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Growth, its extreme, its « noise »
My toy in photonics : « PT Symmetry » < Non-Hermitian H with real eigenvalues
e (Geometric Brownian motion and non-ergodicity (2017)

e MacroEco models of PIB/Energy connexion, with « noise »

(work with H. Bercegol, CEA/LIED)

e Discrete perturbation and « punctuated growth »

e Punctuated growth and instabilities in 2024

e Matrix inflation model : a « disrupting or not disrupting » eigenvalue race
e Drift-Diffusion « poor man’s model » of eigenvalue race.
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«ee what about more general cases ?
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« novelty 1.0 : crisis ? »

as the tallwags the dog

Cyprus demonstrates how an island nation that is economically half as
strong as Bremen, blackmailed the EU.

e Initial interest :
2008 crash / growth & collapse
of option-based assets ?

Crisis amplified from « small » agents ?
(a few millions poor owners in USA)

* Simple way : multi-agent models (a la Axtell,...)

Employment Growth through Labor Flow Networks
Omar A. Guerrero, Robert L. Axtell

* Even simpler way ... ?!
-> almost independent agents ...
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(econophysicists)

o Arithmetic
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PRL 110, 100603 (2013)
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- Non stationary ensemble average
(diverges) — Non-ergodicity
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maney ,’S Iike muck XV — Of Seditions and Troubles 47
[<:> manure]’ is notably seen in the Low-Countrymen, who have the best mines

above ground, in the world.

. Above all things, good policy is to be used, that the treasure and
HOt 900d eXCCPt ’t be $Pr€ad‘ moneys, in a state, be not gathered into few hands. For otherwise a

state may have a great stock, and yet starve. And money is like muck,

not good except it be spread. This is done, chiefly by suppressing, or

at least keeping a strait hand, upon the devouring trades of usury,

ingrossing great pasturages, and the like.

http://www.esp.org/books/bacon/essays/contents/essay15.pdf

Problem: Evaluate a gamble

1657 Huygens 1'© place
CHAOS 26.023103 2016) [ “==yo3g pl :

Evaluating gambles using dynamics -
O. Peters'? and M. Gell-Mann®"®)

1934 Mengers
(wrongly bounds “Utility Function” in economy)
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Inequality model without external shocks R

GRADUATE SCHOOL

 (HB, 2016-2017, Phys Rev. E)

as the tail Wégs the dog

Cyprus demonstrates how an island nation that is economically half as
strong as Bremen, blackmailed the EU.

) PHYS]
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e (Geometric Brownian motion and non-ergodicity (2017)

e MacroEco models of PIB/Energy connexion, with « noise »

(work with H. Bercegol, CEA/LIED)

e Discrete perturbation and « punctuated growth »

e Punctuated growth and instabilities in 2024

e Matrix inflation model : a « disrupting or not disrupting » eigenvalue race
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GDP {U5$2011 ppp)

PEC (EJiysar)

Work mostly led by Hervé Bercegol (CEA / LIED)

ik GDP PPP 52011

2018, GDP RGDPNA

¢_cppn-by-ganmincder. wisy
1 1

b ¥

ELSEVIER

Ecological Economics 192 (2022) 107253

Ecological Economics

journal homepage: www.elsevier.com/locate/ecolecon

=
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An energy-based macroeconomic model validated by global historical series
since 1820

L)_' C

Herveé Bercegol ™ , Henri Benisty
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v

PEC(t)

+ Cobb-Douglas, Solomon residual ...
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loglog scales
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(growth of « residual » seems linear with [ PEC(t) dt )

]
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But at short scale data are “quaky” (and “stasy”)
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Hard to attribute peaks to a specific techno >
“some systemic thinking is needed”

technology-triggered « Sciumpeterian » growth peaks

-
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Data... has some kind of punctuated growth ! oy ==
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revenu annuel par habitant moyen en fonction de I'énergie consommée annuellement

1 5 500 par habitant

1830-1850 & 1850-1870 .+ 1870-1918 < 1918-1948 4 1948-1979 W 1979-1999 @ 1999-2010

'y = 287918566
R? = 0.9639

5000

y = 30.993x1-2317
R?=0.9938

1550

$ per capita

y = 25.225x%-%372
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Ecology Letters, (2021) 24: 1029-1037

LETTER Tractable models of ecological assembly

Abstract
Cartus A Spyile (&) and Ecological assembly is a fundamental and yet poorly understood process. T
Stefano Allesina™? (1) the development of a theory of assembly, and when these issues are sides

assumptions, one can build an assembly graph in which nodes are ecologic
are invasions shifting their composition. The graph can then be analysed di

How “industry” (at large) “assembles” ?

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 16
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Growth, its extreme, its « noise »

My toy in photonics : « PT Symmetry » < Non-Hermitian H with real eigenvalues
e Geometric Brownian motion and non-ergodicity (2017)

e MacroEco models of PIB/Energy connexion, with « noise »

(work with H. Bercegol, CEA/LIED)

o Discrete perturbation and « punctuated growth »
e Punctuated growth and instabilities in 2024

e Matrix inflation model : a « disrupting or not disrupting » eigenvalue race
e Drift-Diffusion « poor man’s model » of eigenvalue race.
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On the multiscale dynamics of punctuated Trends in _
evolution TREE 3308 Ecology & Evolution

Salva Duran-Nebreda ® %, R. Alexander Bentley @ >, Blai Vidiella ® ', Andrej Spiridonov © >, 3

Niles Fidredge ©*®, Michael J. O'Brien d Sergi Valverde

cf. Eldredge &
Gould 1972
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Figure |. Phylogenies of cornets and programming languages. (A) The evolution of comet designs from 1825 orwards is depicted in a figure adapted from Témkin
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(species or goods)
Certainly there are other perspectives to the issue !!

ECOLOGY-] ETTERS

Ecology Letters, (2021) 24: 1029-1037

LETTER Tractable models of ecological assembly

Abstract

Ecological assembly is a fundamental and yet poorly understood process. T]
the development of a theory of assembly, and when these issues are sides
assumptions, one can build an assembly graph in which nodes are ecologic
are invasions shifting their composition. The graph can then be analysed di

Carlos A. Servan'*

Stefano Allesina™?

Decesiei 2020 ROLE OF HISTORY IN ECOLOGY AND EVOLUTION 37

Network spandrels reflect ecological assembly

Proportion of Mwum | T
Fitness Sets - Simulations
oo & 200 |
Daniel 8. Maynard*!, Carlos A. Servan!, and Stefano Allesinal?? a o b nH H”n

oonone | : ; ! . a perspective. For instance, Maynard et al.
1 Number of Alloles * (2018) have shown that a number of patterns
Department of Ecology &Evolution, University of Chicago, sy ~observed in ecological networks are not se-
"‘6 ‘..ZuT.’.: o "Mected djrecr_ly. Rather they are the incidental

“ronsequences of the process of community as-

sembly, so called “spandrels” sensu Gould and

O™

B Win i THE QUARTERLY REVIEW OF BIOLOGY Decesmbrer ’{l"ll

s

« Lewontn (1979). In an example {rom popu-
ﬁ\“\q 60\}\6 O\IXO) 2 3 lation-genetic theory, Trottef and Spgnf:)er
6{0 $§ R0 % (2008) showed that sufficiently fit mutant
eaé 6\}( BEYOND EQUILIBRIA: THE NEGLECTED ROLE alleles could always invade a population gov-
0 g a%GS OF HISTORY IN ECOLOGY AND EVOLUTION erned by a very general model of frequency-
QQ Q dependent selection. In a sense, then, such
"L e S populatiom never reach equilibrium; histor-
« Tackling the profusion vs. novelty issue: Punctuate !mm:mj/ﬁz?::"zr"{ a3 kshop on Ecology and Complex éymﬁ?an?ﬁ‘”&f%‘ ?,I}Igl?piv‘i‘l;fr:)%lﬂnlgly
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Punctuated changes and Non-Hermitan Random Matrices (RM) 7o ==
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e Main involvment of Random Matrices in Biology/Ecology :

R. M. May, 1972 "Can a large system be stable" ?

"Wigner-May" idea : instability argument based on « circle law » of

eigenvalues (Ginibre set [NH] or other)
" If coupling too large or too abundant, eigenvalues exceed stability

threshold (linearization, Jacobian, ... )".

 Other RM approaches for large systems rather not
tackling generic "punctuation”.

(e.g. model agents & innovation in economy)

*So ... [2] H. Benisty, ""Evolutionary behaviour ...", J. Phys. Complex, 3, 025006 (2022).

[3] H. Benisty, ""Growth (...) Inflating Complex Random Matrices", Entropy 25, 1507 (2023).
https://doi.org/10.3390/e25111507

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 20
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Main simplifying ideas :

* The basic loops « things = things » or « species = species»
can be described by Vector(t) = Matrix(? t 7) x Vector (t)

e Attractor replaced by largest module eigenvalue (LMEV) A,,,.«
+ associated eigenvector.
Defines stasis and dynamics-to-stasis (A4 = |A,.x] — [Anext!)
(/'\in Non-Hermitian setting...)

* Novelty is discrete

as the tail wags the dog
Cyprus demonstrates how an isiand nation that is economic ally h

- ignoring the « noise n/brownian motion of Matrix(t) o
- Rather changing the size of space (N - N + 1) as the main D?fﬁ
5

trigger of changes. \%&
=Cyprus

- So again, « when does the tail (1 out of N) wags the dog ? » -

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 21
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(N+1)-th species/new product is related to all N prior ones.

Ut+1)=M(t)U(t) with M(t) an “inflating matrix”
U attracted |in 7 steps] to largest eigenvector... a “yumping” target !!

M(t) N M(t+71)
‘ i 1 new line & N+1
1 new colump. a

N-1 N1

o random U(t+1) L .

u@) matrix . N1 No U(t+r+1) 7

U(t+r random R
) matrix U(t+2r)
t t+r+1 t+-\%lr time

este.v-
~ AN T

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 22
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Growth, its extreme, its « noise »

My toy in photonics : « PT Symmetry » < Non-Hermitian H with real eigenvalues
e Geometric Brownian motion and non-ergodicity (2017)

e MacroEco models of PIB/Energy connexion, with « noise »

(work with H. Bercegol, CEA/LIED)

o Discrete perturbation and « punctuated growth »
e Punctuated growth and instabilities in 2024

e Matrix inflation model : a « disrupting or not disrupting » eigenvalue race
e Drift-Diffusion « poor man’s model » of eigenvalue race.

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 23



Actual global growth ? —

d'OPTIQUE
G ADUA

GRADUATE SCHOOL

[ ]
universite
PARIS-SACLAY

Unimportant (for the time being) :
any scaling of 4 adds a factor exp(4t), ...

= Vector U(t) can be normalized at each t.

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty

24
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Eigenvalues of M & « random inflated M »

| / __(Ginibre N=70 example)unversits

/ (full M, real,

spectral radius p(asymp)—1

N .
—— normalized )
N+1

Directional or

undirectional « hair » ? J - - . , . |
15 1 05 0 0.5 1 1.5

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 25
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Moving target :Eigenvalue "motion" ( ) upon inflation.
(4/10) université
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* One-line-inflation
statistics

of eigenvalue

« motion »

Coloured histogram
of inflated-M
ev' density

draws

|)‘|=|)\max | _1 -

45 -1 -0 .

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation omglﬁlgﬁlﬁlatrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 26
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e One-line-inflation * Scenario for largest
statistics eigenvalue vs. N

of eigenvalue
« motion »

draws

=P |4 | \

e
1 1 I -

45 1 05 0 05

unit circle -

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 27
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"lteration of vector"” (ala Krylov) tracks largest eigenvalue
or eigenvalue.s université

PARIS-SACLAY

...ifr =2 30 between two N - N + 1 inflations

U(t+1)=M()U(t)

0 0.2 0.4 0.6 0.8 U
L

7 (2) Nje=150

(b) NfinalzaI 30

r = 60 repeats ("slow") r = 2 repeats ("too fast")
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Rayleigh
quotient

100 Im[R(t)]
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o It is possible for a Non-Hermitian vector to become « new highest
eigenvalue » without « mixing » with old (« prior highest »)
because complex eigenvalues can drift independently

e For a Hermitian case (real spectrum), the « new vector »
would anticross with the « old vector », > not a sudden
competition, rather an incremental shift due to mixing.

alreal spectrum)

new
>

time

« Tackling the profusion vs. novelty issue: Punctuated evolution by simple inflation of a random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 29



INSTITUT Z.—

d'OPTIQUE

Eigenvector size grows ... with stasis and quakes{ 6!/10 I

(Real matrices : some fiddling needed to cope with paired eigenvalues)

3 35

] Color could
represent abundance
of species/good:s...

Nitey = 3750 = 25% 150
renewal a =0.2
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M matrix

component number

0O 01 02 03 04 05 0.6 0.7 0.8 0.9 1

k/Niter

[2] H. Benisty, "Evolutionary behaviour ...", J. Phys. Complex, vol.3, pp 025006, 2022.
[3] H. Benisty, "Growth (...) Inflating Complex Random Matrices", Entropy vol. 25, pp.1507, 2023.
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Movie 2024 version (avi)
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Wrap-up of timeline t and its scales

(7/10)
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Stat’ of stasis duration: g-exponential law ?
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(8/10)

(also found in paleonfology 1)

Occurences

10°

10°

10*

103

102

10°

1

pdf(x) = Ag[1+ (1 — q)(—24x)]1-

Blue : drift diff model
(discussed later)

0

10 20 30 40 50 60 70 80 90 100

stasis duration ( in inflation steps)

[30] T. Shimada, S, Yukawa, and N. Ito, “Life-span of families in fossil
data forms g-exponential distribution,” Int. J. Mod. Phys. C 14, 1267-

1271 (2003)

Green : inflation track of actual ev

occurences

T L
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10’

10%
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Any actual « growth-cum-profusion » g_,
resembling our model ? (9/10)  unwersité
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Same as profusion of ... scientific journals !

“log10(papers in journal WoS "OPTICS")

journal apparition order

1960 1980 2000
year of publication

New vector with some _ A
« extinctions » after burst amse—

of new journals
(looking carefully...)
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Tackling the profusion vs novelty issue : nstiur =2
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Punctuated evolution by simple inflation of a random matrix
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Growth, its extreme, its « noise »

My toy in photonics : « PT Symmetry » < Non-Hermitian H with real eigenvalues
e Geometric Brownian motion and non-ergodicity (2017)

e MacroEco models of PIB/Energy connexion, with « noise »

(work with H. Bercegol, CEA/LIED)

o Discrete perturbation and « punctuated growth »
e Punctuated growth and instabilities in 2024

e Matrix inflation model : a « disrupting or not disrupting » eigenvalue race
e Drift-Diffusion « poor man’s model » of eigenvalue race.
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Capturing two-particles 1;_, -, motion « agnostically »
Eigenv’ (%Kﬂ k=2) evolution  Before (size N)_ —> After ((size N+1)
Max Eigenvalues

(R]
A

25 Quintiles Before/After (¢, 2)

O

S, ﬁ"*M@an(abs (before, after))+:/- std

stdU, meanl
3
N

095

| Mean AjA| (N)

10" 102

Nofmatrix = here N=20 {8400 in 14 steps *

0.9

2

* Studied K=1 and K=2 together to capture « crossings » of two particles
e Studied variation for N=20 to 576 {20; 22; 25; 28; 32; 36}x{1 ; 2 ;4 ;8;16}

* Quadratic fit of mean Ag—; x—, and std
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Mapping of Mean(N,A) & Std(N,A)
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« Ev's Racing » comparison
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Ten examples of drift
diffusion trajectories with
() (Ao ,(4) +20

of a large set

One example of

« true matrix-inflation
races »

+ same

+ signatures of vector
change at « quakes »

« Tackling the profusion vs. novelty issue: Punctuatedg&ﬂnggbm%% 1¥1§D[lsn (hla random matrix", Workshop on Ecology and Complex Systems, Noisy-Champs, H. Benisty 41



INSTITUT Z—

d'OPTIQUE
GRADUATE SCHOOL

Stat of stasis duration: g-exponential law ? (8/10)  unwersie
(also found in paleontology T) -

1
pdf(x) = 4, [1 + (1 q)( Aqx)]
10% . . . . . . . . .
[30] T. Shimada, S, Yukawa, and N. Ito, “Life-span of families in fossil
data forms g-exponential distribution,” Int. J. Mod. Phys. C 14, 1267-
10% 3 1271 (2003)
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Subtleties when playing with the vector
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For instance "partial renewal" of vector
Uit+1)=aM@®)U(t) +(1 —a) U(t)
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[3] H. Benisty, ""Growth (...) Inflating Complex Random

Matrices', Entropy vol. 25, pp.1507, 2023.
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Still quaky but race is in reduced complex-plane circle
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Case study of "partial renewal" of vector
Ut+1)=01M>@)U(t) +0.9U(t)
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Ginibre M(t) vs. «full-complex » M(t) ? oo =

Similar tfrend but more spread 1
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The question of « HISTORY », first glimpse université
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Bolder « Evo-Rationale" for the interest of "RMT punciqiiqp_'_'___ |

* Understanding where/when to hit within a complex process

e Difficulty to promote a smooth « gentle linear feedback » policy

e Rather (as companies do) be ready when « quakes triggered »
(to push evolution in the intended direction)

* A model for growth/profusion could equally be turned into
a model for flavours of « degrowth »

Attrition of M(t) instead of growth/spawning : a « matrix deflation »
process.

- RM models could help decide:
What « cancellations” have the smallest impact?
« dynamic keystone species ? » (keystone goods ?)
... the jury is out !

Hervé Bercegol, Henri Benisty, An energy-based macroeconomic model ...since 1820, Ecol. Econ., 192, 107253 (2022).
Henri Benisty, “... wealth distribution ...inequality-induced crisis,” PhysRev E.95.052307, (2017)
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= Punciuated growth as the result of the “not-so-random response” of

eigenvectors/eigenvalues to the addition of one line and column to a Random Matrix

= Use a drift-diffusion model to reproduce the stasis-quakes dynamics.

(drift and diffusion calibrated from agnostic RMT numerics)

= Glimpsed into non-Ginibre and « history » issues.

As an outsider :
= | would be glad to learn : other applications of RMT to punctuation

= Understanding the dynamics of LMEV (and eigenvector) with NH tools
« (Condition number/Petermann factor / phase rigidity...) »

= Possibly understand the applicability of « cavity method » (Bethe’s method) for such
problems.

= Access large databases to track « profusion », eigenvectors and find some statistical
properties (Rayleigh quotient, diffusion of vector)
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