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Medical logistics

 Medical logistics - the process of
managing the flow of medical orocuremant Sustainable Reserves
supplies, equipment, and personnel development mianagemsnt
to ensure that healthcare facilities

have the necessary resources to t i}
provide effective care.
- Structural
] . . . . Corruption Glements of Storage
 medical logistics is not a single prevention e o £
medical logistics
process but a complex system of
subprocesses,;
v

* W€ will mainly focus on Quality Infrastructure T rtati

transportation and infrastructure assurance development SROREEEE

development improvements.
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Our motivation and relevance

Optimization of processes during crisis
when emergency response is required:

 Pandemic

« War

« Sustainability improvement
 Humanitarian aid

* New medicine supply programs




System of medical logistics See e
Regulatory
Budgetary ) instructions for —
| Code of Ukraine Resolution of use and storage Internal
Cabinet of Ministers ~——— regulations and
. dated 27.11.2019 No. 1172 orders
Adoption of the MOH order Letters from
Parliament's
Emergency ) legislative initiative dated 26.03.2003 No.136 MOH Mdc;regr;; B3N 25?32
situation and preparation of Identification of
orders of the subregional centers § h 4 .
Ministry of Health and distribution ‘
centers Collecting and
N summarizing l
A information from f ]
recipient )
institutions. Expert Work with experts
research to calculate _the v
need for medicines
Medical care ) A ’ > and equipment Determining of ]
requests L | transportation plan J r v v 1
Receipt of material
assets by the
institution by the
— recipient in —
) accordance with
the transportation
plan
- v
. T Meeting
the needs
Verkhovna Ministry of Regional Regional
Rada of health health centers .
Ukraine departments Reporting of
regional
departments to the
MoH
)
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Practical problem statement

Subregional centers ueHTpu (SRC):
Necessary for intermediate transportation.

Limitations: only some SRCs can be activated

Distribution: SRCs receive medical supplies
from RCs and redistribute them to DCs.

Tasks:
o determine locations of DCs;
o determine the effective combination of
SRCs and the optimal transportation plan.

Goals:
o minimizing overall transportation costs;
o meeting the needs of each institution for
medicines and medical supplies;
o infrastructure development.
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Mathematic model | L A
Q — customer distribution area: s e ZlAje,- + Zl fﬂ LICLLCLS) Z Wt
N — the required number of DCs; " - -

M — the total number of SRCs available for activation; M

L — the maximum number of possible activated SRCs; 2 v{;6; = f p(x)dx, i=1N, (2)
J — set of subregional centers available for activation; j=1 @i
b] — demand of the i-the DC,i = 1, N. N
b/' — capacity of the j-th SRC, j = 1, M; Z v <bl', j=1M, (3)
A;j — activation costs for j-th SRC; i=1
¢! = c(x,7}) - transportation cost between DC i and M
customer at X; z 0, <L, 4)
¢;; = c(z{, /") - transportation cost between SRC (z/') =1
and DC (z}); N
p(x) — demands from medicines in point x of the area U Q; = Q, (5)
Q: i=1
7 = (¢1},t,) — coordinates of DC(r=1) or SRC (r=Il); .
v}; —the volume weight units number of medicines and ] [ =01#50)=1LN, (6)
medical equipment transported from SRC j to DC i; vilj > 0,6, € {0; 1},i = IN,j=1M, @)
0. — {1, if SRC j is activated,

. |0, otherwise ' h = (¢d,©d ... 1h), e V. (8)
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Solution approach

We are going to use the combination of:
o genetic theory;
o optimal set partition theory.

We propose:

modify approach from optimal
partition of sets theory and take into
consideration two stages and
transportation plan;

modify the chromosome evaluation
procedure in the form locating DCs
and building a transportation plan.




Algorithm for solving

We propose the following algorithm for solving

Initialization

1. Randomly generate
population

2. Use priority
encoding

1,

Evaluation

1. Locate DCs for each
chromosome

2. Obtain DCs capacities

3. Obtain transportation
plan

L

1. Calculate fitness
2. Use roulette wheel
selection

Crossover

L,
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gen < MAX_GEN

1. Weight-mapped
crossover

2. Does not require
repair

L

Mixed mutation is used:
- Swap mutation
« Inversion mutation

gen >= MAX_GEN

v

1. Best chromosome
2. TP
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Software implementation

The proposed algorithm IS
iImplemented using the following
technologies:

- C++
- Python
- Qt6




Model task — initial parameters

Let’'s apply proposed solution to the following model task:

GA parameters Model task parameters

Population 50

size: Number of SRC(M): 7
Number of DC(N): 20
Max >0 Limit for SRC (L): 6
generatlons:
Initial 0.15 Area size: rectangle: w = [0; 2]; h = [0;1]
mutation
lity: "
probability SRC capacities [0.4, 0.39, 0.41, 0.42, 0.38, 0.45, 0.5]
Optimal partition vector: sum = 2.95
parameters
y—— 1000 DC demands vector:  [0.5, 0.008, 0.126, 0.07, 0.06, 0.03, 0.119, 0.037, 0.12, 0.112, 0.099,
ax Iter: 0.045, 0.124, 0.06, 0.1, 0.063, 0.106, 0.118, 0.042, 0.061]
Solver grid: ~ h: 100 steps sum =2.0
v: 50 steps SRC activation costs [1.5, 1.3, 1.35, 1.2, 1.8, 1.5, 1.56]
Tolerance le-4 vector:
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Model task — solution process

[ ] Two-stage continuous-discrete model task

Control Buttons

Run

<< < | > >>

draw partition

Load model Print ORM

Load solution Save solution

Values

0. Generation: 0 / 50

Func current: 13.0022
0.500
Func average: 14.7507

b’ GA execution time: 8.56362

Model info

File name: 7x20_diff_...r.cdorm
Src count: 7

Dc count: 20

& Src limit: 6
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Conclusion

Investigated and described a system of
medical logistics under crisis conditions;

proposed a practical problem statement
that addresses the weak points of the
mentioned system,;

developed a mathematical model for the
described problem;

utilized the combination of genetic and
optimal partition of sets theories as a
solution for this problem;

 illustrated its work via solving model
task.




Future research

* Real distance utilization during solving

« Time Interval constraints for a discrete
part of the problem

 Consider the Influence of regional
centers
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