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Network-Agent sysems dynamic modelling: A guide for sport science

Chul-wook Park & Seonjin Kim*
Seoul National University Ingtitute of Sport Science

[Purpose] The primary purpose of this study is to show and guide how to construct a large variety
of behaviors in systems dynamic for sport science. [Methods] By applying a simple algorithm to
networked agents, which could, conceivably, offer a straightforward way out of the complexity,
computational mechanism which along with its dynamics (payoff, failure, and strategy) involved.
[Results] The model starts with the probability that systemic risk potential such as failure spreads. Even
in a very random structure commonly used in sports field, propagation of the potential is guaranteed by
an arbitrary network property of a set of elements. Despite the intensive systemic potential, the opposite
type of potential like absence of failure could also be driven when there has been a strong investment in
protection through a heuristically evolved protection level. [Conclusion] The implementation still needs
to be polished against what happens in the real sports world, but in general, applied conceptual
principle and methodological techniques behind the network-agent based mechanisms could be useful for
researchers those who need to use systemes dynamic to guard in sport science.
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Fig. 1.1. Schematic representation of the nodes and lines.
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HAZA Y HEY A= 45 710l th& 713 <12
w0} QA ok (Figure 1.2 91%) 1= ¢ node”}t 74
AAY, 5% nodes”| 2] 1} A4S &t d& 5 Uk 4
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Iz Y EYA EA Addsto]—dAdstn Q=414 &
= JHQle]l AE g3 AU AR AlBEA A HE
(i.e., tema sports; Clemente et al., 2016)°] JJTH
W e B o)l gleme_44 7 Ade e
o] ¢l (undirected network) 7+25 &3ttt w
B4 Bl 124 ENZ T2E B0 §
B 2 Qo] RS2 o FolA|E 4 0% Tl 4
Ml A 7hedt A2 S d 2 EW ofg9} Zo] xd
% 3]: 0]

Pairs of nodes

Network (undirected)

Label

AB=BA1
0=A, AC=CA0
1=B, AD=DAO
2=C, BC=CB1
3=D BD=DB1

CD=DC1

Fig. 1.3. Schematic representation of the structure.

ajze] ¥ FH (=vertices) & b 7P <] of ¥
£ 221 w9l S (matrix) 2 AWaHA, & (rows) 3
3 (columns)2 A oJaf FAE 5 71l 99| oo
A1, 2, 3, 49 AAE 2 ©t. ol e 342 A=
914 et P (A=adjacent matrix)< HH3}7] 3l
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E £ (payoff dynamics): T2 ¢ M EY A= &
Aog Fx3hE 7].;}4 L=y 2 Az =AY 7t
AL kg sk 7ol o AlAE & 9 8H(dynamics
A Aol o] 3] AFE-(capital ~ fitness or rationality) =}
Ak (strategy) &= 54 A3t} 232 AFA &
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= = = =
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N 5 - 4
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Qg1 Aoy =+- G kay, kagy --- ka
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L ka’ kamZ e kamn
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B= by by on | | Vo
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b1121 + 51222 + - blnL Bgl
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5 L4 > e
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45 (failure dynamics): 23 ZA/dL 7t @A ¢
ARl M A2 4 9= FEH(p, € (0,1)), IEHA
shet 1 24 P80 AAS wet Huty = SE(p,
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Fig. 2.1. A prototype of the random network with its property. Number of nodes n = 10, Connection probability p = 0.9
(left set), p = 0.2 (right set). At each section, the plots of the left side show the random (Erdds-Rényi) network created.
A circle represents each node with an arbitrarily assigned label from 0 to 9, and each line represents a link. The plots
of the middle show their adjacency matrix with its entry in row column (either 1=black or O=white) corresponding to

its eigenvector centrality (right side).
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Az pe (O, low

t=1 B t=5

:.l.
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Fig. 2.2. Visualization of the failure propagation with distribution. The plot of the left (Az=low) and right (Ax=high) shows
the number of failures for time step (t = 10) corresponding proportional area to the values. It shows the more the
propagates, the bigger the area has been drawn between the failure (red) and the absence of failure (blue) at each time step.
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Fig. 3. Protection dynamics against the risk potential. At each section, plots of the left-hand side show the matrix
[horizontal axis = time step from 1 to 10, vertical axis = individuals (10), color of the matrix = failure state between
fail (red) and absence of fail (blue)]. The plots of the middle show each individuals’ parameter values at the time step
[t=10: cyan: cap=capital (c), red: fail=failure, blue: inv=investment ( fp), green: pro=protection potential (p,)]. The plot
on the right-hand side represents individuals’ dynamics within a random network; node number = random label of each
node, line width = eigenvector centrality, node color = states [failure (red) <— (gray) absence of failure, green =
protection potential, yellow = initial structure of the state without failure and protection]. Initialized parameters of the
simulations are: nodes n=10, connection p=0.9, f,,=0.1, p,,=0.1, p,=0.3, t=10.
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Fig. 4.1. Protection dynamics against the risk potetntial with pattern recognition. At each section, the plot of the left-hand

side shows the relation between protection level (f p) and the eigenvector centrality which is controlled by the initialized

random network property [(G(n,p)) — Centrality = eigenvector centrality] according to time steps (100). The blue dots
represent individuals, and the lines represent regressions at each time steps. The plots of the right-hand side at each
section represent that large connection probability caused asymmetric pattern with the correlation between the two
parameters. Instead, the small connection probability does not.
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Fig. 4.2. Described protection dynamics against the risk potential with small exploration rate. The plot of the left-hand
side shows a trend of the two strategies ( fp0=red, fp1=green, dashed vertical lines = variability), corresponding to its
evolutionary trajectory (middle side of the plot: dot = averaged value, strength of the dot = time step, dashed horizontal
and vertical lines = variability). The plot of the right-hand side represents the failure [vertical axis: node color = strength
[failure (red) <—— (blue) absence of failure] and variability (dashed vertical line) at each time step (horizontal axis).
Initialized parameters of the simulations are: nodes n=100, connection p=0.9, capital c=1, f,,=03, f,1=03, f,=0.1,,

p,=0.9, p.=0.1, ;1=0.0, 0=0.1, P, max=1, €, 1/2=0.5, p,=0.001, p,~0.1, t=100.
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Fig. 4.3. Protection dynamics against risk potential with small exploration rate. At each section, plots of the left-hand side
show the matrix [horizontal axis = time step from 1 to 100, vertical axis = individuals from O to 100, color of the
matrix = failure state between fail (red) and absence of fail (blue)]. The plots of the middle show each individuals’
parameter values at the time step [=100: cyan: cap=capital (c), red: fail=failure, blue: inv=investment ( fp), green:

pro=protection potential (p,)]. The plot on the right-hand side represents the individuals’ dynamics with a random

network; node color = states [failure (red) <—— (blue) absence of failure, green = protection potential, yellow = initial
structure of the state without failure and protection].
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