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abstract

The note deals with LP applications of establishing an
optimum least-cost shipping sailing list on a number
of alternative routes with a given number of ships of
one or more types (classes). The discussion analyses
the basic optimum solution with the dual optimum va-
lTues. Afterwards specific real life situations are ad-
dressed, such as the backloads, lay-up costs.and the
possibility of entering the time-charter market.
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1. Introduction
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Since Dantzig's benchmarking initiatives on the matter of
programming techniques now over thirty years ago, linear
programming procedures have achieved vast strides forward,
both in terms of reaching an ever wider span of applications
as with respect to the methodological elaborations and re-
finements. As often happens in these matters there is a
growing gap threatening between on the one hand the possi-
bilities of hard- and software and the methodlagical pro-
ficiency of the "happy few", and on the other hand the ac-
tual accessibility of existing knowledge and software to
the larger public. Among those, many are involved in daily
management without much spare time to endeavour in keeping
up with the technical Tliterature.

That threat is not Tikely to soften; especially noteworthy
is that the more recent new endeavours are progressively
restricted to the so-called "commercial software litera-
ture", i.e. without the larger access of the "academic
literature", Such observations contrast fairly sharply
with the recent proliferation of personal and mini-compu-
ting system, offering standard packages to cope with tra-
ditional problem statements and covering an increasingly
wider calculating capacity. There is thus an urgent need
to give new impetus toward a wider application range of
existing software.

The present note aims to address a number of well-=known
problems in shipping logistics by means of the "assign-
ment-problem" <case in linear programming. The case study
is elaborated with realistic cost-figures and operations
data, only occasionally "adapted" in order to check in-
structively the sensitivity of the formulation.




A first section presents a basic "assignment problem" in
the shipping industry, such as when one owns a certain
number of ships and the point is to achieve an optimal
sailing pattern to match demand on a number of routes.
This section alsc introduces the Linear Programming (LP)
procedure, for those not (anymore or yet) familiar with the
basic output of current computer packages.

Afterwards a number of refinements are successively intro-
troduced, such as the economic interpretation of the dual
variables, the organizatibn of the "backload problem" and
the vital choice between alternatives such as time-charters
versus operations on own account, or operating-at-a-loss
versus involving lay-up costs for the idle fleet.

With those introductory elaborations the hope i< substan-
tiated that even in the shipping industry where the tradi-
tional virtues of skill, judgment and care are only appa-
tently counterparts of technical once-for-all-solutions,
some technical background is instrumental in building up
further proficiency in tackling daily management decisions.




2. : Procedures of linear programming

Consider you have to reorganize the operations logistics of

a

container line which currently owns 23 ships of which:

5 "second generation“ vessels of a rated 1500 TEU capacity,

8 " first generation" vessels of a rated 850 TEU capacity and
10 feeders with a 500 TEU capacity.

Your company serves four routes from one port to four destina-

tions (viz.origins). Your agents in each of those ports esti-
mated market potential demand at 3000, 6000, 2500 and 3500
TEU's respectively. Further information is available on:

the maximum number of monthly sailings per route and by
ship's class (which is derived from average sailing speeds and

corrected for port calls, ©.e. watting and handling times),

- the average operating costs for round trips on each vessel/

route combination.

The above information is schematically presented in Table 1,

The question now is to establish a "least cost" logistical

operations schedule. With "costs" we mean "systems costs”,

.e. the operating costs of seagoing cargo but also the

so-called "penalties" for each forgone opportunity of loadina

cargo. Those penalties are expressed in terms of net-profit

per TEU and are evaluated for each route at 40,- 50,- 40,-

and 70,- respectively.




Table .1 : Data input for the shipping logistics exercise
| :
ship characteristics E maximum monthly trips on route
typeicapacityinumber i 1. E 2. i 3. E 4,
Sememmmeee bomm e fommoes dommmeee R bomomoeeo
. 11500 TEU ; 5 ; 30 . : E 1
2.1 850 TEU ! 8 1 4 | 2
| 500 TEU ;10 : 5 . G2
BN SRS R S SO M
1 Eoperating costs E 10,000E 11,000 ElZ,OOOE 15,000
2. ! per vessel and | 8,000! 9,000 ;10,000 10,000
3. Eby route; E s,oooi 8,000 i 8,0003 9,000
e RRREELE SELELERE R Rt SRnET L
penalty per TEU E 40,—E 50, - E 40,-E 70, -
______________________________ Jevoccnwmabcceccedecc e
, il . .
TEU-demand per month by route: E E
(in TEU's) case 1. ' 3,000! 6,000 ; 2,500, 3,500
2. ¢ 16,0001 9,000 5,000: 5,000
3 : 6,000} 10,000 ; 5,000, 10,000
boo:o 6,000 1 20,000 E 5,oooi 10,000
5 ' 6,000 ! 20,000 ! 5,000} 20,000
6. ¢ 10,0001 20,000 { 5,000 1 20,000
Table 2. : =

Operating cost per TEU by ship's type and route:

1. . 6.67 7.33 8.00 10.00
2. 9,41 10.59 11.76 11.76
difference in % + 41% + 44% + 47% + 18%
3. 12.00 16.00 16.00 18.00
difference to 1. + 80%  +118%  +100%  + 80%

difference to 2. + 28% + 51% + 36% + 53%




2.1. . : Technical description

The technique of linear programming enables the user to
optimize a so-called "objective function" under the res-
triction that a number of conditions (constraints) are
not violated. The method features the advantage that it
quickly resolves those optimization problems without ha-
ving to simulate all possible combinations between the
decision variables. This does not.mean that all trial-,
and-error becomes an unnecessary game; at -least it beco-
mes redundant for the purely technical calculus.

The LP-technique is backed by a copious body of mathema-
tical theory and mechanical interpretation, for which we
refer to the specialized textbooks (1). Rather we focuss
on the major possibilities and warnings in applying the
method, as far as the herewith discussed applications to
the shipping industry are concerned. An extensive discus~-
sion of a typical "case study" is of vital importance,
the more since modern micro-computers allow easy and
cheap applications of LP, without a preliminary profi-
ciency in mathematical calculus. Therefore we ommit the
basic calculus, except for the formulation of the input
format and some considerations of organizational nature.

The input format of an LP problem requires firstly that
each equation ( Z.e. the objective function and the constraints)
is expressed.-in a common dimension, such that each item
which conditions the optimization process 1is formulated
in a consistent way. Those dimensions; however, may vary
accross the equations. Thus the objective function may
take a monetary dimension (costs, revenues, profits or oppor—
tunity costs) Whereas the constraints express operating fre-
quencies, demand units or a variety of operating condi-
tions. '




Second,va11 variables introduced in the constraints, must

also feature in the objective function. Otherwise, the op-

timization could not be reached in a comprehensive way(Z.e.

taking into account the potential activation of constraints).

Third, constraints are either:

a)

inequalities, which express the necessity that a number

of quantified items should not exceed a given ceiling,

or violate a minimum value. For each inequality con-
straint, the-program itself calculates the extent to

which the inequality applies through the introduction of

a so-called "slack-variable" . For example, 7 is smaller than

8, but 5 too. If the constraint sais 'less than or equal to 8", then
the slacks are respectively -1 and -3. The program thus calcula-
tes those slacks for each ineaquality, of which the econo-
mic meaning denotes "idle capacity". In the present appli-
cation idle capacity means "the average number of ships
laying up during a month",

equalities, which state that a number of items have to
sum up to a given amount. Generally, those equalities fol-
low a concept, similar to the inequalities, except for the

~slacks which are replaced by the explicit introduction of

a "penalty". Thus, equalities may be expressed in two al-
ternative formats:
- strict equalities, eg Xy = Xy5 OF XlﬁX17=O cfr.infra 4.2.4.2)
- compound equalities, which include a penalty,

eg X + p = a given number.

In the initial case study, we will use compound equalities
which denote the number of TEU not shipped because of capa-
city shortage. In a later elaborate version, dealina. with the
backhaul, strict equalities are suggested to<imnose the condi-
tion that_ the number of monthly backhau¥s should equal the
number of outbound departures (except of course for tragedies at
sea).




Fourth, both the objective %unctiOn and the set of constraints
ought to be a linear combination of the introduced variables.
Otherwise, a different approach (non-linear programming) is
required. It should nevertheless be mentionned that a substan-
tial number of so-called "non-linearities" can be "linearized"
through either : - adjustment procedures (stepped functions),
or - the organization of the LP-format itself.
The latter option is followed in the present case-study as far
as the operating costs (which may not. vary proportionally with
the distance) and the turn-around times (which vary not fully
proportionally with the speed and the distance) are concerned.

The formulation of an LP-problem is furthermore simplified
by virtue of the possibility to classify LP-cases . in a
number of “"typical problems". The present case on shipping
logistics resorts to the class of LP-applications, piled
together in what has become to be known as the "assignment
problem” (2,




2.2. . . The basic format

The objective which comprehensively spans all items coming up
for joint optimization is that of cost-minimization. With costs
we understand "system costs", including:

a/ operating costs, which sum up all voyage costs by type-of-

ship and route. For a particular ship/route combination a
roundtrip cost equals the standard cost for d roundtrip
times the number of roundtrips (Rij) for the vessel of class
"{" on route "Jj".

b/ opportunity costs, which cover the penalties (lost profit)

for cargo (TEU) not shipped because of capacity shortage.
Those penalties ”Pj” are specified by route "j" only, since
indeed any type of ship <s a candidate to perform the ship-
ment, ,
Through the action of such compound objective function, we in-
clude a minimization (costs) problem as well as a reciprocal
maximization (of profits through the minimization of identi-

fied lost profits).

In mathematical language the objective function is translated:

10,000 Ry; + 11,000 Ry, + 12,000 Ry + 15,000 Ry, + (1500 TEU ships)

8,000 R,; + 9,000 Ry, + 1Q,ooo? Ry3 + 10,000 Ry, + (850 TEU ships)

6,000 Ry + 8,000 Ryp + 8,000 Ryy + 9,000 Ry, + (500 TEU ships)
40 Py ¥ 50 P, + 40 P 4 + 70 Py, (penalties)

where, for example, “R23“ stands for the number of return trips
of a 850 TEU vessel on the third route, which after multipli-
cation by 10,000 results in the total operating costs of all

ships of class 2 on the third route. Finally, as stated in the
problem input, the penalties are summed up by route, since it is
irrelevant to allocate them at a particular class of vessel.
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The whole objective function was expressed in one common

"monetary" dimension, i.e. opportunity costs (approximately .

in 1,000 BF). Similarly, the constraints ought to feature &

common dimension, constraint by constraint. The problem-

statement suggests two classes of constraints which conse-

quently feature two different dimensions:

i

]

n

.i
.i
.i

1
2
3

of ships by class. The constraint expresses the condi-
tion that one cannot perform more monthly roundtrips

than indicated by the number of ships available and by
their speed. Speed does not act in the objective func-
tion but is expressed by the maximum number of monthly
sailings. At the same time this procedure allows to in-
troduce non-linearities (since roundtrip times may not

vary proportionally to the distance). We obtain:

: 0.33 R11 + 0.50 Ry, + 0.50 R13 + 1.00 Ria <
: 0.25 R21 + 0.33 R22 + 0.33 R23 + 0.50 R24 <
: 0.20 R31 + 0.20 R32 + 0.25 R33 + 0.50 R34 < 10

On the right-hand side, we formulate indeed that the
"reciprocal” of commercial speed (Z.e. slowness) and
ij) actually occupy the available
ships' "shuttle-capacity". For example, the coefficient
of Ry, states that each small 500 TEU ship of class 3

performs a maximum number of 5 monthly sailings. There-

the number of trips (R

fore, each trip takes 20 % of the monthly trip-perfor- -~
mance and "0.20" is the coefficient of R32-

of vessels, operating on a particular route, should
meet the demand on that route. Moreover, each TEU which
cannot be shipped because of capacity shortage, activa-

tes a penalty. Those penalties sum up to “p." by route,

J
and are simultaneously translated into opportunity-costs
through the assocjated coefficient in the objective func-

tion.




Co . Cu. €
1
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1500 Rqq
1500 Rqio
1500 R13
1500 Ria

+ + + +

800 R21

800 R22

800 R23

800 R24

+ 4+ + o+

500 R

500 R31

500 R32

33
500 R34

+ o+ o+ +

P
Py
P3
Py

3,000
6,000
2.500
3,500

'11.

Those constraints feature the effective market demand at the

right hand side (RHS).

the left hand side (LHS) that the demand:

a/ is either shipped by any class (i) of ships. Therefore,
(R

b/

Thus, whereas fleet-capacity constraints had been expressed
by class of<ship, traffic demand constraints are introduced

by route.

monthly service.

the number of roundtrips

)
1
capacity (in TEU) and added over ship classes by route.

For each separate route is stated at

trip capacity for all vessels in operation by route"”.

or not shipped. In this case a penalty is activated (P,
which expressed the number of TEU not shipped by the

is multiplied by the ships'

This number eventually expresses the "effective TEU round-
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The general formula of such shipping logistics brob1em
becomes:

Minimize LiE c...R:. + . d..P.

subject to:

a/fleet capacity constraints:

Zj aij'Rij < Si
b/traffic-demand constraints:
21 b] Rij + 1 PJ = TJ
in which we distinguish between parameters:
Cij ° operating costs by ship's class and route,
dj : penalty value per TEU by route,
a5 ¢ monthly turnaround times (expressed in fractions of
months), or the reciprocal value of the maximum number
of monthly roundtrips,
bi . rated TEU capacity by ship class. Since this "rated"
capacity may give rise to different "effective" capa-
or city standards, according to the "Plimson mark" infor-
bij mation, the “bi" parameter may also be specified by -

route. See further section 4.2/2/c (including note 10).
S. : total number of ships available by class,

Tj total freight demand by route (in TEU),
and variables:
Rij number of monthly roundtrips by class and route,

number of TEU's not shipped by the monthly shuttles.
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3. Optimality Analysis

Current LP computer packages require the input data by
a one dimensional indexation. Thus our previous double
dimension by ship's class (i) and route (j) should be
adapted, and also the different symbols of variables

(Rij) and Pj require a common "name" (X.):
Table * 3 : Conversion of problem data in a LP-format
]
]
_route(J) | 1 2 3 4
ship ~==--. o
class (i) .
"""""" E
L. Xy =Ry Xy =Ry Xy sRyg Xy =Ry
i
2. . X5 "Ry Xg "Ry X7 Ryz g TRy
f _ - - . -

3. i Xg =Rgp Xyg=Rgp  Xy17R3z X1p7Ryy
___________ B R e R Rl
! .
enalties | X,,=P X, =P X,yp=P Xqz=P
P 11370 14772 15773 16774

&

The schematic overview of earlier reported objective
function and constraints is repeated in Table 4. using

~the standard X-variables. The presentation of the opti-.

ma]ity‘procedure follows four main steps. First, the ge-
neral optimum results are presented in section - .3.1.
together with a graphical analysis of a suggestive frac-
tion of the assignment problem. Third, one tackles the
information given by the dual optimum values, and in sec-
tion 4. some more elaborate amendments to the basic LP-
problem cover the issues of backloads and costs of idle-
time.
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Table 4: General scheme of the LP "assignment problem"
Minimize: “ " ” m
} i §
£
Sooof:Sooxm+Hmoooxw:moooxﬁmoooxm+@oocxm+sooof+Soooxm&oooxo&oooxS+m8ofH+88xS+Sx$+moxElox;:ox;
| L] §
o m m m m
subject to: ' ' \ !
i
a: fleet-capacity_constraints | " “ !
! ! ! "
1 ] §
’ 1 1 i
0.333X,+0.500X,+0.500X;+1.000% , | .. - Ve oo .. .. .\ “ ce e -
]
] ]
_o.memé.wwx%o.wwwxio.mooxm .. .. .. e . .. < 8
i [}
‘ 0.20X+0.20X, 4+0.25X1 140,50k, 1 .. .. .. .. S 10
o | m "
b: traffic-demand constraints ! ! ! “
! 1 !
i § '
1500%; .. .. R R .. .. +500Xg .. . oo * X = 3000
1 . § ]
! X i ! =
1500X, .. e *ER0KG - LUCTE e Xy 6000
1 ) 1 1
1500%; .. 1. oo t850K; L L co F 500Xy .. e+ X = 2500
§ ] [}
1500X, ! .. .. .. 5D Xal .. .. ..+ 500X, .. .. .. + 1X;.= 3500
41 +850 Xg 1 12! 16
i i ]
1 1 ] !
1500 TEU  units ' 850 TEU  units ' 500 TEU units ' penalties "
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3.1. : Optimal solutions at various demand-levels

A standard LP-program has been used to generate the optimal

ship-assignment to each of the four routes for the six exem-
plative cargo-demand cases of Table 4.1. Those solutions are

exibited in Table - 5.

In case "1", all "1500 TEU"-vessels are assigned (slack = 0),

whereas none of the small 500 TEU units is used (slack = 10).

This simply means that the larger vessels of type "1" feature

lower costs per rated TEU-capacity, and consequently a less

efficient unit (in this case a '800 TEU unit of type "2"), 1is

only partly used:

- when the most efficient capacity (type 1) is in full dpera-
tion (slack = 0.),

- on those routes where the efficiency gap between the two
types of vessels is least influencing the objective function.

Thus, in the first case, a 800 TEU vessel executes 1.5 sailings

per month on the fourth route since:

- all 1500 TEU units are taken, and

- the operating costs per TEU for type "2" compares relatively
Teast costly on the fourth route. Since indeed, The operating
cost of one TEU by a 850 TEU vessel is only 18 % higher than
by a 1500 vessel on the fourth route. For all other routes
the difference is more than 40 %. Thus, the operation of one
850 TEU "first geheration" ship on the fourth route will give
the lowest increase in the value of the objective function
(i.e. the lowest over-all cost-increase).

A second point to be noticed is the possibility of the ships'
frequencies to obtain fractions of trips too. Thus 1.5 trips
can be interpreted as 3 sailings over 2 months. One might ad-
vance the additional constraint that ships follow a strict
schedule such that the number of monthly sailings ought to be
an INTEGER. If such conditions are requested the optimal solu-
tion is found by "integer programming"” (cfr.infra, conclusionsg 14).




Table = 5.: Solutions

of the ships assignment exercise

routes 1 2 3. 4 stacks
] [
case 1 : demand ! 3,000 6,000 2,500 3,500
rodemand _a o 2a P00 2aUER L Ca2TY 22207 L L]
assigned ships 5: 1 2 4 1.7 1.5 E
[}
to sailings: g: + - - - 1.5 v 7.3
10: © - - - - 1 10,
i i
1 1
case__2_: demand___} 6,000 10,000 _ 5,000 5,000 ! _____
. i 1
assigned ships b5: ! 4 4 3.3 - p 0
to sailings: 8: 1 - 4.7 - 5.9 i 3.5
10: ' - - - - ' 10,
| i
case 3 : demand ' 6,000 10,000 5,000 10,000
___________________ LDt ST e it L ISR |
assigned ships 5: i 4 4 3.3 - L0
to sailings: 8: | - 4,7 - 11.8 | 0.6
10: 1 - . - - 1 10.
] ]
i
case 4 : demand ! 6,000 20,000 5,000 10,000
_________________ TR T D
assigned ships 5: | 4 4 3.3 - :
to sailings: 8: E - 16.5 - 5.0 ;
10: ' - - - 11.4 , 4.3
§ ]
case 5 : demand ! 6,000 20,000 5,000 20,000
___________________ 10,000 e Y 2 e ]
assigned ships 5: E 4 - 3.3 2 E
to sailings: g: 1+ - - - 16 :
10: 1 - 40 - 4 E
"'_'1""""'""""'"""""""'_‘V""""'l'
active penalties i - - - 1398 TEU
i i
case b : demand  !10,000 20,000 5,000 20,000 |
___________________ i b PO R D SRt
] ]
assigned ships 5: | 6.7 - 3.3 1.1 \
]
to sailings: 8: E - - - 16 :
10: | - 40 - 4 - :
e e d e e e e e e —————,—— e —————— -
i - " .
active penalties V- - - 2730 TEU
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Further clarification of the optimality procedure is now

executed graphically with respect to the allocation of .

ten "500 TEU capacity” vessels of class 3. on routes 2 &

4(see Figure 6) . There we observe that the more efficient

units of classes 1. and 2. are already assigned, such that

only two "variables" come up for discussion, i.e.:

a/ the number of trips of class 3. on the second route,
(variable X,, or R3’2 in the initial notation),

b/ the number of trips of class 3. on the fourth rpute,
(variable X;, or R3,4 in the initial notation).

Both variables can also feature in TEU equivalents since
each trip of a class 3. vessel rates a 500 TEU capacity.
This alternative dimension is put on two parallel axes.
They are especially useful in calculating the penalties,
which are indeed expressed in TEU. Therefore, those axes
exibit the penalty-variables X14 and X16 for the second
and fourth route respectively.

Two vertical lines indicate the maximum effective capacity
on route 2 (dotted line) and the total demand (maximum le-
vel of effective traffic). Equivalent horizontal Tlines
suggest those characteristics regarding the fourth route.
Thus, on both relations there is an equal demand of 20,000
TEU containers, which is the equivalent of 40 roundtrips
with our 500 TEU vessels of class 3. The latter traffic
demand ceiling is the actual boundary of a square (see
full Tines) representing the potential market (ie money
making) opportunities. Any supply beyond (top-right) that
region will cause idle capacity (in which case slacks would

become activated) .

On the supply side (Table 1.) vessels belonging to class
3 can achieve a maximum tyrmn-around of 2 trips per month
on the fourth route grR 5 journeys on the second. With 10
vessels this part of the fleet is thus able to execute
either 20 or 50 roundtrips on those routes (X12 or R3’4 &
X10 or R3,2). Those boundaries of maximum supply appear

on the graph by means of dotted Times.



18.

( T T

000°62 000°02 . 000°ST 000°01 000°6G

I""‘Z g 1 sselo Aq paddiys (n31)obieg)p| <| N3L Peddiusun

{ | | | |
:HXA m 7
juaeatnba-n3L ©005°91
N,mz Looﬁxmm 33N04 UO
D.mx ©
sdLJ43punod 40 J4aqunu .
-000°2
*. - _ r\_ﬁ/ln_..oovﬁm
o, o .
a B | > 000G
[ SN aN] (@]
0 n [
22 |3 _ |
© - o
9 @ 3]
I _ =
=0 * w .
i o)) e msmomer ) ¢
2215 _ 0
o O o t+
(1) i [§)]
[T, ) a
-~ O L —
S B <
- O (&)
R B | ~ 0€ | 2 k=p00°gT
5 _ o
[72]
O Ww (O] wn
O O
Xe) s Lo
@~ o g —
[Xe) [H] o
Loy LE Logne
_ t 91N0J4 U0 puewsp 064ed |©303} 000" 0¢
~5T57R60° T3 T BIRGA T . Cly My
uo Aiddns J v ey
aAL}Dag4e U0 PUBlSp 40 p 93n04 uo0 | 2ua|eA
wnwixew  obaed |e303 Nﬁx sdiagpunod | - -1nba

ﬂuﬁo J4aqunu 1 naL

G 9sed uL S1Lun N3l 00§ U831 8yl 40 juswubLsse dYy} S0 MBLAUBAO (eotydeag 9 8unbiyg




19,

Those (dotted) boundaries however are not realistic since
they both assume that all 10 7600 TEU" are exclusively
operating on one of the two routes. Therefore we con-
struct a "transformation curve" between the two extreme
points (C) and (B). This transformation curve gives the
actual possibilities of operating on both routes with the
fleet of 500 TEU vessels according to the next alterna-

tives:

X12 X10

20 0

) 16 10

12 20

8 30

4 40

-0 50

This technical substitution between X12 and XlO,can also
“be expressed algebraically by the next transformatiun

X12 = 20 = 0.’4‘ X].O
or _ A X10 = =-0.44 X12

That transformation curve thus becomes the actual boundary
of the FEASIBLE SUPPLY REGION (triangle A-B-C) in which our
solution must be located. The whole area at the top-right

of the transformation curve B-C is called "unfeasible" sin-
_ce there are not enough 500 TEU units available to perform
the equivalent supply. '

Out of Table - 5 (case 5) however, we are informed that on
the fourth route, more efficient vessels of the first and
second generation are already operating with:

i}

- 16 sailings of class 2., carrying 16 x 850 13,600 TEU,
- 2 sailings of class 1., carrying 2 x 1500 3,000 TEU.

with a total effective supply of: 16,600 TEU,

pu» ]
4]

thus—teaving—a t-demand of only (20,000 - 16,600) =
3,400 TEU on that fourth route.
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The feasible area is consequently reduced by lowering the
horizontal DEMAND line to the level of:

X12 (trips) = 6.8 or X16 (TEU) = 3,400

Our optimum solution must now be found in ‘that confined
feasible area, since it would not pay off to supply any
capacity in the "C-D-E" area (market already served). A
similar redundancy had been found with respect to the
right-hand "B-F-G" area where the maximum effective sup-
ply exceeds the potential demand. |

Thus our "“technically feasible area®" (constituted by the
transformation curve) has been reduced two times by the
actual market opportunity-lines "E-D" and "F-G". The a-
rea left for optimization thus becomes:

A-E-D-F~-G

Furthermore, the objective is the minimize operating and
penalty costs, of which we now only consider:

min. 8,000 X10 + 50 X14 + 9,000 X12 + 70 X16 + others
operating & penalty—costs operating & penalty-costs
on the
second route fourth route

For the sake of clarification operating costs can be expres-
sed per TEU-capacity, in order to compare with penalty-costs:

(cfr; Table 2 operating costs penalty costs
per TEU per TEU
when shipping when not schipping
route 2 16 50
route 4 18 70

Consequently in both cases, one will always sail up to the
full capacity use in order to avoid even higher penalty-costs.
Therefore, out of the E-D-F-G boundary, only D-F is relevant.




Finding a cost minimum along the D-F section is executed
by inspecting the cost balance of the extremes.

In "F", the 500 TEU vessels perform:

- 40 trips on route 2 at 8,000 = 320,000
- 4 % v " 4 at 9,000 = 36,000

- and leave 1400 TEU unshipped at :
a penalty of 70.- each = 88,000
454,000

In "D" the company first concentrates on the 3,400 TEU
on the fourth route which were not served by vessels of
class 1. & 2. They require 6.8 trips by units

of class 3. & 9,000 (X12) = 61,200

But because of those 6.8 trips on the fourth
route, we can only perform (3):

50 - (6.8 X 2.5) = 33.- (Xlo)
trips on the second route & 8,000 = 264,000
With those operations, we handle
33.- x 500 = 16,500 TEU out of
the market demand of 20,000. There,
3,500 are left at a penalty of 50.- = 175,000
5G0,200

which results in a higher systems cost. Because of the"
Jinear D-F section, this cost-increase builds up pro-
gressively. Therefore,"F" is the cost-minimum.

B R i i
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(3): earlier the transformation curve was expressed as X , = 2.5 Xqp,

which states that one additional X4 trip

on the fourth route requires 2.9 trips to be
dropped from the sgcond route. Or 6.8 trips moere on
route 4. gives 6.8 X 2.5 = _17. less on route 2!
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At this point of the discussion, it is interestina to en-
deavour in the speculative reflection, why in the Tlatter
example the optimum solution did concentrate on all carao
on the second route (Xqg up to total cargo demand for 40 trivs),
whereas the resulting penalties on the fourth route are
higher (X16=7O.-) than those on the second route(X;;a 50.-).

The reason is that one cannot simply compare operatina
costs (per TEU) and penalties on their straightforward nu-
merical value. In fact, in order to save a penalty of 70.-
on the fourth route, the company ought to perform 2.5
times more roundtrips than needed for saving a penalty on
the second route (following the transformation curve . X12:2,5Xja).
Thus, when on the second routé, unitary operating costs per
TEU of "16" compare to a penalty of "50", which is 32 %,
on the fourth route we have to adjust those unitary onera-
ting cost by the longer trip time, i,e, 18 x 2.5 = 45,-,
in order to make it comparable to the penalty of 70. Then
operating costs take 44 % of the penalty.

Therefore, on the fourth route, the effective operatina
costs per TEU are relatively more expensive in relation to
the (avoided) penalty, as compared to the second route, In
other words, on the second route the 50,~ penalty cost ne-
nalizes the loss of a TEU shipment relatively more in com-
parison with the operating costs,

Such example once again shows the underlying cost-loaistical
straightforwardness of LP-pooaramming, in cases where simple
accounting rules-of<thumb might have given erroneous results
or misleading interpretation.
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3.2. The dual problem

A standard LP package also provides information on the
optimum values of the so-called "Dual problem". From the
technical standpoint of the program mechanics, the dual
constitutes the reciprocal of the original (i.e. primal)
problem. |

In standard notation of table 4.4 the primal can be ex-
pressed synthetically by:

Minimize I, c; . Xi (i= 1 ... 16)

subject to (4):

Ziaij . Xi

Ziaij . X

A
o

; (3= 1,2,3 ¢ i=1._.16)

us (3=4,5,6,7; i=1...16)

s
l

of which all Xi which did not feature in the problem sta-

tement of Table 4.4. obtain a zero coefficient (aij=0).

The dual then becomes:

Maximi . .. Y. ji= 1 ... 7
ximize I uj ; (J )
subject to:

Zjaji . Yi > Cj

When, as in the present case, the primal is a cost mini-
mization problem, the optimal dual variables Yj (j=1,7)
express the decrease in the optimum value (costs) when the
primal constraints (uj) are relaxed by one unit. They also
give the equivalent INCREASE in the optimum (cost)value
when the original constraints are INCREASED by one unit.

(4) conform to our initial notation uz:sl; 1@:52; u3:53

U = s Y = o U = =
‘4 Tl . T2 HER T3 and U, T4.
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The most interesting application of the dual problem
output is the interpretation of the dual optimum
values in terms of "marginal opportunity costs"(the
so-called shadow-costs or shadow-benefits in the

case of a maximization resp.minimization primal).

In the present case there are seven dual values, as
many as the number of constraints in the primal. When
applied to the cost-minimization primal, the dual
values inform on: ‘

" the increase in system-costs (operating

" and/or penalty-costs) when one of the
primal constraints is increased by 1 unit.
" j.e. - one additional ship (u; to uj), or

" - one additional TEU demand (u4 to u7)

The dual values of the six successive demand cases are
1isted in Table 4.7, together with the total systems
costs in the first column. They are grouped according
to the primal constraints they belong to.

The duals in columns 51 to S3 (Y1 to Y3) give a nega-
tive cost increase, ie the cost-decrease of the system
when one additional vessel of respectively class 1, 2
and 3 enters in operation. The four right-hand columns
T, to Tyq (ie Y4 toY 7) give the cost increase of either
operating one additional TEU container, or of paying
the penalty when shipment is not possible.
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Table - 7: Dual values ' (optimal solution) with post-optimality exercises

a/ dual variables as computed by the LP-optimality procedure

‘ s R b T T T T
case costs ...~ R SO A B I S 23 4
1. 121,204 | - 2,647 m - m - 7 25 8.22 8.88 11.76

2. 225,165 | - 9,765 ! - L .83 10.59 11.25 11.76

3. 283,987 | - 9,765 1 - - 8.83 10.59 11.25 11.76

4. 425,544 | -22,223 '-10,600 ! - 11,60 14,74 15.41 18.00

5. 723,880 | -90,000 w-mouooo m-mm,ooo 26.65 36.80 38.00 70.00

6. 830 466 | -90,000 '-99,000 '-52,000 | 26.65 36.80 38.00 70.00
maximum dual value wo1 T-constraints 40.,-- 50.-- 40.-- 70.--

b/ dual variables as computed out of the sensitivity analysis (&)

L. - 2,200 ! m

2. - 9,765 m

3. - 9,765 m !

4, -22,223 1-10,600 m

. -89,456 197,389 1-52,000

6. -90,000 1-99,000 1-52,000
i, |

(&) use of "light italic” when figures of b/ differ from a/
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3.3. : dual values of the traffic-demand constraints
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The four right hand side columns exibit the net averaae
increase in system costs, when on one of the four routes
(T to Ty or u, to ui) there hapoens to be a market traf-
fic-increase of one TEU waitina for shipment, Evidently,
that TEU gives either rise to:an increase _

- in operating costs when it is shipned, or

- in penalty costs when it cannot be shipped.

The latter point is easily verified 1in the fifth and sixth
demand case where out of table 5 (bottom right) one
observes that all shipping capacity is taken.(slacks=0),.
and there is some cargo left (penalties resp. 1398 & 2730).
Any additional TEU will simply rise the penalty by one

and the penalty costs by 70.- on the fourth route. The
penalty costs consequently represent the maximum dual
value in the extreme case when no additional sailinas

can be organized.

When the dual-values are less than the (maximum) penalty
costs they express the jncrease in operatinag costs, ne-
cessary to carry one additional TEU on a particular rou-
te. For example, the four dual yalues are equal in the
second and third demand case. In those two situations the
optimum solution (Table 5.) still shows some of the first
generation vessels (= class 2. of 850 TEU) laying up
(slack > 0). They can perform (fractions) of additional
trips to handle the cargo. Takina then the fourth route,
where a 850 TEU ship may perform one additional trip a
10,000.-, the incremental cost of one TEU becomes:
10,000/850 = 11,76, which is the dual value of T4.

On the same route, when demand increases to the level of
"case 4". There s no 850 TEU unit left and additional
TEUs require 500 TEU ships, which are already operating.
Their roundtrips.cost 9,000 each or 9000/500=18 per TEU,
which is once again equal to the dual value,
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Similarly to the latter examnle on route 4., roundtrips on
route 2. cost 9,000 for 850 TEU vessels or 10.59 per TEU.
That value consequently determines the dual in cases 2. and
3. where on the second route 850 TEU ships can still be ad-
ded to the fleet operations. Thus far, route 2. and 4. allow

easy calculations.

But on the first and third route there are only efficiency-
units of 1500 TEU in operation for all levels of demand, and
for all cases they are used up to their rated capacity. The-
refore, we cannot calculate the dual value by simply dividing
operating costs by the rated TEU capacity (cfr.Table .2.),
neither for a class 1. vessel nor for one of class 2. Expan-
ding on this issue we again look at the second and third
demand case, for which the dual values. are:

- 8.83 on the first route, and
-11.21 on the third route.

On the first route the average operatihg cost per rated TEU
is: - for 1500 TEU units 10,000/1,500 6.67, and for

- for 850 TEU units 8,000/850 9,41,
or respectively lower and higher than the dual value (8.83).

n

Similarly on the third route, operatina costs averaae per
TEU in - 1500 TEU units 12,000/1,500 8.0 , and in

- 850 TEU units 10,000/850 11.76.
Once again the dual value (11.25) lays in bétweén; since it

calculates the total systéms cost-increases of;:

a/ handling the additional contatner by an efficiency unit
of 1500 TEU on the first or third route, with an averaae
cost of respectively 6.67 and 8.,

b/ rearranging the capacity shortaqé‘fof one TEU on routes
1, and 3.) along the other routes (Z.e, the second & fonrtﬁ') ‘
where apparently the use of less efficient 850 TEU ves-~
sels s less harmful in terms of cost-increases.
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The latter example clearly complicates the calculus of
dual values since it partly includes a margina1 adanta-
tion of the sailing frequencieé of vessels alono the
routes. This perfectly follows the principle of "marai-
nal opportunity costs" which represenf the dual value.
These are not only the incremental costs of performing
one additional job besides other jobs, but obtain a far
more comprehensive meanina of the least-cost incremen-
tal use of resources needed to perform an additional
job, under the condition that the whole system should

work at lowest costs.

Thus, in the last reported example, it is possible to
allocate the difference between dual-values and average
operating costs/TEU to comparative efficiencies between
1500 TEU and 850 TEU vessels. That calculus is quite te-
dious to do for such small differences. The calculus is.
however worth to be executed with respect to the fleet-
capacity constraints.




3.4.: dual values of the fleet capacity constraints
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Repeatina the analysis forthe dual variables of the fleet's
capacity, let us consider the "- 9,765" value of "Yl" in
the second and third cases of market demand. It denotes the
change in the optimum value of the objective function, when
the constraint, associated with Sl’ is relaxed by one unit.
In the current example:

a/ the objective function is expressed in terms of costs,

29.

(including operating costs and penalties for lost cargo),
b/ the S,-parameter stands for "5 ships” of a 1500 TEU ca-

pacity.

Thus "9,765" is the amount of

a/ the reduction in system-costs (since 7t takes a negative

sign) of operating the whole fleet, when

b/ the company introduces a sixth unit of 1500 TEU capacity,

and keeps others either in operation or as standby-use.

Repeating the assignment exercise of Table 5 with Sl=6 instead

of Sl=5, we obtain the next sailings for the second and third

demand-cases:

Table - 8/3 Optimal ships assignment with S,=6
case_2/b; demand_| 6,000 10,000 5,000 _ 5,000 | slacks
1 4 6 (4) 3.3 - 0
sailings of 2 - 1.2(4.7y - 5.9 4.7
3.0 - - - - 10.0

total costs: 215,399; costs with(51=5)225164,;difference -9,

765

case 3/b; demand | 6,000 10,000__5, 000 10,000 slacks

1, 4 6 (4) 3.3 - 0
sailings of 2 - 1.2 (4.7) - 11.8 1.7
3 - - - - 10.0

total costs: 274,222; costs with(S,=5) 283987;difference:-9,

1

765

figures between brackets refer to the standard allocation (if different)
with cl—R QZ—R and §3_1ﬂ as _given in Table 5.
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The conclusions from our traffic engineering adjustment are
clear. The new 1500 TEU ship has been assigned to the second
route on which it can perform two round trips (cfr. Table ".1).
Therefore, the total number of round trips on the second
route rises.from 4 to 6. The additional costs of those two
round trips is 22,000 (2 times 11000). Since the second route
is now served by two large vessel we can withdraw a number of
smaller 850 TEU ships of the first generation. In fact, we
withdraw the capatity-equivalent of 1.2 ships (which follows
from comparing the slack values in Table 5(3.5) & 8/a (4.7).

The number of sailings by 850 TEU ships drops from 4.7/month
to 1.2 or minus 3.5. This causes a saving of operating costs
of 31500 (3.5 times 9000). The total savings from the with-
drawal exceed the additional costs of the large vessels by:

31,500 22,000 = 9,500.=9,765. (5)

Nevertheless, there is some danger in the straightforward in-
terpretation of the dual variable as the ACTUAL amount of
cost-savings resulting from a unit-increase in the Si-con-
straints. In order to clarify this warning we now turn to the
first demand-case, in which we expect a cost-saving of 2647.-
when increasing the number of 1500 TEU ships from 5 to 6.

(5): Actually, with a 6 digit preciston, the number of sailings drops from
4,7012 down to 1.1718 or minus 3.5294. Savings are evaluated a 9,000
per trip, or 31,765 instead of the above figure 31,500. Thus the net
savings are 9,765 as in Tables 8/q (cases 2/b and 3/D).
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However, when we solve the original LP problem for Sl=6,
the next optimal sailings are obtained:

Table "8 /b : Optimal ships assignment with Sl=6

case 1/b; demand 3,000 10,000 2,500 3,500 slacks

1 2 4 1.7 2.3(1.5)]0.16(0)
sailings of: € 2 - - - 0 (1.5)] 8(7.3)
3 - - - - 10

total costs 121,204; costs with (Sl=5) 121,204, difference 23,204
instead of 2,647(443)

The net cost savings are 2,204, i.e. 443.- lower than the
figure suggested by the dual variable. Similarly, to the
previous calculations, let us discover the meaning of our
two different "“shadow evaluations®.

Firstly, all trips by 850 TEU vessels are skipped which now
all lay up (slack = 8). Their operating costs are reduced
by: 1.5 x 9,000 = 15,000, Additional sailings by the new
1500 TEU vessel increase from 1.5 to 2.3 or by 0.8 trips;
therefrom results an operating cost-increase of

0.8 x 15,000 = 12,000 (or 12,490 with a siz digit precision)

The net balance becomes savings 15,000 = 14,694 (p)
- costs 12,000 = 12,490 (6) .
balance 2,204

which is indeed 443.- lower than the dual value of 2647 or

16 % (2647 % 0.16 = 2204). The reason is that our new unit

of 1500 TEU is partly an overinvestment of which 16 % remains
idle capacity (slack value = 0.16). The calculation of dual
variables by an LP-program thus assumes that all such idle
capacity comes up for substituting less efficient capacity,
even when such substitution has only occurred in part.

(6) skipped trips of 1.469413 a 10,000 or savings of 14,694

Additional 1500 TEU trips from 1.500667 to 2.33333 or
0.832666 additional trips 4 15,000 equals -12,490
2,204
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The three earlier examples all exibited substitution of
vessel on the same sea route. In the fourth case, the hi-
gher demand level now also activates a substitution between
ships and routes:

Table .~ 8/c : Optimal ships assignment with S, =6

case 4/b; demand | 6,000 20,000 5,000 10,000 slacks

1. 4 6(4) 3.3 0 0
sailings of: 2. | - 12.9(16.5) - 7.38(5)
3.1 - - - 7.47(11.4) | 6.3(4.3)

The dual variable of 22,223 can be interpreted following:

a/ a substitution of 850 TEU units by 1500 TEU on route 2.
{12,93648) _

(16.46589)" 2.52941 x 9,000 savings : - 31,765
(6.002665)._ | . _

(4.002667)" ° x 11,000 costs . + 22,000
which results in’a net saving‘éf : 9,765

b/ a switch‘of those 850 TEU units to the fourth route
where they replace 2 smaller units of 500 TEU (slack
‘rises from 4.3 to 6.3):

( 7.446677) _

(17.44267 )~ 3.99599 X ‘9,000 savings - 35,964
( 7.384309)_

( 5.033722)" 2.350587x 10,000 costs + 23,505
which results in a net saving of: 12,458

The total gain of the logistical operation becomes: 22,223,
from: - four abandoned sailings on the fourth route
by class 3. (35,964), which are replaced by:
- 2.35 additional trips by class 2. (23,506).
- The Tlatter capacity is removed from the second
route & 3.5 trips (31,765), where they are replaced
- by two addtional crossings of 1500 TEU vessels.
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The highest dual values of the S1 constraint are evidently
found when market demand experiences strong capacity strains.
This happens in the fifth and sixth case where respectively
1398 and 2730 TEU contatiners could not have been shipped at
the present (Sl=5;32=8;S3=1O)-configuration. Now the dual
calculations also involve the evaluation of penalties:

Table ~ 8/d : Optimal ships assignment with S5,=6 | u
case 5/b; demand 6,000 20,000 5,000 20,000 slacks
1 4 0.7(0) 3.3 2.7(2)
sailings of: 4 2 - - - - 16
3 - 38(40) - 4.8(4)
penalties (TEU) - - - 0(1398)

system costs 634,424 (54=6)-

723,880 (S;=5)

savings 89,456 ; dual = 90,000 ; difference 544.-

Similarly to the first case, (see table  8/b) the dual
variable exceeds the actual cost-savings, but upon a minor
difference of 544. This small value is not sufficient to
activate a slack up to the fourth right-hand digit.

Therefore, our fleet has almost obtained a perfect operatio-
nal structure, given the demand at each route and the capa-
city available (6-8-10). There are no idle ships (all slacks
are zero) and all 1398 TEU's are regularly shipped by the
monthly sailings.(all penalties are zero too). The additional
1500 TEU ship has exclusively substituted 500 TEU vessels

on routes 2. and 4., which now are able to take care of the
1398 TEU's. Ships of class 2. all remain on the second route.

Qur suggestion about the "perfect operational structure” is
only valid for the present constraints, and does not warrant
an absolute cost-minimum (or minimum minimorum). It is indeed
possible still to obtain Tower costs(without activated sTacks
or penalties) at another fleet-configuration (cfr. infra
table :S/f).
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The quite substantial savings now only result in part from

an improved fleet with one additional 1500 TEU efficiency-
unit but mainly from the fact that the 1398 containers could
now be shipped and have increased our profits by 70 x 1398

or 97860.-. The .difference (97860 - 89456 = 8404.-) follows
from the higher dperating costs of our enlarged fleet, with a
correction for the improved efficiency.

A clarification of the latter point is exemplified in the
sixth demand case, where the new 1500 TEU vessel 1is exclu-
sively oﬁerating on the fourth route.

Table ~.8/e : Optimal ships assignment with Sl=6
case 6/b; demand 10,000 20,000 5,000 20,000 i slacks
1. 6.7 - 3.3 2.1(1.1) 0
sailings of: 2. - - -- 16
- 40 - 4
penalties (TEU) - - - 1230(2730)

system costs: 740,467 (Sl=6)

830,467 (Sl=5)
90,000 = dual’ value

The additional 1500 TEU ship is assigned to the fourth route
where it moves 1500 of the 2730 TEU; the 1230 remaining keep -
waiting for another company. The savings are now:
- increased profits & 70 x 1500 105,000
- minus operating costs of one trip - 15,000
790,000
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In a identical way, we are able to discuss the potential gains
of one additional S, ship added to the existing fleet (S,=5;
SZ=8)' As suggested aiready in Table 5 benefits are zero
since the eleventh vessel of class 3. remains idle and would
only increase the slack-value from 10. to 11. Only in the
Fifth and sixth case, the ship can be used to carry some of
the 1398 TEU waiting on the quay. The 500 TEU unit can per-
form two roundtrips per month at 9,000.- operating costs. The-
refore, the systems savings are: '

- increased profits & 70 x 2 x 500 70,000
- minus operating costs 2 x 9000 18,000
or: 52,000

for both the fifth and the sixth demand case. The only diffe-
rence is that respectively 398 and 1730 TEU's will remain
waiting for seaborne capacity, since the additional S3 unit
can only handle 1000 additional TEU's per month.

To conclude our discussion on the shipping Si—constraints
we finally turn to the duals associated with the 52 con-
straint. Here we are really surprised by noticing that the
S, duals in the 5¢% and 6tk case are larger that those as-
sociated to the Sl constraint (99,000 instead of 90,000).
Once again the logic of the assignment procedure provides
the right answer.

The program input stated that 850 TEU ships can perform two
roundtrips on the second route, thus bringing the capacity

to 1700 TEU's. A larger ship does carry 1500 TEU's but exe-
cutes only one monthly sailing. Those 200,- additidna] con-
tainers are worth 70,- on the fourth route (where the capa-
city is needed). But two trips with the 850 TEU vessel cost
2 x 10,000 = 20,000, or 5,000 more than the 15,000 budget

for a single shuttle with a 1500 TEU unit.Thus the compari-
son'in systems costs balances:

- additional profits: 200 TEU's a 70 = 14,000,

- additional operating costs - 5,000.-,

or 9,000, being the difference between the S1 amd 52 doat

in the fifth and sixth market-demand cases.

P
>
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Thus far the difference is explained between “1 and U o
dual values. But out of comparing Tables  8/a and b/,
one obtains a warning that the latter duals slightly
overestimate the actual cost savings. Again we list the

optimal routing with S =5, S,=9 (instead of 8) and S;=10.

Table . g/f : Optimal ships assignment with 52=9
(Sl=5 ; 53 = 10)
case 5/c; demand 6,000 20,000 5,000 20,000 | slacks
7 1 4 2(0) 3.33 1(2) 0
sailings of: 2 - - - 18(16) 0
3 - 34(40) - 6.4(4) 0
penalties (TEU) - - - 0(1398) 0

systems costs 626,491 (52=9)
723,880 (S,=8)

net savings 97,389 instead of the 99,000 -dual value.

The -dual value had indeed calculated excess benefits of
attributing all newly available capacity of a Sz-vessel
to carry containers on the fourth route. The basic dual
calculation is easy to make, just as in case of the S3
vessel:
- two additional sailings of a 52 ship
with a rated capacity of 850 TEU with

two monthly sailings given 1700 TEU &

a 70.- penalty saving = 119,0007
- operating costs for two sailings a
10,000 per roundtrip 20,000

99,000




But in the fifth demand case there are only 1398 TEU waiting
or only 82% of the rated monthly roundtrip-capacity of a
vessel of class 2. (1700/1398 = 0.82).

Therefore, the benefits from reduced penalties

are evaluated @ 70 x 1398 : = 97,000
and the additional operating costs of the last
vessel are: 2 x 10,000 x 0.82 -16,447

The remaining idle capacity of the class 2 ves-

sel (18%) has been optimally used to substitute

some of the less efficient units of class 3.,
following the complex scheme af Table 8 /f.This
results in an additional cost savings of: 16,836

wherefrom the actual systems-cost savings are: 97,389

_ Thus, once again, the dual variable, as calculated by the
initial LP-program

a/ concentrates on the most activated constraint(here the
demand on the route with the activated penalty P4),

b/ but extrapolates those benefits to the extent of the
TOTAL ADDED CAPACITY (1700 TEU instead of 1398),

¢/ and does not correct for the potential occurrence of
idle capacity when relaxing the constraint.

In the last example (case 6) there are 2730 TEUs which
clearly exceed the added 52 capacity of 1700 TEU. There-
fore the dual of 52 correctly calculates the benefit of
two additional crossings by a second class vessel being
(850x2x70) - (2 x 10,000) = 99,000.

37.
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In all eleven cases of dual exercises, only two cases have
been met where the shipping capacity was almost tailored
down to‘the strict demand needs. There were no activated
slacks (idle capacity) and no penalties (surplus demand).

Those "optimal operating" circumstances have occurred:
a/ in the last case (Table 4.8/f) where the system cost

was 626,491 with Sl=5 ; 52=9 5 33=10 and 1in

;b/ an ear11e¥ case with S,=6 ; 32=8 : S3=10 where the
system cost amounted to

to: 634,424 (in Table 4.8/d).

Both cases featurea small difference between dual values
and actual cost savings (respectively 1411 and 544) which
cannot account for the difference in system costs. Both
cases also had a similar demand-structure since they both
concerned: the "fifth case" with the Tj being 6,000 ;
20,000 ; 5,000 and 20,000 respectively.

Remarkably, the 1lower system-costs occur when one addi-
tional 850 TEU vessel was added to the fleet instead of a
more efficient 1500 TEU unit. Thus the difference in system
costs is to be attributed to an improved over-all configu-
ration of the company!s fleet over the routes. The example
sufficiently shows that from the standpoint of "“INTEGRATED
LOGISTICS" the LP optimal salutions only give a "local op-
timum". This " in the end may be improved by establishing a
a more efficient logistical scheme, through an adaptation
of the basic parameters (constraints).
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4. Logistical Management amendments

The previous cases only deal with one-way flows taken as a
whole (eg with empty backhauls). Such. extremely simplified
presentation allowed us to introduce the main programming
concepts without excessive intracacies, and also to obtain
some caution against erroneous interpretation of the results.
Now, time has come to add real world features which improve
the relevance of the used technique. Those amendments cover
the issues of planning backload cargo, the provision for
costs of laying up idle capacity, and the choice between time

charters versus operations on own account.

Most of those amendments share a common feature in that their
cost- and operating implications add further “non-linear"
items (shifts and kinks 1in the underlying functional relation-
schips). It is however possible to re-organize’and adapt the
constraints for those new evidences, such that the basic
linear structure of theAprocedure is kept conform to the
initial requirements (cfr. supra section 1). Those amend-
ments allow the simulation of a number of decision-alterna-
tives which specificallly relate to the compound cost-struc-
ture and operating schedule. This particular theoretical is-
sue is first addressed by a short overview of the costs of
associated production.
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4.1. : Problems of "associate production"

In tackling the issue of backhaul trips and the evaluation
of idle times, a preliminar insight is necessary on the
concept.of associate costs. The chief problem in this mat-
ter is that current procedures of cost accounting as applied
to multiple outputs requiring a common fraction of resources.
Economists and accountants have‘distinguished several cases
of such associate production as related to various specific
business situations. The main vocabulary used in this matter

ijs suggestively reproduced in'Figure 9.

In fact there are two pu%e cases, being:

- disjunctive costs in which the costs of two different ser-
vices do not feature any common component (eg a roundtrip
from Tangung Priok to Chittagong and one from Dar es Salaam
to Port Said).

- Joint costs in fixed proportion which is for example the
fuel cost of the empty backhaul when the outbound trip is
executed fully loaded at the same route in the same weather
and sea conditions.

In the marginal approach (in which we count opportunity costs

or those which are AVOIDABLE by not executing a particular

cost-generating action), disjunctive costs are fully traceable

- from the evidence of the operations, whereas joint costs in

fixed proportion are not empirically traceable (to either the

outbound trip or the empty backhaul). Thus, in the pure joint
cost-case, costs are only traceable to compound demand units.

A well known scheme linking those two extremes has been esta-

blished by DEAN (7) of which a slightly adapted version is pre-

sented in Figure 9(8). Some notions :are not self-egident

and will -remain cbntingent upon the accountant's judgment of

the cost-structure from the "outside of the production process"”.

For example, "unassociate-common" costs may refer to techni-

cally disjunctive technologies of which some costs are aggre-

gated by several administrative practices..Under the heading
of “rival costs", alternate and opportunity costs may also re-
veal some overlapping connotations.




Figure 9. : Scheme of multiple production and costs
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DEAN, (1950, pp. 263-5; p. 270 & pp. 311-9)
EDGEWORTH (for e-marked items; 1911,p.558,
footnote 4)




The latter péint indeed suggests that it is often possible
to reveal the Qnder]ying production process in a finer de-
tail than is possible with the costs of operating the pro-
cess as an integrated system, where most decisions are ta-
ken "on the margin" of current operations.

In the present case study most issues of cost-indeterminacy

can be solved by appropriately formulating the incremental

costs (or cost-savings) as resulting from a marginal deci-

sion. Special care should be given to:

a/ consistency in applying the marginality concept, and

b/ cost-recovery of the system (ie including basic and mar-
ginal operations). |

For example, in section 4.2 the backhauls will be char-
ged the marginal costs of engaging in carrying backloads.
This approach is only valid if the LP procedure warrants ne-
ver to organize more backhaul than outbouhd trips. In such
case it is only necessary to define the outbound section of
a route as the direction with the dominant cargo flow.
Otherwise, a number of backhauls will become charged at the
margin, without the fixed (joint) costs of ormanizing the
basic roundtrip (Z.e. the loaded outbound trip with empty
return) being covered and paid eventually.

42.




43,
4 2. Backhauls

At this stage of the discussion we had assumed that both parts
of a roundtrip occurred along an identical route and at one
global operating cost. The possibility to include explicit
backhaul cargo requires a potential correction for additional
port handling costs, turnaround times and penalties for lost
cargo, |

The basic difference between outbound and backhaul trips indeed
refer to costs and demand conditions, such as:
a/ the traffic level. Some routes may show balanced flows whe-

reas ,others may feature ennoying surplus cargo in one direc-
tion,

b/ the penalties to be allocated. Routes with fierce competi-
tion will feature Tower mark-ups and therefore lower penal-

ties compared to routes on which the company ia able to
activated some monopoly power. Further difference in the
penalties refer to differences in the commodity-package,
though the latter poeint becomes less observable in contai-
ner transport.

The previous debate suggests 'that the major adaptations
to be applied to the traffic-demand constraints, which are
indeed specified by route. Nevertheless there are also:

¢/ incremental costs incurred. Earlier operating costs had

been specified for whole round trips. Since the backhaul

is to a certain extent an intrensic part of the roundtrip

the costs to be allocated to the backhaul cargo are Tike-

wise "joint costs". Thus incremental costs for'organizing

the shipment of return cargo are to be identified when:

1/ return cargo necessitates more complicated route-loops
to be organized (e.g. additional port calls etc.),

2/ port costs increase to the extent that the loading of
backhaul cargo requires additional time and/or costs
paid to port authorities, agents and freight forwarders.




Some of those costs may behave proportionally to the
amount of return cargo, others may take the form of

a fixed mark-up (9). In our case we will assume a compro-
mise and take a fixed mark-up per class of vessel, being
500,- for a 1500 TEU vessel, 400 for a 850 TEU unit and
350, - fdr the smaller feeder class.

Therefore, the problem statement of section S 2., as
generalized in section ~ ..3. (Table 3 & 4 ) is to be
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adapted by the variables, the parameters and the constraints.

1. The _variables

Fach backhaul trip should obtain a specifig¢ variable.Thus

for each Rij now corresponds an additionral Rji' Or in the

one-dimensional X-notation of Table we obtain:

Table 10: Trip sailings for outbound and backhaul

route v 1. 2. 3. 4, direction
i
_________ T EELCCEEF TR
ship class !
! N
1. ' X X, X
N OUTBOUND
i 6 7 8 p
]
: 9 X10 X1q X1 (cfr,Table 3 )
N L]
penalties ! X13 X14 X15 X16 P
]

ship class

L. X17 %18 X199 %30 -
2 X X X X ACKHAU
: 21 Xo2  Xo3 0 Aoa
3. Xo5 X6 Ko7 Xog
X X X X

penalties

{9) one cbservation +to substanttate the relevance of the

. fixed mark-up is the SUEZ CANAL toll-defining practice

that only difference is made between general cargo ships

7"7/771/ omrn‘-y or F7:77y loadad EAEY] sl:ﬂn% 1 +oum

R W

sadered as a full load.

Py a-0%4
L R~ S~ orn—CaY v -G 7




To the original cost-minimizing objective
systems roundtrips:

10,000 X, + 11,000 X, + 12,000 X,

+ 8,000 X5 + 9,000 X6 + 10,000 X7

+ 6,000 X9 + &,000 X10 + §,000 X11

+ 40 X13 + 50 X14 + 40 X15
we now add the marginal backhaul costs:

500 X17 + 500 X18 + 500 X19

+ 400 X21 + 400 X22 + 400 X23

+ 350 X25 + 350 X26 + 350 X27

+ 20 X29 + 20 X30 + 40 X31

in which the last row gives the penalties

of not taking the backhaul cargo (by TEU).

adapt the constraints:

- oem em an w wm m w - o e om em gm vm e me W e o em

+ 0,50 X, + 0.50 X

2 3
+ 0.33 X6 + 0.33 X7

0.333 X1

0.25 X + 0.5 X, + B X

5 8 21

in which "“A" ., "B" and "C"

1.2 days
(for 0.6 days).

stand for the additional
for loading and unloading the backhaul cargo; e.g. A =
(0.04 months x 30 days); B=0.03 (for 0.9 days)
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function of the

+ 15,000 X4

+ 10,000 X8

+ 9,000 X12
+ 70 Xy¢
+ 500 X20
+ 400 X24
+ 350 X28
+ 50 X32

(lost profit)
Furthermore we

+ B X
0-20 X9 + 0.20 X10+ 0.25 X11 + 0.5 X12+ C X25 + C X26 +C X27 + C X28

oo T B X23 + B X

20
24

A HA A

10

time needed
0.04 for
and C=0.02
In this section, we consider the backhaul-time

costs as fully joint to the outbound trip with A=0,B=0 and C=0.

- om mm wD Gm G mm em A em G wmD R e me Gm R GRm TM WG Gn PR Gm Gn om G D ER SR mm om ER vR e

800 X 1X

1t gt 500 X9 + 13
1500 X2 + 800 X6 + SOQ X10 + 1 X14
1500 X3 + 800 X7 + 500 X11 + 1 X15
1500 X4 + 800 X8 + 500 X12 + 1 X16

10,000
20,000
5,000
20,000

H

i

as earlier reported for the "sixth demand

case"(Tablel.}).
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1500 X17 ++ 850 X21 + 500 X25 + 1 X29 = 5,000 ! 1.
1560 X18 + 850 XKoo t 500 X26 +'1 X130 =10,000 i 2.
1500 X19 + 850 X23 + 500 X27 + 1 X31 = 5,000 ! 3.
1500 X20 + 850 X24 + 500 X28 + 1 X32 =20,000 i 4,
---------------------------------------------------------- s route
class 1 class 2 class 3. penalties TEU marke%\\

in which the RHS figures express the number of TEU available
for the backhaul shipments by route, and the Left Hand Side
denotes the total available shipment capacity added over the
three ship classes including the penalties (X29 e X32)for
surplus-containers Tleft for anavailable shipment capacity.

As suggested before the used coeficients (1500, 850 and

500) are "rated" capacities. They may be different from
‘those used on the outbound journey, a detail which is omitted
in the present discussion (10).

The reported RHS figures (c/ ) are exemplative suggestions in
additional to the "sixth demand case" of the outbound market.
Thus with 5,000 and 20,000 TEUs in respectively the third and
~ike fourth route, we assume that freight market on those rou-
tes are perfectly balanced in both directions. On the opposite
routes 1. and 2. only provide backhéul cargo at 50 % of the
outbound market demand (cfr. supra Table 1 ) Also the penal-
ties of the backhaul market are relatively higher on the third
and fourth route.

In order to keep the problem statement realistic, it is essen-
tial to consider the same backhaul trip in the objective func-
tion and in the backhaul demand constraints.

(10) For example a northbound journey toward the "NORD ATLANTIC"
area may feature the rated 1500 TEU capacity with a ship
used up to her load-line, Then the southbound backhaul will
most certainly obtain a somewhat lower capacity because of
corrections to be made for the weight of bunker fuel and
changing salt-composition of the crossed seas. Stnce all

this is a matter of WEIGHT of the cargo it ©s very arbitrary
to translate those items in terms of NUMBER OF TEU
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Thus, when on the first route the outbound ca}go (10,000)
exceeds the backloads by 5,000 TEU the cost-coefficients
of the backhau]s in the objective function (X17,X21& X25)
must express the marginal costs of loading a vessel on
her backhaul instead of returning empty. The reverse, ie
backloads exceeding outbound cargo, is not possible. In-
deed one would have organized “phantom trips", i.e. some
backhauls at marginal 1dading costs without a correspon-
ding number of outbound journeys which bear the fully
joint fraction of common round-trip costs. This point is
systematically introduced by the:

which state that the number of (fully loaded) backhauls
should not exceeds the number of outbound departure by
route and ship-class:

X1 2 Xy or Xy - Xy, 20 for class 1, vroute 1
> Xy X, - Xig 20 1, 2
2 X9 X3 = %1920 1, 3
2 %0 g "Xy 20 L 4

X5 2 Xy 5~ Xpp 20 2.

Xe 2 Xpp Xg - Xpp 20 2,

A11 2 Xp7 f11 7 %27 2 3

K12 2 Xp8 X127 X8 2 0 3

Those constraints simply follow hhe meaning of earlier program

assumptions that:

a/ a ship is either sailing or Taying up for a full month,

b/ as far as she sails, she can perform fractions of monthly
trips, but ALWAYS FULLY LOADED,

¢/ penalties can be activated for surplus cargo, but THE OPPO-
SITE is not possible, in that one cannot organize outbound
journeys with a load factor of Tess than one.

~ The above inequalities must remain inequalities. If they would
have been introduced as equalities (ea X1=X;7) they would addi-
tionally require that the actual outbound cargo equals the re-

turn lToad which is not realistic with actual demand conditions.
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Moreover, the backhaul inequalities should loaically corres-
pond to the formulation of roundtrip features in the cost-
and demand-equaticns. Let us expand on this issue with the
first route in mind. There,'the outbound carao (10,000) sub-
stantially exceeds the backloads (5,000 TEU). Consequently,
the backhauls were evaluated in the objective function at
the marginal costs (coefficients of X17 to XZO)‘ Furthermore,
tne :first four backhaul-frequency constraints express the
condition that the loaded backhauls should never exceed the
outbound departures and there ratio simply aives the load
factor of the return voyage (eg Xi7/%1 s X1g/%5 etc;). With.
this procedure, .

a/ the backhaul is always defined as the "route-leg" with
the lowest-cargo demand; a condition which  aurantees the
consistency between the objective function and the carao-
demand constraints,

b/ the return trips will never exceed outbound departures
since the latter are evaluated at incremental costs with
respect to the outbound.

Applied to the sixth demand case, the optimum is represented
in Table 4.11, The number of trips between brackets give the
frequencies in the case of no backhaul cargb (such as was ex-
hibited in Table 5 ).

The only point of difference concern the third ship's class
(7.e. the smaller 500 TEU units). HNow, the ~ 40 roundtrips
on the second route are reduced to 26.4 departures of which
20 monthly crossings find at a average a full return cargo.
'On that route 6,825 TEU are not shippned on the outbound leg.
The reduction of (40-26.5=) 13.5 trips on the second route
balances an increase of (9.5 - 4=) 5.5 additional trips on -
the fourth route,‘which is indeed compensated for the avai-
lability of full backloads in that area. Consequently the
penalties have been allocated to the second route instead

of the fourth
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Table 11.:Roundtrip optimum trip assignment with

Sl=5 : 5258 : S3=10
demand ]10,000 20,000 5,000 20,000 |slacks]
______________________________________________ [ o
1 6.7 - 3.3 1.1 "
lwe]
sailings of:2. - - - 16 o
3 - 26.4(40) - 9.5(4) =
______________________________________________ -
penalties TEU: |- - 6,825(0) -  0(2730) =
penalties TEU: - - - - w
______________________________________________________ -
1 3.35 - 3.3 1.1 o
sailings of:2 - - - 16 =
=
3 - 20 - 9.5 =
_______________________________________________ fad
demand | 5,000 10,000 5,000 20,000 i
packload = 1. 0.5 - 1 1
load 2. - - - 1
factors 3. - "0.77 - o1

pPTIMUH COST VALUE : 941,157

As compared to the operations-schedule of Table 5. , the
system costs have increased from 830,466 up to 941,157, or
by some 13 %. At the same time the number of TEU shipments
is pushed from ;(55,000-2730=)1, 52,270 to (95,000 - 6825 =) 88,175
units or by 69 %.

This examplative story tells something about "scale-economies"
rather resulting from a comprehensive approach of integrated
operations logistics than from the only use of Jarger ships.




4.3, Laying-up costs

Untill now, "slacks" have been assianed to the average
monthly number of vessels laying up ~because of shortage

of cargo. Those slacks are computed simultaneously with

the variables of the optimum solution, but did not enter

in the objective function. In fact we could have put those
slacks in the objective function too, but with a zero-
coefficient such as to neutralize their influence, and
change the associated inequalities by equalities (1l1), 1p
such cases, one explicitly states that there is no speci-
fic cost associated to the time a ship is laying up either
in some foreign port or a Norvegean Fjord. Apparently, this
approach is correct if one assumes that the opnerating costs
have been calculated incrementally to the costs of layina

up.

" Nevertheless, that assumption is only valid in part since
lay-up costs dominantly contain "period costs" by class of
ship, whereas operating costs also vary with route charac-
teristics. Therefore, a more realistic formulation of lay-
up features is obtained:

1/ by changing the "fleet-capacity constraints" from:

inequalities: RHS < 5 to equalities: RHS + X33 = b5,
RHS < 8 RHS + X34 = '8,
RHS < 10 RHS + X35 = 10,

2/ and adding those variables to the cost-minimizing ob-
jective function: ’

Minimize 10,000 X, + + 50 X,, + a' X

1 cee 37

(11): this procedure is also called "artificial variables".
Artificial variables are variables which feature in the
constraints in order to change inequalities into equa-
lities. This follows from two LP formats, being etither
in a. STANDARD FORM (with only equalities)or the CANC-

NICAL(in which also inequalities occur).
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The new coefficients in the objective function (a',b' &c')

express the average lay-up cost per month by class of ship.

It is not easy to attribute provisional exemplative values

to those parameters, because they depend in reality upon:

a/ the actual place of laying up (ports, fjords etc.)

b/ the length-of-time of contineously laying up,

¢/ the necessity of executing regular overhauls and perio-
dic repairs of the operating fleet, which may consequent-
1y allow to turn the evil into a benefit (12).

Evidently, whatsoever their value those costs will not in-
fluence the optimum solution when slacks are zero and the
all fleet is in permanent operation . If some idle capa-
cityf'exists (and some slacks, ie variables X33 cen X35, obtain po-
sitive values) the optimum will exhibit higher systems-costs
to the extent of those s]acké, each of them multiplied by
the appropriate cost of laying up. But even in those cases
the introduction of lay-up costs will not change the opti-
mum sailing list bacause:
- slacks are only activated when all cargo is shipped,
- slacks only appear progressively from the less efficient
(class 3) to the more efficient units (class 2).
Thus, in "normal" cifcumstances, the correction for idle
time into lay-up costs only consolidates the optimum solu-
tion in the cases reported before.




The programming concept of lay-up costs may nevertheless
introduce relevant management decisions in case of an oc-
casional or structural crisis in world freight markets.
It would indeed be vital information to know if it still
worth performing roundtrips:
a/ when on certain routes the company operates at a Tloss
b/ which may be balanced in part or in full by saving
lay=-up costs.

Such problems can only be addressed by an integrated logis-

tigal approach since indeed, markets may slow down on some
routes where the most efficient vessel happen to operate,
and the company will certainly try to lay up the least ef-
ficient vessels which consequently have to be removed from
routes with good market prospects. In order to simulate
such circumstances, one only has to introduce NEGATIVE pe-
nalty values (Z.e. cost-savings) to the freight-penalties
of not carrying an available TEU.

Our scenario of the "freight market crisis" is established:
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- by reducing all freight penalties by 50 % (profit reduction),

"~ and by taking negative values on the outbound sections of

the second and foruth route.

Thus, in the objective function the new coefficients become:

:variab]es

¢
i
. . - !
r_————— ————————— L d
l . o ° l
terisis-values:;
. i
 previously i
£

Furthermore, we assume fairly substantial lay-up costs of
)5000.-/month for a 1500 TEU vessel and respectively 4500
and 4000 for the smaller ships of class 2. and 3.
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Table .12 : Optimal ship assignment with Sl=5;32=8;53=10
given backloads at market-crisis prices and
lay-up costs of 5000, 4500 and 4000/month.

route 1. 2. 3. 4, ships
' laying up
demand 10,000 20,000 5,000 20,000 (slacks)
6.6 2.8 0 =
° o _i
sailings €2 16 0 =
4.6 7.7 S
______________________________________ ja ]
penalties (TEU) 0 20,000 5,000 0
penalties (TEU) 0 10,000 5,000 0
w
———————————————————————————————————————————————————————— ﬁ—
-~
1. 3.3 2.8 =
sailings:42: 16 =
3: 4.6
demand 5,000 10,000 5,000 20,000

The crisis has indeed drastically changed the operating
picture. The loss on the outbound sections of route 2. &

3. made
tes,

the company cancelling all trips on those rou-

even when the backloads still allowed some profit.

At the same time large 1500 TEU.units substitute for small
The Tatter
vanish completely from route 2. and are substantially re-

duced on route 4. At the average month, 7.7 of those feeder

500 TEU units (compare sailings of Table

ship now lay up permanently.

11)-
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A third rather elaborate way to cope with costs of Tlaying

up is té reduce speed on current operations. Such circum-

stances are very realistic to-day and can be introduced by:

a/ vraising the roundtrip times, and

b/ adapting operations costs for a decreased fuel consump—
tion and a small increase in crew costs.

Such simulations require the basic reformulation of the ini-
tial problem statement, which goes beyond the scope of this
introductory presentation.

A fourth final proposal to evade costs of laying up 1is trying
to enter the charter market to the extent the company wishes
to renumerate idle or less efficient shipping capacity. To

a certain extent, the concept of this situation is similar

to the crisis-market with lay-up costs, but the used coeffi-
cients are opposite. This case is separately discussed in the
next section.
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The previous discussion on lay-up costs aimed to obtain
proper cost-accounts of the whole operating system, but
also addressed some managerié] decision alternatives in
times of freight-market crisis with explicit losses on
some routes. It often occurs, however, that a market
slowdown is less harmful in general, but fer example
especially affects the route-areas which are served by
the company under consideration. Since the shipping mar-
ket may be spatially articulated, other shipping areas
may still exibit good opportunities. In other areas,
companies may be temporarily in short capacity-supply.
In the short term, before our company is able to engage
itself on new spatial markets or organize pools, it may
consider to bring some of its vessels in the time char-
ter market. Our firm then faces the alternative deci-
sion of providing time charters instead of operating the
whole fleet on its own account.

Such decision may be modeled by:

a/ keeping the freight penalties (X13 e X16 ;X29 oo X32)
associated with positive values but at the reduced
Jevel 1ie + 20, 25, 20, and 25 for outbound routes, and

+ 10, 10, 20 and 25 for backload TEUs,

b/ attributing NEGATIVE values to the (slack)-penalties of

idle fleet capacity (X33, X34 & X35).

The latter "charter terms" might obtain a value between the
apportunity costs of saving lay-up time and the maximum mo-
ney making capacity, that is the ship's capacity times the
positive value of freight penalties. For 1500 TEU vessels

" the  terms compare to the net profit potential by route:

(capacity x penalty x nr.of trips)-(operating costs.x trips) = maximum

1590 20 3 10,000, 3 60,000
1500 25 2 11,000 2 53,000
1500 20 3 12,000 2 36,000
1500 - 35 1 15,000 1 37,500
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Therefrom, we derive for the three ships' classes:

1500 TEU 850 TEU 500 TEU (Table)
- mean charter terms- 50,000 45,000 40,000 (4.13)
=" high charter terms 64,000 60,000 56,000 (4.14)

As compared to Table ~ 11 the system cost decrease from
941,152 down to 728,775 which represents a cost-savings
of almost 33 %, in case of the average level of charter
terms (cfr. Table 13). The total package of shipped
containers however only drops by less than 10 % ( from
88,175 U)BOJEO), and at the average 2.3 500 TEU ships
are rented out on a month-to-month basis.

It is fairly easy to enumerate what happened:

1/ The company has especially reduced services on those

markets where the backloads does not match outbound

" traffic. Consequently, routes 1. and 2. now feature

an outbound surplus of 5,000 and 10,000 respectively

for which the penalty costs are activated. All flows
are featuring a load factor equal to 1.

2/ The lower effective demand allows a further specia-
1ization by the efficiency units of class 1. on rou-
tes 1., 2. and 3., whereas vessels of Class 2. keep
sailing exclusively on the fourth route.

3/ Consequently, the small vessels of class 3 (500 TEU)
are substantially withdrawn from the second route
(where they are substituted by class 1 ships) and consolidate
their operation on route 4, apart from

4/ 2.3 monthly units which earn money on a time-charter
basis.
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Table 13: Optimal ship assignment with Sl=5; 52=8§ S3=10

given backloads and charter terms of respectively
50,000 (claas 1); 45,000 (class 2.); 40,000 (class 3.)

route 1. 2. - 3. 4, charters
demand: | 10,000 20,000 5,000 20,000 |/ month
__________________________________________________ S
1 3.3 (6.7) 4.4 (0) 3.3 0(1.1) =
sailings: ¢ 2 0 0 0 16 §
3 0 6.7(26.4) O 12.8(9.5)| 2.3(0) %
penalties (TEU)| 5,000 10,000 0 0
penalties (TEU) 0 0 0 0
A IR SR RROUPPII IR >
1. | 3.3(6.7) 4.4 (0) 3.3 0 (1.1) =
sailings 42. 0 0 0 16 =
3 0 6.7(20) o 12.8(9.5) =
demand: 5,000 10,000 5,000 20,000

OPTIMUM COST VALUE : 728,775

Table ~-14: Optimal ship assignment as in 4.13 with terms
of 64,000 (class 1);60,000 (class 2);56,000 (class 3);

route 1. 2. 3. 4, chérters/month

3.3 4.4 3.3 0 5

sailings 42 0 0 0 16 S

o

0 0(6.7) 0 0(12.8) 10 |2

_________________________________________________ -1 2
penalties (TEU)| 5,000 13330(10000) 0 6400(0)
penalties (TEU) 0 3330 (0) 0 6400(0)

e o e e o i o o o e e e o o i o e B e A M D G e O D S SR D W T G SR G S NS S G S b € oo S S 0m S e g

(@]

. 3.3 4.4 3.3 0 =

sailings 42. 0 0 0 16 =

0 0(6.7) 0 8(12.8) | k

OPTIMUM COST VALUE : 584,753
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In the previous case, chartered capacity was only removed
from routes where outbound traffic demand exceeds backload-
possibilities, and only to the extent of those surplus de-
mand.(i.e. 5000 and 10000 on the first and second route).

Next our firm faces the same market volumes at the same
profit potential (equal penalty values of freight penalties
X13 ce X16& X29 . e X32)
of the time-charters from a 50-45-40 combination up to a
64-60-56 Tevel, ‘

but is able to raise the terms

The optimality analysis discloses a complete removal of all
small 1500 TEU capacity vessels from the own operations and
all of them are rented out. Class 2. remains on route 4
where it now becomes the exclusive operator and class 1.
covers the first three routes. The operations thus show a

very simple picture:

- 5 1500 TEU units on routes 1, 2 & 3,
- 8 850 TEU units on route 4,
- 10 500 TEU units in the time-charter market.

Cargo services are especially removed from the:

- first route to the sxtent of the outbound freight surplus (5000 TEU)

- second route to the amount of the outbound surplus (10000 TEU),
in addition to 3,330 TEU on both outbound and backhaul trips

L]
"~ third route up to 6,400 TEU on both directions or 32 %

of the local market potential.

Systems costs are furthermore reduced by 20 %, but the number
of shipped containers drop by almost 25 %. This is the evident
consequence of straightforward possibilities on the charter

market .
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5. Conclusions

Most LP application of assigning scarce resources to al-
ternative users are dealing with the so-called “short
term", in which production factors are contingent upon
one or more operating constraints (13). This is the es-
sence of the aésignment problem, since without those
constraints, the search for optimum operating conditions
would become redundant.

Sﬁipping companies do meet regularly such issues since their
basic equipment is long lasting and market conditions un-
certain and often volatile. The case studies, dealt with in
the previous sections, are basic and exemplative exercises.
Even the amendments of backload opportunities, market decline
or chartering and lay-up costs are realistic refinements, but
still cover fairly standard issues in operating a fleet of
vessels (14).

Further refinements can be added to the basic format in the
sense of a more systematic organization of the sensitivity-
analysis. Examples are the incidence of port costs and delays,
the simulation of more elaborate route-loops, the effect of
traffic-pools and conferences, new vessel design and the
hinterland-coverage of port calls (eg. with respect to items
of seasonality and cyclicality). A11 of the Tatter problems _
require more basic changes in the initial model compared to
simple one-by-one amendments, as was done before. As such,
they are technically possible to be established on the model
here discussed, but provisionally exceed the scope of the
present note.
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6. Notes and References

(1)
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Among a well known sample of standard textbooks we note:
YAMANE T., Mathematics for Economists, 2nd edit., Prenti-
ce Hall, London, 1968, 714 p.;pp.553-55, HORNGREN Ch.I.,
Cost Accounting, a Managerial-Emphasis, 4th edition,
Prentice Hall, Engl.Cliffs,N.J., 1977, 934 p.;pp.866-75,
WAGNER H. M., Principles of operations Research with Ap-
plications to Managerial Decisions, 2nd ed., Prentice Hall,
Engl.Cliffs, 1975, TAHA, H. A., Operations Research, New
York ,Macmillan, 1971, 603 p., HESKETT J. L., GLASKOWSKY N.
A., IVIE R. M., Business Logistics, 2nd ed., Ronald Press,
New York, 1973,pp.414-50, NAYLOR Th. H. & VERNON J. M.,
Micro-economics and Decision Models of the Firm, Harcourt,
Brown & World, New York, 1969,pp. 213-45, STEENBRINK R.,
Optimization of Transport Networks, Londen,Wiley,1973p, .325p.

SIMMONS D. M., Linear Programming for Operations Research,
Holden Day, San Francisco, 1972, 288 p.

Nevertheless, the "assignment problem" as applied to the
present cases in shipping logistics features:a different
format as the assignment exercises which resort to the
so-called "transportation problem", e.g.in plant-warehou-
se logistics and optimal routing algoriths; see for exam-
ple, BOWERSOX P. J., Logistical Management, 2nd ed., Mac-
Millan, New York 1978, 528 p.;pp.347-53 & pp. 395-410.
WAGNER, o.c., pp. 671-76, HEGGIE I. G., Transport Engi-
neering Economics, Mc Graw Hill, London, 1972, pp.215-19.

Earlier the transformation curve has been expressed as
X12= 2.5 x XlO’ stating that one additional X12 trip on
the fourth route requires 2.5 trips to be cancelled on the
second route. Thus, 6.8 trips more on route 4. gives 6.8
times 2.5 = 17 - trips less on route 2.

conform to our jnitial notation ul=Sl; u2=82; u3=S3;u4=Tl;

u5=T2; u6=T3 and u7=T4.

Actually, with a 5 digit precision, the number of sailings
drops from 4.7012 down to 1.1718 or minus 3.5294, Savings
are evaluated & 9,000 per trip, or 31765 instead of the re-

ported 31,500. Thus the net savings are 9,765 as reported
in Tables 8/a (cases 2/b and 3/b).
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(6) cancelled trips of 1.469413 & 10000 or savings of 14,694,

additional 1500 TEU trips from 1.500667 up to
2.3333 or plus 0.832666 & 15,000 equal - 12,490
292:

(7) see DEAN, Managerial Economics, Prentice Hall, Engl.Cliffs,

1951, 619 p.; and for some additional notions EDGEWORTH,
Contributions to the theory of railway rates,the Economic
Journal, Volume 24, December 1911, pp. 551-71.

a more elaborate digression on the Subject has been given
in CLAESSENS E. M., Methods of applied railway economics,
the case of the EEC, unpublished Ph.D. dissertation, Antwerp
SESO, 1980, 1022 p.; pp. 246-56.

(9) one observation to substantiate the relevance of the fixed

mark-up is the SUEZ canal toll-establishing practice in
which only difference is made between empty and loaded ves-
sels and 1 ton net cargo-load is considered as a full Toad.

(10) For example a northbound journey toward the "Nord Atlantic"

area may feature the rated 1500 TEU capacity with a ship
fultlyccharged up.to her NA-load line when entering the NA-
area. She thus may be loaded above that line in tropical
waters when the loss of bunkering weight allows the NA load
line be reached in the NA area. However, the southbound
backhaul will most certainly obtain a somewhat lower capaci-
ty because of the progressively increasing salt composition
of the crossed seas. Since all of this is only a matter of
net LOAD, it is fairly arbitfary to translate those items

in terms of net NUMBER OF TEU.

(11) this procedure is also called the "artificial variables"

method. Those variabees indeed feature in the constraints
in order to change inequalities to equalities. This corres-
ponds to LP formats being either in a STANDARD form (with
ohty equalities) or the CANONICAL form (in which also in-
equalities may occur).
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(12) The exact timing of ship repairs and overhauls 1is
subject to some freedom. For example, the LLoyd's
Register of Shipping allows the "annual & docking
survey" within a period of 2 successive years. Spe-
cial surveys are to succeed every 4 years correc-
tion made for one "year of grace". Furthermore, pas-
senger vessels are subject to fhe possibility of
"progressive" surveys, and, finally, "contineous
surveys" may substitute the special surveys but only
for motive power. see e.g. R. VLEUGELS, Vervoer ter
Zee (sea navigation), Antwerpen, UFSIA, 1982,pp.56-57.

(13) see for example HOROWITZ H., Decision Making and the
Theory of the ‘Firm, New York, Holt, Rhinehart & Wilson,
1370, 468 p.;pp.105-11.

(14) A final amendment may be introduced by applying Inte-
ger programming in which the monthly sailing cannot
anymore obtain fractions of trips. However, the draw-
back of the present "simplification" should not be
carried too far either. One the one hand, the present
exercises actually represent a "regular service" with
backhauls immedeately following' the outbound trips i.e.
somehow in between the "liner" and "tramping" system.
As repeatedly mentionned on the November 1983 Bremens=
congress on liner shipping the above distinction pro-
gressively vanishes such that the "in between" situa-
tion may as well become more relevant. On the other
hand it may indeed be unwise to tackle an assignment
problem of this kind immedeately with integer restric-
tions without having crossed the initial exercise with
fractions of trips on a month/to/month schedule.




