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The study of the diffusion dynamics of religious ideas and forms of behavior

B £ .M.RocErs. Diffusion of Innovations. The Free Press, London 1983

. J.M.EPSTEIN Generative Social Science. Princeton Univ. Press, 2006

B ACouiar Religious Networks in the Roman Empire. The spread of New Ideas. Cambridge Univ. Press, 2013
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Assumptions:

e There is a dynamics of interacting ideas in some centers (sites)
e The ideas spread into neighbor centers

e [ he ancient Mediterranean is small, the sites are connected
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Y v2u + 7f(u7 ’U),
g?t} rxe), t>0,
— =dV?v + vg(u,v),
0 ou  Ov
— = — =0, xcof), t>0.
ov  Ov
d>0,~v>0.
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— = — = Q :
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System of reaction-diffusion PDEs
0
= V2uyf(u,0),
gg rxe), t>0,
— =dV?v + vg(u,v),
0 ou  Ov
— = — = Q, t :
iy 0, x € 0F), > 0
d>0,~v>0.

Steady state of the reaction: (u*,v*) € R% such that f(u*,v*) = 0= g(u*, v*)

Spatialy homogeneous equilibrium of the system: u = u*, v = v*
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System of reaction-diffusion PDEs

u _ V2u + v f(u,v),
gg rxe), t>0,
— =dV?v + vg(u,v),
ot ou ov
e Y .
Y Iy 0, xed), t>0

d>0,~v>0.

Steady state of the reaction: (u*,v*) € R% such that f(u*,v*) = 0= g(u*, v*)

Spatialy homogeneous equilibrium of the system: u = u*, v = v*

ail := fu(u*7v*)7 ai2 := fU(U*7U*)7 a1 = gu<U*7v*)7 a22 ‘= gU<U*7U*)7

D = (da11 + &22)2 — 4d det A.
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System of reaction-diffusion PDEs

)
g?t} rxe), t>0,
— =dV?v +vg(u,v),
& ou Ov
D Q :
Y Iy 0, xed), t>0

det A > 0, a11 + a2 < 0 = the steady state (u*,v*) of the ODE system

v = f(u,v), v = g(u,v)
Is stable.
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Turing instability
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System of reaction-diffusion PDEs

)
gg rxe), t>0,
= =dV?v +yg(u,v),
0 ou  Ov
8_1/28_1/:07 CL’E@Q, t > 0.

4d
det A >0, a11 +a29 <0, dayy1 + ago > — det A,

N
there exists \,, V?w = \,w, x €,
0
o x € 01,
ov
2d
such that |—\,, — day1 — a12| < VD
Y

= spatially homogeneous equilibrium of the PDEs is unstable.
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: g Diffusion (random walk) on graphs
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Space: Simple connected graph G = (N, F).
N ={1,2,...,k}, 0; =|{{i,j} € E: i€ N}| ...degree of the node j

Process: A particle in a node may choose randomly a neighbour node and move to it
during the unit time interval.

1 : :
{i,j} € E = — = Pr(the particle enters the node i | it leaves the node j)
gy
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Space: Simple connected graph G = (N, F).
N ={1,2,...,k}, 0; =|{{i,j} € E: i€ N}| ...degree of the node j

Process: A particle in a node may choose randomly a neighbour node and move to it
during the unit time interval.

1
{Zaj} o,

Notation: x; = x;(t) ..

Pr(the particle enters the node ¢ | it leaves the node j)

. amount of particles in the node 7 at time ¢
d ...

probability that a particle leaves its node
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Space: Simple connected graph G = (N, F).
N ={1,2,...,k}, 0; =|{{i,j} € E: i€ N}| ...degree of the node j
Process: A particle in a node may choose randomly a neighbour node and move to it
during the unit time interval.
. 1 : - .
{i,j} € E = — = Pr(the particle enters the node i | it leaves the node j)
0j
Notation: x; = x;(t) ... amount of particles in the node i at time ¢
d ... probability that a particle leaves its node
dxj . . .
> —= ...expected amount of particles entering the node ¢
{i.jteE 9j
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Space: Simple connected graph G = (N, F).
N ={1,2,...,k}, 0; =|{{i,j} € E: i€ N}| ...degree of the node j

Process: A particle in a node may choose randomly a neighbour node and move to it
during the unit time interval.

1 : :
{i,j} € E = — = Pr(the particle enters the node i | it leaves the node j)
gy

Notation: x; = x;(t) ... amount of particles in the node i at time ¢
d ... probability that a particle leaves its node
dxj

2.

...expected amount of particles entering the node ¢
{ijyeB 9

(t
wu®) 1k
0;

vi(t+1) = 2;(t) —doy(t) +d )

{i,j}€FE
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zi(t+1)=x;(t) — dx;(t) + d Z :E;(t>’

i=1,2,... k.
{i,jycE 7

| " 17 .7 ) 6 E,
Adjacency matrix A, a;; = {i, 5}

0, otherwise.
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: p Diffusion (random walk) on graphs
&QA[ANA%@%
z;(t) .
vi(t+ 1) = 25(t) — da;(t) +d Y L =120k
{iyjyee
. . 17 ‘7 ‘ < Ea
Adjacency matrix A, a;; = {O {ihj} _
, otherwise.
€X; €I; b a
D =2t 0= Ay, Ryi=
0 1 0j 1 0
{i,j}eFE J p
Diffusion equation:
k
vi(t+1) =zi(t) —d | 2(t) = Y kyga(t) |, i=1,2,...k
j=1
GEHIR e
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zi(t+1)=x;(t) — dx;(t) + d Z :E;(t>’

Diffusion (random walk) on graphs

1=1,2,...,k.
{i,jyee 7

0, otherwise.

. i 17 .7 . E E’
Adjacency matrix A, a;; = { {i,7}

EEEEEEEEEEEEEEEEE
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QZ@(i -+ 1) = xz(t) —

: . 1
Adjacency matrix A, a;; = Oj
Y,
T T
S
{i,jteE 7 j=1 J

Diffusion equation:

EEEEEEEEEE
HHHHHHHHHHHHHH
OOOOOOOOOOOOOOOOO

(T
da;(t) + d z:xﬂﬁ
{i,j}€E 93
{i,j} € K,
otherwise.

k
05 = E :apjv Rij +=
p=1

Az = d(K — Dx.

Diffusion (random walk) on graphs

i=1,2,...
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x(t+1) = (I—d(l - K))=z(t)

k
(az‘j /) apj>

Matrix:

K= (Ki5)
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z(t+1) = (1-d(l - K))z(t)
Matrix:

k
K= (rij) = | aij /> ap;
p=1

B K is left stochastic matrix
B oK =1

B ) =1 iseigenvalue, 1T is corresponding left eigenvector

EEEEEEEEEE
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z(t+1) = (1-d(l - K))z(t)
Matrices:

k
K= (ki) = (az‘j/zam>» D =1-d(l -K),

B K is left stochastic matrix
B oK =1

0<d<1

B ) =1 iseigenvalue, 1T is corresponding left eigenvector

OOOOOOOOOOOOOOOOO
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: fgl Properties of matrices
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z(t+1) = (1-d(l - K))z(t)
Matrices:
k
K:(/ﬁ)ij): aij/Zapj , DZ'—d(l—K), 0<d<l1
p=1

B K is left stochastic matrix
B oK =1

B ) =1 iseigenvalue, 1T is corresponding left eigenvector

B D is left stochastic matrix: 1T =1T(1—d(—K)) =17 —d1T +d1Tk =17

B ) is eigenvalue of matrix K with respective eigenvector w <
1 4+ (d — ) is eigenvalue of matrix D with respective eigenvector w:

Kw = Aw
lw — dlw + dKw = w — dw + dA\w
(I—d(l—K)w = (1-4d(1—-X))w
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Reaction and diffusion on the graph

Reaction in a node,

sz(t+19>:f(33z(t)), 0 <K 1,
is followed by diffusion on the graph

ri(t+1)=x;(t+9) —d | x;(t +9) — Z"?w%t‘i‘ﬁ
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Reaction and diffusion on the graph

Reaction in a node,

$Z(t+19>:f(331(t)), 0 <K 1,
is followed by diffusion on the graph

ri(t+1)=x;(t+9) —d | x;(t +9) — Z"?w%t‘i‘ﬁ

Reaction-diffusion equation:

k
zi(t+1) = f(z;(t)) — d — Z ki f (2 (t)
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is followed by diffusion on the graph

ri(t+1)=x;(t+9) —d | x;(t +9) — Z"?w%t‘i‘ﬁ
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k
zi(t+1) = f(z;(t)) — d — Z ki f (2 (t)

OOOOOOOOOOOOOOOOO

Turing-like phenomenon — 10 / 20



N SVI/V

RS
Y
Vong1S ©

Reaction and diffusion on the graph

Reaction in a node,

$Z(t+19>:f(331(t)), 0 <K 1,
is followed by diffusion on the graph

ri(t+1)=x;(t+9) —d | x;(t +9) — Z"?w%t‘i‘ﬁ

Reaction-diffusion equation:

k
zi(t+1) = f(z;(t)) — d — Z ki f (2 (t)

x(t+1)=

(1 - d(1— K) F((0)

Turing-like phenomenon — 10 / 20
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Reaction and diffusion on the graph

Reaction in a node,

$Z(t+19>:f(331(t)), 0 <K 1,
is followed by diffusion on the graph

ri(t+1)=x;(t+9) —d | x;(t +9) — Z"?w%t‘i‘ﬁ

Reaction-diffusion equation:

k
zi(t+1) = f(z;(t)) — d — Z ki f (2 (t)

x(t+1)=

(I—d(l — K))F(z(t))
z(t+1) = DF(z(t))

OOOOOOOOOOOOOOOOO

Turing-like phenomenon — 10 / 20
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Equilibrium and stability

x(t+1)= DF(a:(t)),

D=1—d(l—K)
Let f(z*) = x*.

If K= KT, then * = z*1 is equilibrium of the reaction-diffusion equation.
If moreover !f’(a:*)] < 1, then x* is asymptotically stable.

OOOOOOOOOOOOOOOOO
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z(t+1) =DF(z(t)), D=1-d(I—K)
Let f(z*) = x*.

If K= KT, then * = z*1 is equilibrium of the reaction-diffusion equation.
If moreover !f’(:z:*)] < 1, then x* is asymptotically stable.

K=KT = D =DT, D is double-stochastic

= 1 is egenvector of D corresponding to the eigenvalue 1.

GEHIRE”ESNTE%%g ggggg Turing-like phenomenon - 11 / 20
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z(t+1) =DF(z(t)), D=1-d(I—K)
Let f(z*) = x*.

If K= KT, then * = z*1 is equilibrium of the reaction-diffusion equation.
If moreover !f’(:z:*)] < 1, then x* is asymptotically stable.

K= KT = D=DT, D is double-stochastic
= 1 is egenvector of D corresponding to the eigenvalue 1.

DF(z*) =D (z*1) = 2*D1 = 2*1 = z*
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z(t+1) =DF(z(t)), D=1-d(I—K)
Let f(z*) = x*.

If K= KT, then * = z*1 is equilibrium of the reaction-diffusion equation.
If moreover !f’(:z:*)] < 1, then x* is asymptotically stable.

K= KT = D=DT, D is double-stochastic
= 1 is egenvector of D corresponding to the eigenvalue 1.

DF(z*) =D (z*1) = 2*D1 = 2*1 = z*

f(x1) 0 0
0 f(x2) ... 0
J(DF(z*)) =D | . R : = D(f'(z*)I) = f'(z*)D

GEHIRE”ESNTE%%g ggggg Turing-like phenomenon - 11 / 20
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x(t+1)= DF(a:(t)), D=1I1-d(l —K)
Let f(z*) = x*.
If K= KT, then * = 2*1 is equilibrium of the reaction-diffusion equation.
If moreover !f’(:z:*)] < 1, then x* is asymptotically stable.
K=K" = D=DT, D is double-stochastic
= 1 is egenvector of D corresponding to the eigenvalue 1.
DF(x*) =D (z*1) = 2*D1 = z*1 = z*
f'(x1) 0 e 0
0 f(x2) ... 0
JODF(z*))=D| . | | | = D(f"(z*)1) = f/(z*)D
0 0 cee f’(:l?k) o—x*
o(f'(z*)D) = f'(z*)a(D) = f'(z*)(1 +d(e(K) — 1)) < 1
thll_”R ey Turing-like phenomenon — 11 / 20
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Complete graph:

0 1 1 AU
k—1 k—1 k—1

(0 1 1 ... 1 ( ) 0 T ) \
1 0 1 ... 1 k—1 -1 h—1
1 1 0 ... 1 1 1 0 AU

Y

Eigenvalue A1 = 1, eigenvector 1,

1 0 0 1 0

eigenvalue Ao = , eigenvectors
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Cycle graph:
0 2 0 o
(010 1 /1 > 2
1 0 1 ... 0 z 0 3 0
1
A:Olo"‘O,K:0§0 0
\1 0o 0 ... 0) \1 )
5 0 0 0
Eigenvalue A1 = 1, eigenvector 1,
. . 1 0
eigenvalues \; = cos %7‘(’, / cos 2(jk—1)7T \ / sin 2(jk—1)ﬂ_ \
. COS Mﬂ- Sin Mﬂ- . k_|_1
eigenvectors k ) k , ] =2,3,..., [T} :
\COS Q(j_li(k_l)ﬂj \sin Q(j_ll)c(k_l)ﬂ')
1
(1)
A14+k/2 = —1, eigenvector 1 for k even.
\-1/
GEHIREE&%%E%EAPZ%ECT Turing-like phenomenon - 12 / 20
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: g Two component reaction
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v(t+1) = f(o(t),y(0))
y(t+1) = g(z(t),y))
x =x(t), y =y(t) ... amount of the first and of the second component
Assumption: There is a non-trivial asymptotically stable equilibrium z*, y*.
GEHIR
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x =x(t), y =y(t) ... amount of the first and of the second component

Assumption: There is a non-trivial asymptotically stable equilibrium z*, y*.
In details:

B f(e"y")=2">0 9@ y")=y">0

B |[trB|-1<detB<1

where

OOOOOOOOOOOOOOOOO
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: g Two component reaction and diffusion
ij)fQANAg‘&Q%
x; = xi(t), yi = vy (1) amount of the first and of the second component
in the node 7 at time ¢
G E H | R HISTORIOGRAPHY

EEEEEEEEEEEEEEEEE
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% g Two component reaction and diffusion
@)QANAY&%
x; = x;(t), yi = yi(t) ... amount of the first and of the second component
in the node ¢ at time ¢
dy = Pr(particle "X’ leaves its node), dy = Pr(particle “y" leaves its node)
(f L1, Y1 \ (9(%»:91)\
1’2, y2) g(x27y2)
D, =1—d,(l — K), F(x,y) = : , G(x,y) = : .
Kf(ilﬁk,yk)) \g(xkayk))
GEHIR e
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% fgl Two component reaction and diffusion
@)QANA%?\%
x; = xi(t), yi = vy (1) amount of the first and of the second component
in the node ¢ at time ¢
dy = Pr(particle "X’ leaves its node), dy = Pr(particle “y" leaves its node)
(f L1, Y1 \ (9(%&1)\
1’2, y2) g(x27y2)
D, =1—d,(l — K), F(x,y) = : , G(x,y) = : .
Kf(ilﬁk,yk)) \g(xkayk))
x(t+1)=D1F(x(t),y(t))
y(t +1) =D2G(x(t), y(t))
GEHIR

Turing-like phenomenon — 15 / 20



% fgl Two component reaction and diffusion
@)QANA%?\%
x; = xi(t), yi = vy (1) amount of the first and of the second component
in the node ¢ at time ¢
dy = Pr(particle "X’ leaves its node), dy = Pr(particle “y" leaves its node)
(f L1, Y1 \ (9(%&1)\
1’2, y2) g(x27y2)
D, =1—d,(l — K), F(x,y) = : , G(x,y) = : .
Kf(ilﬁk,yk)) \g(xkayk))
x D4 O> (F(w(t),y(t)))
t+1) =
() 0=(5 0,) (ot siny
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¢ Stability of equilibrium
S

()= (3 0. (6l

y
G(z(t), y(t))

If K= KT then (z*) = (;i) is equilibrium of the equation.

EEEEEEEEEE
HHHHHHHHHHHHHH

OOOOOOOOOOOOOOOOO
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Stability of equilibrium

(o=

D; O
O Do

)

<F(w(t),y(t)))
G(z(t), y(t))

If K= KT then (z*) = (;i) is equilibrium of the equation.

(5 0) (66-37)] -

Linearization:

OOOOOOOOOOOOOOOOO

(

D; O fal £
O D2/ \g:l gl

Turing-like phenomenon — 16 / 20
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Stability of equilibrium

Q

G)ern=(3 &) ()

G (x(t)

If K= KT then (z*) = (;i) is equilibrium of the equation.

Linearization:

(o o) (et i) = (0 o) (i <)

O D2/ \g:l gl

Evolution of deviations from the equilibrium:

<:((2> | (%3) - (Z;) ’ (Z) (t+1) =

(%1 [())2> (fSJU(t) +f;v(t)>

gzu(t) + g,v(t)

OOOOOOOOOOOOOOOOO
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Stability of equilibrium

Linearised system:
u (D1 O\ [ fru(t)+ fru(t)
() 0=(5 5.) (uto+

gru(t) + g v(t)
We search the solution in the form

k k
u(t) =Y ap(hwy, v(t) =) By(t)wy,

where w,, is the eigenvector corresponding to the eigenvalue A\, of the matrix K.
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Stability of equilibrium

Linearised system:
u D Frult) + fyo(t)
(2) 0= (5 5.) (o i)

u(t) + gyv(t)
We search the solution in the form

L k
= apwy, v(t) =y By(t)wy,

where w,, is the eigenvector corresponding to the eigenvalue A\, of the matrix K

D; O )+ fyo(t > (faap() + frBp()wp\ _
(O D2> (gmU(t +gyv(t)> ( > (Z (gmap(t)JrgZﬁp(t)) ) B
_ (Z (f*ap(t ‘|"f*ﬁp t))Dl ) (Z( ‘|‘d1(>‘p_1)) (f;ap(t)‘|‘f§<ﬁp(t))wp>
> (gmap(t T gy y Bp t))D2 > ( + d2(Ap — 1)) (Q;O‘p(t) + QZBP(t))wp

OOOOOOOOOOOOOOOOO

Turing-like phenomenon — 16 / 20
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S

Rrreng

Linearised system:

©eer=(3 &) (G5

() + gyv(t)

We search the solution in the form

L k
= apwy, v(t) =y By(t)wy,

where w,, is the eigenvector corresponding to the eigenvalue A\, of the matrix K
Hence

k
D oyt + Dwy, =
p=1

k

> (M +di(y = 1) (Frap(t) + f;Bp(t)) wy,
k
Zﬁp(t + l)wp Z (1 + d2()‘ - 1)) (Q;O‘p(t> T g;ﬁp(t»wp

Turing-like phenomenon — 16 / 20
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¢JX‘14NAQ$0%
Linearised system:
u (t+1) = D: O (fiu(t)+ fyv(t)
v O D2/ \giu(t) +g;v(t)
We search the solution in the form
k k
u(t) = Z&p(t)wpa v(t) = Zﬁp(t)wpa
p=1 p=1
where w,, is the eigenvector corresponding to the eigenvalue A\, of the matrix K.
Consequently:
(%> 1) = I+ di(dp =) fr (14+di(N—1) Sy <%) .
By (1 + da(Ap — 1))9;'; (1 + da(Ap — 1))92 Bp 7
p — ]‘7 27 ° Y k
GEHIR 5. Turing-like phenomenon — 16 / 20
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: IMJ : Stability of equilibrium
Yp}’f@NAvfi‘Q%
Linear 2-dimensional system
1+di(N, — 1))
(ozp> (t+1) _ ( 1( p ))f
Bp (1+da(Np — 1)) g2
GEHIR ..
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Linear 2-dimensional system

1+di(N, — 1)) fr

(ozp> (t+1) _ ( 1( p ))f

Bp (1+da(Np — 1)) g2

. (1+di(Np — 1)) f2

' 1+d2(Xp —1))g2

GEHIR ..
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Linear 2-dimensional system
(ap> ¢4 1) = L+di(N— 1) fr T+di(N—1)f; (ap) 0
Bp (1+da(Np—1))gs (L+da(Np—1))gt ) \Bp
o (AHat -1 (T+d(y - D)
(T+da(Xp—1))gs (14+da(Npy—1))g
Criterion of instability:
[trC| >detC+1 or detC>1 or |[trC|> 2,
where
trC=fy +g, + (A — D(dif; +dag,) = (N — 1)(d1f; +dag,) + trB,
det C = (dida(Ap — 1)° + (d1 + d2)(A\p — 1) + 1) (figs — frgs) =
= (14 (di + d2)(A\p — 1) + did2(N, — 1)7) det B.
GhEhI.-”R o Turing-like phenomenon — 16 / 20
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Let f, g be the functions such that f(z™,y*) = 2™, g(=*,y™) = y™ and

B — (fsc(:v*,y*) fy(fv*,y*)> ’

gz (™, y")  gy(x™,y™)

Let K = KT be stochastic matrix, d1, do numbers such that 0 < dy,dy < 1. Put D; =1—-d;(1-K),j=1,2
If there is an eigenvalue A\, of the matrix K such that

[trB + (Ap — 1) (dy fu (2™, y™) + dagy (=™, y™))| > 1+ (dida(Ap — 1)® + (d1 + d2)(Ap — 1) + 1) det B,

or

(dida(Ap — 1)% + (d1 + d2)(Ap — 1) + 1) det B > 2,

or
‘trB + (XAp — 1)(d1fa:(53*7y*) + d29y($*’y*)>| > 2,

then the equilibrium ™ = ™1, y™ = y™1 of the system

x1(t+1) f(z1(t),y1(1)) y1(t 4+ 1) g(z1(t),y1(t))

z2(t + 1) Flza(t), y2(t)) yo (t + 1) g(z2(t), y2(t))
. =Dy ) , ) = Do

i (t+ 1) 2w (t), yu (1)) U (t+ 1) g (2 (1), v (1))

is unstable.

gehir.phil.muni.cz

GEHIR 5 Turing-like phenomenon — 17 / 20
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Y
o T vlzy) ,  g(x,y) =royexp (1 — =+ 72193)
1

Ko

[trB| — 1 = —0.48, det B = 0.88,

5 ? Example
AU E
QANAY;&
x
o= (1- 2
r1=14,7r,=0.7, Ky =6, Ky =1, y12 = —0.5, 721 = 1.9,
le. ¥ =091, y* = 2.37, tr B = —0.52;
Hence, the reaction equilibrium is stable.
CJhIEh!-I IR
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x

flr,y) =rizexp |1 — — +712y ), g(x,y) =rayexp 1—i+721$
K Ko

rh = 14, Tro — 07, Kl — 6, K2 = 1, Y12 — —0.5, Y21 — 19,

ie. z* =091, y* =237, trB=-0.52; |[trB|—1= —0.48, det B = 0.88,

Hence, the reaction equilibrium is stable.

CEEREEY
1 g 1 1
|3 3 3
% dy =01, dy=0.8, K=|2 | 1
3 3 0 3
1 1 1
\g 3 3 0)
Ao = 1,

[trC] — 1= —0.173 < —0.051 = det C < 1 = reaction equilibrium remains stable.

HHHHHHHHHHHHHH
OOOOOOOOOOOOOOOOO
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Sga aa”

Example

SNSVIY
¢,
Vongis®

&
?

jQANA%

x
flr,y) =rizexp |1 — — +712y ), g(x,y) =rayexp 1—i+721$
K Ko
rh = 14, Tro — 07, Kl — 6, K2 = 1, Y12 — —0.5, Y21 — 19,
ie. z* =091, y* =237, trB=-0.52; |[trB|—1= —0.48, det B = 0.88,
Hence, the reaction equilibrium is stable.

-

(

N~ O N

-]
N—

Q.
—
|
o
p—d
Q.
)
|
o
uOO
P
|
O N
O N O N

N~ O N O

vl
N

|tr C| — 1 = 0.501 > —0.424 = det C = reaction equilibrium is unstable.

GEHIRE‘ESNTE’%/‘A‘Q ggggg Turing-“ke phenomenon — 18 / 20
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S 5 lllustration
%, \QOY &
QANAV;&
L Yy
flz,y) =rmzexp|(1l— — +712y |, 9g(z,y) =rayexp|1l— =+
Kl K2
rh = 14, Tro — 07, Kl — 6, K2 = 1, Y12 — —0.5, Y21 — 19,
di1 = 0.1, do = 0.8.
t=0
log(1+2Xx;)
log(1+2y;)
GEHIR ™.
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Kl K2
rh = 14, Tro — 07, Kl — 6, K2 = 1, Y12 — —0.5, Y21 — 19,
di1 = 0.1, do = 0.8.
t=0
log(1+2Xx;)
log(1+2y;)
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Thank you

GENERATIVE
HISTORIOGRAPHY

OF RELIGION PROJECT
gehir.phil.muni.cz
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