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Motivation

Delay equations




Population Model
Logistic Equation

x(t) = bx(t) [ 1 ”S)

Pierre Francois Verhulst
(1838)




Population Model
Delay equation

X(1) = bx(1) (1 ”“Kf T))

George Evelyn Hutchinson
(1948)
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*Figura retirada de tese de doutorado de Maria Barbarossa




Blowfly Equation -~ #

(1) = b(x(t —T))X(t— ) — u(x (1) X (1)




(b) T = 6.
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Population with oscillating behavior
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Population with oscillating behavior

AN

1935 1940
Year

Lemming
Density

*Picture from T. Erneux, Applied delay differential equations, volume 3 of Surveys and Tutorials in the Applied Mathematical Sciences. Springer, New York, 2009




Population with oscillating behavior
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*Picture from T. Erneux, Applied delay differential equations, volume 3 of Surveys and Tutorials in the Applied Mathematical Sciences. Springer, New York, 2009



‘It was observed that for Antarctic whale and seal
populations, the length of time to maturity is @
function of the amount of jfood (mostly krill)
available. Prior to World War II, it was observed that
individual seals took five years to mature, small
whales took seven to ten years, and large whale
species took twelve to fifteen years to reach maturity.

Subsequent to the introduction of factory ships after
the war, and with it a depletion of the large whale
populations, there was an increase in the krill
available for the seals and the remaining whales. It
was then noted that seals took three to four years to
mature and small whales now only took five years.”

Aiello, Freedman & Wu 1992



Population model with
state-dependent delays

X(1) - by (x(t —t(x(t)))) e~ =) — iy (x(1))x(1)
1+ 2(x())br (x(t —7(x (l‘))))e“““'““

Aiello, W. G., Freedman, H. I., and Wu, J. Analysis of a model
representing stage-structured population growth with state-

dependent time delay, SIAM Journal on Applied Mathematics
52(3), pp. 855-869, 1992.



State—dependent delays t(x) € [2,20]
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*Figura retirada de tese de doutorado de Maria Barbarossa
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Applications




Balazs and Krisztin

Processing data
Server
@ > queue processing
E ~ I J"'-.._ —— i
. . z ( t) | 8] |
t-ry-2(t)-1 t-2(t)-r t-1 t time

FiGc. 1. The process in time.



SIAM J. MATH. ANAL. @ 2020 Society for Industrial and Applied Mathematics
Vol. 52, No. 4, pp. 3697-3737

A DIFFERENTIAL EQUATION WITH A STATE-DEPENDENT
QUEUEING DELAY™

ISTVAN BALAZST AND TIBOR KRISZTIN?




Proliferation of cancer
cells




Rodney Driver
Two-body problems in eletrodynamics
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E. Wright
Connections between number theory and
delay equations




Epidemiology Model




Spread of CHIKV
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SYMPTOMS OF

CHIKUNGUNYA
Rash Back Pain Joint Pain Vomiting

b ] N

Nausea Headache Chills Fever



Symptoms
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Chikungunya Virus Transmission Cycle

N Aedes (Stegomyia) species
£ \KN.— (mainly Aedes aegpytior — 47 '\
Aedes albopictus)

Mosquito

/

Mosquito

\




Oviposition
Temp=>22C
Water > 10mm

Emergence
Temp=18 C

Development

@ rate temp

f Pupae Development
rate (temp)
Survivorship
Temp,Predation
Survivorship
temp Hatching
Water (>10mm) . Temp =13 C
Development
rate (temp)

Weight gain




Let T, T'(t), T)(t) represent the intrinsic incubation period, extrinsic

Incubation period and the larvae development period, respectively.



> S!(t): number of susceptible

» E!/(t): number of exposed

» [/ (t): number of infected

> A.(t): number of asymptomatic

> R.(t): number of recovered

humans in patch i(i = 1,2,...,n) at time t, respectively.



» S (t): number of susceptible
» E' (t): number of exposed

» /' (1): number of infected

mosquitoes in patch i(i = 1,2,...,n) at time t, respectively.



» L' (t): number of susceptible

» L/(t): number of infected

larvae in patch i(i = 1,2,...,n) at time t, respectively.



Human population recruitment rate in patch /
Human natural death rate
Mosquito natural death rate in patch /
Per capita mosquito biting rate in patch /
Human-mosquito transmission probability
Mosquito-numan transmission probability
The extrinsic incubation period in mosquitoes in patch i
The mean development stage time in larvae in patch /
The intrinsic incubation period in humans
Larvae birth rate in patch /
Proportion of asymptomatic infectious humans
Vertical transmission probability
Carrying capacity for mosquitoes in patch i
Larvae death rate in patch i

Traveling rate from patch / to patch
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with initial value conditions

Sn(s) = ¢1(s), En(0) =2(0), In(s) = @3(s),
h(S) = 94(s), Rx(0) = ¢5(0),
1(8) = 05(5), Ls(s) = 97(s), Sm(s) = @5(s);
Em(S) = 99(S), In(s) = @10(s),

for s € [—7, 0], in which

n Where ’C{J = max{ sup T'(t),7}, sup T)(t)},
0<t<w 0<i<w

T:= max{T)h}i—1

,,,,,

and t/(t),T)(t) are strictly positive functions.
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Parameter Constants and Temperature Dependent Formula
Hh 7a5+3e5 day
Nhom 2700000
Nhos 109966000
RBA 109966000 15—
RMIA 28700*0306050 day_1
um(T) | 0.8692—0.1590T +0.01116T2 —0.0003408 T3 +3.809(10~%) T* day
bm(T) (0'0943+,3'0043*T) day~', N is the patch’s total population
Bmh 0.13
3hm 0.3
i(T) 2.130 —0.3797T +0.02457T2 —0.0006778 T 4+ 0.000006794 T* day
o(T) 44 ¢515-0123'T g,y
Th S5day
kp(T) —0.3240.11-T—0.12- T240.01- T3 —0.00015 - T* day "
a 0.45




CHIKV Dynamics in Brazil Over Time
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Figure 4.2: Simulation of the number of symptomatic infectious human population in Brazil
from March 2020 to 2025. The blue curve represents the data and the red curve is the simulation

of the model.



CHIKV Dynamics in Brazil Over Time CHIEV Dynamics in Miami Over Time
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Figure 4.4: Sensitive analysis of the per capita biting rates.



CHIKV Dynamics in Brazil Over Time
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Figure 4.7: Projection of chikungunya for 2025 in Brazil with varying biting rate control measures.



CHIKY Dynamics in Brazil Over Time CHIEY Dynamics in Brazil Over Time
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Figure 4.5: Sensitive analysis on (a) larvae and (b) mosquitoes death rate multiplier in Brazil.



CHIKV Dynamics in Miami Over Time
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Figure 4.6: Sensitive analysis
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