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Abstract— Modeling the nonlinear dynamics of renewable engpy
systems recently became the most attracted domaimrf many
researchers. Several study have approved that sudystems are
highly nonlinear dynamics systems and can exhibit sually a
cascade of bifurcation phenomenon and in many casesmplexes
chaotic oscillations. The subject of this paper isotshow the role
of exploring methods for modeling and simulation tle nonlinear
dynamics of renewable energy system in Tunisia whicltan
contribute to investigate these basically dynamicdbehaviors and
study their synchronization problems. Under the assmption of
endogenous instability, the conditions for existerc and
characterizing endogenous cycles of the model arbtained. Our
research question is to know how sustainable energyansitions
could take place in specific economic sector of Twsia. Using
dynamical systems theory, modeling and simulationeesults are
presented and several different interpretations hag been
developed.

Paradoxically, most of these approaches, whichs dait
reinstatement of innovation in economic theory hdneen
criticized and subsequently neglected, since tinsiitutional
heterogeneity is ignored.

Empirically, the major difficulty of research in minear
dynamics the level of the innovation system isharacterize
the different types of interdependence while dgtishing for
dynamic interaction between changes caused byngntri
factors to the phenomenon studied and the influeote
external factors.

To support innovation in Tunisia, our methodologyased
firstly on a conceptual base for the overall look the
systemic approach to innovation and then the eogbisvork
with simulation based on the complex dynamical esyst
approach, such as the Lorenz process.

This paper is organized as follows: The first setti

Keywords— Chaos, Endogenous cycle, Nonlinear dynamical Provides some theoretical background on the conaépt

system, Renewable energy in Tunisia.

I. INTRODUCTION

endogenous cycle of industrial innovation and rmodr
dynamic system associated while recalling the #roit linear
modeling. A second section will by Reference to ¢haos of

Given that according the Schumpeterian conceptln teconometrics representation of nonlinear dynamiaxeh
innovation is the engine of growth [1]. In partiayl the adequate able to generalize the study phenomertanthird
innovation in the renewable energy sector becamengm section will be devoted to a description of theusture of
the main factors of economic performance. It's growindustrial innovation system in Tunisia. The foudbction
considerably in recent years and has become thet ndsscribes the econometric methodology of endogenous
important factor which has a significant effect economic simulation of industrial innovation cycle as wedl discussion

growth. Thereby the innovation as the
competitiveness factor and the technology developrmell
be the pillars upon which based the foundations thaf

Tunisian energy policy in the future period. Howeve

currently in Tunisia the emergence of innovatiemains a

company'ef the empirical

results. Finally, a conclusion fer
summarizing the results and discussions.

Il. THEORITICAL FRAMEWORK
The dynamics of Innovation system (IS) which is a

very complex process due to a non-adequacy betweenasevehallenging task is defined as an evolutionary dempystem

actors, with iterative and nonlinear aspects. is teason,
several aspects of this complex phenomenon seelin
elusive.

So, to study its sustainability and its intrinsétationships,
we need recognizing the role of interactions betwdese
involving multiple actors, and understand precisehe
nonlinear dynamics of innovation system in its jgatarity.

Over the years several major theories have beepopea
to explain the complex interactions intra-actoransfovation
system dynamics.
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generated by the emergence of scientific and tdogiual
stiructures and processes that influence performaarue
economic development. However, it has institutiomald
organizational determinants that included an imtira multi-
dimensional framework governed by multiple actddaw,
this suggests not only are responsible for the gs®cof
knowledge circulation inside the IS is complicatedt that its
policy and management decision is difficult becaaseent
tools do not take into consideration the essential
characteristics of nonlinear dynamic operation ofnplex
systems such as feedback loops , delays and stock#ows.
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Therefore, the modeling for sustainable system mhyjos continuously to competitiveness in the context ¢fe t
requires taking into account the dynamics, stréctand knowledge economy or innovation is considered tigiree of
performance of the LISTherefore, the modeling for sustainablgrowth and well-being. Since then, it insists welenstand the

system dynamics requires taking into account threpdexity,
non-linarity of structures and performance of t&e |

The govemance of IS is highlighted by several tegcal
perspectives. The main objective is to conduct

manner in which the industrial innovation processet place
in Tunisia and grows. By means of the crucial qoesbf
chaos theory in this study is therefore to the tofl the

navonlinear dynamics of industrial innovation systenT unisia

approaches that can be used to explain the dynastiasture which became a subject of news and exciting rebearc

and performance of the SI.

In this context, [1] offers a "triple helix" moda nonlinear

evolutionary development of innovation. This is gmsed of
three entities: universities, companies and publ
administrations.
In recent years due to a succession of eventsao@irred
after the revolution the analysis of the situatioi unisia has
confirmed that it suffers from a severe recessiartigularly
characterized by a simultaneous fall in activity mérchant
services especially in industrial production. Dgrthe chaotic
transition phase the country is witnessing a penbdieep
transformation that spawned challenges and oppitigsirin
particular for industry. Many efforts until now retried to go
beyond this impasse by trying to revitalize the uistdial
sector to stimulate the dynamics of the processtrmictural
transformation of the economy and redirect it tomare
proven to be beneficial reorganization Unfortunatéiese
efforts have all failed to revitalize the econonuy floating
growth path.

The failure first trained a multiplication of assesents and
diagnosis efforts of real symptoms of complexitgpbmenon
involved. In this sense the study initiated by [@) the
national industrial strategy has the 2016 horizoas h
concluded that the malfunction including perioddiodee
juncture could come from a dynamic complexity af Hystem,
which makes unpredictable the possible changesn Tihe
necessarily requires the strategic positioning wf iadustry,
towards a more innovative and creative industry,. tBis is
only possible thanks to the renovation of indubfpialicy in
Tunisia to support innovation including the intratian of a
new effective strategy.

Such a strategy requires the integration of thecephof
innovation as being the interactive process by kwhi
knowledge  (scientific, technological, organizatipna
commercial and Financials), manifests into econognawth
and social well -Being must consider not only intdr
changes underway while dealing with the problemsl a
identified weaknesses tired but also must be ablkestablish
the issues and challenges to meet and adapt rbtiodafast
way to changes that occur as a result of the cii$is fact that
in crisis and in a chaotic field rich in turbulescend
instability of these structures endogenous thelprotactually
comes from the complex nature related to nonlimaamic
character relationships and multiplicity of the raémts in
interaction complicate their studies and make irsjiids the
mathematical resolution of their global dynamics.

It is the process based on the transfer of knoveetthgt
will be able to encourage creativity in industraitities and
thus directs the companies aware of the necessitynbvate
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1) The concept of industrial innovation

First, according to the traditional explanationg ttoncept
@f innovation had its genesis in direct relatiopshwith
industry [15]. In fact, it's industrialized courdsi who have
found the concept of industrial innovation at thet of the
industrial revolution in light of not only seek &xplain the
problem of the efficiency of industrial companias hlso for
industrial performance trends of fabric. Besidasnf the
economic point of view and outside the specialagtithe
emergence of the concept of innovation has undergeweral
phases of mutation. But, whatever its applicatigds§, it
generally tried to maintain a sense of its basiamme of
invention and innovation to designate more spedlificthe
research and use of new knowledge and methodsufeiyp
creative and also Live connection with the search
improvement that exists.

f

2) Endogenous cycle and industrial innovation

A system covers a set of interacting elementsrdot®ons
are playing an essential role in maintaining of streicture of
the system or change. When the evolution of thdegsys
shows a change of state, the system is so dynamic.

Industrial cycles are characteristic fluctuationsridustrial
activity [14]. In a crisis, when the dynamic of theustrial
system confirms that it is in a condition to imbade, it loses
its stability (dynamic and structural) and it wilé known, by
fluctuations in its dynamic behavior that will letm profound
structural changes.

Depending on the design of Schumpeter is the riegurr
fluctuation that makes these movements appearsangtrtain
regularities which give their cyclical notion. Agding to this

@ssumption, the cycles are seen as endogenous ignam

generated by industrial activity itself. Indeedg #wvolution of
this process can not result from simple quantiéatikanges of
its factors of production, but rather it comes frgomlitative

ﬁhanges in the vicinity of the dynamic equilibriuof the

system when it loses its stability [1]. By desigrechanism is
realized only through the dominance of endogenausepa

factor of evolution is innovation.

This then is the origin of dynamic endogenous cycli
structures [15]. It includes both products of cieat of the
practical implementation of new manufacturing psscdt is
at the heart not only of development of the proiducsystem,
but also the endogenous qualitative change in ytsachic
cyclic structures.

Furthermore, analysis of ([8], [11]) shows thatamation is

dynamic and endogenous phenomenon but also has a

complexity feature. In addition, [9] states thaerth is a
relationship of interaction and complementaritiestween
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innovation and the complexity induced by the ingitybof The complexity of the industrial innovation systeis
the system. Recently, [1] assumes not only thairtsgbility intended as a new way of conceiving its nonlinearatnics
is an endogenous weakening mechanism which israatise which requires new ways of thinking, that is to ,saynew
dynamics of endogenous cyclic structures bifurcatiut also paradigm. Indeed, because of the presence of a farmber
the industrial expansion can be induced by endagefarctors, of actors in the reality of an industrial innovatisystem, it is
mainly the impulse of endogenous cycles. equipped, according to this generic chart of Fig(kg of
This confirms the foundation of the endogenous eyctomplex structures. These structures are intrilgica
theory where recurrence dynamic will be capable ehdogenous to industrial innovation system androete the
generating endogenous cyclical fluctuations whiche acomplex interactions and especially the non-linear
intrinsically linked to the operation of the systeitself, relationships between the actors and institutitvas tompose
without excited by another source of exogenoug,(14]). In it [19].
this sense, on the basis of "innovation clustensti aéhe Therefore, given the recurrent nature of cyclical
principle of “creative destruction" [16] postulatethat fluctuations, fluctuations in the dynamics of inttisd
innovation is a cyclical phenomenon and intrinsymamism innovation system are considered endogenous anid sel
of the industrial system, it is at the origin oftelenining sustained. [12] This ensures not only an explanatibthe
endogenous cycles, that is why we speak of endamgenoycles from imbalances but also to have an imporidea
innovation cycle. about the nature of favors specification to be usdbe study.
3) Structure of industrial innovation system This is the deterministic dyn_ami.c framework becaitise the
only one capable of generating itself from flucioias outside
The industrial innovation SyStem described striestuand exogenous shocks. U|t|mate|y' in order to sele& thost
SCientiﬁC and techn0|ogica| processeS tha.t infdlﬂii'and driVe appropriate econometric mode”ng to Study the dyoamf
the emergence of economic development. This aphrae industrial innovation system, according to this raggh this
conceptual framework recently used by researchem gequires to have a model that follows the staterfiemiures
policymakers to |dent|fy workable structures thatrdnate the (dynamiC, Comp|eX, non_”near’ deterministic getma
industrial innovation system. But in reality there a variety jmbalances with self-sustained endogenous fluaina}i So
of possible models of industrial innovation systevith a this model sought cannot be a model that refetise@haos of
multitude of structures with different achievableconometrics.
representations. This makes it difficult to selélcé most A dynamic system behaves chaotically, when theratis

appropriate, able to guide policy makers toward®dgoleast a significant part of the dynamic that memtsh the
exploration and implementation of appropriate pefic The following two properties:

bad accuracy of the actual mode of operation ofistrial - Described by deterministic equations:
innovation system negatively influences the idérdifon of
its structures. This is at the origin of failure developing
more effective policies to revive the industry.

Industrial innovation can affect both products asviges,
processes, management tools and organizationadtates.
Therefore, it is recognized that to operate in mmovative
environment, it is necessary that looked for refahips are
established between the market, the governmenteada,
human capital and industrial enterprise. In thisesgch, we
adopt the conceptualization of the innovation aysées that of

» Apparently irregular, but non-random;
*  Sensitivity to initial conditions;
* A high recurrence.
In addition, the existence of a chaotic behaviomgfrocess
can be detected by the following:
e Itis a nonlinear dynamic process;
e Itis a deterministic process, bounded and apeariodi
which will keep its dimension when placed in a
higher embedding dimension;

[19]. Because it provided the appropriate genemmework * Itisaprocess that has strange attractors;
to meet all the detailed characteristics previously * Itisavery sensitive process to initial condison
[ INNOVATION SYSTEM | » Itis deterministic, but not predictable.
el mstpars 4) Limits of the linear approach of modeling the ination
WORKFORCE System
D R R Often innovation is generated so as (express otiedjp
with the linear approach. It describes the proadesg the
SciEnTIIC: wowbe | prODUGTION. | | gt r path of innovation as a causal sequence. However, t

TECHNOLOGICAL INDUSTRIAL

conceptualization of linear sulfur types the follogrlimits:

» It gives a representation of the different paths of
innovation activity intent, without being able to
identify or its degree of complexity or dynamic
properties associated with the innovation process;

e It considers science as technology oriented (natura

Fig. 1 Chart generic of the industrial innovatigstem (Source: [19], p.10). sciences and life) .and R & D Closelly related.to the
manufacture, causing his lack especially to theéasoc

FINANCIAL
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and behavioral sciences. Accordingly, the omissiog
of emotional components (or transitory) Innovationd—t =Y.~ 4

can cause many failures;

The complex interactions between new technologicaly,

capacity and emerging markets are an essential p%tt_ =X tay,

of the innovation process, but they are omitted
connection with the linear approach.

All these limits neglect the usefulness of the dine
approach. That is why we are facing nonlinear syste
approach including complex systems with chaos, lligca
framework for privilege this research. In what dolls, we
present the Lorenz model [13] to simulate the mmdr
dynamic behavior of industrial innovation systemings
several differential equations; we identify the lifative
behavior and visualize the strange attractor aatstito
recover by simulating the theoretical results ntbet many

in
dz
—=b+ -C

it z(% —¢)
Where t is the time, a, b and c are three positieal
parameters set and, ¥; and z denote the dynamic variables
specifying the system status at any time. Alsoai$ bnly a
single quadratic nonlinearity, which to be easmrahalyze
guantitatively.

This model with seven terms and three parametexshisee

dimensional representation of a nonlinear dynaiystesn that
will be capable of generating a minirhalitonomous chaotic

issues raised by the forward-looking analysis of thiows py bifurcation through a period doubling cade under

endogenous cycle of industrial innovation systemunisia.

lll. THESYSTEMDYNAMICS METHODOLOGY

1) The standard modeling process

The standard methodology of modeling nonlinear @ssc
using the system dynamics theory is iterative amksists in
following a described procedure [21], based on five
following steps:
general of interest, describe the key of variatded
identify the relevant time statement);

Step 2: Define the dynamic hypothesis (a sophistita

assumption which can explain the dynamic behavior,
formal all the possible of causal feedback, that ca

endogenously explains the reference models);

Step 3: Choose the appropriate structure of theesys
(identify all differential equations model based the
dynamic hypothesis);

Step 4: Using a sequence of hypothesis tests dolem
validation;

modeling and evaluate the appropriate model ofesyst

Step 1: Specify the problem articulation (formak th

certain conditions. Applying this model, [12] diseved a
major indication of the chaotic behavior charaeedi by
boundary, aperiodicity and sensitivity to initiabrditions.
That is to say, a small change in the initial Sohg can lead
to a radically different evolution. The tracingtbe dynamics
of the Rdssler system simulation for the constaetffecients
a =201 b =01 and c = 14, gives the followingaatic
behaviof characterized by the system explicit expression:

RoOssler's system phase space

Fig. 2 Simulation of the Rossler attractor in eethdimensional phase space

Step 5: Policy formulation and evaluation (aftep<y.2)fora=0.1,b=0.1andc=14.

dynamic using diagnostic tests, our objective is to The phase portrait of the strange attractor shawigure

explain the design policies for the system advance)
These steps are briefly detailed as following:

2) Representation of the Rossler system

In 1963, Lorenz proposed a simple deterministicagyical
system model for prediction the atmospheric coneactfter
that, in order to model the diffusion of dynamieajuilibrium
in chemical reactions, Rossler discovered in 197€rae
dimensional chaotic system known as Rdssler attraathich
was simulated by a three dimension set of nonlinedinary
differential equations, given by:
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(2) shows an orbit within the Rdssler attractotdiak a spiral
behavior close to the X, y plane around an unstidepoint.

Another fixed point of the orbit of the system dafluence

the trajectory when the graph spirals begins tdllase out

enough, in particular if a rise and twist rhythm time z-

dimension. Thus, these repetitive movements artécpkarly

erratic. Each orbit consists of a series of odwiltp point

within a fixed range of values. So, the Rdssleraator is a
periodic attractor with infinite period. It givesorse

similarities to the Lorenz attractor, but is simpd@d has only
one manifold.

1 As indicated below this is for three reasons: liege space is based on a
low dimension (three), its nonlinearity is minimgénerated by a single

quadratic term and can generate a chaotic attradtiora single lobe.

2 For another case, the chaotic attractor of Roskieamics system can be

obtained with the constant coefficients a=0.2, B=thd ¢=5.7
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Theoretically, the strange attractor of Rossleovedd
describing chaotic behavior with the fractal prdjgsr of the
attractor for certain control parameter valuessH®iiuation of
asymmetry is highlighting where the damped osailies can
be characterized by pulses whose amplitudes afieratit for
ascending and descending phases of generated ewdisge
fluctuations of the nonlinear dynamical
dynamical and topological properties of the Rdsslgstem
can be deduced by either the linear methods such
diagonalization analysis or by the nonlinear methedch as
Poincaré section and the bifurcation diagrams.a=oomplete
study of the high complexity of the Réssler sys@ynamics
we need some numerical explorations which canfglahis
analysis.

The Takens delay embedding theorem (1981), indica
that during the identification of the dynamics gyst it is not
necessary to have a completed information data tathmu
chaotic attractor of the system on condition thHs tnitial
state space data study is available. In additiakems (1981),
showed that a chaotic dynamical system can incatpoall
topological information needed to reconstruct threosth
attractor in the new phase space from a sequence
observations of initial state of dynamical systenhilev
maintaining preserves the properties without angs lof
information. The idea of reconstruction phase sgaoposed
by Takens (1981), is to gives the condifievhich guarantee
the reconstruction of chaotic attractor in a Euedid space of
m dimensions using samples delayed the data varidtblis
procedure is explained as follows:

Thus, let's suppose that we measured only the yonent
of the Rdossler system. According to the Taken's exfding
theorem we can assume that the topological presedi the
phase space of system are determined from the sgaotion
of vectors based on the time delayed versionsaifahthe x

noted as [X Xuu ..., %+m:) Wheret and m are respectively the

delay-parameter and the embedding dimension. Hirgtust
be noted that the delay parametemay be estimated using
both techniques: the autocorrelation function shanvfigure
(3) or the function of the average mutual informatiof the
signal shown in Figure (4). While, the embeddingension
m can be computed by using the well-known Cao'srilgn
as illustrated in Figure (5).

3 The Takens' theorem, provides that under certamditions, it is still

possible to immerse an N dimensional space in a&espd embedding
dimension m if m >2N. But as the size N is unknowe, can just replace it

by the fractal dimension Nof the strange attractor which characterizes th

chaotic dynamical system during its embedding dirkensional Euclidian
space.
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Fig. 3 Estimation the delay parameter using theartelation function of the
Rossler attractor.
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Fig. 4 Estimation the delay parameter using theeame mutual information
function of the Rossler attractor.
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On the other hand, in order to estimate the minimum

embedding dimension from a data we need to useCHues
algorithm which based on tow functions: E1(d) ar2(d,
where d denotes the dimension, E1(d) is the fisisainging
when d is superior than or equal to the embeddimgision,
staying close to one and E2(d) is used for discrétidn
between deterministic signals and stochastic ssgn&lbr
example if the signal is deterministic, there egisine d such
that E2(d)! equal to one. But if the signal is &iastic, then
E2(d) converge to one for all the values. In theent stady,
the estimeted minimal embedding dimension valuengisi
Cao's algorithm is m=4.

Computing the embedding dimension

S gy s e S ey e i B i e e

Ef{d) &E2(d)
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—e— E1(d)

—f= E2(d)
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dimension {d)

Fig. 5 Calculate the various values of the embeagldimension.
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Thus, the final phase space reconstruction ofcittrecan
be obtained as following:

Rossler's system reconstructed phase space

Fig. 6 Simulation the reconstructed phase spatieeoRdssler's attractor.

As shown in the Figures (6) and (2) above it isyetms
conclude that the reconstructed and the initialsphgpace of
Roésster attractor are different, but share simitgrological
features.

3) Analytic analysis of stability and bifurcation ¢fet Réssler
system

As shown in the Figue (2) above of the Rossleaaettr, it
has two types fixed points, one of these is thetereof the
attractor loop and the other type is situated coatpeely just
removed from the attractor. So, the system zeres the
origin (0,0,0) as the obvious solution and the mthfixed
points exist if 6> 4ab, their coordinate are:

c+c2-4ab —c-+c2-4ab c++/c?-4ab

( 2 ’ 2a ’ 2a )
(c—\/c2—4ab —c++/c? -4ab c—x/c2—4ab)
2 ’ 2a ’ 2a

By determining respective eigenvalues and eigenvgete
can analyze the stability of each of these fixemso So, the
Jacobian matrix that represents this system cacabpilated
as:

0 -1 -1
J=|1 a 0
z 0 x-c

aQ-d +ca+22 -carP +c-ay e —4 + X4 +C)

b_|:

e+
Then the two critical points are stable for:
2
C
b, <b<—
4a

As illustrated in the accompanying diagram, foreixpoints
a=0.2 and c=5.7, as b converge to 0 the attractoverge to
infinity.

4) Important dimensions of Rdssler system

The presence of non-linearity in the dynamic systkras
not mean it is necessarily chaotic. The most ingrrt
indication of the evidence of chaos is the presefigestrange
attractor, which is characterized a low, fractiofman-integer)
dimension. Henceforth, one of the main ways adopted
characterize the dynamics of a chaotic process guantify
several types of dimensions associated with itangg
attractor. To measures complexity need to indicatéow
dimensional strange attractor among these dimessioa
present the three most interesting dimensionsstéistically
that information, embedding and the correlation [1]

* The information dimension is then defined by:

0y =i’ p.(£)loglp (£)]
loglé]

whereg is the scaling radius, gi(is probability measure.

e The embedding dimension is defined as the lengtf the
used single vector "butter embedding space" that d@an
reconstruct the successive phase space of a prodiss
measure is usually calculated from initial obsendsada,
respecting to the following condition of Takens’leedding
theorem:

m=2d+1,0d=0
According that, the invariant® = D_will be estimated if

the correlation dimensionD, < d of the attractor is

sufficient.
e The correlation dimension is originally proposed by
[Grassberger and Procaccia 1983] and is defined by:

b, =1im 4109(C.]
d Iog|£|
where the slope of the curve € (ith respect te, with, C )

whose eigenvaluead are the zeros of the following cubicis the correlation sum of the data set, calculdtech actual

polynomial characteristic:

-A+@+x-0) +(ac-ax—-1-2)A+x-c+az=0
The critical points are stable when all eigenvalaesept

negative real values. Fok 0O we get b =

bifurcation fork associated with it. For a compledue the

critical control parameter b changes to a Hopf ro#ition
equation:
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1 and the

observed data according to the following formula:

Cem ——Z Y O(e-s; - s)

p j=mk<j-w

where m is the embeddlng dimension, sjare m-daioeal
delay vectors, N is the number of points in s, N\pag+1)(N-
m-w+1)/2 is the sufficiently large number of paos points
covered by the sum§ is the Heaviside step functio®(s)
=1 for s>0 and(s)=0 for 0, and w will be discussed below.
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The correlation dimension is the probability thabtpoints in
the game of data are separated by a Euclidianndista Its
role is to measure the difference between two poaitthe
phase space trajectory after an infinitesimal tinTehe
adequate reconstructed minimum time-delayed emhgdufi
state space which guarantees the topology of theiao can
be determined as the following. In Figure (5), shewn the
curves of computing embedding dimensions.

If the embedding dimension m and also increases D

continues to increase, then the system is stoch&stwever,
if the data is generated by a deterministic pro¢esspatible
with the chaotic behavior), then Dc reaches a attur limit
finished beyond certain relatively small value of ihe
correlation dimension can therefore be used tongisish the
true stochastic process of the deterministic chiage or
small dimensions). But a non-integer result of ¢berelation
dimension indicates that the dynamic system dafaabably
fractals. In Figure (5), are shown the curves afralation
integrals required for calculating the correlatdhmension.

Correlation Sum C{r)

Qﬂ'%”*"*_—&_—*_‘(

1e-01

eliy]

1@-05

Radius r

Correlation Dimension C(r)

N
%

S
o %§§

g
Ia!ﬁ‘hs“zhm — k%
By
h’%l-
T T T T T T
2.0 5.0 10.0 20.0

Local scaling exponents

o1 2 3 4

Radius r

Embedding dimension

- i 8 8
A Cew- 79— g

Fig. 5 Simulation of curves correlation integraiglacorrelation dimensions
based on the various values of the embedding dimrens

5) Lyapunov exponent of Lorenz system

Chaotic systems are defined by the speed of initi

conditions to diverge the close proximity to eatheo. One
way to measure the rate of divergence is througéplyov
exponents. Suppose we have two initial conditionerg by
(x1t, y1t, z1t) and (x2t, y2t, z2t). Then theirfdience with
respect to time is given by:

A() =y (% = X)* + (Yae = Ya)® + (2 = 2)°
For t extremely small,
exponential increase with time of d@dorm. In this case), is
the largest Lyapunov exponent that provide a measidr
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we can approximate it by a@ctivity,

sensitive dependence on initial conditions whiclvegi a
characterization of the nature of an attractoreisng:d by,

N 6.2

€ o

wheree0 andet are respectively the initial dynamical system

state in phase space, and the image of those afsgesime t.

« If A<O, the dynamic system converge to a stable fixadtp

Gf A = 0, the dynamic system converge to a stable tiytte.

e If A > 0, the dynamic system is chaotic. Then the diffee
between two close trajectories increases exporigmiéh
time, which corresponds to an unbounded behavior.

In our case, The Figure (6) shows an estimate ef th

maximum Lyapunov exponents according to the differe
values of the embedding dimension m=4;5;6;7.

=lim lim =

toweg -0t

Iog

Estimating maximal Lyapunov exponent

time t

Fig. 6 Simulation of maximum Lyapunov exponentseoasn the various
values of the embedding dimension.

When applied to the Lorenz system, the R algorithm
suggests the use of an embedding dimension of d.fihal
phase space reconstruction can be obtained asethét r
reported on the following figure 7:

Note that the reconstructed and the original preamsece,
although different, share similar topological featu

IV. EMPIRICAL FRAMEWORK

1) Structure of the Tunisian industrial system

According to statistics provided by [2], the sturet of
Tunisia's industrial sector reported on Table Ivehdhat is
composed of 5592 entreprises which having 10 oremor
employees, of which 2510 are intended for expatitetsy.

% Dynamics of industrial innovation in Tunisia

The structure of the Tunisian industrial system2Dil6,
gives us an inhomogeneous state consisting of akever
branches interactions.

On the one hand, significant diversification in theustrial
fabric not only allows a possible competition betwethe
various companies operating in various sectorsndfistrial

but also a possible collaboration (stgite
technological, marketing, use, commercial, orgditiral)
between these various producing entities. Thergefore

heterogeneity ensuring the presence of interactimiseen
the various sectors of industrial activity and stuently
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among the various dynamic structures interactipnsmotes nonlinear dynamism generating process of energysitian
industrial innovation or competitiveness causedbihrough mechanism in Tunisia and give the necessary mareraie

collaboration.

On the other hand, the inter and

economic and social
intra branchegeresting for other perspectives open studiesgesting

inferences. The

interdependencies can ensure not only the dynaroisthe preference of nonlinear modelling with smooth titiois
industrial system, but also guarantees its openimgits when structural change is permitted.

environment and especially strengthen the cooperati

Using the analysis of the nonlinear dynamics olstdal

agreements at the level of research (private oligQQuietween innovation system in Tunisia has enabled us tosasbetter

industrial enterprises and various higher educdtistitutions
and scientific research or

representation of nonlinear dynamics of endogensel§
research and developmsuastained fluctuations in industrial innovation leysystem in

departments (R & D) related to some public entsgsi This Tunisia with the Lorenz model.

new system allows dynamic industrial innovation eyated
by research cooperation between the industrialnessi and
academic institutions.

All these ways of promoting industrial innovatiotay an
indispensable role in creating added value andesputEntly 2]
contribute positively to PIB. Which need to seelst@ngthen
the national system of industrial innovation singe
contributes significantly to the economic developmef
Tunisia.

(1

(3]
(4]

3) Obstacles and consequences of industrial innovaion
Tunisia

However, despite the evolution of Tunisian indwadtri
innovation system has a low added value. That iy wh (5]
share in PIB remains far negligible compared to the
contribution of the services sector's innovatiorstsg. In [6]
particular this weakness admits serious impactropl@yment
policy. Indeed, its capacity is limited and unabdereduce 7
unemployment. It is targeted towards the low-sHillabor
and for hundreds of thousands of jobs and has alfdyed
recruiting total workforce very small young gracestAs [17],
this suggests to us that the lack of a genuine temmgntarily
between the university and the labor market is ioguthe
lack of consistency between the structural charigeshe
economy and training of university graduates. Téiplains
the current state of imbalance marked by involynta

unemployment

8l

[l
Y

[11]
V. CONCLUSION
[12]

Nowadays, it became a need to have a strong energy
strategy to resist against the energy dependerntetamigh
cost. In this way, we were confronted to the endrggsition
mechanism. The empirical evidences show that theamhc
of the renewable energy cycle transition in Tunibes a
nonlinear data generating process. Testing and Iimgi¢he
presence of nonlinearity using the two regime urgta
smooth transition autoregressive (STAR) model isppsed
for the present study to investigate possible mealiity in
average. All statistical tests can provide evidenck
nonlinearity. Analysis shows that uses the STARs<laf
nonlinear models needs to have different functiatadices |,
between LSTAR and ESTAR type nonlinearities. Furthe
empirical investigation shows that LSTAR model iorm
appropriate to capture observed asymmetries in case.
These results are important for our national pofitgkers in
energy sector, as they offer improved explication the

[13]

[14]

[15]

[16]

[18]
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