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COVID-19
Spread Contingency:

» Face-masks.
» Ventilation.

» Interpersonal Distance.

Figure 1: Covid-19 morphology
recreation [1].
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Introduction

Measures in Dynamic Environments

X (m)

Figure 2: Pedestrian trajectories inside an indoor environment. Reducing
the number of pedestrian results vital for guaranteeing the minimum
distance [2].
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Figure 3: Measures implemented for reducing the contagion risk in
hostelry and other seating environments (i.e., closing certain tables [3] or
allocating the existing ones in regular patterns [4]).
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Table and Chair Location
Optimization Complexity:
» High
number of potential solutions.

» Impossibility to define
continous optimisation functions.

HARD
(Takes less time o solve) (Takes more time to solve)

» Dependence of
the adjacent tables position when
optimising each table location.

Figure 4: Different levels of
computational complexity
[5]-
» Computational times for

a direct approach unacceptable.
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Individual Tabl A=
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» Suited for schools, exams and similar scenarios where each
table is only occupied by one person.

» The optimal table distribution is the table disposition that
attains the maximum distance separation among chairs while
evading the scenario obstacles.

Maximise Z = ff (ff (T;), ffobs(Ti)) (1)
Subject to:
Xiimy < Xi < Xiimp VXi € t; t; € Tis t; ¢ U

Viim <Yi <YVim, VYyi € ti; ti € Tis ti ¢ U (2)
dmin > dsdv Iv./ € 17"'7”6; ’7&.]
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Implementation: Genetic Algorithm Optimisation I W B B I O Z@ZZ

GA optimisation for the Table Location Optimisation (TLP) in
Schools:

/‘
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Figure 5: Genetic Algorithm Codification. Each individual contains a set
of table positions [6].
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Class B GA Optimization (T2 - MP2)

85 3 Class Limits
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(a) Picture of the analysed
classroom. x(m)

(b) Resulting GA optimisation for
the proposed classroom.

Figure 6: GA optimisation of the table disposition over real schools,
increasing the interpersonal distance up to 20% [6].
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Maximum Diversity Problem Mathematical Model IW B B I O Z@ZZ

» Suited for conferences, concerts, similar events where people
congregates while seating.

» Similar to the Individual Table scenario yet attained through a
Maximum Diversity Problem characterisation:

Maximise Z = ff 4, (L) (3)

Subject to:

Xiimy < Xi < Xiimy, V Xi € ti; ti € Ty ti ¢ U
Viim <Yi <Yim, Vyi€tiy i € Ti; t; ¢ U
dmfnZdeVI.a.jE]-W"?nC;i#.j (4)

zn:w,':m W,':{O,].}
i=1
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Proposed Codification for the MDP GA optimisation IW B B I O Z@ZZ
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Figure 7: Each possible chair location coexist within the individual
codification. The bit value of such positions determines whether or not it
is selected for the attained distribution.
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Regular pattern chair distril for 19 chairs 20 Chair Distribution with the min-max strategy
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(a) 19 chair regular distribution. (b) 20 chair optimised distribution.

Figure 8: The proposed methodology is capable of allocating a greater
number of chairs within the scenario. For a equivalent number of chairs,
the algorithm improves the mean interpersonal distance up to 12%.
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» Suited for hostelry establishments where the number of
customers seated around each table is variable.

» Tables are optimally distributed based on a Chair Location
Environment (CLE), guaranteeing the distance separation
among any pair of chair locations between two adjacent tables.

Maximize Z = ff(ff 4(T7), ff pen(T7)) (5)
Subject to:
Xlimy < x < Xlimy Vxiet; tie T;; t §f u
Vimy < Yi < Yim, Vyi€ti t; € T ti ¢ U
dUCLEst Vi,_j'Gl,-..,n;i#j
dricie = dw V1,....m Vk e, ... nops
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d’./ = d’J — dCLEi(O[) - dCLEj(Tr - O[) (7)
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Figure 9: Distance calculation between tables based on the CLE.
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The specifically devised Gradient-Based Local Search improved the
optimisation performance, intensifying the space of solutions.
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Figure 10: Flux diagram representing the Local Search procedure.
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Results

IWBBIO 2022
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(a) Maximum Capacity. (b) Maximum Dispersion.

Figure 11: Achieved table distributions performed over a local hostelry
establishment.
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Conclusions
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» The proposed methodology represents a solution to a problem
that many establishments have endured during the pandemic
and is still present within their daily basis for space utilization.

» Optimised distributions achieve a higher capacity for the
analysed establishments, increasing the establishment
customer capacity.

» Attained distributions are also safer and more comfortable for
customers, waiters and teachers, as more space is available
between tables.
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» Development of a methodology for optimising the table and
chair distributions of multitudinary establishments, where the
combinatorial explosion of both considerations difficults the
obtention of the optimal solution.

» Design and implementation of a optimisation algorithm for
performing different distribution styles, for wedding, concerts
and other celebration events.
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