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Professor Masayasu (Mayan) Mimura®)

15¢ May 2021

Mayan was a close friend as well as an academic col-
league for the past 45 years. We started collaborating
when he was a postdoc with me in the University of
Oxford in 1976-77. He started learning and doing re-
search in mathematical biology amazingly quickly. I
was amazed how quickly he grasped the key elements

D (fRETRE) Murray JeE0 5%, BEEhN-XEE
EoTWEEE, ZOZ2—ALX—ZHERTB L
PPRELTCWEEEE L.

in a topic he had only recently heard of and came up
with original ideas! We published 2 research papers
together: Mayan was certainly the senior author.

Mayan and I regularly saw each other at confer-
ences: we kept in touch so we knew which ones we
could both go to. The last was in Ireland in 2016 when
he, and his kind wife, Yoko, came to the conference
in Limerick, Ireland to celebrate my 85" birthday.

Mayan was certainly one of the major people in the
international world of mathematical and theoretical
biology. Each time we were together and talked about
the field I learned something new. Mayan’s passing is
a terrible loss in our academic world and a very sad
one in our family.

James D. Murray
University of Oxford

W NI NN I NI NN Y

In memoriam Mimura-Sensei

In May 1978 a colleague and I travelled from Ams-
terdam to Nijmegen to attend a lecture on Reaction-
Diffusion equations by a visiting Japanese professor,
Masayasu Mimura. After the very interesting lecture
was over, we gathered courage and approached the
speaker, inviting him to come over to Amsterdam for
a day and give a lecture there as well. A small event,
yet it had a large positive impact on the rest of my
life for at least three reasons.

First. Ever since, the work of Mayan has been a
source of inspiration. He had this masterly way to ex-
tract meaningful insights from biological models by an
ingenious combination of singular perturbation meth-
ods, numerical analysis and bifurcation methods. His
genuinely interdisciplinary approach has set the stan-
dard for me and many others.

Second. Mayan Mimura opened Japan for me. He
brought me into contact with Y. Nishiura, H. Fujii, Y.
Hosono, H. Matano, Y. Morita, H. Inaba and many
others. Also, during my first visit to Japan, I had the
great pleasure to meet Sensei Masaya Yamaguti, who
had introduced Nonlinear Analysis and Mathemati-
cal Biology to Japan and was the academic father of
most of my newly acquired friends. So through the
Mimura-connection I not only learned about science
and mathematics, but it also brought me into contact
with the culture, landscape and the people of Japan.
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This has been a most delightful experience, from back
in 1978 up to the present day.

Third. Personal friendships provide life with the
colours that make it beautiful. Upon hearing of the
passing of Mayan, I felt that I lost a friend, not just
a colleague. In many ways we lived parallel lives and
communicated, often a bit implicitly, about our expe-
riences. The enthusiasm and energy of Mayan were
contagious, his curiosity was inspiring. Meeting with
him and his wife Yoko was always very agreeable and

entertaining.

Through his many publications, Mimura Sensei does
still inspire me and a whole new generation of math-
ematical biologists. Largely due to his stimulating
impact, Mathematical Biology is thriving in Japan.
Yet knowing that there will not be a next encounter
with Mayan makes me sad. Fortunately, lively mem-
ories of our conversations during many meetings over

many years are a compensating source of joy.

July 31 2021, Odo Diekmann, Utrecht University
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e
Dynamics of Structured Populations (Part IV)'

Lectures at East China Normal University,
Shanghai, July 5 to 12, 1988

Odo Diekmann

QU1

IV. Nonlinear Problems

In general the price for realism in models is untractability. But sometimes one
is lucky. In this chapter I sketch some techniques and tricks to analyze nonlinear
models.

IV.1. Monotonicity. Example 6 (page 9): Epidemic Spread
Clearly

i(t,7)=i(t—7,0)=S{t—1) /000 A(o)i(t — 0,0) do

and

ds .
(1) = =i(t,0).

Combining these two we find
ds o s
i +S(t)/0 A(J)%(t —o)do

which is a time translation invariant equation (but requires S to be defined on
(—00,t]). If we consider an initial value problem we write

%(t) — +S(t)/0 A(a)%(t —o)do —g(t)S(t)

where g is the infectivity at time ¢ due to individuals that were already ill at t = 0.
Integrating from 0 to ¢ we obtain

Si(t)— t o —0) — o — t T)dT
1n5<0)/0A< ){S(t— o) — S(0)}d /Og< )d
Define
_ S(t)
u(t)——n% then

u(t) = 5(0) /0 " A0) (1= do+ /0 ) dr

IThis manuscript is Part 4 of Lecture Note by Prof. Odo Diekmann (Utrecht), which was
given in 1988 at East China Normal University, Shanghai. Part 1-3 was published in JSMB
Newsletter No. 93 (2021), pp. 6-15 and No. 94 (2021), pp. 6-21. The original hand-written
manuscript was typed by Ryohei Saito (Hokkaido Univ.), and edited by Hisashi Inaba (Tokyo
Univ.) and Kazunori Sato (Shizuoka Univ.).
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which is a nonlinear renewal equation. Since S(0), A and g are nonnegative and
1 — e™™ is monotone increasing one can conclude immediately that « is monotone
increasing and tends to a limit u(oco) which satisfies

u(oo) = v5(0) (1 - 67“(00)) + /000 g(r)dr

where by definition v = [ A(0) do.

u— fooo g(T)dr

75(0)
1—e™

We are especially interested in the question: when does the introduction of
very few infectives cause a major epidemic outbreak?
If [° g(7) dr — 0 then there are two possibilities:

—v5(0) <1 implies wu(c0) )0

u
—~S5(0) >1 implies wu(o0) | positive root of —— =1—¢""
(0) ( ~500)

So the key parameter is the reproductive number vS(0)(Exercise: find the biological
interpretation of vS(0).) and 1 is a threshold value for this parameter.

In the case of spatial spread we find by similar manipulations:
t

u(t,z) = /t/2 (1 _ e—u(t—T,y)) So(y)A(T, z,y) dy dT + / g(m,x)dr

R
and one has a sim?lar threshold phenomenon. In addition one caon characterize the
asymptotic speed of spatial propagation as follow. Assume:

So(z) = So , a constant
A(ryz,y) = H(T)V (|2 —yl)
and introduce
Le(X\) = So /oo e MTH(T) d7/2 V(|z])e 1 da
0 R

If L.(0) > 1 (which means we are super-threshold) then

co =inf{c>0: L.(A) =1 for some A > 0}
makes sense and for suitable (compactly supported) initial conditions

tli)m (sup{u(t,z) : |z| > ct}) =0, Ve > ¢

lim inf(min{u(t, x) : |z| < ct}) = positive root of S e, Yee (0,c)

t—o0 YO0
where now v = Lc(0) = So [ H(7) dr [2 V(||) dz. Therefore we say that cq is
the asymptotic speed of propagation.

Clearly one has to work much harder to prove these results, but the basic
idea, monotonicity, remains the same! One can formulate analogous models for
the geographical spread of invading species and these have been applied to various
data by F. van den Bosch, see F. van den Bosch, J. A. J. Metz, O. Diekmann,
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The velocity of population expansion, Journal of Mathematical Biology(1990) 28:
529-565.

IV.2. Stable distributions.
Consider
% = h(E)An — u(E)n

Here p is a uniform (i.e. i-state independent) death rate and h(F) is a scalar factor
multiplying the linear infinitesimal generator A. For instance, if in example 2 both
g and 8 depend on S through the same multiplicative function and p is independent
of x we are in this situation. The key point is that one can construct the solution
modulo a scalar factor by a time scale transformation applied to the solution of the
linear problem.

Write as an “Ansatz”

where a(t) € R, then

da dw
¥ + ah(E)% = h(E)aAw — p(F)aw

which can be decoupled into

T Aw — Aqw
do
= = (\ah(B) ~ (B))a

where A4 is the dominant eigenvalue of A. So under suitable hypotheses on A we
find that for ¢ — co w converges to the dominant eigenvector of A. The limiting
behaviour is therefore completely determined by the “amplitude” equation for «,
which is coupled to the environmental equations. Recently Cushing (J. M. Cushing,
A competition model for size-structured species, SIAM J. Appl. Math. (1989) 49:
838-858) has used this “trick” to study the competition of size-structured species.

IV.3. Linear chain trickery. (a problem raised by J.A.J. Metz)
The general structure of physiologically structured models with environmental
input is
dn
dt
where A*(E) describes the smooth i-state change and death and B*(E) describes
birth. We can describe the “output” by C*(E)n where, for instance, C*(FE) de-
scribes the consumption of substrate (which is a component of E). So C*(E) maps
M (£2) into some finite dimensional space, and feedback through the environment is
incorporated by allowing the equations for E to depend on C*(E)n.
Let P : M(2) — R* be a mapping such that

P(A*(E)+ B*(E)) = M(E)P
for some k x k matrix family M (E). Then N(t) := Pn(t) satisfies the ode

dN
—— = M(E)N
p (E)

If, in addition, a matrix I'(E) exists such that C*(E) = I'(E)P then the output
C*(E)n = T'(E)N and consequently a coupled system for N and E describes the

= A*(E)n+ B*(E)n
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interaction completely. Once E is defined as a solution of this system one can
consider E to be known and study

N _ 4 (Byn+ B*(E)n

dt
as a non-autonomous (i.e. time dependent) but linear equation. A special case
of particular importance arises if one can conclude from the (N, E)-system that
E approaches a limit (or a periodic solution) as ¢ — co. In that case the linear
equation for n is asymptotically autonomous (periodic) and one can base further
conclusion on the known asymptotic behaviour.

EXAMPLE 3. Cell Division. (We work with densities rather than general mea-
sures.)
Define

Lmax

Py = xp(x) da
Imin/Q
Then P(—p(-)¥(-)+48(2-)¢(2-)) = 0 since mass is conserved in the division process.
In other words: PB*(E)y = 0. Let the growth rate g be of the form h(E)z then

0
PA*(E)Y = —/x%(h(E)xw(x)) dx = +h(E) /xw(x) dx = +h(E)P.
Assume chemostat dynamics:
dE

o= D(E' — E) — kh(E) /am(t,x) dx

where D is the dilution rate, E* the concentration of the limiting nutrient in the
inflowing fluid and & a conversion factor.
In the terminology from above we have C*(E)n = kh(E)Pn. The ode system

dN
= = h(E)n— DN
o = WE)n
B .
Ccth = D(E' — E) — kh(E)N

has a globally asymptotically stable steady state under appropriate conditions. [l

Under further conditions one can obtain stronger results. The idea is that one
can solve for the zero'th generation (the solution of 2% = A*(E)ng) explicitly (and
that ng tends to zero as t — oo; or at least B*(E)ny — 0), so that whenever
B*(E) = A(E)P for some mapping A(E) : RF — M () one can write down the
solution n explicitly in terms of ng and N(¢). Therefore we shall first investigate
under what condition on the growth rate v and the death rate p one has PA*(E) =
H(E)P for some matrix H(E) and some mapping P. If one can satisfy the relation
PA*(E) = H(E)P and, moreover, B*(E) = A(E)P and C*(E) =T'(E)P then the
infinite dimensional system is reduced to a system of ode’s and, conversely, one can
recover the solution of the original system from the solution of the ode system and
the variation-of-constants formula for the growth-death part dd% = A*(E)nyg.

Assume that P is of the form P8 = [, o(x)0(dx) = (¢, 6) for some
p € Cp(R), i.e. assume that P has one-dimensional range and is defined by a pairing
with an element of the pre-dual space Cy(2). Then PA*(E)0 = (A(E)p,0) and
so we have to satisfy A(F)¢ = A(E)¢ for some function A(E), i.e. ¢ has to be an
eigenvector of A(E) with E-dependent eigenvalue \(F).

We now restrict ourselves to the case of a one-dimensional i-state space. Then

—v(z, B)¢'(z) + p(x, E)p(z) = ME)p(z)
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. Wz, E)~A\E) _ ()

v(@,E)  px)
So we find that it must be possible to find a function A of E and a function f of x
such that

iz, E) — A(E)

=@

and then we may choose p(z) = el " 1) d€ where we still have an integration con-
stant at our disposal to satisfy a boundary condition zero at 02_, if 92_ is non-
empty.

EXAMPLE 1. (age-dependent population dynamics)

If v(xz,E) = 1 the condition is simply that p is the sum of a function of z
(which we shall call @ now) and a function of E. Note that then A is determined
modulo constants only and that, consequently, we have a one-parameter family of

©’s. This gives greater flexibility for satisfying the remaining conditions for B*(E)
and C*(E). O

EXAMPLE 2. (size dependent population dynamics)

If, for instance, p is independent of x we choose A(E) = p(E) and f(z) =0
hence ¢(z) = 1. (This simply means that N is total population.) So it requires
that both £ and the consumption rate v are independent of x. O

We next consider P with two-dimensional range and put
PO = / B(2)0(dz) = (B,0)  where B(z) (m@)
Q p2(z)
The condition now is that
(2, E)(2) + p(x, E)®(z) = H(E)®(x)

Let ¢;(E), i = 1,2, be the left eigenvectors of H(E) corresponding to the eigenval-
ues \;(E) then

Xi(E)(¢i(E), () = p(z, B)(i(E), ®(x)) — v(z, E){(¢i(E), '(x))
which we can rewrite in the form
(o, E) = M(E) _ (W(E), '(x))
v(z, E) (Wi(E), @(x)) 7
ExAMPLE 2 (Continued). Still assume that p is independent of z. Choose
p1(x) =1 and @o(x) = x. We want that

—v(z, E) (?) + u(E) @) = H(E) (36) = (Zi% i%iggi)

Choosing his = 0 and hy; = p(E) we can make an identity for the first component
without any requirement for v. However, the second component requires that v
is of the form v(z,E) = a(E) + b(E)x. Then we choose ho1(E) = —a(E) and
hoo(E) = u(E) — b(E) so

n(E) 0
H(E)‘( o(E) u(E )b(E))

i=1,2

Therefore A\ (E) = ,u(E), X2(E) = u(E) — b(E) and
Gi(E) = (1 0), () = (alB) I(E)).
Note that
(0 (B), @' (x)) o p(E) = M(E)

(¥1(E), @(z)) v(z, E)
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and

(o), ®'(@)) _ BE)  _ p(E) ~ ()

(Va2(E), @(x))  a(E) +b(E)x v(z, E)
Also note that we can immediately extend the example to three and more dimen-
sions by choosing

1

x
d(z) = %mQ

O

It is a conjecture that, modulo E independent change of i-state variable, this
type of example is essentially all one can obtain with mappings P with finite di-
mensional range (assuming a one-dimensional i-state).

The problem is not completely understood and this paragraph has an open end!

IV.4. Time scale arguments. (Model simplification)

ExAMPLE 5. Cannibalism

If only very young individuals suffer from cannibalism we may, as an idealiza-
tion, model this as an instantaneous reduction of the birth rate (i.e. only the “eggs”
are eaten) in the hope that this idealization leads to a more simple mathematical
model. With the notation of page 9 we take

cw=Le(2)

where ( is some nonnegative function with support in, say, [0, 1]. Note that

/OOOC(a)da/()lC(T)dT:H

which means that, although the intraspecific predation is restricted to a smaller
and smaller age interval (if we let € | 0), nevertheless the total effect is more or less
independent of e since the survival function component for this effect is

e~ Jg Cl@)k(t—a+a) da

In the limit this factor is:

*1 ra
— [ =¢(=) - d
e /0 EC (5) (t—a+a)da S J3/2 c(r)k(t—a+ter) dr <40 o~ Ok(t—a)

In particular we obtain for a = 0 a reduction factor e=?*®) for the birth rate. [0

EXAMPLE 7. prey-predator-patch models

Suppose the prey exhaust their host plants very quickly compared with the time
scale of dispersal, then the founding of a new prey colony leads almost instanta-
neously to the production of new searching prey unless predator invasion precludes
overexploitation, in which case the yield consists of predators rather than prey. By
some tedious exercises one can transform the verbal description given above into a
limiting argument which leads to the ode system

dno

P f(no) —C(noP

dP

at = xmaanOPe_WQ —pP
aQ

7 (noPh(Q) —vQ
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where

Z(y-1)
Tmax ,'7(0.) 6 1+%$max _Q/’Y Mda
w:/ —~2do and h(Q):f/ yd|1l—e 1 ao
1 7Y J1

ao 5
+3

and where «, 5, and v stem from the choice

o) =ar , g(zy)=ax—PBy , hzy) =7y
If we take n(z) = adx then

- (o) (-0 0n (5557 )

Tmax — 1

Tmax + /7

For certain parameter values the ode system has two stable steady states, one in
which the prey keep the plants at a low level and one in which the predators keep the
prey at a low level. See O. Diekmann, J. A. J. Metz, M. W. Sabelis, Mathematical
models of predator/prey/plant interactions in a patch environment, Experimental
& applied acarology (1988) 5: 319-342 and Reflections and calculations on a prey-
predator-patch problem, Acta Applicandae Mathematica (1989) 14: 23-35. O

where

p:

Such result are helpful in guiding simulation studies of the more complicated
versions of the model! And in interpreting the outcome of such studies.

IV.5. Steady States.
Consider the system

dn dE

W amm =B o)

where C(E,n) = (y(E,-),n) (think of “consumption”). In order to obtain a steady
state £ = I, n = n we have, first of all, to determine £ such that A*(E) has
dominant eigenvalue zero. Then 7 is of the form K(#) with 6 the normalized

eigenvector and K a constant which we have to determine from the requirement
F(E,KC(E,6)) =0

Once we know a steady state we want to determine its stability by linearization.
Write £ = E + e and n = K0 + u then, formally,

du . = d . i
e A*(E)u + d—EA (E) s en
de 0 OF [oC, aC
it~ 9B aCc \9E " an"

Note that ‘g—gu = C(FE,u) since C is linear in n. The corresponding spectral problem
is

= A" (E)u + iA*(E) en

dFE
OF OF (0C _
AezaE”ac{aE”C(’“)}

The first equation gives

* (T — d EYan —
u= (A — A*(E)) 1d—EA (E)en
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and if we substitute this into the second we obtain the characteristic equation

OF OF (0C - _ d _

— = —{ —+C(E (M- A"(E) 'A% (E)n =0
oF 80{8E+ < 3 ()" g4 M)})

(we assumed that E is finite dimensional). These formal calculations have to be
made precise and justified, in particular the meaning of %A*(E). It seems in fact
reasonable that only C(E,U¥(t,0)0) needs to be differentiable with respect to E!

It would be nice to have the principle of linearized stability, the center manifold
theorem and the Hopf bifurcation theorem for this class of problems.

det ()\I —

Addendum
2021/08/05

It is a great pleasure to thank Hisashi Inaba for rescuing these notes from oblivion.
After first stimulating some young researchers to read the handwritten version, he
asked Ryohei Saito to transfer them into TEX. I am most grateful to Ryohei Saito
for doing a wonderful job and to Hisashi Inaba and Kazunori Sato for the editing
work that led to the publication in three parts in this Newsletter of the Japanese
Society for Mathematical Biology.

Much has happened in the 33 years that passed since these notes were written. I
hope that the pointers to the more recent literature, given below, will enable inter-
ested readers to get an impression of the current state of the art.

The book “Population and Community Ecology of Ontogenetic Development” by
A.M. de Roos and L. Persson (Princeton University Press, 2013) provides an ex-
cellent introduction to the ecological motivation for structured population models
and, in addition, shows how the analysis of such models can unravel the relationship
between mechanisms at the i-level and phenomena at the p-level. For a slightly dif-
ferent approach see “Data-driven Modelling of Structured Populations” (Springer,
2016) by S.P. Ellner, D.Z. Childs and M. Rees.

The book “Age-structured Population Dynamics in Demography and Epidemiol-
ogy” by H. Inaba (Springer, 2017) focusses on human populations. It introduces a
powerful mathematical framework for the rigorous analysis of the semilinear PDEs
arising in the context of age-structured models, with much attention for the Basic
Reproduction Number. The earlier book “Mathematics in Population Biology” by
H.R. Thieme (Princeton University Press, 2003) contains a lot of material on stage
structured models.

The lecture notes “Structured Population Models in Biology and Epidemiology”,
edited by P. Magal and S. Ruan (Springer, 2008) is a collection of six papers on
as many topics. Ten years later Magal and Ruan published the monograph “The-
ory and Applications of Abstract Semilinear Cauchy Problems” (Springer, 2018)
devoted to a mathematical theory based on Integrated Semigroups. An alternative
approach is presented in the paper “Twin semigroups and delay equations” (Journal
of Differential Equations (2021) 286: 332-410) by O. Diekmann and S.M. Verduyn
Lunel and is partly motivated by the framework for model formulation presented
in the two papers
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O. Diekmann, M. Gyllenberg, J.A.J. Metz, H.R. Thieme

On the formulation and analysis of general deterministic structured population
models. I. Linear theory

Journal of Mathematical Biology 36 (1998) 349-388

O. Diekmann, M. Gyllenberg, H. Huang, M. Kirkilionis, J.A.J. Metz, H.R. Thieme
On the formulation and analysis of general deterministic structured population
models. II. Nonlinear theory

Journal of Mathematical Biology 43 (2001) 157-189

The ‘Linear Chain Trickery’ problem, described in IV.3 above, was finally solved,
see the three papers

O. Diekmann, M. Gyllenberg, J.A.J. Metz
Finite dimensional state representation of linear and nonlinear delay systems.
Journal of Dynamics and Differential Equations (2018) 30 : 1439-1467

O. Diekmann, M. Gyllenberg, J.A.J. Metz
Finite dimensional state representation of physiologically structured populations.
Journal of Mathematical Biology (2020) 80 : 205-273

O. Diekmann, M. Gyllenberg, J.A.J. Metz

On models of physiologically structured populations and their reduction to ordinary
differential equations

Journal of Mathematical Biology (2020) 80 : 189-204

Concerning the stability of steady states, as discussed in IV.5 above, see

O. Diekmann, M. Gyllenberg, J.A.J. Metz, S. Nakaoka, A.M. de Roos

Daphnia revisited : local stability and bifurcation theory for physiologically struc-
tured population models explained by way of an example

Journal of Mathematical Biology (2010) 61 : 277-318

Erratum: (2017) 75 : 259-261

and a forthcoming paper “On the formulation of size structured consumer resource
models (with special attention for the principle of linearized stability)” by C. Barril,
A. Calsina, O. Diekmann and J. Z. Farkas.

Finally, a very recent development brings numerical bifurcation analysis within
reach, see

F. Scarabel, D. Breda, O. Diekmann, M. Gyllenberg, R. Vermiglio

Numerical Bifurcation Analysis of Physiologically Structured Population Models
via Pseudospectral Approximation

Vietnam Journal of Mathematics (2021) 49 : 37-67

Odo Diekmann
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DANADEFEZDDDEMIAT 2 Z L ICIEHEER 5 X
720 FHUT. BHHEBICBWTIENTH o 228,
fh, /= B, B, B, eERY. TREETMERE
BD| BREGPEDORKE L TEHT 2 Z e ATk
N2 LIk o725% Z5L T, BEHWEHDHH0, #E
WD 2EEFRHIBEDOA FA X — L TOMKEEDN
Hxh=,

SHOREEICHTSIO—NIL - AJLR
XTC. SHTE. i N0/, ERHKE»S S
O — NJURIBANYE 27 — LB ITLTWS, ZH2iE
ZODEMMH B, —oHIE. Fue—oulidEizBn
T, BRI SR —HoHIRERTIE R <. 2R
WW—RICEIEL 5 % 2 WS EKEZ, ZoHEE, i A
DD, HIERBE CTIRE ST NEMRTH 2 2 VW HER
WcBITB, ZE—NL e ANLZAE LTOEKRTH 3,
BIE, Jme v NEEIEDZ RIS LT, £ftRr N
LTOWHIBEHEIRD D, ZhdZa—oN)L «c ALY
N2 HDTH S, Za—rL « ~NLZDORHHAH
RIEELHIERL, RAMRIT LI 14l — o v
RTE, HHEHIORBEEN LG X020, Z0%E
— R R ICEBEESRE T 5 T, RN
KesH AN 7200 o T2
anFETIE, R kS RESERE. A%
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BB LT 370 — NI~V ZD R EE L
TW53, Black Lives Matter. Wit R#b. NEFFHE
TV A S A LEE MR Y, Z DD & < #HPH
CEAIIIAHTS, Lo LB T 2 &, EEEGIRHS
REDOMKEAE, BESETADT 7R, RERPY Y
F KR DIE AP BEARIE L 725 T 2,

— 77 EEHHAICOWTIE, BEAOHEF L 20
FERFEHOFEDES L TWb, 1946 D WHO
EEIIZOFXT, #EE TERN - B, +2
BHlD Z T, BITBERXIIRHOFEAEL RN 2T
V) CEFRLTVWS, WHOIWR X B &, HEAD
MEFNCIZ, B - EIEBAD T 72 ZADIEh, fEEERN
fi, RIS 28E L ERORBMRREDPEENS,
F72 1948 FOHFNMEEF 25 5712l [MEFRTH 2 Z
iE, IRTOANDHEFTHZ | LRI TWVW3S, &
EoOFEETH, EEANDHEIOVWTEREINEHD
WAL e HAEEESE 25 RICBVTH, TR
TR BRRRE OATE ] 05 XE T, EFHED
RN TND,

D XD ITHHSALDERE LT & TR DHER] =53,
FED B AIZIZ L A Y BIFX A TW RV
BRZ, WHO o#feEic Xiud, Ao =FoETix
EIHEFIRFIDFEL 0D, IFLACEEEL TBL T,
B OENFEOR TS O EEE AT WS, & EE
TIXREBE T A ERINCR R Uy F 72 BER RS
ENEES>TELT, BEOEREAIIIS0%EIEZ T
W30, HAENTD., V7 F VEAARIFEN O Biak
NTRKISEDEND D, BORBRIPEETERLE Y
ISEMNRILHEINATWE T, EThonifEA, #
R Ko TR ENPRZ Z2MHI D 20622, 5
EDOaaFcBVTd, BEOMEIX., DR
LEoMEr LTHHRTE 2, S0z, Z2oR
FERESHCT 2 2MOMELIEZ S 2 b TE 2,

E5L7E570-NL < AILRITFEETHD
B3 30h

EFENGO '+y 7277 51 552020 2T - 727/
iz kU, MAROEMRE LN 26 N\OEFEF L, R
ANODRI 50% I H7- 2 BRE (F 38 EN) DEPEH
BIREF T TH o720 2021 FEFEOME DR, TR
FERUANR] LI, BREHN » A TIERIE
L7e—7. BRE HE aaFoE»SEET 50
WKIXI0FIEFE DD 2 L WS HEEERAL I L, FED
PERERLS, 20 X5 RBEENEE DR EEEE
B, Z’a—oNL « ANLRITEETHHBEIZDEAS
Mo FFFEMICAERERDEA, FEHEOHEITY
I e F TITHEBENRFIE VDD, 3L T DRHMR
2, Y OBERMX DFECRNERHIX DB X Z 2 £F

ThHoEY FAEOMERD, SBikii L. FREORM
By L THIgRE ST Twa,
EEt2omif e WO BlR TR S &0 ik, 7 X
VA yERZERZANPINCS 7 ) 7 & RARERN
RDA =TT 4 TEMAD L L2 T, BRI
WHO OTLIZZ K DEEDVEE D ¥ v R— V2 EM
L. REPERINIBID D 5, T =T V2R
2kl 7 7 X — DFIEMILA, JKE FTHLAR > TV
2RRIC, KV ORI ST & Aotz mihsic
BER SR oTzh, T —NT U ZDFHE WS T
FHT. Za—oN)L « NOVARFEEINC—HHEA T H %
7=
—HBEROavF@MTIX, KPP ol kiai. il
XNz, B 25V o BRI 71—
b NVADSEE R S T H 2 WHO IZ B FiBIA
FNTzRiTE BEDIEK LERD 72 20204 7 A, HFED
koY FREEIE TWHO HEZED | & LTHLER
WA, FENX, BPEOI ZIABI I L 7= BE D,
WHO IZHA 7 = N—=F1F 3 Z 12t LRHLIE LU 7z,
ARG OREERGRILC, 3R EESHRICO W T OEHA,
YA FE CREMNICER A L, [7r— oLkt
B @B ST Ov s F UBRRICBIT 51
TR, NIERBLD D ARZEBTETVARNY,
FHRRI 72 A E & WS O FMENI A EL 2D, fRIRODAH
WEEREPEBEERICERE 2 2 b BEENTIER WY,
[7a— L« AL 2B BHES DIERFREIC DO W
Ty O eWSEITBWT, B BH DM L1TH).
WERANL 7 2B EICEARL TR oV, L iEhH
L7 bET, ZF A TR WFEEDT7 4 —> vy KRDF
EFIHIhTW3, T RAZEEN 2R T 20—
WHWTH2, 7TATYT 4T 48, FOEEZTODMAE
DECRLUTEERZ 3 IZES LY AT AL
THHWREEZAT 2 WS Z e PEER, | 2k,
7 XY ANTHANYID TRt 2Ho 77— T2 E
L7=2B8EN, BIZEV 7 F U8RI 7 72 ATET
WEHZ, RERZDOVWTHAROROEEZEZTWVW5,
ARG, ERPHEMBLATC A B O NEBIEE L.
HEHOHFCTHEMLBERINTE 2, Z5 ThHhI.
BICEER O — L - ANV RIT, SRERSBICH B
ANBEDOR D& LTEIDERDLICAIHEN 2 2 EZ 3,
FrHdr, BYPYEL KA VI HAIE, KGR
JEDIEE D 22 6 Z T MBNTE 2, FEHZEOREIC
HHHEOEENRFCHEMFIZDDTHD, K2
FauFORMRSFEANE 2HR 7 7 & —I1ZfB0h i
5, HROBERDTH %,

S

1. BBC NEWS JAPAN (202049 H 11 H) Ay
ANADE, BRE YL GEFETKERZ=BBC
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2. Furceri et al. (2020) Will Covid-19 affect in- ATRZ D7 ]

equality? Evidence from past pandemics. Covid
Economics Vetted and Real-Time Papers 2020,
12 (1.5.): 138-157.

. Mitchell H. Katz (2021) Racial and Ethnic Health

Disparities Related to COVID-19. JAMA 325(8):
719-720.

. a4 &— (20214 H19H) Tz 20 &G

ONZoanFis, EEEE THEILK)

- PEERH (2020) EHYIE & FRDOHER T DO %

ez e

- REEEER (20200 ABHEH  EHEREIG2 5 R 2 &

GUIE © fEts 2 T HTE

. NHK H#EF v (2021F4H21H) Tlag+o

8. Esmé Berkhout, Nick Galasso, Max Lawson, Pablo

Andrés Rivero Morales, Anjela Taneja, Diego Alejo
Véazquez Pimentel (2021) The Inequality Virus,

Oxfam International

9. NHK 2= %)L (20204E 12 H 6 HJfE) T

FIvr BEotR (5) TanF kb ¥
T2 CIRER

10. Abimbola S, Asthana S, Montenegro C, Guinto

RR, Jumbam DT, Louskieter L, et al. (2021)
Addressing power asymmetries in global health:
Imperatives in the wake of the COVID-19 pan-
demic. PLOS Medicine 18(4): €1003604.
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(35 5 B MEBEMFRR « FHEH)
RT— X OEEIFEDR

—/ WoTE v, TEEET, S Y, B S

RN

1. LI

ZoEESE S FHOmMEEI e LD £ L. SHEIZ
EROEY DT — R 2 o727 — X iM% Python T
PhveBnET. SEOFMEIUT R 5.
¥ FHEED T — X % Python 22 HatARAE T, KI
ZDT—XDEARFEIEE Python TEH L ET. %
D%, TZPSLHERETLEMEL, T—-XDH
REZFHL £7.

SEHENTZ TS50y —2a— RN, BE4
[\ ¥ FIBRIC GitHub (https://github.com/igenki/
biomathNL) [I] CEWTHD ET. 774 LDX Y
0 — FAEEE 10, 52 B0 EOFHAZHEIIL
CTZZLIZE V. S, 7ulJ 503X T%:
DataAnalysis.ipynb D 1 DD 7 7 £ JUIZFEEBR L FFTD
T, GitHub»HZ D77 AV EFT XY u— KL
T2V, DT 75 AONBEEZZD7 7 4V
ESBLAREOHAED TOE TR BT T,

2. T—Htv hbrEKXRHE

SENIEBEO 7T — 220 LES. Tzt
MOETFT—ZBHHEVADT, YT NDT—&
£y M EMHWET. Python DA, scikit-learn!) 72 ¥
WYY INT—REy PREFNTWETH, FEEK
BYRNTT. —F, MEttho eI 7Ttk
CHOWHNZ REEBIIEN H0EES DT —& vy b
MTF 74V TCHBELTED, ZThoDF—XEfiiH
WKHEHAT 2D TEEY. $LZORDOVVTIL
7 —&+t v &, Python 2 S5 HICFHART Z 223
TEFJ. AFEBFEETE Python ZHVWTVWETOD
T, SENE 0 EZHWTET R 2O LTV E
7.

I RS AR D T R

PR 27 T2 8

R TR

PN NS

DR B OB & 72 E Y 2 — DS H E X h 7 Python
D475

2.1 Python 5D RDT—Xt v kDFH
A
R O 7 — & % Python Tatir/7iE L LT PyDataset
WS Python 74 75V %25 HENHDET. Z
NERD X ST pip install TA YA b — L L ET.

1 !pip install pydataset

Y —RXa—F 1 PyDataset D4 X +F—JL

XiZ, PyDataset DFNFTIZOWTHHAL 5. ¥V —
A a—F 2® X512 PyDataset D data &\ 5 E
Va-LE@HTLE, ROTF—Xky bO—EER
REBIEHTEEST (M),

2 from pydataset import data # pydataset DE Y

2 —J)ldataZ f ¥YAK—F
3 data() # ROT—Xt vy FD—&E % FER

V—Ra—FK2 ROT—XEty hO—EE2HR

dataset_id title

0 AirPassengers Monthly Airline Passenger Numbers 1949-1960
1 BJsales Sales Data with Leading Indicator
2 BOD Biochemical Oxygen Demand
3 Formaldehyde Determination of Formaldehyde

4  HairEyeColor Hair and Eye Color of Statistics Students

752 VerbAgg Verbal Aggression item responses
753 cake Breakage Angle of Chocolate Cakes
754 cbpp Contagious bovine pleuropneumonia
755 grouseticks Data on red grouse ticks from Elston et al. 2001

756 sleepstudy Reaction times in a sleep deprivation study

757 rows x 2 columns
M1 ROFT—Xty to—%

2.2 HAZDFT—A2EY bk ‘crabs’

T, ZhoD7—%ty b—EOHH 5 EBRICE
YNCBfRT 327 —X Ly bR 1IDHUGLTAEL & 9.
SEEH=DF =Kty b ‘crabs’ (ROT—XEv +
467FH) ZEUSLET. F—Xtv s OEUS/IRIfE
BT, RWRTY—RA—F3DL5IZ, PyDataset
D data() BdEZ FHWT, df = data(’crabs’) £ 335 Z
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T, 7=ty FHUST A EATEET (K2).
DT —RXODOWIEIX, pandas DT —& 7 L — u 7
DT, DX pandas 2o CTTF — X BIEL TV &
¥ 9. pandas &%, Python T7—&X &5 EIC &L
AWwbhb54 775 9VTY. pandas DT —&X 7 L —
LERRT BB, REDTFT—42%2—BRRL LD
350, M1IDESICEBLTERRENTLES /-
¥, pd.set_option(’display.max_rows’,200) 2175 Z &
T220fTHETERRTDIITRELET
4 import pandas as pd # pandas% A ¥ 7R— b
5 df = data(’crabs’) # ‘crabs’D 7 —X 7 L — L
% %
6 print(type(df)) #
crabs®D 7 — Xt v FDRIERIR

8 pd.set_option(’display.max_rows’,200) # 7 —
Kty FOPHE200fTHETRRT 2
9 print(df) # ‘crabs’ DHH % £

Y —2a—7F 3 ‘crabs’ DHEEFRR

{class 'pandas. core. frame. DataFrame' >

sp sex index FL RW CL cw Bl
16.1 19.0 7
18.1 20.8 7
19.0 22.4 17
20.1 23.1 8
20.3 23.0 8
23.0 26.5 9.
23.8 27.1 9.
24.5 28.4 10.
24.2 27.8 9
25.2 29.3 10
27.3 31.6 10

— = OO UTAWN —
- o

TU CO TO U TO ©O U OO ©O 0 O
=E==========
— O WU UTAWN —
D i o S
N> 0O CO O — CO CO O N 0O —
COCOLOLOLOLONNNS
OGO — © OO WO~~~

—t el el )t ) w—

Jp—y
— —

2 ‘crabs’ DTF—&XT7L—LDOHEG

W53 %7 —%tvy b DOAIX pandas.DataFrame &
L CTHS XN FF. pandas.DataFrame D#EIE, val-
ues, columns, index D 3 DODEEEEN SR ->TED,
values 1% NumPy B4 (ndarray), columns & index %
77 # b b Tl¥ Rangelndex B CHA A HR 2 12 - T
WEg

TR, H=DF =Xty b ‘crabs’ DHEDFEM
X% 3. PyDataset THR TEXZ2RDT—&X Ly
MCREHAXHANELTED, UTOY—2a—F4
D X 51, data(’crabs’, show_doc=True) £ 5% Z &
THA EHO Z N TEET.

3}&&

# 1 ‘crabs’ DEZR

Hl5 A~ SiRH

sp f# (Blue/Orange)

sex P (Male/Female)

index i, M2 e OEEES [1:50]

FL 13X AIRATEH A4 X (frontal lobe size)[mm]
RW I8 (rear width)[mm]

CL F R (carapace length)[mm]

CW FlE (carapace width)[mm]

BD & (body depth)[mm]

10 data(’crabs’,show_doc=True) # 7 — Xt v +D
at A S % ROR

Y—RZa—F 4 FT—XEty OHAERR

FAASC R B ¥ 12, ‘crabs’ DHFE (K2) Az L
TWEDO0%2FEeDibDNnE1TY.

2.3 HZoOT7—2ty FOEKXGRHE

RIZ ‘crabs’ DEAFIG B (F5, HRE, RAMME,
BME, 7—28, 7, BHERZE, HEBIRED 2 RT
WEEL &Y., VY—Ra—FRUTOLS KD .

# ’crabs’ DT — X7 L —

11 df = data(’crabs’)
2 % A

12

13 # F T ICEHARME R LA

14 print(’F¥P)

15 print(df.mean()) # Iy

16

17 print (C\nHH{E )

18 print(df.median())

19

20 print (\nf AfH’)

21 print(df.max()) # mAME

22

23 print (’\nfx/ME")

24 print(df.min())

25

26 print(’\n7 — &)

# HHRAE

# f/ME

27 print(df.count()) # 7 — X
28

29 print \n7H’)

30 print(df.var()) # THL

31

32 print O \ntEYE{RZE )
33 print(df.std())

34

35 # KAV RTERM OEEBRE 2 A
36 print C\nfHBAMREC)

37 print(df.corr())

# R (R

YV —2a—F 5 HAFIEOHE

BoNHIMRER3ICELDET. 20X
pandas (ZI3EEATHEH B2 —1T TR T 2 2 B DR
DPHESNTVET. 7 df.describe() Bz v
W EEZ S8 OOEARKFHELZ F LD THEH L TL
nxEs.

3. H[EFah

3.1 HWHROEE

ZIZh5 ‘crabs’ DT — Xt v b EHAWTEBRIZON
LTAELXD. ZlHEX, R1TREINZD=DFENMN
OHFHs TCW (HIlE : HEDME) | & TFL (134
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N7~ 74 R4 Al 7— 2% R

FL 15.58 15.55 23.1 1.2 200 1222 350
RW 12.74 12.80 20.2 6.5) 200 6.62 257
CL 32.11 32.10) 47.6 14.7) 200]  50.68 7.12
cw 36.41 36.80f 54.6 171 200; 61.97 .87
BD 14.03 13.90f 21.6 6.1 200; 11.73]

AR {RE FL RW CL cw BD

FL 1.000000f 0.906988| 0.978842 0.964956] 0.987627
RW 0.906988]  1.000000]  0.882743]  0.900402]  0.889205
Cl 0.978842| 0.892743] 1.000000] 0.995023] 0.983204
cw 0.964956  0.900402]  0.995023]  1.000000] 0.967812
BD 0.987627 0.889205 0.983204 0.967812 1.000000

3 ‘crabs’ DHEAHFE

RETEY A ) O200FEERTVWEES. h
5 2 DDEFRME, AR TRRL THEHEST 2 Z 2 H
TEFT. BHREHET2a— I TO LSk
DET.

1 Y/matplotlib inline

2 import matplotlib.pyplot as plt #
Matplotlib®d 4 ¥ K— b

3

4 x = df.CW # HR

5 y = df.FL # 3 EARATREY A4 X

6

7o# THE) ¥ NIXAKREEY A X OBFRE

IR ETN

8 plt.figure(figsize=(9, 6))

9 plt.scatter(x, y)

10 plt.xlabel(’carapace width,,(mm)’, fontsize =
18)

11 plt.ylabel(’frontal lobe size (mm)’, fontsize

= 18)
12 plt.grid(True)

V—2a—F 6 HiErIZEAIRATEY 4 X DREFRE BN
FoR

IDa— RTREHx, yic7—&ty D CW 4,
FL¥Z ZhZIUEH L CWET. s m s 4T,
ZHAfIZ ‘crabs’ DT — Xt v FEREATHHL T
B, (B TR TEDHERDHT I
MTEET. 2O I7 625 TT5e, Hl%x,
itz y & LK 4 o8B Eh, THIE) &
NI xAIRATET 4 X O, BB VR
HBEZENTPDET.

LHL, ZO8mMKE XSRS, MEioE»KE
{72312 2o0, HORERERDZV—T Y THlp s
N—FWRHDPN TV TWBE EIHICRAIET. 22T
‘crabs’ DT —X -ty VERETE, BiEHT—X DM
sp (F) , sex (M) 2worBERHD, ZhsDiE
WHE DR 20 L TV AERTEZWrEEZ S
NnFE7.

T, ZOFEBELWD, sp & sex TENEFND
UT, BARKZHWTAEL XD, ETiEsex DA R
EXRATHIT7 70K 5TY.

ZOMARKEHELS a -, Y-Ra—FT7TYT.

20 25 30 35 40 45 50 55
carapace width (mm)

B4 THIE) & NIEAIRATREY A X ORfRZR L 728
il

22 . male xx‘;. b
X e ®
- "l
€20 = female g-;s’:f'm S o
5 B R, o
e 18 ol © ; B
16 o el
: 3
g o ?x".dsg
S 14 2o <®
= .:
S T
=12 e SRS
£ 10 PACK
o oA
8
x

20 25 30 35 40 45 50 55
carapace width (mm)

5 MPEZ¥icm 7= EX

ZDa— FTiX, ‘crabs’®200fEDT—& v b % sex
DEAM (Male : +2) DdDYF (Female : X Z)
DBHDITY, Fhod CW, FL OfE%E FIl &2 AR
T 3ZeT, Boricy—h— %22 TR %
FRLTWVWET.

ZOMTE, EOABMHICHTORMIDAREL XA
DTF—=ZBPALELTVET. LEdoT, AL AR
DEWD EDI3 L TOSMDEWE LA TERT
RV el E T
1 import matplotlib.pyplot as plt #

Matplotlib®D A ¥ HK— b
%matplotlib inline

# sex (JE) 25M (£ R) DB D

x_m = [df.CW[i] for i in range(l, 201) if df.
sex[i] == 'M’]

6 y_m = [df.FL[i] for i in range(1, 201) if df.

sex[i] == 'M’]

Ut W N

7
8 # sex (M) F (X RZ) DD
9 x_f = [df.CW[i] for i in range(1, 201) if df.

sex[i] == ’F’]
10 y_f = [df.FL[i] for i in range(1l, 201) if df.
sex[i] == ’F’]

11
12 # P2 2 ICHUIRIR R
13 fig = plt.figure(figsize=(9, 6))
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14 plt.scatter(x_m, y_m, marker = "o", c="black"
, label = "male")
15 plt.scatter(x_f, y_f, marker = "x", c="red",

label = "female")

16 plt.xlabel(’carapace width (mm)’, fontsize =
18)

17 plt.ylabel(’frontal lobe size(mm)’, fontsize
= 18)

18 plt.legend(fontsize=24)

19 plt.grid(True)

20 fig.savefig("scatter-sex.eps")

Y—Z2a—F 7 HICICHHRER

SEE=DOE sp THT THARZ#HWTAE
Lxo. 7=0fHEHIEB (Blue) & O (Orange) O 2
OMBBDT, ZNENTT—XEDTT T 7HK
6TY. ZOREAENTE2a—RiFY—Ra—k8t
"hET.

B % R % ¥ Orange DD E DAL L,
Blue DN T ORI ENNIHIGT 2 Z e B0 D
3. ko T, HOEVWDDMHDEWE A AT TERK
THY, HiE & NIXAKRFTET A4 X OREFRMER
FICK > TRREZZDPHLLERD E L.

-
.
221  x blue .ofﬁ‘ .
—20{ - orange POV e
2% @ XK
E gl 0 X
o .3"3, "
g 16 ® oy x’k%% x
o ,g%‘x"
3 L Lita
© 141 R eakd
© oo'f'“
< 121 o &*W“
£101 e
o | xR
81 x
x

20 25 30 35 40 45 50 55
carapace width (mm)

6 B ricpIBdnx

1 Y%matplotlib inline
2 import matplotlib.pyplot as plt #
Matplotlib®dD A ¥ K— 1

4 #sp (F) 2B (Blue) D H D
5 x_b = [[df.CW[i]] for i in range(l, 201) if

df.spl[i] == ’B’]
6 y_b = [[df.FL[i]] for i in range(l, 201) if
df.spl[i] == ’B’]

7
8 #sp (F) 20 (Orange) D H D
9 x_o = [[df.CW[i]] for i in range(l, 201) if

df.spl[i] == ’0’]
10 y_o = [[df.FL[il] for i in range(1, 201) if
df.spl[i] == ’0’]

11

12 # FZ I INETR

13 plt.figure(figsize=(9, 6))

14 plt.scatter(x_b, y_b, marker="x", label="blue
n
)

15 plt.scatter(x_o, y_o, marker="o", label="

orange")

16 plt.xlabel(’carapace width (mm)’, fontsize =
18)

17 plt.ylabel(’frontal lobe size,(mm)’, fontsize
= 18)

18 plt.legend()
19 plt.grid(True)

V—Ra—F 8 M EITHMNETR

3.2 HERSITOER

B2 51k, 20T, THIE 2RV
 NIEAKFEY A X dKREL, £ ZIIFERRHE
BB EITH B ZeiABNE L. Lizdo
T, ZoMBEEHEREFAZHVTHALZT.
THE) ZHAERD o, X ARFES A X &H
WERD y LREL, ZOBERIFHIEEHRD 1 XA
yi = Bo+ Bz + € TREIN D DOEEIFE T N TH
s Ly HERSFOEME, ZoEFEROF
BTHsp, (EROUIF) &3 (EROMHEE) 2K
522 TY. SEZ I EbNBFNREIL-T
ISR ERDET. R/ N FERIIER» S ZH
ZPhOTF—XEETOHME () ¢ O T DR/
2% &S ICEMOBREERD B TIETT. Bte D
“HENE LTS,

L=Y"&=> {yi—(fo+ )}’ (1)
i=1 i=1

YEFET. LI By, S D2EBBEE 0T, MEE
YB3 TFTORTRED 5 ¢

AL =5 2{yi— (Bo+Prz) H—w:) =0
E%Lo => 1 2{yi— (Bo+Prxi) }(=1)=0

INE By, BLITOWTHRL &, Bo=T— BT, B1=
%ggﬁﬁemi?.::fgﬁu&wﬁﬁﬁéﬁ
LET. 2D By, f1 DHID 72 WMl DT, Z ZITHEE
DA=Dz; &y DIEERALT By, B ZEHLET.

3.3 HEFSTORERE

R, ZOHMKETAD By & /1270 T T A
TR L, Zh o OE%EFEICEAARICEIFERE 5] =
9. 2O TOESITR) F3.

1 from sklearn.linear_model import
LinearRegression

(2)

# H ORI D W THIE [E

1rl = LinearRegression()

1rl.fit(x_b, y_b) #CW(HIE) ¥ FL (1% X A IRAT
YA ) OB%RE Y

Tt W N

6 print(’blue’)

7 print(’coefficient,=_’, lrl.coef_[0]) #
B & > TEERGRRZ N

8 print(’intercept,=,’, lrl.intercept_) #

B &L > TEEERERDOY A ZH)
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9

10 # ALY YOREIOWTHEREIE

11 1r2 = LinearRegression()

12 1r2.fit(x_o, y_o)

13 print(’\norange’)

14 print(’coefficient, =, lr2.coef_[0])

15 print(’intercept,=_’, lr2.intercept_)

16

17 # PR

18 plt.figure(figsize=(9, 6))

19 plt.scatter(x_b, y_b, marker="x", label="blue
")

20 plt.scatter(x_o, y_o, marker="o", label="
orange")

21 plt.plot(x_b, lrl.predict(x_b))

22 plt.plot(x_o, lr2.predict(x_o))

23 plt.xlabel(’carapace width,,(mm)’, fontsize =
18)

24 plt.ylabel(’frontal lobe size (mm)’, fontsize
= 18)

25 plt.legend(fontsize=24)

26 plt.grid(True)

Y—2a—F9 Y, EHExoRH L EIFERD MR

DT T ATIERINIT scikit-learn D Linear-
Regression 7 7 A% A4 Y KRK—bF LTVWET. SEIIA
ORI T T2 O0DBET AV EERLTED,
ZAM4THE 11THICH 2D £3. 447THTIX Il
W) HHEIT Blue O OBRIEE ST LV EAEK L TW
9. KO 175 ATl Blue DO R IZ DWW
T, THE) ¥ NIXAKEET A X OF =22 A8
xbeybIZHMLELL. ZNEZHAVWTHITHIZH
589508, (ETAR)M(T—X1, T—X2)T5C
T, MEETNMC2D00T —REOEARYEXE
TVWET. BERNIZET — 2 %250, EIFEROMEZ
B Y By DIEERDZ WS Z e BMfThbhTWE
. ZZTHELAEE YR OEE ZD%D T1TH
C8fTHTHALTVWE T, K7 EXZHSDERED
BHAEREZRLTED, Blue DFOEIFOH OFERIZ
Bo~0.7906, 31 ~0.3821 TH B A b E L7

blue
coefficient = [0.38210168]
intercept = [0.79057614)

orange
coefficient = [0.43068089])
intercept = [0.69588995]

M7 zhzhocREHINLYN, HEOME

11~15 17 H T Orange DM DIRIZE T MR LT
b FARRDIERIT o 2488, M7 TTRahi ko1,
Bo~0.6959, £ ~0.4307T DX SITHRB e E
L7.

s DBEMEINEEFHWT, 18~261TH THEF
ERRZ SRR OBAN O FICERTKRLTWET. 21
fTHE 2217HT, (E7 V%) predict(7—X) £33
2T, EFTNACKDEMEFERORD v 127 —%%

KRALzE 2Dy DEIRENET. ZDfEZ plot IZ
HEFZeT, M8DKSREMMTNTET. FHIIFERR
ORZRDZ T, RADOEHRIZH LTS, THIE]
DF—=&%2d iz NIZAREEY A X Z2THlIT2
ZeNTEB LSRR DFEL.

22 = blue ;%
- orange

20 25 30 35 40 45 50 55
carapace width (mm)

8  [mlFERRD MR

SENZ By & By DIE% scikit-learn @ LinearRegres-
sion 7 7 Az HWTHEMWICGGHEL T b WVWE L .
B DF5E L LT scipy @ linregress() X statsmodels D
OLS EY 2 — L2 HW3 Z & T FBEDEIRIH AT
%9, BLRIE, Bo=7-57T Bi=ZZiopR%E

22732

EEIa 7S 50HFICELS L THIHETEET.

4. BBHOIC

BB OSSN, KT — X DN % Python TITW
FL7 ETROYVYIATFT—EROLI=_DET—
RERBRL, ZNZhDEMEICOVTEG R EDHR
MatEZ e 7o A CHELE L. X THIE) »
MIXAIRBTEY A X 1I2OWT, I ICHARX %
finThZ Y, Z2ZITREROEBREDHD Z572 0
ST BT, DELE. LEDR-T, RFBICHMERE
TN ED 20DBFRMEE L E L

Z DHHEGEIE T, (BOHAEYIE x K] 27—
<2, BOHAEYIIFTCRALD & 5 72 Python OV
WOWCTITHALTEZ L. H1EIOFTLET, [AH
Tk, FHEMIREOME, NEROBUERTE, Rk
N—=ZRETN, v NT=000, 7T—=RBEHZED
FEZED B A TFETT) e FEVOTTD, —Iib
LHOFTEBAD D My 7 TatErF0NTWL 2
TZX L%

CNETERXFTHHEINTWIANARIEET
Python 22X Z 21 k»>T, FiHEOFHIR S
5 77 ¥ DFEROAFRILIC Python % T > T
7RG 3X512kh3 e A 0EETHEEEN-HN
D—DOTT. b LHEBGTLFOBREEBRLOHRD -
AR RN 2 SHEHIO X, BBVl
XWCTHHZ TV NUEEVTT. 20T, %
TR AR TBRVWTEL I 2R LAICL
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TBVET. BOALITEVELE. EREELE. BOALICEVELE
Shi70 g —& BERS) , BhEfmr GRS, sFTHE
(R RE)
DUIT 75 (HFig) &, ALFICHZ@EL TS - .
s . \ = 2 E XMW
7D, REBWBEARY PETIVE LR D& DK
B LT

1] =2—RA L X —H® GitHub. https://github.com/
MEZE (ZZEK) igenki/biomathNL.

T OMERBD T AICHARGLEZF =y 7 LTV
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1. 2021 FHAHIBEMZ SFERB|E

2021 FE HARBIEAY ERB ROV T, UTo@ED
MENLET,

HEF: 2021 E9 H 14 H (K) 13:30~14:30

BT L AT 4 R

SINENEL #9554
fRaxicdeirs, ik —& K @ERKY) 25 Er L
THEBER» oHEI L, EHIN,

2020 EEERDA Y T4 VBN REL-Z I
FLh, MEOERGIECOVWTHERES THR%
L7245, 2020 FEOHEICO VT, EHEER
Difkim & KRBT b o TROHR L L, BF SN
ZEZITBOVTERRINS Z 2 TIERR 2020 FEHE
ORI T ETEL 2o T\, 2021 FEOERER
12T, 2020 FFE DR NC 2021 FE DOFREIZO W
T, UTo@h IERICTEKEZS72, 2020 FFEORESR
LT, —2—RALEX—925%28Hoz L,

W (2020 £E)

(1) 2019 FFEEREL, 2020 FEFEETHEBPUTIRNIL, 2021 4F
ETHRZE
HAAL BT R GRIETERY) 55 2019 FEOIREL,
2020 fEfE O FEHPUTIRIL. 2021 FFEDOFHEEIZOW
THROBAD D o770 =2 — AL X — 92 BITEEF
A D 2020 FEFTHEABSTIRIICOWT, LT OETIEME
Fididd % 2 & i S iz,

—RET - IUA - B BR) 7,570,960 (1IE) 7,580,226
—2ET - A - B (BR) 8,440,565 (IF) 8,449,831
— &R T =2 — 2L & —N90 - ZHIR (G2)
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—REt - X - /NEE (BR) 716,355 (1IE) 716,395
— it - ST - PIRE CREEGB) G 7,724,210
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—iREr - 2 - BF (GR) 8,440,565 (1F) 8,449,831

2019 FEEDORE, 2020 FEDFEAFBUTIRI. 2021 4F
EDOFERPERI N,
(2) KAREZEEZERE 1 HORN

HHRED, EEZBXPOLRAREEEZBL LT
HH B K (=2—3a— 27 MK ~NORRHE
EINTWS Z el SN, Kl ni,
(3) Z Dfth

Brzia L

WEREEE (2021 £E)

(1) =2 —R L X—HEZEBORN
HERPS, 202110 A b =2 — AL R —HHER
BoORRMmE SNz, MEZERIIAHE —& K (8
IR 206 Bk K CGREUEERT) 1exiRT
5 Z e STz,

(2) 2022, 2023 FR=DHIHES
HHERD» O, 2022 AR CRREZER (&
K, ZTZREE 5% K—B K T 714 VB
fiE. 2023 FRIRBLZTFRY (KRKZEE &4 XIE
K) T TREDVHEZINSZ TETH S Z ehHESN
Too B K—BB K (BHIERT) 2256, 2022 FOEF
EVEREZ OASH2ASLIHATHEIPITEY 4 >~
P CITON S Z e WG SN, @A KB K (R
RLZFRF) 260 2023 FOBIAEY R, HEZ
KRETHIDPBRRBLTREDHEE T2 Z e G I
720

(3) 2021 FFFE (16 [8]) WAFLSEhEREE
EHR» S, W BEA K (ECETURT - EHHIRE
MEmIRL >y &2 =), FHHE K (REKY - BHESE
WFIEFT) 25 2021 A FRREMEREE & L TIREX
Nl e, £ WEHE 2411 2021 F
[ HARBFEYERERCTRERBEETo TR
A FETH B e shiz,

(4) 2021-2022 FF D% BiE2E O FE i
HERD» S 2021 EFERZDO D L ITXREEENTDR
BTETH B MG hiz,

(5) Z Dt
BickL

W:iEE (2021 FE)

(1) 2020 FFEETRE, 2021 FFRETHHPUTIRNL, 2022 4F
ETHRE

HSL R R R TR 205 2020 FETRE D
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WG Nz DOVWTEHEBER XD 2021 FEFHERLT
Wi, 2022 FEETHEHROBEI R ENT, FHER» S
FLWIROFEEZBEOR] 2 OFRANDSELRED
2EZHTTEN 140 OB BB 2 FETH D Z &
MG XNz, BINED LLEIE-> TRVOTTHE
POEHZHBRL TRVWOTIREWIERAD D, B
BHEEOAH %% K HEUEERY) 2 SENERR
FEOB AP S 2019, 2020 FFEIFHEIIER L TORW
ZeDHHEI Nz, Fhz. BINED L RZBEITLEDE
T B EERRAIREIAZE LR TREEICOVWTOERM
MdHotz, BMEIOHEER, BEICHEL THER
TEMLZ L THEEZERICHED . HH Biomath-ML
WTHE T2 Z e mE,» bIRE SN, KB Iz,
(2) REtEEFEORN

B> HH KRS EHE K JUEERY) O
RRDBBETH 5 Z e iRk S N, REIOREHES
LT, aHl %E K GIEERY) MEE I, K
RE Nz,

(3) RAREEEZEZRE 1 HDORAR
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., EKBEIN.

(4) BERBOHE

HERBR X DTN R K FILFERERE) . Hik Al
K CRBRIMZRZEREDD) HEERB L LTHEX
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(5) & At
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2. $£16[0 (2021 F£E) HEAMIBEYEFES
MEEMESEEOSHSE
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BN LEAFIv 7Ly IBRAMEE R, (R
DBRTRHETHDL I ERLIEZETT, ZOME
WZHEE T PNASICRER XN, EBRICH & < GHiiX
TWVWE T, AHUEFE 6 4 HIC L CTEESNCH X % 16
WAL, 55 MPEHELEDOMLTHYD, ¥(EOE
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ML & BREGEIS, BREYEOEME, Zcbib,
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WFECIDIHATED, KT 2018 4£1Z Royal Society
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D, FHREORENLZEED — D BoTVET, F
72, w7 oa—F%, 7 — o285 S EERR— 2
TN, NERBEZHRTH D, BIEEVEN L
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IN—7) TEELTED, EOWIHERITREN 2R
LNFET, BT, FERHE 5 FEHIC L TEEGSIC
X E 36HFER, 55 12MHEHFEEDHILTHD,
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DAhicd, ENIMCB 2IEH R ARG, ZEE,
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3. SEMADEFEWL

HAREAEY Y 2OERE (1~12 HD 1F57) &
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T3,
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AT LI D ERBMAZBEVWELET,
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REBMI AT LI LYy A — FIFE L RITIR
A RNV IF 2o 7)) ITXBRBMADTREE 2o T\
FIDT, BIETHALELX W, 2EEHI 27240
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*7) THLLWHEDHFEZBTORIKY EFHREDEREHBENZORAEORBLERD=0,
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