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1. Problem statement

The airports have traditionally been viewed as the
infrastructure providers for the airlines, but today the
scholars consider the problem of services provision
to the airlines from the point of view of the whole
air transport system. The traffic flow structure has
eventually changed that competition exists not only
between separate airlines but includes their main air-
ports.

One of the major aims of airports and airlines is to
provide quality services which largely depend on their
punctuality and safety (Galisanskis 2004). It is noted by
S. Albers et al. (2005) that competition of international air-
lines is gradually boiled down to uniformity in the context
of selling and provision of services in the air. Further on
competition will be rather considered with regard to the
services on the ground. In this case, the forms of interaction
between the airports and airlines gain utmost importance.

The airport’s functions and the services provided
can be classified, distributed among the regional
branches, divisions (subdivisions) using various ways
and combinations.

Usually, the main function of the airport is to
provide aviation and non-aviation related services to the
users: airlines, passengers, consignors, consignees, etc.
Some companies are provided with ground handling
from the airports while in other cases such services are
provided by the airlines or dedicated agencies or aircraft
ground handling companies (AGHCs). Aircraft ground
handling is a common term used to describe tasks con-
cerning the aircraft’s (AC) arrival or departure and which
are performed while it is on the ground.

It is a global trend that the airport ground hand-
ling market becomes liberalised. On the territory of the
European Union the airport ground handling market
liberalisation was specified in the Directive 96/67/EC
that triggered an increase of AGHCs by more than 80%
and subsequent competition among them observed in
between 1996 and 2007 (Airport... 2009). Fiercer com-
petition led to the necessity to improve efficiency and
minimise costs.

In recent years development of low cost carriers
(LCC) defined the new issues with respect to aircraft
ground handling. As opposed to the traditional airlines
the LLCs can minimise turnaround time and number of
operations to provide ground handling in order to min-
imise costs. This places considerable limitations upon
AGHC’s operating activities and increases the risk of
regularity breakdown should any delays occur.

2. Analysis of recent research and publications

Efficient allocation of internal resources of an aircraft
ground handling operator is one of the key factors for

the civil aviation airports to operate. The task gains a
particular significance for major AGHC with a large
number of divisions which also have various techno-
logical ways to process passengers, cargo and AC and
which are in charge of resources consumption (Clausen
2011).

Resource allocation should be carried out with con-
sideration for production capabilities and needs of all
AGHC divisions which handle the specified airports. The
well-developed system of internal prices of resources,
which functions within the given system, may serve to
this purpose. The Soviet and foreign academic literat-
ure (Kantorovich 1959; Yudin, Holstein 2012; Lasdon
2002) a great deal of attention has paid to duality the-
ory and dual estimates in particular. However, the issues
of dual estimates applied use have been covered scarcely
(excluding few publications, for example, S. Gdalevich
(1974); G. N. Yun, K. V. Marintseva (2013).

3. The results of the investigation
3.1 Input data

Usually airport ground operations are carried out in air-
side and landside areas. Hence, two subdivisions can be
introduced for ground handling in the AGHC’s struc-
ture: those related to aircraft ground handling and ter-
minal handling. The procedures for performing aircraft
ground handling technological operations are specified
in recommendations for each aircraft type in the Aircraft
Handling Manual.

Figure 1 provides an example of the typical tech-
nology for handling aircraft and illustrates the types of
activity. Some of them cannot be performed on a sim-
ultaneous basis. For instance, aircraft may be fuelled
with passengers on-board, embarking or disembarking
only under certain conditions (IATA 2014). Therefore,
in “Kyiv” airport fuelling is usually not performed while
passengers are boarding or disembarking. Other types of
activity, such as watering, can be performed irrespective
of other procedures.

For solving the linear issues of AGHC’s work optim-
isation, internal prices can be built on the basis of dual
estimates. The idea of using dual estimates for efficient
allocation of scarce resources between AGHC divisions
rests on the assumption that an original indicative solu-
tion of resource allocation has been drawn on the basis
of past experience or some other considerations. This
naturally raises the question of the possibility to improve
it. To provide an answer one needs estimates pointing
at the optimality or possibility of an original allocation
solution. Dual estimates which have been obtained as a
result of solving local tasks of optimisation of each sub-
division’s activities, taking into consideration the ori-
ginal resource allocation between them, can be adopted
as such estimates.
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If the estimates for a certain resource differ in at
least two divisions, then it is appropriate to realloc-
ate this resource between them. For this purpose the
value for the objective function of the division from
which a part of the resource is being withdrawn can
be somewhat reduced and increased for the one that
this resource is being transferred to, while the cumu-
lative effect would be stronger. To solve the problem
of the quantity of the resource being reallocated, par-
ticular models of tasks for these two divisions should
be joined into a single model with a common target
function and common limitations with respect to
the homogeneous resources being reallocated. The

solution for the combined task will provide the best
reallocation strategies of scarce resources between the
divisions involved. Hence, all estimates for the same
resources for these divisions will become equal. After-
wards, the joint model gets separated into two original
type models again. The right parts of the limitations
change simultaneously, in accordance with the ob-
tained resource reallocation, etc. The process contin-
ues until the dual estimates become equal for the same
resources in all divisions.

Now, let us consider an AGHC including a number
of divisions, each rendering some type of service, and the
centre providing m types of resources to the divisions.

Aircraft arrival

Y A Y 4
. Installation of a Bringing an airline i
Water supplyI Fuelling tank truck passenger loading catering trolley into Opening cargo
vehicle connection connection stand position compartment doors
P
Pump work disifrslilall%;rslg Baggage Containers
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v v ’ v
Water supply
vehicle Cleaning Catering unload Bjﬁizge Containers load
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Waste drainage Catering load conf[l)(;iitrrfe;irggors
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v
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Fig. 1. Model sequence of ground handling for a turnaround flight (based on S. S. Vicente (2010))
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To simplify further experimental calculations the set of
services provided by each division will be considered as
one type of service.

Let us introduce the following denotations:

i - resource type index, i = Lm;

j- AGHC division index, j=1,1;

a;; —resource quantity;

X; and X; - the lower and upper margins of an
AGHC division’s services volume;

Table 1. Input data for the experimental calculation (all data
are privided into one calendar month)

1 2
\ Name Funds, conv. Personnel work-
J monetary units ing time fund, h
j  Terminal 70 000 3000

handling division

Aircraft ground

handling division 215000

13 000

Table 2. Characteristics of ground handling technologies

Technology
. I 11
variant

Airline

business Traditional Low cost

model

Amount of Including several Max. aircraft

passengers service classes (F, C, Y) passenger capacity
Provides for additional Maximal

Check in resources to execute

utilisation of

(2 hours prior transfer and a conside- self-check-in

to departure) rable amount of

baggage technology
. 2 vehicles to service a 1 vehicles to
Catering '
galley service a galley
Filling with o .
potable water 200 1(100% refilling)
Wastewater 200 1
disposal
Aircraft terminal apron
parking place P
100 baggage
Cargo (type places
. 4 ULD .
and quantity) (non-container
cargo)
Ground power air bridge Ground power
supply supply unit
Cleaning yes
Towi towbarless towing no (uncovered
owing
tractor apron)
Mean aircraft
turnaround 27 minutes 19 minutes
time

T; - quantity of technological ways to provide a service by
AGHC division;

pitj — consumption of i resource per unit of j ser-
vice, provided through ¢ technology;

x ;; — the volume of j service, provided through # tech-
nology (target values), depending on source data availabil-
ity these can be physical quantities or monetary values.

A set of some input data for the experimental cal-
culation was completed on the basis of the work of some
AGHC:s in the Ukrainian airports (Table 1).

In our calculations we assume that ground hand-
ling technology depends on the airline business model
(Table 2) and, requires consequently different amount of
resources at certain stages (Fig. 1). AGHC operates mainly
short- and medium-haul flights (up to 5000 km), and the
number of passengers ranges from 100 to 150 persons.
The maximal aircraft take-oftf weight reaches 70 tonnes.
The mean time of aircraft turnaround was got accord-
ing typical turnaround Gantt chart for Boing 737 and
Airbus 320 and appropriate observations in “Kyiv” air-
port. The using of a Unit Load Device (ULD) depends on
the airline’s management (Vicente 2010). ULD is more
expensive because of the special equipment necessary
for loading and must be previously packed. Therefore
loading bags by handling staff is more typically in case
of LCC ground technology model. For the scope of ser-
vices assume the number of flights served for a month,
while X, =30, and X; = 6000. The AGHC's average
profit per flight for provision of services at the air ter-
minal for the traditional business model carrier amounts
to 148 conv. monetary units, for low cost one it does to
112 conv. monetary units; for the aircraft ground hand-
ling this value amounts to 450 and 380 conv. monetary
units, respectively. Assume maximum value of profit as
an optimality criterion for each division and AGHC on
the whole.

3.2. Algorithm to solve the task

At the first stage of solution let us allocate the stock
vector aj- between the AGHC divisions in an arbit-
rary way (e.g. on the basis of an expert’s experience).
Let ie first division be allocated a;; units of i resource,
i=1,m, and the second one be allocated a;, and so on.
In Table 3 observed results are presented, which based
on financial and working time cost estimating per flight.
For example, using the characteristics of ground hand-
ling technologies it is possible to calculate the expected
turnaround prime cost. The personnel working time
fund expenditures per flight were obtained by using the
information about staff number necessary and time for
fixed handling operations according with standard tech-
nical process.

Considering this allocation for each division let
us compile a task to determine the optimal solution for
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service rendering. Thus, for j division this task has the
form as follows: to determine a solution {x jt} , which al-
lows achieving objective function maximum

Ij

Pj:Zcﬁxﬁ (1)
t=1

subject to the following sets of constraints:

Xy 203 (2)

I

QP X Says 3)

t=1

— 5

Xjz) xp2X,, (4)

1

~
|l

where ¢, is profit obtained by j division of AGHC for
having provided a single service using ¢ technology.

As a result of solving problems of (1)-(4) type for
,n} , beside optimal solution {x7;’
(for instance, x;; = 166 is the optimal number of flights
serviced by the terminal handling division through tra-
ditional technology model), we'll obtain the dual estim-
ates vector {ug} , relevant to the constraints (3), and also
the value of objective function P]Q (Table 4).

each division je({l,...

Let us compare dual estimates of the same name
resources, obtained for different divisions. As it can be
seen in table 4 they differ from each other considerably.
This case may occur under non-optimal allocation of the
given resources between the divisions. Indeed, if, for ex-
ample, U7, = 17.5, and U$, = 0, then adding a unit of
the 2nd type of resource to the 1st division would res-
ult in 17.5 units of additional profit, but withdrawal of
the unit of the same type resource from the 2nd division
would bring zero reduction to profit. Therefore it makes
sense to withdraw a certain amount of this resource from
the 2nd division and transfer it to the 1st one.

Formally, let us do the following. After solving the
tasks of (1)-(4) type we select two divisions j, and j,
for which the difference of dual estimates by a certain
resource i; is maximal, i.e. for which it:

max
Uim —Uiy2 zmax[(Uij,]—Uiju) .
1<j'<ml<j"<n

For the divisions j, and j, a “local tasks” is formed
to optimally reallocate the resources between them. For
this purpose the models of (1)-(4) type are joined for
the divisions j, and j, to make a single one as follows:
to determine a solution {x}-lt,x}Zt}, which allows to
achieve objective function maximum

T T

Pyja zzcjltlet +ch2txj2t (5)
t=1 t=1

1

Table 3. Input data as to i resource consumption per j service
unit

t
&

Personnel
working time
fund expenditures

Funds, conv.
monetary units
per flight

j Name h/flight
t t
I I I II
Terminal
1 handling division 170 150 8 6
(subdivision)

Aircraft ground
2 handling division 510 480 8.55 4.03
(subdivision)

Table 4. The results of model experimental computations (1)-(4)

Dual estimates

Personnel wor-
Funds, conv.

J Xjt . king time fund
monetary units di
er flight expenditures
P h/flight
x;; = 166
0.04 17.50
X1, =277
! Objective function
value, conv. 55 777.78
monetary units
X, = 421
0.88 0.00
Xy =0
2 Objective function
value, conv. 189 705.90
monetary units
Consolidated profit 245 483.68

subject to the following sets of constraints:

Xyt ZO;ijt >0; (6)
i T2 _

t t =1 -
Zpijllet +Zpij2xj2t <ay +ag,i=1m; 7)
t=1 t=1
_ 5
Xj1 szjlt 2 X5 ®)

t=1
_ 5
Xj2 szth 2X . 9)

t=1

Solving the task (5)-(9) will bring an optimal solu-
tion {x}’u’x}'zr} , new vector of {U}!} dual estimates,
which corresponds now to the divisions j, and j, and
also the value of the objective function lel i Where by
lel 2> Pjo1 + P]QZ , i.e. total profit of two divisions became
higher than the result of the tasks (1)-(4) for the divisions
taken separately. Indeed the in equation P} ;, <P + P,

is impossible since the solution {x?lt,x?Zt}, obtained
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from optimal solutions of tasks (1)-(4) for the divi-
sions j, and j,, is obviously feasible for the task (5)-
(9), and the solution {x};;,x},,}, is not only feasible but
also an optimal one. Therefore the last inequation is at
variance with optimality of the solution {x}lt,x}m}. As
a rule, the Pjj;, = Pjj + P}, equality is also impossible,
since the profit increment of the j, division being equal
to Ujj;;A;; for at least a rather small quantity of realloc-
ated resource A;;, exceeds the “loss” of the j, division
being equal to Ujj ;,A;; . Table 5 demonstrates the results
of experimental calculation of the task solution (5)-(9)
in view of the example brought above. It should be noted
that the aircraft ground handling optimal plan includes
the flights of the traditional airlines only; circulating as-
sets (budgetary) constraint renders suppressive effects.
The total profit of two divisions has become by 5926.92
conv. monetary units higher than under tasks (1)-(4) for
the divisions taken separately.

Table 5. The results of model experimental computations (5)—(9)

Dual estimates

Personnel working
Funds, conv.

J Xjt . time fund
monetary units di
ficht expenditures
per g h/flight
. x11 =30

x;,=0

= 0.88 0.00

, =548
X2=0
Consolidated profit 251 410.6

Table 6. The results of model experimental computations (1)-
(4) including model (5)-(9) solution

Dual estimates

Funds, conv. Personnel

J Xjt monetary working time
units per  fund expenditures
flight h/flight
X1, = 294
0.87 0.00
x;,=0
! Objective function
value, conv. 43 529.41
monetary units
X, = 460
= 0.88 0.00
X =0
2 Objective function
value, conv. 207 352.9
monetary units
Consolidated profit 250 882.31

The “local task” being solved, the model (5)-(9) is
“separated” again to make two models of (1)-(4) type.
Moreover, the right parts of both tasks are formed

subject to obtained reallocation of resources. If certain
amount of resource remains underused in the event of
solving task (5)-(9), when “separated”, its remainder can
be allocated between these two divisions in an arbitrary
way. This is the end of the first stage. Resources realloca-
tion in the example provided has allowed improving the
original plan by 5398.63 conv. monetary units. The cal-
culations have also proven that under the specified level
of profit, costs and productivity, it will be more effective
for an AGHC to provide services to the airlines with the
traditional business model (Table 6).

Should one consider an AGHC with more than 2
divisions, again two divisions have to be taken for which
the difference of dual estimates by certain resource is
maximal, and the model of the second “local task” is
developed in the same way, etc. Should the dual estim-
ates for each type of resource for all the units be equal
between each other, the process comes to its end.

4. Conclusions

The article describes the possibility to use dual estimates
for solving practical tasks of optimal operations of the
AGHC with limited resources.

The mathematical model (1)-(4) is formulated
in a standard form. While the other models (Clausen
2011; Vicente 2010; Trabelsi et al. 2013) help to reduce
the turnaround time and to optimize the involved staff
scheduling, the model (1)-(4) can be useful for short-
time and forward planning of AGHC’s internal resources
and their reallocation between subdivisions with the
purpose of company’s functioning efficiency improving
in general. When being implemented for a specific air-
port one may need to modify it taking into account addi-
tional constraint system requirements (e.g. when a divi-
sion has the possibility to render several types of services
or doesn't have it) and also when selecting a performance
criterion.

The numerical results for the solution of the task un-
der the question which were obtained with the LINDO
software package, proved validity of the specified theor-
etical preconditions and allowed to improve the work
schedule of the experimental AGHC in accordance with
the efficiency criterion given.
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