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[Summary] There is a trend toward that world's manufacturing sites
are moving to East Asia. After the production, these products are frans-
ported to the advanced nations for their consumption demands. Among
such advanced nations, U.S.A. has the largest demand and then Japan
and other European countries follow. It should be noted that these Asian
districts nsed for the production sites are rather restricted. Therefore, the
volume of products transported from these restricted districts of Asla to
.5 AL is becoming tremendonsly large, This situation is causing very se-
rions traffic problems. The new products are required to be fransported
swiftly by air. Onee the consumption and market demands are stable, the
products should be sent rather slowly but in larger amount. However, the
airports of China are quite restricted and while the amount of transporta-
tion is becoming large. As a resulf, transportation cost is increasing and
also the time for transportation is increasing. Here, the third method is
appearing. This is the so-called Sea and Air transportation. The cost and
time in transit take mean positions between Adr and Ocean Height services.
There exists no reasonable strategy how allocate these three methods for
the transportation. This paper is an attempt to theoretically describe this
mechanism and to find out the optimal result.

keyword Transportation, Intercontinental, Multi-mode, Sea-and-Air, Opti-
mal.
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1 Introduction

It is the well known fact that many advanced nations have established many
farms in far east for rather obtainable labor cost and transport their products
fo the many consmming countries. These consuming countries are usually
developed countries and, therefore, the products are concentrated to rather
small number of hub ports for their transportation. Among these products,
there appear many seasonal products such as textile products and Xmas gifts.
Every vear such kinds of products appear seasonally and their movements
resumme similar styles. Although some products are not seasonal one, such as
cellular phones, manufacturers produce new models rather evelically and as
a result their movements assume the same style. We may consider that the
cycle is usually 6 months long from experiences, althongh the cyvele has not
special meanings.

senerally, the transportation of these products has particular characteris-
tics. The new products should be sent as rapidly as possible. For that reason,
the air transportation 1s usually used at this stage. However, when there are
the more products to be sent by air, the fransportation by air becomes the
more difficult both economically and in trems of quantity of transportation.
The location of the production is rather concentrated in small area, and as
a result, the airports to be used are also restricted. After the first trans-
portation, a slower bt larger amount of transportation is needed. Here the
transportation by sea is used. The transportation by sea is slow, which can
make the cost of the transportation is very low and the amount to be sent
at one time is extremely large. The difference of these two methods is exten-
sively large and is still becoming larger. Here there arises the thivd method.
This is the method so called sea and air transportation. The method means
a combinational transportation. At first the products are sent by sea to some
neighboring alrports and then they arve sent by air as a further transportation
fo the final destinations. The most popular route is the one through Japan.
The detail of this situation are shown in the paper[3]. The cost for this new
method is almost half and the time required is almost double of direct air
service. Moreover, becanse of the sluggish condition of Japanese econommy,
obtaining air services is not difficult. And as a result, the obtainable trans-
portation ability by air is larger than that by direct air serviees from China.
However, introducing this method casts a diflicult problem of how shonld this
method is utilized and moreover how mch should be sent by this method.

This also proposes an important economical problem of how to develop
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the infrastructures of airport in Japan. In this article we consider the first
problem mainly. On this problem there have been only few prior works[1][2].
The optimal calculation of the allocation of these methods is frst considered
in this report. This report is consisted as follows. In 3. a background is
shown, 4 is devoted to the several assumptions and the calenlation of the
profit. Consideration on the obtalned results is shown in 5. An example is
shown in 6, where expected profit of several modes for a simple example are
calenlated and compared. The concluding remark is given in 7.

2 DMotivation - Introduction of Sea and Air
Mode

The motivation of this study is the present situation of world production area
and transportation requirement. As is presented in the previous section, these
several years many developped counties have constructed many Arms in far
east district, specially China. Among these Chinese districts the suround-
ing district of Shanghi is most popular. The products of these production
sites are nsually transported to U.S A, or other advanced countries, namely
consumer countries. The amount of the transportation to 7.5 A, is tremen-
dously large and it is not an exaggeration to say that it constitutes the world
transportation circumstances. However, the transportation of their products
to U.5.A. are concentrated to very few fransportation eqmeans, that is the
most products are gathered to Shanghai district and nse Shanghai Airport
for air transportation or Shanghai sea fright terminal for shipment. Specially
the traflic condition of the airport is becomming the largest problem. Con-
sequently, the air transportation is becoming to require much time and the
cost for it is increasing,

On this point, the third transportation method is attracting world’'s at-
tentions. This is the mode called Sea-and-Air transportation. In this mode
the products are once sent, for instance, to Japan by sea and then transported
by air to TU.8.A. The time required for this mode is about a week to ten davs
and the cost for this is about half of direct air transportation from China to
U.S.A. However, this method is not applied regularly and the application of
this is quite optionaly and in an nefficient way. The cheap cost for this is
justifiable in many reason. If this method can be proved to be eflicient, the
nsage of this mode would be more systematically performed. This would be
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profitable for Japan. This is the motivation of this report. One of the most
important reason of this is that the ship used from China is the returning
one sed for the transportation from Japan to China. Moreover the air cost
form Japan to USA is comparatively low. Under these conditions we may
said that this mode of transportation is fairly promising. These situations
are to be explained in the accompanying paper[3].

However, the transportation strategy for using optimally these methods
has not been developed until these days. This is also the motivation of this
report. It is expecting that, as the result of this new proposal, a direction
of improving the infrastructure of the trallic svstem of Japanese ports or
airports can be derived.

3 System Description

In this section, several characteristics of the system is presented first and
then, by making some assmmnptions, the way to find the optimal fransporta-
fion is studied.

3.1 Characteristics of The System

It should be noticed that that these seasonal products should be transported
fo the consuming districts as fast as possible once they are produced. They
are new products and the swift appearance gives the produects great competi-
tive advantages, After the first phase, the products are sent in large quantities
fo respond to the steady demand of the consuming districts and therefore
the value of them decreases. This is the first characteristic.

( Asswmption I) The value of the product monotonically decreases as time
elapses, eventually approaching to a fixed value. How rapidly the value de-
creases ald how high the frst value is varies much depending on the charae-
teristics of the products.

This is the basic assumption and there can be many variations depending
on the products. The most important of them is the situation of the consum-
ing amount. It may change dynamically. For the advanced analysis, these
situations should be considered.

At the same time the swift transportation costs much and this is the
second characteristic. Here the following assumption is infrodueed.

( Assumption II) The transportation cost decreases monotonically as time
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Figure 1: Schematic View of Value Function [,

pasts. The cost by alr is about hundred times higher than that by sea. And
the cost by Sea-and-Air is about half to one third of the cost by air,

On the top of the cost of transportation, the cost for inventory should be
considered. This is rather small compareing to the transportation cost by air
or by sea and afr.

[ Asswmption ) Inventory cost is a linear function of tfime and the amount
of goods.

3.2 Modeling and Unit Optimal Transportation

For the analyvsis of this system, several parameters and functions are neces-
sary. For the simplicity the transportation by air, by Sea-and-5Sir, by sea are
called A-mode, S A-mode, and S-mode transportation respectively. Here the
following parameters are introduced.

3.2.1 parameters

s Amount of the products sent by one time of transportation by A-mode.
i:  Time to produce the products of amount 5. Here, this is considered as a
unit fime.
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pst Amonnt of the products should be sent by one time transportation by
SA-mode.

var Amount of the products should be sent by one time transportation by
S-mode.

T Total produetion time.

(note} The above parameters indicate that p times of 5 are sent at one time by

SA-mode and ¢ times of 5 are sent at one time by S-mode. These sitnations

are cansed by adopting containers for the fransportation by sea and not for

air. For SA-mode, CFS {container freight station ) cargo are used.

3.2.2 functions

On the basis of these assumptions several nonlinear functions are needed
for the mathematical analysis of the problem. First of all, value curve f,(t)
or transportation cost eurve fi.(#) are necessary to be assumed. They are
defined as follows.

fu(t}: The value of one unit product at time ¢, which is produced at ¢ =
(). That means this function shows how rapidly the value of the product
decreases.

fie(t): The cost of transportation of one unit product to be transported after
toof its production.

T..(t}: The cost of inventory of one unit for ¢ after its production.

Owing to the assumption of monotone decreasing property, one candidate of
the value curve and transportation cost curve are exponential functions of
fime such as

ful(t) = aexp(—at) + ¢, (1)

where a.ov, ¢ are constant, decided by the characteristics of the product.
In the case of the new models of goods, it is extremely high usually, That
means a is rather large, This is also the case of product in severe competitive
condition. The speed to be brought into the market is strongly required fo be
high. The value decreases monotonically and it approaches to certain lixed
value . Also a candidate of the function for the transportation cost is given
a8

fre(t) = bexp(—5t) + h, (2)
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Figure 2: Schematic View of Cost Function [, {Transportation Cost)

where b, 3, and [ are also constants, determined by the characteristics of the
products as well as by the size and other characteristics of the product. Of
course, this curve does not mean there exists every service on this curve.
It should be noted that this f;.(f) indicates the cost of one time serviee to
transport unit product at £ It should also be noted that there exist only
three services on this curve, that 15 A-mode, S A-mode and S-mode. In the
usual case, the cost by air is about 100 times larger than that of by sea, and
the time required for this transportation is 2 days for air, and 7 to 10days for
sea-and-Air, and 20 to 30 davs by sea. Comparison of the costs indicates i is
comparatively small and almost 1/100 of b, although it may not be zero. This
situation implies that the cost curve approaches very near the static value B
after almost 30 days from the system started. Schematic view of these value
funetions and cont function are shown in Figure 1 and 2.

On the top of these values, the inventory cost should be subtracted. Nat-
urally, the inventory cost is a linear function of time. Therefore it is given

as

.Jr.'-'['r}_ﬂ'f' [Il:l

Note that this is the cost of inventory for a unit produact.
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3.2.3  Assumptin on the Modeling

This report is the first trial of the optimal allocation of the transportation.
Therefore, the several assumptions for the modeling are to be introduced.

( Asswmption I'V) Production speed is equal to the transportation ahility by
air. That means the production speed is s/d throughout 7.

{ Assumption V] No lead time requirement exists.

Az is easily understood, this is the fairly restricted case and it is natural
that there exists a demand from the destination region. It is also natural that
the production speed is much higher than one days production and inventory
amonnt increase as days past. These cases are to be consldered on the basis of
this result. Even for the present restricted cases the necessity of three mode
fransportation can be proven. It is shown in the following section.

3.2.4 Calculation of Optimal Unit Transportation

In this subsubsection, as a basis of the theory for nding the total optimal
strategy of the transportation, the optimal method only for one unit product
is ecaleulated first. First, the profit which should be obtained by the trans-
portation of a unit product at time ¢, which is caleulated as follows.

Jll.r.f'{'r}l - -II1U} - IIIHU:I - Jlrr('r]
= aexp(—at) +e— bexp(—5t) — h —~t (4)
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The extremal point is the time when the porfit reaches the highest point.
This point, if anv, is obtained by caleulating,

e —aoexp(—at) + bexp{—3t) — v =0
0

It is difficult to solve the equation. The schematic view of the function (1) —
L) is shown in Figure 4. It is found that there exists a desired point in this
case, where o0 = 100 and 5 = 30q. Tt should be noted that this extremal point
is for the product produced at # = 0. Also note that the value eurves change
for the products produced later. The value eurve for the product produced
at § = is given as

Fua(t) = aexp{—alt +d)) + e (5)

Therefore, the total profit function for that product is given as
frolt) = foalt)— fre{t)— fic(t) = aexp(—a(t+d))+e—bexp{—3t)—h—7t. (6)
The view of these functions are shown as in Figure 5 and Figure 6 for
il = 10{days} and 4 = 30{days). respectively, both for 4 = 0. These figures

also show that the transportation by medinm speed is best. It is clear that
if oo = 00 then there exists a extremal point for the products of 1 = 0.
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considered )

Figures so far considered are all for cases such that no inventory costs are
considered. We may assume the inventory costs are comparatively low since
these products are transported rather soon after their production. However,
in the case of S-mode it becomes comparatively large. For the comparative
reason the case that the inventory cost is considered is shown for the same
situation. Figure 7 shows this case. Here the cost of inventoy for one dav
is assumed to be 1/100 of the transportation cost by air. This ligure shows
monotone decreasing properties of the value curve continues to even below
even below the original value of the products. The rapid fransportation is
again eflicient for rather late period.

3.3 Problems Description

To start the problem the following restrictions must be introduced.
(H1}  The production speed is constant thronghout all the production time.

(H2) Value curves and cost curve are fixed.

(H3}  Inventory cost is a linear function of time.

(H4}  The transportation should be restricted to three methods.
(HA) Each transportation method has fixed transportation amonunt

and until the amount of the products satisfy this restriction, the
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transportation should not be performed, except the last one by sea.

(HG)  The transportation amount by S A-mode is p-times larger than that
by A-mode.

(H7)  Transportation amount by S-maode is again v-times larger than that
by A-mode.

(H8)  Only one mode of transportation is selected at one time. This means
the products should be decided to be transported by only one mode
at each decision time.

(H9) Transportation by S-mode is not zero for all cases.

Reviewing these properties, the following considerations are derived.

( Lemmal) We may consider the transportation inferval of A-mode consists
of a unit time and may assume every decision is made at each unit fime.

{ Lemma2) At each unit time the choice of the three mode is accomplished.

{ Lemmad) By the properties of monotone increasing characteristics of cost
funection and monotone decreasing value function, the decision times are di-
vided into three periods, That is the Orst period is assigned to A-mode and
then to S A-mode and the Anal period is to the S-mode transportation.

As the results, the problem considered is that:

Problem Whether is the period of 5 A-mode efficient to be introduced? And
if s0, where are the point ¢ = Ts,y and § = T to make the profit maximum?
Where
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f = Ts4 is the time at which S A-mode begins,
f =Ty is the time at which S-mode begins,

This indicates that the A-mode fransportation is performed from ¢ = 0 o
f = Ts4. Then from ¢ = Toy tof = T the S A-mode transportation and after
t=T5 only S-mode transportations are performed.

To mathematically define the problem, variables @ and o are to be defined.
Definition
o denotes the number of fransportation by A-maode.
i denotes the number of transportation by 5 A-mode.

Thus the following relations hold.

Tey = ad
Te = xd + gypud

Then, mathematically the problem can be shown as follows.
Mathematical description of the problem Let the total profit ob-
tained by the transportation using three modes be denoted as T Pa(e, y) as
a function of x, y. Then the problem should be as follows.

Find &, 4 which satisfy

MaxT Falzx, ),

Although this is the final object, the first part of the problem is only consid-
ered here, becanse the problem becomes fairly complicated and is out of the
range of this paper.

4 Calculation of the Profit

Here, the total expected prolit by the allocation of the three modes trans-
portation is caleulated. It is assumed that o times A-mode transportation and
o times S A-mode transportation are performed. It is assumed that although
all costs remain constant the value function changes as time elapses.

4.1 Profit by the A-mode Transportation

By definition of unit time, at { = d, -« . { = dr A-mode transportations are
performed. Let Vi, denote the total value obtaind by one tansportation by
air. Note that the total value is also depends on the amonnt to be sent, which
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is same at each time by the restriction HA. Sinee the value of the products
changes as time ¢, the total value transported by air is given as

1;:” - Z"".Jr'l'l:e—lflnllif'r}l
i=1

Since j'r.{g_”,,-[rf] = Iln"r.(.ff.f}. we may write it as

x

e = 3 s, (id). (7)
i=1
Let T denote the transportation cost by air. Since the amount to be
sent at one time is same and T, is a linear function of the transportation
amount, it is given as
T e = _J'.ﬁ'lf.,.[rf]. {H]

The inventory const is the linear function of fime and the amount to be
stored and, therefore, it is given as

1
I g = 3 s, (9)
The total profit by air is given as
T Fatr = Vagr — TCute — 1044 (10}
Substituting (7}.(8),(9} into (10), the following equation is obtained.
* 1
TP, = Z sfoid) — xsf, (d) — Ef._;--rf.l.-'. (11}

=1

This is the total profit obtained by air.

4.2 Profit by the SA-mode Transportation

By assumption. the unit time for SA-mode is pd. After # times A-mode
fransportations are preformed S A-mode transportations are performed at
t=ad+ pd t = xd + 2pdd, - -t = zd 4 ypd. As in the previous subsection,
the total revenue by 5 A-mode is caleulated in this subsection. Each time the
value decreases as time ¢, Since the iy times transportations are performed
by this mode. the total value obtained by this transportation is given as,

B
Viea—air = »_ 8 ful d + iped). (12)
-
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For the calenlation of the profit of the S A-mode the cost for this transport a-
tion should be subtracted from the calculated value in (12) as in the previous
subsection. Therefore, the total profit for this mode is given as,

v 1
e — Zp..l.-'lj'—,.l[.rn’ + ipud) — ypes feo ) — E“ gl pel ) pes). (13)
i=1

4.3 Total Profit of the Product

After A-mode and SA-mode transportation S-mode transportation is per-
formed. The start times of this transportations are ¢ = pd + pdy + w0l f =
wid + pdy + 2ed, o F = pd + pdy + red and T Following the previous sub-
section the profit of the S-maode is calculated. First the total value obtaind
by this tansportation is

= Z vsf.(nd + gpd + fvd) + %[T — ad — yped — red) (T, (14)
i=1 ¢

where » is defined as
r =T — zxd — ypad) /()] (15)

[+] is the largest integer which does not exceed ». Subtracting the total costs
for this mode from the above value, the fotal profit is obtained as follows.

TN =— Zrz.-_-'j',.{.l'f." + el 4 fesid) + %[T — ad — yped — red) fu(T)
1=1 L
1 5
—ria fr.(1d) — E-rf.[m{’][u.»,] = _E(T — xd — ypud — vrd) fr(d)
i

el &
——(T — zd — ypd — rvd)?, (16)
2d
where the second from last term denotes the shipment cost of the remaining
amonnt of the inventory transported at T and the last term indicates the
inventory cost of the same amount. Chverall profits obtained by these three

maodes transportations are given as the summation of (11). (13) and {16).
Therefore the following expression is obtained.

xr 1
TP = Zslll'}.li."f.f} — wafild) — E“_..l'f."h
=1
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) 1
+ > psfo(xd +iped) — yps fo{pd) — E_.l;*_.(lrui}l[p..-s]l
=1

kS

- Z v fulad + gped + dvd) {(T — xdd — g — red) f(T)
{

=1

1 5
—rpafrd) — E-J'"‘I- (wd)(1vs) — —{I:T — xd — ypud — rrd) f;.(vd)

i
h] 2
— (T — d — ypd — rd)®. (17}
2d
The above equation is the function of » and . To maximize this value and
to find o and 4 to maximize this is the problem to be solved. This is a fairly
complicated nonlinear estimation. For this purpose the application of genetic
algorithms may be considerable. However, it is rather a complicated problem
and is now out of range of this report. It is to be considered in the future.

5 Some Consideration

The above obtained equation (17) is a very special case of the expected profit
obtained by allocating the three modes of transportations. On the basis of
this consideration, several reasonable situations should be considered. First
of all the production speed is usually much higher and therefore after several
unit fimes a situation can arise such that several modes can be used at the
same time. For example, one part of the products is sent by air and at the
same time the remaining parts are sent by sea and air. These sitnations
should be considered lately.

Next, as is shown before in this report, the demand from the consuming
districts is not considered. This is the very large problem. However, the re-
gquest from the consuming district is the base of the value of the product.
In this sense we may say that this request is considered here in the most
basic form. The restrictions derived from the assumed form of several curves
are also problems to be considered. As is seen in the form of these adopted
curves, they may not fully satisfy the present restrictions. Sometimes linear
funections which are to be considered in the examples might be adequate.
They should be considered in the following studies.

However, it is possible to see some inferesting features of transportations
even in the present form. All figures presented here show peaks of expected
profits as ¢ passes. This shows that the medinm transportation time is most
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efficient for the given case of value and cost functions. How much should be
sent is caleulated by the obtained equations. This depends much on the char-
acteristics of the products. However, it is clear that this method is eflicient
and is profitable for many cases and ought to be adopted more systematically.

6 Example

Although the ultimate object of this research is to find the optimal allocation
of the three modes of transportations theoretically, it is fairly complicated
and is beyvond the range of this paper. Here, a numerical example showing
the efficiency of the infroduction of the S A-mode is presented.

6.1 Assumtions and 5 Cases of Examples

Some parameters should be assumed first.  Assume

1. T = 150d.
2 p=1h
3 wv=4d.

To make the caleulation easy for this problem, here it is assumed that the
value eurve and transportation cost curve are both linear as in Figure 9 and
Figure 10, respectively. This Figure 9 indicates that at first the value of the
product is 100 and it decrease linearly to 70v for 30d4. After 30d the value
of it stays unchanged until ¢ = 150d. The transportation cost curve of Figure
10 indicates that the transportation cost also decreases linearly for 204, The
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fransportation cost for { = 1d is 100, This is the cost for A-mode. The cost
for 5 A-mode is He and the time to be required is 10d. The cost for S-mode
is 0.1 and the time to be required is 20d. After 204 this cost also remains
unchanged. On this problem 5 cases are considered.

(Case 1) (5 A-moides and S-mode)
In this case 5 times of A-modes are performed and the remaining products
are transported by S-mode. Therefore, TF,,. and TF,,, are given as

[Py HET

TPy = (99— 10} + (98 — 10)u + (97 — 10)v + (96 — 10)v + (95 — 10},
= 4350
TPua = 145070 —0.1)v = (10150 — 14.5)v = 10135.5¢.

By A-made transportation only one unit of prodoct is transported at each
time. The first (-} in the BHS of the first equation means the profit 990
obtained by the frst transportation by air costs 10v. The remaining terms
are caleulated as before. Remaining 145 units of products are transorted by
sea. Since the cost for the transportation by sea is only (0.1¢ per unit. The
total profit T F,; in this case is glven as

TPy =TFu + T Fe = 435y + 10135.51 = 10570.57.

(Case 2} (5 A-modes 15A-mode and S-mode)
In this case 5 times of A-modes and 1 time of 5A-mdes are used. The re-
maining products are transported by S-mode. Therefore, 5 units, b units and
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140 units are transported by A-mode, SA-mode and S-mode, respectively.
The T e TFou—wre and TP, are caleulated as

TPy = (99— 10)1 + (98 — 10} + (97 — 10} + (96 — 10)» + (96 — 10)
= 435,
TPoouir = 5(80—5)w = 3750.

TP = 140{70 — 0.1}v = 98000 — 14 = 9786,
The total prolit TF,; in this case is given as
T'lr::tll..r - Tlr::ur' + T.Ir:!.‘.--,ﬂ = 435 + 37he + 97800 = 105900,

(Case 3) {5 A-modes 25 A-modes and S-mode)

In this case 5 times of A-modes and 2 times of 5 A-modes are used. The
remaining products are transported by S-mode. The TF, T8 —.. and
TP, are calculated as

TFur = (99— 10}w + (98 — 10}v + (97 — 10}v + (96 — 10)v + (96 — 10)
= 435,
TPiowir = B(BO—5)w+5(75 — 5w = 375w + 3500 = T25v.
TP = 135(70 — 0.1} = 9450v — 13.50 = 9436.50.

The total profit TP,y in this case is given as
TEw=TF P +TFupuuir + TP = 4350 + 7200 4+ 9436.50 = 10596.50.

(Case 4) {4 A-modes 25 A-modes and S-maode)

In this case 4 times of A-modes and 2 times of 5 A-modes are used. The
remaining products are transported by S-mode. The TH TH o and
T ... are calculated as

TPy = (99— 10)v + (98 — 10)0 + (97 — 10}¢ + (96 — 10w = 3500,
TProcwir = B(81 — 5)v + 5(76 — 5)v = 3800 + 3550 = 7350,
TP, = 136(70—0.1)v = 9520v — 13.6 = 9506.4v.

JEd

The total prolit TF,; in this case is given as

TEw=TF + TFup—uir + TP = 3000 + 7350 4 9506.4v = 10591 4w,
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(Case 5) (All S-mude)
As a codnparkson bere the case that all the products ane sent by sea 5
cabsklered. In this case TPy = TP, and it §8 obtained as

TFm = T P = 1HT0 = L1 )r = [ 105K = 15 = 1048w,

As the result the following table s obtalned, where TC Ly indieates the total
of the all transpartation eosts,

- DA —meoites GA—mlies dA — 1ot s
e s u;__r::::f:‘q 154 — e s A —mmdrs 25A —mondes S—mundes
S —mrodes S—moales B—monles
TP, 4350 4350 4357 350 T
{ i A ] AT5e T34 Tahw ]
™ TORL &S, S Uis 04 e 05 e HH5
T Gd.5e 1Y 1135.5 103 G | L:7%
TFar 10670 50 LSO LUKGEMG, G LI R [} 8 ST

Tahle 1 Ctained Values

6.2 Considerations on the Results

In this example, the best resale is obtained in Case 3. that means the best
result is obtained by introducing 25 -modes and SA4-modes, At the same
Cimne in this case the transpartation cost ks highest, [t may zaid that although
tlwe transportation cost becomees highest, the linal gain s the largest in this
case, It depends on cases whether it is more profitable to inerease the oumbser
of 5 A-minde by decreasing the nombser of A-mesde. Tn this exemple it s oot
rather profitable, Althougl this example is a very simple one we may safedy
sipgas that the introduetion of SEA and AIR transportation is prolitalile
and mwweer, iF It s possthle to neake this seevbee a litthe more spesdy, then
tlals temdeney will erease. This example 18 a very restreleted one such tlat the
prodiection speed is just the same as one day’s transpaortation ability. This ks
oo the nsnal case and usually transportation begins after the amount of the
products become sufficiently large, COptinal allocation of the transportation
methoids of such cases are to be considersd in the foture,
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T Conclusion

It was shown that the importance and efficiency of the third method of
intercontinental transportation of products are fairly large. This method is
called Sea-and-Air because it uses these two methods. The most popular Sea-
and-Air fransportation is performed through Japan. It is rather a favorable
situation for Japan both for her situation on sea and air transportation. A
theoretical analvsis for the optimal allocation of these three methods was first
considered in this report. Although the conditions or situations considered
in this report is very primitive, the efficiency of this method was explained
theoretically. At present, this method is utilized quite optionally. It is de-
sirable to performm this method more svstematically, In the application to
the actual problem, the nonlinear functions for the value or cost functions
st be estimated through theoretical and experimental considerations more
presicely. These functions are much more complicated in reality and different
to each of products and the amount to be transported. Actually they should
be constructed and polished by each product individually. Though it seems
fairly difficult task, it might be needed in the future.
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