Eurasian Journal of Health Technology Assessment
Corresponding Author: A.Hande Erol Bingiiler, Vol. 1, No.1

A Model for Check-Up Processes

In Health Care Systems Using Genetic Algorithms
A. Hande Erol BINGULER*¥, Hakan TOZAN** ***_ Serol BULKAN*

* Department of Industrial Engineering, Faculty of Engineering, Marmara University, Istanbul/ TURKEY
** Department of Industrial Engineering, Turkish Naval Academy, Istanbul/ TURKEY

**%VSB - Technical University of Ostrava, Ostrava-Poruba, Czech Republic

! Corresponding Author Address: Department of Industrial Engineering, Faculty of Engineering, Marmara University,
Istanbul/TURKEY Tel: +90 2164140445, Fax: +90 2163496138, e-mail: hande.erol@marmara.edu.tr

Abstract- This paper examines the appropriate route determination in check-up process for minimizing the time wasted
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1. Introduction

Health care business activity is facing
serious challenges to providing care in a quickly
uncertain environment (Aiken, et. al., 2002), and is
opinionated by different of internal and external
forces. Forces may include changes in settlement,
a shortage or excess of changes in the political
landscape, the economy, and others (Edens, 2005).
In fact, the sensitive cost pressure the health care
industry has practised radical organizational
change (Walston and Bogue, 1999). Managers
must be adaptable of the environment in which
they function in order to anticipate and recognize
the requirements for change (Edens, 2005).

Hammer and Champy (1994), the founders
and leading proponents of reengineering, defined
the process as the fundamental rethinking and
radical redesign of process to achieve
improvements in essential, existing measures of
performance, like cost, quality, service, and speed.
Reengineering is the design of a completely new

process, whereas variations on reengineering can
deliver enhancement or improvement in an
existing process or a response to an external
stressor.

Patients and governments are concerned
about the quality of health care in all countries. In
some countries, half of doctors feel that their
ability to provide quality care has worsened over
time. Patients and the public indicate
overpoweringly that health systems have to be
changed fundamentally. Demand in health care is
growing rapidly due to growing patient
expectations and population ageing. Improving the
performance of health care systems is essential for
optimizing health spending and correcting
deficiencies in care quality (DELSA Newsletter,
2007).

Information of health management supports
decision-maker for different levels of system, from
policies. The usage of the data for management is
critical for analysis (Health Reformplus Project,
2005).
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Many studies demonstrate that patient
perceptions of quality determine the use of
services and willingness to pay. Although cost is
very important, in this study, it is not considered in
implementation because the priority of this
research is the quality of service not to waste time
for patients. Quality improvement processes has
many instruments like standard treatment
guidelines, (Health Reformplus Project, 2005),
check-up processes. If there is a little change in
these processes, there will be an improvement for
health care system.

In this research, Genetic Algorithm (GA)
will be implemented to health care systems. GA
gives various alternatives with the optimum or
better solution to the decision-making. In all cases,
it is sure that the solution is not always exact
optimum. As a model proposed with parameters
and conditions, the decisions can be offered to suit
objectives with respect to resources, although there
are more difficulties. Through this opinion, GA is
chosen as the most suitable method
implementation. Therefore, GA is chosen as an
optimization and search technique.

For this study, GA approach will be
developed in health care systems for check-up
tests. The objective function structure of Quadratic
Assignment Problem (QAP) can be used for health
care systems. The QAP statement and structure
will be explained in detail in the next section. QAP
uses the multiplication of two matrices (flow
matrix represents the flow units between
departments and distance matrix which represents
the distance units between locations). It is seen that
this structure can be adapted for check-up system.

In the next section, HIS, which will be in
the implementation, will be explained in detail. In
this study, like the multiplication in QAP, density
matrix (consists of distance matrix for each
department in check-up process) and flow matrix
(the patients’ ground time in each department in
check-up process) will be wused for the
multiplication to minimize waste times in check-
up process. GA is used as an optimization
technique for check-up processes to determine the
available route because GA is the most appropriate
method for decision makers as seen in previous
studies on different kind of problems. The GA
procedure, implementation details and why this

algorithm is chosen will be explained in detail in
the next sections.

2. Objectives

The main objective is determining a new
approach and compare the previous studies about
health care systems for check-up process using GA
and health care performance indicators until now
and to select the best route for patients in check-up
process for not wasting time with new developed
genetic algorithm approximation in this study.

The objective function structure of QAP can be
used for check-up process. QAP wuses the
multiplication of two matrices (flow matrix
represents the flow units between departments and
distance matrix which represents the distance units
between locations). It is seen that this structure can
be adapted for check-up process. In this study, like
this multiplication, density matrix (consists of
density matrix for each department in check-up
process) and flow matrix (the patients’ ground
time in each department in check-up process) will
be used for the multiplication to minimize waste
times in check-up process. GA will be used for
choosing the best route for check-up system for
each patient. Like QAP’s objective function, the
fitness function will be prepared for each route for
minimizing ground time between departments in
check-up process. New developed GA procedure
will be used for minimizing ground time for each
patient to save time in this process.

QAP structure using GA for check-up system
in this research as a new solution technique is not
used and implemented before in the literature.
According to the solution technique analysis, this
study can guide other researches that will be
generated and this can be a basic framework for
new researches. If this approach is implemented in
real life in hospitals, patients will know his/her
route to choose and which department is suitable
to go for not wasting time, so health care system
can be improved.

3. Health Information Systems

Data related to the health services performance
is essential for the resource management on health
sector. Information about the quantity, on the
resources needed to provide services can be
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created through usual information systems of
health management (HIS) (World Health
Organization, 2000).

There is a wide agreement that a strong HIS is
an integrated part of the health system, which
includes a condition of actions. HIS’ main
intention is to protect, support or recover health
(Murray and Frenk, 2000).

Health  information quality is  highly
changeable with different definitions and
measurements (World Health Organization, 2000).

Check-up process is an important part of health
care system. In this process, the information usage
to notify decision-making is also weak.
Information in check-up process (densities of
departments, patients’ ground time in each
department, etc.) can be collected and then the
process can be strengthened with determining the
available route for each patient not to waste time
between departments.

There is no consent around any specific
formulation about HIS’ definition (Kleinau, 2000).
The health information system is “an integrated
effort to collect, process, report” (World Health
Organization, 2000).

It is obvious that the information about health
is more about collecting of data. Data have no
value by itself — after application and analysis it
will be meaningful as seen in Figure 1. This goal
of HIS can be adapted to check-up process to get
the system more specific.

Performance of a system measurement is deal
with not only on the basis of the data quality
defined, (Routine Health Information Systems,
2003) but also it is about operations and analysis.

“\ Application

N
hY]

Assessment /
/
/

Analysis Understanding

Fig.1. Goal of HIS (World Health Organization,
2000).

Health-related data can be gathered analyzed,
and used for decision-making in check-up process
to improve HIS.

In health sector, there are different types of
information are created, such as coverage and care
quality (World Health Organization, 2000).

4. Literature Review

Health care processes are complex, hard to
understand and accordingly difficult to model
effectively in the system development life cycles
analysis in decision-making (SDLC) (Kushniruk,
2002). Table 1 shows the literature about HIS.

The traditional SDLC is included by the phases
(Kushniruk, 2002) like; planning, analysis, design,
implementation, maintenance (support).
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Table 1. Survey for HIS

Authors Model/Measurements

Kushniruk, 2002 Dependent measures are the
length of stay, cost-effectiveness,

care quality and etc.

Hoffer, et. al., 1999 Life cycle models using the
complex systems evaluation and

development

McConnell, 1996 Rapid application development

(RAD) and various approaches

Kushniruk and Patel,
1998

Continual with design
methodologies integrated with the
design and development process

Friedman and Wyatt, | Subjectivist approaches

and location studies (Duman and Or, 2007). QAP
is one of the fundamental combinatorial
optimization problems in the branch of

optimization of the facilities location problems
(Erol, 2010).

QAP is one of the most complicated problems
in the NP-hard class (Loiola, et. al., 2007). In this
kind of problem like facility location problem,
finding the better/best location of facilities is very
important (Francis and White, 1976). QAP method
can be used as a method for solving the assignment
problem. In this kind of problems, the distances
between locations, the demand flows among the
facilities are generally known (Saremi and Abedin,
2008).

1997 In previous research’s techniques, there are
different methods for QAP modeled problems
(Gilmore, 1962), to achieve a global optimum for
QAP (Lawler, 1963). QAP models a number of
real world applications
(Loiola, et. al.,, 2007).
Exact solution methods
proposed for instances of
size larger than 15
I I | | generally b@come
| unsuccessful up to size 36
1. Planning 2. Analysis  3.Design 4. Implementation 5. Support (Erdogan, 2006).
(needs analysis)  (requirements) (programming) (maintenance)
Consider the set
-workflow analysis  -interviews -usability testing  -usability testing  -outcome-based {1,2,...,n} and two n X n
-job an:_alysis -questionnaires -psabi]ilfy -code mspect_ions evaluations ] matrices A:(aij), B= (bij)-
-analysis of -focus groups nspection -software unit -randomuized trials . .
decision makmg -video analysis  -design walk- testing -summative The QAP with coefficient
-interviews -cogmitive task throughs evaluations matrices A and B, ShOftly
analysis denoted by QAP(A,B), can

Fig. 2. The systems development life cycle
(SDLC) related with evaluation methodologies
(Kushniruk, 2002)

Evaluation in health informatics is like a
project planning to design and implementation.
Figure 2 relates a number of approaches that have
been used in the evaluation of HIS.

5. Quadratic Assignment Problem Statement

The Quadratic Assignment Problem (QAP) is a
special kind of assignment problem used for layout

be stated as follows

n n
min 2 2. Angn by

n =l =1

where S; is the set of permutations of {1,2,...,n}.
That is, QAP (A,B) is the problem of finding a
permutation I1 € S, which minimizes the double
sum in the above formulation. Obviously, the
value of this sum depends on the matrices A and B
and the permutation Il. To formalize these
dependencies that is denoted:
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n n

Z(AB.ID) =2 > anun by
i=1 j=1
The function Z(A,B,IT)is called the objective

function QAP(A,B) and a permutation IT, which
minimizes it over S, is called an optimal solution
to QAP(A,B). The corresponding value of the
functionZ(A,B,I1,), is called the

optimal value of the objective function QAP(A,B).

objective

If any of the coefficient matrices (A, B) is
symmetric, the function is termed symmetric QAP.
Otherwise, the function is said to be asymmetric
(Cela, 1998).

This objective function structure of QAP can be
QAP uses the
multiplication of two matrices (flow matrix
represents the flow units between departments and
distance matrix which represents the distance units
between locations). This multiplication can be
adapted for check-up processes.

used for check-up systems.

6. Complexity Of Quadratic
Problems

Assignment

From the computational point, the QAP is one
of the most difficult problems to solve. There are
several aspects regarding the complexity of the
QAP. Although computational complexity
characterizes worst case instances, it also plays an
important role in developing new algorithms
(Pardalos, et. al., 1994).

QAP is NP-complete, which implies that
finding a polynomial time algorithm to solve it
unlikely (Ji, et. al., 2006).

7. Genetic Algorithms

Genetic Algorithms (GAs) receive their name
from an instinctive explanation based on Darwin’s
theory (Burkard and Cela, 1996).

Genetic algorithm is a powerful and robust
solution (Ahuja, et. al.,, 2000), includes a

randomized search methodology (Radhakrishnan,
et. al., 2009) for developing methods for large
scale optimization problems. Algorithm is started
with chromosomes set called population (Obitko,
2010). In Figure 3, a genetic algorithmic skeleton
is given. GAs imitate evolution process on an
optimization problem (Ahuja, et. al., 2000).

begin
create initial population
for every generation, repeat
randomly select the individuals into the mating pool;
apply genetic operators to generate offspring;
apply post-crossover heuristic on offspring;
if not in generation size generations

compare every offspring with its similar parent and
remove the worse one;

else

compare every offspring with the worst member in
current population and remove the worse one

until some condition is met

end;

Fig. 3. The genetic algorithms scheme based on
the new replacement strategy (Ji, et.al., 2006)

There are some inherent difficulties for the
solution of decision-making problems. For
overcoming the difficulties, recently GAs are used
as optimization technique (Mondal and Maiti,
2002).

7.1.  Genetic Algorithm And

Computational Study

Application

7.1.1. Initial Requirements

In this study, Java programming language is
used. The program is developed on Eclipse Kepler
4.3 by using Java Development Kit 1.6. Since Java
is one of the leading programming languages and
it is the programming language, it is chosen as the
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development language. Not to mention that it
would take more time to run the program on a
lower capacitated PC.

Input Files
The problem data format is;

n
A
B

where n is the instance size, and A and B are
matrices, either density matrix (consists of density
matrix for each department in check-up process) or
ground time matrix (the patients’ ground time in
each department in check-up process). This
corresponds to a QAP of the form;

min Z Zaijbp(i),p(j)
j

P (1
where p is a permutation.

There are many tests in check-up processes.
Table 2 shows the twenty tests chosen for
implementation.

For input files (APPENDIX 1), data is collected
and taken from a hospital in Turkey. For example,
Department 1 indicates urinalysis process, etc.

7.1.2. Genetic Algorithm Application

According to the size of problem (n), the main
method does assignment n departments to n
locations randomly. There is n! possible
assignments for each problem instances, but it is
impossible to get all these assignments for large
size problems. To run the program to get result for
all problem instances, population size determined
as n*10 assignments randomly. These n*10
assignments are sent to the PopulationList and for
each run this list returns to null value. Each of two
parents is choosing by a random number from the
sequence of assignments by roulette wheel
selection technique.

Table 2. Tests for application

Departmant No | Test Name

1 Urinalysis

2 Blood Work (Hemogram)

3 Blood sugar, cholesterol, triglyceride, HDL, LDL
4 Liver function tests (AST, ALT)

5 Kidney function tests (Ure, creatinine)
6 Uric acid

7 Abdominal ultrasonography

8 Chest radiography

9 Goitre test (TSH)

10 Mammogram

11 Gynecological diseases and childbirth

Serological tests (HBsAg, Anti HIV, Anti HCV

12 Rose Bengal-Brucella Tarama Testi)

13 Rrheumatismal tests (Sedimentation, CRP, RF)
14 Smear Testi Pap Smear and Pelvic Exam

15 EKG

16 EKG with effort

17 Physiotherapy

18 Eye examination

19 Measurement of Bone Mass

20 Prostate Specific Antigen (PSA)

According to the size of problem (n), the main
method does assignment n departments to n
locations randomly. There is n! possible
assignments for each problem instances, but it is
impossible to get all these assignments for large
size problems. To run the program to get result for
all problem instances, population size determined
as n*10 assignments randomly. These n*10
assignments are sent to the Population List and for
each run this list returns to null value. Each of two
parents is choosing by a random number from the
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sequence of assignments
selection technique.

by roulette wheel

Two point crossover technique is used for the
application. After choosing two parents, two
children (named childl and child2) are created
according to two crossover points that is randomly
determined by the program. Crossover points are
created by roulette wheel selection technique.

After choosing parents, roulette wheel selection
technique is used for crossover. In each generation,
every chromosome is paired up with another
chromosome randomly (Erol, 2010).

According to the density matrix and ground
time matrix values for each problem instances and
the assignments of departments and locations,
density matrix value is multiplied by ground time
matrix value and the sum of this cost pairwises are
calculated. Fitness value (total cost) is determined
at the end according to the cost pairwises.

7.1.3. Output File/Results

After five runs and if there is no improvement,
GA application process is ended. The five runs’
results are shown in Figure 4. All tests took 9.5578
sec. The best route is illustrated.

8. Conclusion And Future Research

According to this research, the patient can be
conducted the route in which he/she does not waste
time. This approach as a new solution technique is
not used and implemented before in the literature,
thus this study can guide other researches that will
be generated and this can be a basic resource and
framework for new researches.

Improving the performance of health care
systems is a major and growing concern for
management. This system can also increase the
performance of check-up process in health care
systems and management. As a result, this new
approach in this research will be a new
contribution to real life. Also this approach can be
adapted for not only check-up process but also all
process in HIS. Then it can be a way to improve
HIS for countries. Also it can be implemented to
different countries.

Solution:

2->7->8->12->1->4->18->15->5->19->10->6->13->11->16-
>17->9->20->14->3->

Cost= 1390

2->6->8->13->3->4->19->15->5->18->9->7->12->1 1->17-
>16->10->20->14->1->

Cost= 1390

2->7->8->13->4->3->18->15->5->19->10->6->12->11->17-
>16->9->20->14->1->

Cost= 1390

4->6->8->13->1->3->18->15->5->19->9->7->12->11->17-
>16->10->20->14->2->

Cost= 1390

1->7->8->12->4->3->18->15->5->19->9->6->13->11->17-
>16->10->20->14->2->

Cost= 1390

1->7->8->13->3->2->18->15->5->19->9->6->12->11->16-
>17->10->20->14->4->

Cost= 1390

Best Cost:1390
All tests took 9.5578 sec

Fig. 4. GA application results after five runs.

This implementation of check-up system using
GA will be explained in detail and the solution
techniques for HIS until now will be compared
with this approach. This comparison will be a way
to improve health care information system. It can
be taken different ground time (relatively high,
medium, low densities) of patients between
departments in check-up process to demonstrate
the efficiency of the application of GA to check-up
process.

This system can also be adapted to an
information support system. Thus, for doctors,
experts or guardians can register into the system
for specific patients, it will be guideline. They can
help to manage and check the user’s health route
and give the prescription of behavior or advice to
the patient not to waste time to go between
departments in check-up process.

It will be used for only check-up process to
demonstrate the application of GA. This
methodology will be extended with some
modifications to the complicated health care
management processes. As a future work, the input
data of this GA approach for check-up processes
can be implemented in fuzzy sense.

Bingiiler, A.H.E., Tozan, H., Bulkan, S., (2016). A Model for Check-Up Processes In Health Care Systems Using Genetic

Algorithms, Eurasian Journal of Health Technology Assessment, Vol. 1(1), 1-11.




Eurasian Journal of Health Technology Assessment
Corresponding Author: A.Hande Erol Bingiiler, Vol. 1, No.1

References

Ahuja, R.K., Orlin, J.B., Tiwari, A. (2000). A greedy genetic
algorithm for the quadratic assignment problem, Computers
and Operations Research, 27(10): 917-934.

Aiken, H., Clarke, S.P. and Sloane, D.M. (2002). Hospital
staffing, organization and quality of care: cross — national
findings. International Journal for Quality in Health Care,
Vol. 14 No.1, pp.5-13.

Burkard, R.E., Cela, E. (1996). Quadratic and three-
dimensional assignments: An annotated bibliography,
Technical report 63, Discrete Optimisation Group,
Technische Universitit Graz, Austria.

Cela, E. (1998). The Quadratic Assignment Problem: Theory
and Algorithms. Kluwer Academic Publishers, Dordrecht.

DELSA Newsletter, (2007). Better healthcare. Measuring
healthcare quality, Issue 4.

Duman, E, Or, 1. (2007). The quadratic assignment problem
in the context of the printed circuit board assembly process.
Computers and Operations Research, 34:163-179.

Edens, P.S. (2005). Workplace reengineering, reorganization,
and redesign from nursing management: principles and
practice. Medscape Critical Care, Vol. 6 No. 2.

Erdogan, G. (2006). Quadratic Assignment Problem:
Linearizations And Polynomial Time Solvable Cases.
Doktora Tezi, Bilkent Universitesi Fen Bilimleri Enstitiisi,
Ankara, Tiirkiye, 77-79.

Erol, A.H. (2010). A Heuristic Solution Algorithm For The
Quadratic Assignment Problems. Master thesis, Supervisor:
Asst.Prof.Dr. Serol Bulkan, Marmara University, Institute
For Graduate Studies In Pure And Applied Sciences,
Istanbul, Turkey.

Friedman, C.P, Wyatt, J.C. (1997). Evaluation Methods in
Medical Informatics. Springer, New York.

Gilmore, P.C. (1962). Optimal and suboptimal algorithms for
the quadratic assignment problem. SIAM Journal on Applied
Mathematics, 10:305-313.

Hammer, M. and Champy, J. (1994). Reengineering the

corporation: A manifesto for business revolution.
HarperBusiness, New York.
Health Reformplus Project (2005). Health Systems

Strengthening: An Introduction. The Partners for Health
Reformplus Project as a Technical Reference Material
module on Health Systems Strengthening.

Hoffer, J.A.; George, J.F.; Valacich, J.S. (1999). Modern
Systems Analysis and Design, Second Edition, Addison-
Wesley, Don Mills, Ont.

Ji, P, Wu, Y., Liu, H. (2006). A Solution Method for the
Quadratic  Assignment Problem (QAP). The Sixth
International Symposium on Operations Research and Its
Applications (ISORA’06), Xinjiang, China, August 8-12,
106-117.

Kleinau, E. (2000). Management of Health Information
Systems. In Design and Implementation of Health
Information Systems, ed. T. Lippeveld, R. Sauerborn, and C.
Bodart. Geneva: World Health Organization, Geneva.

Kushniruk, A.W., Patel, V.L. (1998). Cognitive evaluation of
decision making processes and assessment of information
technology in medicine, Int. J. Med. Inform. 51, 83-90.

Kushniruk, A. (2002). Evaluation in the design of health
information systems: application of approaches emerging
from usability engineering. Computers in Biology and
Medicine 32, 141-149.

Lawler, E.L. (1963). The quadratic assignment problem.
Management Science, 586—599.

Loiola, E.M., Abreu, N.M.M., Boaventura-Netto, P.O., Hahn
P, Querido, T. (2007). A survey for the quadratic assignment
problem. European Journal of Operational Research,
176:657-690.

McConnell, S. (1996). Rapid Development: Taming Wild
Software  Schedules,  Microsoft  Press, = Redmond,
Washington.

Mondal, S., Maiti, M. (2002). Multi-item fuzzy EOQ models
using genetic algorithm. Computers & Industrial Engineering
44:105-117.

Murray, C., Frenk, J. (2000). A framework for assessing the
performance of health systems. Bulletin of the World Health
Organization, 79(6):717-732.

Obitko, M. “Genetic Algorithms” [online],
http://www.obitko.com/tutorials/genetic-algorithms/ga-basic-
description.php (Accessed date: May 10, 2014).

Pardalos, P.M., Rendl, F., Wolkowicz, H. (1994). The
quadratic assignment problem: A survey of recent
developments, In: Quadratic Assignment and Related
Problems [edited by P.M. Pardalos and H. Wolkowicz],
DIMACS Series in Discrete Mathematics and Theoretical
Computer Science, AMS, Rhode Island, 16:1-42.

Radhakrishnan, P., Prasad, V.M., Gopalan, M.R. (2009).
Optimizing Inventory Using Genetic Algorithm for Efficient

8

Bingiiler, A.H.E., Tozan, H., Bulkan, S., (2016). A Model for Check-Up Processes In Health Care Systems Using Genetic

Algorithms, Eurasian Journal of Health Technology Assessment, Vol. 1(1), 1-11.



Eurasian Journal of Health Technology Assessment
Corresponding Author: A.Hande Erol Bingiiler, Vol. 1, No.1

Supply Chain Management. Journal of Computer Science,
Vol. 5, No. 3, pp. 233-241.

Routine Health Information Systems. (2003). The Prism:
Workshop paper September/October.

Walston, S., Bogue, R. (1999). The Effects of Re-
Engineering: Fad or Competitive Factor? Journal of
Healthcare Management 44 (6): 456-76.

World Health Organization. (2000). Health system
performance assessment: Report by the Secretariat. EB
document 10/79 [online],
www.who.int/healthmetrics/library/issue_1_05apr.doc
(Accessed date: May 23, 2014).

Bingiiler, A.H.E., Tozan, H., Bulkan, S., (2016). A Model for Check-Up Processes In Health Care Systems Using Genetic

Algorithms, Eurasian Journal of Health Technology Assessment, Vol. 1(1), 1-11.



Eurasian Journal of Health Technology Assessment
Corresponding Author: A.Hande Erol Bingdiler, Vol. 1, No.1

APPENDIX 1

Table al. Density matrix (Node:20)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0 5 6 10 0 0 15 13 3 15 8 5 10 9 14 14 8 18 11 0
2 5 0 1 5 5 5 10 0 10 3 0 5 4 9 8 13 6 5
3 6 1 0 4 6 6 9 3 9 2 1 4 3 8 2 12 5 6
4 10 5 4 10 10 5 7 5 2 5 1 4 4 2 8 1 10
5 0 5 6 10 0 0 15 13 3 15 8 5 10 9 14 14 8 18 11
6 5 6 10 0 15 13 3 15 8 5 10 9 14 14 8 18 11
7 15 10 9 5 15 15 0 2 12 0 7 10 5 6 1 1 7 3 4 15
8 13 8 7 3 13 13 2 0 10 2 5 8 3 4 1 1 5 5 2 13
9 3 0 3 7 3 3 12 10 0 12 5 0 7 6 11 11 5 15 8 3
10 15 10 9 5 15 15 0 2 12 0 7 10 5 6 1 1 7 3 4 15
11 3 2 2 7 5 5 7 0 3 2 1 6 6 0 10 3
12 0 1 5 10 8 0 10 3 0 5 4 9 9 3 13 6
13 10 5 4 0 10 10 5 3 7 5 2 5 0 1 4 4 2 8 1 10
14 9 4 3 1 9 9 6 4 6 6 1 4 1 0 5 5 1 9 2 9
15 14 9 8 4 14 14 1 1 11 1 6 9 4 5 0 0 6 4 3 14
16 14 9 8 4 14 14 1 1 11 1 6 9 4 5 0 0 6 3 14
17 8 8 2 2 8 8 7 5 5 7 0 3 2 1 6 6 0 10 3 8
18 18 13 12 8 18 18 3 5 15 3 10 13 8 9 4 4 10 7 18
19 11 6 5 1 11 11 4 2 8 4 3 6 1 2 3 3 3 0 11
20 0 6 10 0 0 15 13 3 15 5 10 9 14 14 8 18 11 0
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Table a2. Ground time matrix (Node:20)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 30
2 100 0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 30
3 100 100 0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 30
4 100 100 100 0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 30
5 100 100 100 100 0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 30
6 100 100 100 100 100 0 100 100 100 100 100 100 100 100 100 100 100 100 100 30
7 100 100 100 100 100 100 0 100 100 100 100 100 100 100 100 100 100 100 100 30
8 100 100 100 100 100 100 100 0 100 100 100 100 100 100 100 100 100 100 100 30
9 70 70 70 70 70 70 70 70 0 100 100 100 100 100 100 100 100 100 100 30
10 |70 70 70 70 70 70 70 70 70 0 100 100 100 100 100 100 100 100 100 30
11 |70 70 70 70 70 70 70 70 70 70 0 100 100 100 100 100 100 100 100 30
12|70 70 70 70 70 70 70 70 70 70 70 0 100 100 100 100 100 100 100 30
13 |70 70 70 70 70 70 70 70 70 70 70 70 0 100 100 100 100 100 100 30
14 |70 70 70 70 70 70 70 70 70 70 70 70 70 0 100 100 100 100 100 30
15 |40 70 70 70 70 70 70 70 70 70 70 70 70 70 0 100 100 100 100 30
16 |70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 0 100 100 100 30
17 |70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 0 100 100 30
18 |70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 0 100 30
19 |70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 0 30
20 |30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 0
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