191{1729]| Direct
I ! I | I | f I I I | I
1* fevel 1(2.65) | 3(6.08) [ 5(9.54)| 1(2.65) | 1(2.65) 1(2.65)] 1(2.65) | 1(2.65) | 2(4.36) | 1(2.65)| 2(4.36) | 25(44.17)
Terminal| Direct | 7/7] |37{37] |91[91]| 7[7] 7{7] | Direct | 7[7] 7[7] 7[7] \ 19[19] | 7[7] |19[19] |1951[1951]
| | I I ' i I | ! i { ! | |
BTG |BTG(1)|BTG(1)|BTG(1)| BTG(1)|BTG(1)| BTG(1)|BTG(1)| BTG(1)| BTG(1)| BTG(1)| BTG(1)|BTG(1)|BTG(1)] BTG(1)
# of
Terminals 0 0.143 | 0.027 | 0.011 | 0.145 | 0.164 0 0.143 | 0.15 | 0.151 | 0.053 | 0.164 | 0.053 0.001
for a BTG
BTG : Basic Triangle Grid (A7) kB :n; Side of HT in adjacent lower grid di D; Di of adjacent HT terminal in D)

Direct : Direct Transport
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4)Narula DFIZ L 5. fthD Y 14 7OREHL T
LOERILERAASE T &,

(1THR%) TFE: P, # of adjacent lower grid [ X P, ; Cumulative # of basic grid]
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Hub-Spokes / Point-to-Point PEAE /E{TRMEGE: CFEEIIAS X 7 LD

BB E Lo B s Rt LRk

xH -

ARk, Hub-Spokes,/Point-to-Point #ii%. VWP X+ S EDSBRIFIThE 2 BWEE BEfT@RRL L
Wo SRR RE. —IELT TRENIRRTTIV,) L UTERMGL, DP TR L K-> TREHEPH
MG, BEORENE R s YRR MNEER D7 7 T AV VAL ABBROBRE LTRAZ M
BERESY —  OBBREBATRMKIC LS X LD L T2HDTH 3. FEFNIE, BEETREY 7LV TRSH 2P 8
BREROEH Oy DN OFMR CICEATEZ DEEX 2,

Modeling and Solving of Hierarchical Transport Systems such as Hub-Spokes / Point-to Point

and/or Consolidated / Direct Delivery in the Uniform Boundless Plane

IEDA, Hitoshi

A “Hierarchical Transport Model” is proposed and formulated, so that it could simulate various types of transport
systems, such as hub-spokes / point-to-point concept in air and sea market, or consolidation / direct delivery systems
for the macroscopic wide-area analysis and for the assessment of the characteristics of these transport systems.  This
model can derive the cost-minimum transport pattern based on dynamic programming strategy considering various
features of the given factors such as “distance attenuation” in demand and “economies of scal€” in cost.
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