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Abstract In this paper are presented the formulations of the fundamental
maritime transportation problems and then is studied the case when
restrictionsare inclusions.

In classical mathematical programming problems, in generd, and in maritime
transportation problems, in particular, we admit that we know exactly the coefficients
which interfere in the problem. This assumption is not satisfied in most real problems
because: the coefficients of the problem are submitted to measurement errors,; the
coefficients are not known exactly, but we known only that they be ong to some convex
Sets.

Next, we will study the maritime transportation problem, in general, and then we
will study the case when restrictions are inclusions.

In economical analysis of avoyage of a vessd Q, we have in view the following
criterions: the reduction of voyage duration, the reduction of fuel consumption and
avoidance exposing the vessel and equipments to excessive fraying or damages.

In maritime transportation problem there is the following axiom: “when the
economica criterion is contradictory to vessd safety criterion, in choosing the route is
priority the safety criterion”. This axiom is called the navigation principle.

Because the unit costs (per ton of transported merchandise) depends on: | - the

type of merchandise; the distance and duration of voyage between the loading ports "I

and the unloading ports” j"; the type of the vesse"K", then they represent a quantity
Gy Characterized by 4 indices.

Therefore, the classical maritime transportation problem is the following:
“Let determine the merchandise quantities X, (of typel ) transported on the route (i.])

g mn p
with the vesse of typek such that the sumzz Gk Xk to be minimal.”
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Theanaytica form of this problemis:
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where:
g, isthe transported quantity of merchandise from port i toport j;

b, is the transported quantity of merchandise of type [ inport j;

g, isthetotal quantity of transported merchandise by the vessel of type K.

The condition (3) represents the equilibrium condition of the problem.

In this way, the classical maritime transportation problem is modded by a
transportation problem in equilibrium with minimum 4 indices. The number of indices

may growth if is taken into account and others varigbles which can interfere into a
concrete problem.

If one of four variables take a single value (i.e. unique loading port, unique
unloading port, unique transported merchandise or unique vessd) then the transportation
problem become a three-dimensiond transportation problem studied by 1.M.Stancu —
Minasian [5].

There are more fundamenta's types of maritime transportation problem. To give
them the anal ytical form, we emphasize the next notations:

i €l - nominate the expedition port;
j € J - nominate the unloading port;
k € K _ nominate the type of merchandise;

a - the entire quantity of merchandise loaded in port i ;

C, - the quantity of transported merchandises with the vessel of type K ;

d, - the quantities of transported merchandises of type | ;

C, - theentire quantity of transported merchandise from port i with avesse of type K;
C, - the entire quantity of merchandise of type | loaded in port i ;



d i - the entire quantity of merchandise unloaded in ] byavessd of type K ;

e, - the entire quantity of merchandise of type | whichisunloaded inport j;

g, - the entire quantity of merchandise of type | transported with a vessel of type K;

&, - the entire quantity of transported merchandise from port i inport j with avessd

of type K ;

b,, - the quantity of transported merchandise of type | from port i with avessd of type

k;
IJ|
d i - the quantity of merchandise of type | which arrived in port |, transported by the

vessds of type K.
According to the manner of knowing some of the quantities presented, we can
formulate the following fundamenta maritime transportation problems;

If weknow ¢, >0; a, >0; d;, >0 then the problem has the form:
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with restrictions;

- the quantity of transported merchandise of type | from port i toport j ;
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and the equilibrium conditions:
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The last relation from equilibrium conditions from (6) may be replaced by any of
conditions:
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This transportation problem is called the tetraxial mode of the transportation
praoblem.

If in the transportation problem is know the quartitiesc,, >0, a, >0, b, >0,
¢, >0,d, >0,¢, >0, q, >0, then the transportation probl em has the form:
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with restrictions:
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and the equilibrium conditions:
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Kn0W| ng others quantities which interfere in the maritime transportation problem,
we can formulate another 16 linear maritime transportation problem with four indi ces.

Next, we will consider a simplified model of the previous modd, namey we will
suppose that we have a single type of merchandise which is transported and a single type
of vessd which make the transport.

Let be the next maritime transportation problem which is the classical
transportation problem:
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inj =b,, j=1..n, (11)
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where:

X;, is the merchandise volume which can be transported from the contractor i to
beneficiary | ;

C; - the transportation costs;

a - the volume which can be delivered by i ;

b, -thevolume whichisrequested by j .

Unlike this problem, the transportation problem with inclusions restrictions has
the following form:
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X >0, i =1...m, j=1..n,
where A, (i =1,..,m) and B, (j =1,..,n) aredatasets.
Next, we will assume that

A :[g,a] and B, ZLQJ’EJJ’

where g =inf A, & =supA, and b; =inf B;, bj =supB,;.

Hence, the transportation problem with inexact data (with inclusions restrictions)
can be statein this way:
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Obviously, this problem can be transformed into an equivaent linear
programming problem, but it is more conveniently to find an equivalent maritime
transportation problem. This equivalent problem expressed in terms of contractors,
beneficiaries, goods quantities (marked over the arcs from figure) and the transportation
costs (written bel ow of the arcs from figure) is represented in Figure 1.

Contractors Beneficiaries
3 ¥ b,
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Fictive contractor Say - .
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(the situation (15)) “a  (thesituation (14))

Figure 1
Lets remark that each stock building i can be divided into two auxiliary stock

buildings i~ and i, which dispose of the quantities &, and & —a respectively.
Analogue, each beneficiary j can be divided into j and j~, which are needed the
quantities b; , and 51 —Db, respectively.

Now, we make the foll owing notations:

Z§=& 25251 b, =B, jzg'
i=1 i=1 j=1 j=1
There are possible two situations:
A<B <A , (14
B<A<B .

(15



In situations (14), there is an overproduction A —-B which is orientated to a
fictive beneficiary. In situation (15), there is unsatisfied request, which is covered by a
fictive contractor. Obvioudly, the fictive contractor, respectively the fictive beneficiary
does not exist concretely, the respective merchandise quantity remains, in fact, in stock
buildings.

Let consider now the case of the overproduction (14). The dimension of the
problem is now 2m x (2n + 1) . The transported quantities and the transportation costs,

written in round brackets, are givenintable 1.

1 t=0
p; ;) | a;(c) I () a
m+1
: Yii (Cij) Sjj 0) w;(0) | & -3
2m
2 Qj bj _Qj )& -B 1&

Table1
The meaning of the measures s;; , w; and t; are:

n
Zsij - the merchandise quantity delivered by the contractor i ,

j=1

m [—
Zsij - the quantity which the beneficiary j does not receiveit in relation with bj ,
i=1
W, - the overproduction of the contractor i ,
m

D>'s; =A-B and t; ae the atificidly variables inserted for uniformity of the
i=1
description.

In case (15) of over request, the problem dimension is (2m +1)><2. The
transported quantities and the transportation costs are given in table 2.
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Table 2

Themeanings of s; and t; arethesameasinthe previous case, whilew ; isthe

n [—
uncovered request, i.e. the request satisfied by the fictive contractor, ZWJ. =B -A.
j=1
Thus, the transported merchandise quantities from contractor i to beneficiary j arethe

following:
a)incase(14): x; =p; +q; +7; (16)
b) incase (15): X; = p; +q; +n; . (17)

CONCLUSIONS

The state of the transportation problem with inexact data presented above has
certainly advantages both theoretically and practically. This state is not too different of
the classica transportation problem, which means in this case that can be used classical
algorithms from transportation problem. More, the classical transportation problem is a

particular case of the problem presented above, precisely when 8 =a, and QJ. = 51 , for
Vi,j .
From practical point of view, this approach of the transportation problem can be
preferred to the dassical approach.

Also, the rise of the problem dimensions is not too important, because the
problem can be solved with the same methods of the classical transportation problem.
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