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Abstract

The most important method for behavior recognition of recurrent maps is to plot bifurcation diagram. In
conventional method used for plotting bifurcation diagram, a couple of time series for different values of
model parameter have been generated and these points have been plotted with due respect to it after transient
state. It does not have enough accuracy necessary for period detection and essential for discrimination
between long periodic behaviors from chaotic behaviors; on the other hand because of being 2-dimensinal, it
will not be possible to investigate the effect if the initial condition is in the basin of attraction.

In this research, a new bifurcation diagram is presented which is called: Qualitative Bifurcation Diagram
(QBD). OBD provides accurate determination of periodicity. Results of our algorithm implementation on
logistic map, represents its ability on determining long periods and period windows. Bifurcation diagram of
logistic map does not obey mosaic tiling patterns (patterns that are created by arrangement not interaction)
as a disciplinein addition to having the dynamic order. Some benefits of QBD are: long period discrimination,
period window detection, computation time reduction, period presentation instead of amplitude show. In the
following we have an analytical survey to Lyapunov exponent — as a usual measurement tool for chaotic
behavior — and important notes are expressed. Finally, Recurrent Quantification Analysis (RQA) and QBD
are compared.

Keywords: Bifurcation diagram, Chaos, Logistic Map, Lyapunov Exponent, Recurrent Quantification
Analysis
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(Figure- 1): Bifurcation Diagram of Logistic Map (with
General algorithm) initial condition which is 0.42 a.
0<A<4 b.3.2<A<3.3
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Qualitative Bifurcation Diagram
Define Vector X and A (L= Length (A), LL=Length(X1))
Define Flage ,aij=-1 for all i and j (Flag L+Lr)
Define Iteration Number (iter)
Define Maximum period (Maxperiod)
Fori <1toLdo
Forii¢1to LL do
X(1)€X(ii)
For k€1 to iter do
X1 € A*XK*(1-Xk)
Endfor
If Xk+1 is infinit
Flage(i,ii) < -1
Break Fork
Endif
If Flage(i,ii) is -1
For m<1 to Maxperiod
If Xend-m Precisely is Xend
Flage(i,ii)€m
Break Form
Endif
Endfor
Endif
Endfor
Endfor
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(Figure- 2): QBD representation of Logistic Map in 2-
dimension. Horizontal axis represents the initial condition
(Xp) and vertical axis represents the control parameter (A)
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! Recurrent Quantification Analysis
2 Pseudo code
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(Figure-3): Bifurcation Diagram
a. Conventional b. QBD
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(Equation 5) a. variation of map behavior for control parameter and initial condition changes. b. three critical points in Logistic-like

¢. critical point representation d. period-2, chaos and periodic window
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(Figure- 5): Period-2 relations and zero values of Wy and V. a. Equation 6 representation. b. Equation 7 representation.
c. Equation 8 representation. d. Equation 9 representation
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c. Equation 8 representation. d. Equation 9 representation
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(Figure- 8): simulation results of Equation 9 (V) for
logistic with A=3.252. Results show it is priod-4 that is
obvious in fig. 4-b (QBD)
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(Figure- 9): QBD of logistic map for x,=0.75 and 3.5<A<3.7
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(Table-1): time series values of logistic for A=3.567 and X;=0.75 and detection of period-32. Orang segment is transient state, white

is steady state and yellow highlight is repetitions.

Time Series: (1) 0.750000000000 0.668812500000000
0.790098846222656 0.591560766152152 0.861846505304518
0.424712369238303 0.871531433057854 0.399376994289669
0.855634163244728 0.440611327675804 (11) 0.879169139633664
0.378925133580949 0.839460907265979 0.480711365126910
0.890422892530401 0.348032065112891 0.809372798714848
0.550346977538527 0.882708303668706 0.369307041798877

(21) 0.830823323863574 0.501362996559487 0.891743373371431
0.344347940639611 0.805330280698975 0.559210788028113
0.879244392566748 0.378721554750723 0.839284918606813
0.481137448869288 (31) 0.890480876255989 0.347870552387893
0.809197603380662 0.550733535641057 0.882568928524963
0.369687500245543 0.831177533138425 0.500526581988686
0.891749010911597 0.344332185308386 (41) 0.805312784750413
0.559248897070172 0.879228289755019 0.378765120457908
0.839322604905272 0.481046225677672 0.890468571083693
0.347904830250230 0.809234800661459 0.550651480359549

(51)0.882598603025857 0.369606508069818 0.831102215414459
0.500704508954222 0.891748229580665 0.344334368921019
0.805315209709891 0.559243615241545 0.879230522187450
0.378759080784796 (61) 0.839317381124509 0.481058870929892
0.890470280356603 0.347900068884427 0.809229634275193
0.550662877731270 0.882594484148891 0.369617750312775
0.831112672803499 0.500679807341128 (71) 0.891748351553679
0.344334028039097 0.805314831153758 0.559244439781230
0.879230173698315 0.378760023597514 0.839318196590905
0.481056896936010 0.890470013604777 0.347900811952055

(81)0.809230440561721 0.550661099025225 0.882595127013500
0.369615995657964 0.831111040705662 0.500683662604275
0.891748332803617 0.344334080440507 0.805314889346617
0.559244313030420 (91) 0.879230227269466 0.378759878664608
0.839318071234592 0.481057200385480 0.890470054612640
0.347900697720011 0.809230316611270 0.550661372466057
0.882595028187265 0.369616265397580 (101)0.831111291606265
0.500683069940154 0.891748335692935 0.344334072365637
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0.805314880379306
0.378759900998230

(111)0.890470048293521

0.550661330330102
0.831111252943604
0.344334073609482
0.879230220285961
0.481057160827965
0.809230332769280
0.369616230234624
0.891748335316429
0.559244330017078

(141)0.839318088034359

0.347900713028839
0.882595041431513
0.500683149366286
0.805314881580613
0.378759898006303
0.890470049140063
0.550661335974857
0.831111258123058
0.344334073442841

(171)0.879230220115600

0.481057159862964
0.809230333163453
0.369616229376826
0.891748335307243
0.559244329954985
0.839318087972949
0.347900712972879
0.882595041383100
0.500683149075950

(201)0.805314881576221

0.378759898017241
0.890470049136969
0.550661335954220
0.831111258104122
0.344334073443450
0.879230220116222
0.481057159866491
0.809230333162013
0.369616229379960

(231)0.891748335307277

0.559244329955210
0.839318087973173
0.347900712973083
0.882595041383276
0.500683149077007
0.805314881576238
0.378759898017200
0.890470049136980
0.550661335954298

(261)0.831111258104193

0.344334073443447
0.879230220116220
0.481057159866479

0.559244332562265
0.839318090551544
0.347900715322633
0.882595043415961
0.500683161267074

(121)0.805314881760623

0.378759897557979
0.890470049266913
0.550661336820694
0.831111258899171
0.344334073417870
0.879230220090072
0.481057159718365
0.809230333222518
0.369616229248291

(151)0.891748335305867

0.559244329945680
0.839318087963747
0.347900712964493
0.882595041375845
0.500683149032440
0.805314881575563
0.378759898018880
0.890470049136505
0.550661335951128

(181)0.831111258101284

0.344334073443541
0.879230220116316
0.481057159867020
0.809230333161797
0.369616229380431
0.891748335307282
0.559244329955245
0.839318087973207
0.347900712973114

(211)0.882595041383303

0.500683149077169
0.805314881576240
0.378759898017196
0.890470049136981
0.550661335954305
0.831111258104200
0.344334073443447
0.879230220116220
0.481057159866479

(241)0.809230333162018

0.369616229379951
0.891748335307277
0.559244329955209
0.839318087973172
0.347900712973081
0.882595041383275
0.500683149077001
0.805314881576237
0.378759898017202

(271)0.890470049136980

0.879230219014351
0.481057153625027
0.809230335711459
0.369616223831875
0.891748335247867
0.559244329553598
0.839318087575979
0.347900712611138

(131)0.882595041070144

0.500683147199145
0.805314881547833
0.378759898087944
0.890470049116964
0.550661335820829
0.831111257981726
0.344334073447388
0.879230220120248
0.481057159889297

(161)0.809230333152697

0.369616229400234
0.891748335307494
0.559244329956678
0.839318087974625
0.347900712974406
0.882595041384421
0.500683149083873
0.805314881576341
0.378759898016943

(191)0.890470049137053

0.550661335954782
0.831111258104638
0.344334073443433
0.879230220116206
0.481057159866396
0.809230333162051
0.369616229379877
0.891748335307276
0.559244329955205

(221)0.839318087973168

0.347900712973078
0.882595041383273
0.500683149076985
0.805314881576237
0.378759898017202
0.890470049136980
0.550661335954295
0.831111258104190
0.344334073443448

(251)0.879230220116221

0.481057159866482
0.809230333162016
0.369616229379953
0.891748335307277
0.559244329955210
0.839318087973173
0.347900712973083
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0.809230333162018
0.369616229379951
0.891748335307277
0.559244329955209
0.839318087973172
0.347900712973081

(291)0.882595041383275

0.500683149077001
0.805314881576237
0.378759898017202
0.890470049136980
0.550661335954295
0.831111258104190
0.344334073443448
0.879230220116221
0.481057159866482

(321)0.809230333162016

0.369616229379953
0.891748335307277
0.559244329955210
0.839318087973173
0.347900712973083
0.882595041383276
0.500683149077007
0.805314881576238
0.378759898017200

(351)0.890470049136980

0.550661335954298
0.831111258104193
0.344334073443447
0.879230220116220
0.481057159866479
0.809230333162018
0.369616229379951
0.891748335307277
0.559244329955209

(381)0.839318087973172

0.347900712973081
0.882595041383275
0.500683149077001
0.805314881576237
0.378759898017202
0.890470049136980
0.550661335954295
0.831111258104190
0.344334073443448

(411)0.879230220116221

0.481057159866482
0.809230333162016
0.369616229379953
0.891748335307277
0.559244329955210
0.839318087973173
0.347900712973083
0.882595041383276
0.500683149077007

0.550661335954295
0.831111258104190
0.344334073443448
0.879230220116221
0.481057159866482
0.809230333162016
0.369616229379953
0.891748335307277
0.559244329955210

(301)0.839318087973173

0.347900712973083
0.882595041383276
0.500683149077007
0.805314881576238
0.378759898017200
0.890470049136980
0.550661335954298
0.831111258104193
0.344334073443447

(331)0.879230220116220

0.481057159866479
0.809230333162018
0.369616229379951
0.891748335307277
0.559244329955209
0.839318087973172
0.347900712973081
0.882595041383275
0.500683149077001

(361)0.805314881576237

0.378759898017202
0.890470049136980
0.550661335954295
0.831111258104190
0.344334073443448
0.879230220116221
0.481057159866482
0.809230333162016
0.369616229379953

(391)0.891748335307277

0.559244329955210
0.839318087973173
0.347900712973083
0.882595041383276
0.500683149077007
0.805314881576238
0.378759898017200
0.890470049136980
0.550661335954298

(421)0.831111258104193

0.344334073443447
0.879230220116220
0.481057159866479
0.809230333162018
0.369616229379951
0.891748335307277

0.882595041383276
0.500683149077007

(281)0.805314881576238

0.378759898017200
0.890470049136980
0.550661335954298
0.831111258104193
0.344334073443447
0.879230220116220
0.481057159866479
0.809230333162018
0.369616229379951

(311)0.891748335307277

0.559244329955209
0.839318087973172
0.347900712973081
0.882595041383275
0.500683149077001
0.805314881576237
0.378759898017202
0.890470049136980
0.550661335954295

(341)0.831111258104190

0.344334073443448
0.879230220116221
0.481057159866482
0.809230333162016
0.369616229379953
0.891748335307277
0.559244329955210
0.839318087973173
0.347900712973083

(371)0.882595041383276

0.500683149077007
0.805314881576238
0.378759898017200
0.890470049136980
0.550661335954298
0.831111258104193
0.344334073443447
0.879230220116220

0.481057159866479
(401)0.809230333162018

0.369616229379951
0.891748335307277
0.559244329955209
0.839318087973172
0.347900712973081
0.882595041383275
0.500683149077001
0.805314881576237
0.378759898017202

(431)0.890470049136980

0.550661335954295
0.831111258104190
0.344334073443448
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(441)0.805314881576238 0.559244329955209 0.879230220116221
0.378759898017200 0.839318087973172 0.481057159866482
0.890470049136980 0.347900712973081 0.809230333162016
0.550661335954298 (451)0.882595041383275 0.369616229379953
0.831111258104193 0.500683149077001 0.891748335307277
0.344334073443447 0.805314881576237 0.559244329955210
0.879230220116220 0.378759898017202 (461)0.839318087973173
0.481057159866479 0.890470049136980 0.347900712973083
0.809230333162018 0.550661335954295 0.882595041383276
0.369616229379951 0.831111258104190 0.500683149077007

(471)0.891748335307277 0.344334073443448 0.805314881576238
0.559244329955209 0.879230220116221 0.378759898017200
0.839318087973172 0.481057159866482 0.890470049136980
0.347900712973081 (481)0.809230333162016 0.550661335954298
0.882595041383275 0.369616229379953 0.831111258104193
0.500683149077001 0.891748335307277 0.344334073443447
0.805314881576237 0.559244329955210 (491)0.879230220116220
0.378759898017202 0.839318087973173 0.481057159866479
0.890470049136980 0.347900712973083 0.809230333162018
0.550661335954295 0.882595041383276 0.369616229379951

(501)0.831111258104190
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(Figure- 11): comparison of QBD with conventional
bifurcation diagram ( while not having the same response)
a. conventional b. QBD
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(Figure- 10): comparison of QBD and conventional
bifurcation diagram for X,=0.42 (when they both have the
same response) a. conventional b. QBD
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(Figure- 12): Lyapunov Exponent (LE) for conventional and QBD and exciting points with positive LE but period-30 (at A=3.855)
and negative LE but chaotic behavior that is crystal clear in QBD. a. LE b. QBD
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