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•discrete time systems: 

• “Operates in discrete time”

• �maps�

• modeling tool: difference equation

• continuous time systems: 

• “Operates in continuous time”

• �flows�

• modeling tool: differential equations

Two (almost) kinds of systems in the wild



•Time proceeds in clicks

• Dancing with a strobe light at a rave

• A stock’s ticker 

• Watching a movie with a frame rate of 60 fps

What I mean by “operate in discrete time”

Important:Makes no sense to measure the state of the system 
between clicks. It simply does not exist



What do those beasts look like and how 
do we deal with them?

Difference equations:

• e.g.,  xn+1 = cos(xn)

• f is an “Update rule”

•given state x at time n, tells you state at time n+1 

• solve by iterating

f

Lots of abstract stuff so let’s make it concrete

state update New state
xn

<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

xn+1
<latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit>



A canonical difference equation:

• Simple Population Model
• r is the “growth rate” parameter
• x is the population state

• Simply compute next population = f(current population)

“Logistic Map”



Logistic Map Example

…

Eventually, x settles down at 0.

If r = 1 and x0 = 0.5:

x1 = 1(0.5)(1� 0.5) = 0.25

x2 = 1(0.25)(1� 0.25) = 0.1875
<latexit sha1_base64="CAVWnKp6aJSTZH3v+eggXh2m1rw="></latexit><latexit sha1_base64="CAVWnKp6aJSTZH3v+eggXh2m1rw="></latexit><latexit sha1_base64="CAVWnKp6aJSTZH3v+eggXh2m1rw="></latexit><latexit sha1_base64="CAVWnKp6aJSTZH3v+eggXh2m1rw="></latexit>

“initial condition”

Logistic Map Example

…

Eventually, x settles down at 0.

“initial condition”

Brings us to our first graphical representation! 

Population dies out… :( 



“Time Domain Plot” or
“A Time Series”

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>



How do we describe this?

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>

“dynamics are converging to the stable fixed point ‘attractor’ at 0”



“Converging to the stable fixed point” 

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>

“Transient” “Attractor”



“Converging to the stable fixed point” 

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>

“Transient” “Attractor”

Formally, x⇤ is a fixed point if x⇤ = f(x⇤).
<latexit sha1_base64="mckEGyhVrc8DOrxVltnCnWB7gQU=">AAACGnicbVDLSsNAFJ3UV62vqks3g61QRULSjboQCoK4rGAf0MYymUzaoZNMmJlIQ+h3uPFX3LhQxJ248W+ctllo64EZDufcy733uBGjUlnWt5FbWl5ZXcuvFzY2t7Z3irt7TcljgUkDc8ZF20WSMBqShqKKkXYkCApcRlru8Gritx6IkJSHdyqJiBOgfkh9ipHSUq9oX3MRIMaSU1ge3Z+UIZUQQZ+OiAcjTkMFqT91Lv2K/o/LZq9YskxrCrhI7IyUQIZ6r/jZ9TiOAxIqzJCUHduKlJMioShmZFzoxpJECA9Rn3Q0DVFApJNOTxvDI6140OdCP73MVP3dkaJAyiRwdWWA1EDOexPxP68TK//cSWkYxYqEeDbIjxlUHE5ygh4VBCuWaIKwoHpXiAdIIKx0mgUdgj1/8iJpVk3bMu3baql2kcWRBwfgEFSADc5ADdyAOmgADB7BM3gFb8aT8WK8Gx+z0pyR9eyDPzC+fgBMRJ3U</latexit><latexit sha1_base64="mckEGyhVrc8DOrxVltnCnWB7gQU=">AAACGnicbVDLSsNAFJ3UV62vqks3g61QRULSjboQCoK4rGAf0MYymUzaoZNMmJlIQ+h3uPFX3LhQxJ248W+ctllo64EZDufcy733uBGjUlnWt5FbWl5ZXcuvFzY2t7Z3irt7TcljgUkDc8ZF20WSMBqShqKKkXYkCApcRlru8Gritx6IkJSHdyqJiBOgfkh9ipHSUq9oX3MRIMaSU1ge3Z+UIZUQQZ+OiAcjTkMFqT91Lv2K/o/LZq9YskxrCrhI7IyUQIZ6r/jZ9TiOAxIqzJCUHduKlJMioShmZFzoxpJECA9Rn3Q0DVFApJNOTxvDI6140OdCP73MVP3dkaJAyiRwdWWA1EDOexPxP68TK//cSWkYxYqEeDbIjxlUHE5ygh4VBCuWaIKwoHpXiAdIIKx0mgUdgj1/8iJpVk3bMu3baql2kcWRBwfgEFSADc5ADdyAOmgADB7BM3gFb8aT8WK8Gx+z0pyR9eyDPzC+fgBMRJ3U</latexit><latexit sha1_base64="mckEGyhVrc8DOrxVltnCnWB7gQU=">AAACGnicbVDLSsNAFJ3UV62vqks3g61QRULSjboQCoK4rGAf0MYymUzaoZNMmJlIQ+h3uPFX3LhQxJ248W+ctllo64EZDufcy733uBGjUlnWt5FbWl5ZXcuvFzY2t7Z3irt7TcljgUkDc8ZF20WSMBqShqKKkXYkCApcRlru8Gritx6IkJSHdyqJiBOgfkh9ipHSUq9oX3MRIMaSU1ge3Z+UIZUQQZ+OiAcjTkMFqT91Lv2K/o/LZq9YskxrCrhI7IyUQIZ6r/jZ9TiOAxIqzJCUHduKlJMioShmZFzoxpJECA9Rn3Q0DVFApJNOTxvDI6140OdCP73MVP3dkaJAyiRwdWWA1EDOexPxP68TK//cSWkYxYqEeDbIjxlUHE5ygh4VBCuWaIKwoHpXiAdIIKx0mgUdgj1/8iJpVk3bMu3baql2kcWRBwfgEFSADc5ADdyAOmgADB7BM3gFb8aT8WK8Gx+z0pyR9eyDPzC+fgBMRJ3U</latexit><latexit sha1_base64="mckEGyhVrc8DOrxVltnCnWB7gQU=">AAACGnicbVDLSsNAFJ3UV62vqks3g61QRULSjboQCoK4rGAf0MYymUzaoZNMmJlIQ+h3uPFX3LhQxJ248W+ctllo64EZDufcy733uBGjUlnWt5FbWl5ZXcuvFzY2t7Z3irt7TcljgUkDc8ZF20WSMBqShqKKkXYkCApcRlru8Gritx6IkJSHdyqJiBOgfkh9ipHSUq9oX3MRIMaSU1ge3Z+UIZUQQZ+OiAcjTkMFqT91Lv2K/o/LZq9YskxrCrhI7IyUQIZ6r/jZ9TiOAxIqzJCUHduKlJMioShmZFzoxpJECA9Rn3Q0DVFApJNOTxvDI6140OdCP73MVP3dkaJAyiRwdWWA1EDOexPxP68TK//cSWkYxYqEeDbIjxlUHE5ygh4VBCuWaIKwoHpXiAdIIKx0mgUdgj1/8iJpVk3bMu3baql2kcWRBwfgEFSADc5ADdyAOmgADB7BM3gFb8aT8WK8Gx+z0pyR9eyDPzC+fgBMRJ3U</latexit>

0 = f(0)
<latexit sha1_base64="/ekS59mq7ITIKll/TplTT2A32PA=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hgQ/ZotDEh2lhiIh8JXMjesgcb9vaO3T0TcuFP2FhojK1/x85/4wJXKPiSSV7em8nMPD8WXBuMv53cxubW9k5+t7C3f3B4VDw+aekoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH9/N/fYTU5pH8tFMY+aFZCh5wCkxVuqU8U1QwZflfrGEq3gBtE7cjJQgQ6Nf/OoNIpqETBoqiNZdF8fGS4kynAo2K/QSzWJCx2TIupZKEjLtpYt7Z+jCKgMURMqWNGih/p5ISaj1NPRtZ0jMSK96c/E/r5uY4NpLuYwTwyRdLgoSgUyE5s+jAVeMGjG1hFDF7a2Ijogi1NiICjYEd/XlddKqVV1cdR9qpfptFkcezuAcKuDCFdThHhrQBAoCnuEV3pyJ8+K8Ox/L1pyTzZzCHzifP6iijmQ=</latexit><latexit sha1_base64="/ekS59mq7ITIKll/TplTT2A32PA=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hgQ/ZotDEh2lhiIh8JXMjesgcb9vaO3T0TcuFP2FhojK1/x85/4wJXKPiSSV7em8nMPD8WXBuMv53cxubW9k5+t7C3f3B4VDw+aekoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH9/N/fYTU5pH8tFMY+aFZCh5wCkxVuqU8U1QwZflfrGEq3gBtE7cjJQgQ6Nf/OoNIpqETBoqiNZdF8fGS4kynAo2K/QSzWJCx2TIupZKEjLtpYt7Z+jCKgMURMqWNGih/p5ISaj1NPRtZ0jMSK96c/E/r5uY4NpLuYwTwyRdLgoSgUyE5s+jAVeMGjG1hFDF7a2Ijogi1NiICjYEd/XlddKqVV1cdR9qpfptFkcezuAcKuDCFdThHhrQBAoCnuEV3pyJ8+K8Ox/L1pyTzZzCHzifP6iijmQ=</latexit><latexit sha1_base64="/ekS59mq7ITIKll/TplTT2A32PA=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hgQ/ZotDEh2lhiIh8JXMjesgcb9vaO3T0TcuFP2FhojK1/x85/4wJXKPiSSV7em8nMPD8WXBuMv53cxubW9k5+t7C3f3B4VDw+aekoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH9/N/fYTU5pH8tFMY+aFZCh5wCkxVuqU8U1QwZflfrGEq3gBtE7cjJQgQ6Nf/OoNIpqETBoqiNZdF8fGS4kynAo2K/QSzWJCx2TIupZKEjLtpYt7Z+jCKgMURMqWNGih/p5ISaj1NPRtZ0jMSK96c/E/r5uY4NpLuYwTwyRdLgoSgUyE5s+jAVeMGjG1hFDF7a2Ijogi1NiICjYEd/XlddKqVV1cdR9qpfptFkcezuAcKuDCFdThHhrQBAoCnuEV3pyJ8+K8Ox/L1pyTzZzCHzifP6iijmQ=</latexit><latexit sha1_base64="/ekS59mq7ITIKll/TplTT2A32PA=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hgQ/ZotDEh2lhiIh8JXMjesgcb9vaO3T0TcuFP2FhojK1/x85/4wJXKPiSSV7em8nMPD8WXBuMv53cxubW9k5+t7C3f3B4VDw+aekoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH9/N/fYTU5pH8tFMY+aFZCh5wCkxVuqU8U1QwZflfrGEq3gBtE7cjJQgQ6Nf/OoNIpqETBoqiNZdF8fGS4kynAo2K/QSzWJCx2TIupZKEjLtpYt7Z+jCKgMURMqWNGih/p5ISaj1NPRtZ0jMSK96c/E/r5uY4NpLuYwTwyRdLgoSgUyE5s+jAVeMGjG1hFDF7a2Ijogi1NiICjYEd/XlddKqVV1cdR9qpfptFkcezuAcKuDCFdThHhrQBAoCnuEV3pyJ8+K8Ox/L1pyTzZzCHzifP6iijmQ=</latexit>



“Converging to the stable fixed point” 

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>

“Transient” “Attractor”

Thought Experiment: What was the fixed point in the double 
pendulum?



“Converging to the stable fixed point” 

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>

“Transient” “Attractor”

Logistic map only has one attractor at a time. 



Stable/Unstable
Stable or attracting fixed point:

local perturbations around x* shrink

Unstable or repelling fixed point
local perturbations around x* grow

teacup

bowl
bagel



Other Fixed Points?

How could we find them?



Other Fixed Points?

Do they depend on r?



A useful graphical solution technique 

• “cobweb” diagram

• aka return map

• aka correlation plot

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

x
n
+
1

<latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit>



Cobweb Diagrams

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

x
n
+
1

<latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit>

xn+1 = 3.2xn(1� xn)
<latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit>

xn+1 = xn
<latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit>



Cobweb Diagrams

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

x
n
+
1

<latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit><latexit sha1_base64="f4Q7jbRaUqmiSP0ACaPKkqIpano=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdXtRbwYvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNI3ptpTH2BR5KFjGBjpYfq0yCVF96sOihX3Jo7B1olXk4qkKM5KH/1hxFJBJWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LJRZU++n84Bk6s8oQhZGyJQ2aq78nUiy0norAdgpsxnrZy8T/vF5iwis/ZTJODJVksShMODIRyr5HQ6YoMXxqCSaK2VsRGWOFibEZlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwC9zI+q</latexit>

xn+1 = 3.2xn(1� xn)
<latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit>

xn+1 = xn
<latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit>

Significance?
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Evaluate f

set xn = xn+1
<latexit sha1_base64="lcz/Rx4P1vkOZ9GJWobbGyvxmLo=">AAAB+nicdVDLSgMxFM34rPU11aWbYCsIQpnUlrYLoeDGZQX7gHYYMmnahmYyQ5LRlrGf4saFIm79Enf+jelDUNEDFw7n3Mu99/gRZ0o7zoe1srq2vrGZ2kpv7+zu7duZg6YKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/NHlzG/dUqlYKG70JKJugAeC9RnB2kienVFUw9zYExdjLxFnaJrz7KyTR6iCygg6+VIRVUtlQ9C5U3RKEOWdObJgibpnv3d7IYkDKjThWKkOciLtJlhqRjidpruxohEmIzygHUMFDqhyk/npU3hilB7sh9KU0HCufp9IcKDUJPBNZ4D1UP32ZuJfXifW/YqbMBHFmgqyWNSPOdQhnOUAe0xSovnEEEwkM7dCMsQSE23SSpsQvj6F/5NmIY9MMteFbK26jCMFjsAxOAUIlEENXIE6aAAC7sADeALP1r31aL1Yr4vWFWs5cwh+wHr7BE5Lk1g=</latexit><latexit sha1_base64="lcz/Rx4P1vkOZ9GJWobbGyvxmLo=">AAAB+nicdVDLSgMxFM34rPU11aWbYCsIQpnUlrYLoeDGZQX7gHYYMmnahmYyQ5LRlrGf4saFIm79Enf+jelDUNEDFw7n3Mu99/gRZ0o7zoe1srq2vrGZ2kpv7+zu7duZg6YKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/NHlzG/dUqlYKG70JKJugAeC9RnB2kienVFUw9zYExdjLxFnaJrz7KyTR6iCygg6+VIRVUtlQ9C5U3RKEOWdObJgibpnv3d7IYkDKjThWKkOciLtJlhqRjidpruxohEmIzygHUMFDqhyk/npU3hilB7sh9KU0HCufp9IcKDUJPBNZ4D1UP32ZuJfXifW/YqbMBHFmgqyWNSPOdQhnOUAe0xSovnEEEwkM7dCMsQSE23SSpsQvj6F/5NmIY9MMteFbK26jCMFjsAxOAUIlEENXIE6aAAC7sADeALP1r31aL1Yr4vWFWs5cwh+wHr7BE5Lk1g=</latexit><latexit sha1_base64="lcz/Rx4P1vkOZ9GJWobbGyvxmLo=">AAAB+nicdVDLSgMxFM34rPU11aWbYCsIQpnUlrYLoeDGZQX7gHYYMmnahmYyQ5LRlrGf4saFIm79Enf+jelDUNEDFw7n3Mu99/gRZ0o7zoe1srq2vrGZ2kpv7+zu7duZg6YKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/NHlzG/dUqlYKG70JKJugAeC9RnB2kienVFUw9zYExdjLxFnaJrz7KyTR6iCygg6+VIRVUtlQ9C5U3RKEOWdObJgibpnv3d7IYkDKjThWKkOciLtJlhqRjidpruxohEmIzygHUMFDqhyk/npU3hilB7sh9KU0HCufp9IcKDUJPBNZ4D1UP32ZuJfXifW/YqbMBHFmgqyWNSPOdQhnOUAe0xSovnEEEwkM7dCMsQSE23SSpsQvj6F/5NmIY9MMteFbK26jCMFjsAxOAUIlEENXIE6aAAC7sADeALP1r31aL1Yr4vWFWs5cwh+wHr7BE5Lk1g=</latexit><latexit sha1_base64="lcz/Rx4P1vkOZ9GJWobbGyvxmLo=">AAAB+nicdVDLSgMxFM34rPU11aWbYCsIQpnUlrYLoeDGZQX7gHYYMmnahmYyQ5LRlrGf4saFIm79Enf+jelDUNEDFw7n3Mu99/gRZ0o7zoe1srq2vrGZ2kpv7+zu7duZg6YKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/NHlzG/dUqlYKG70JKJugAeC9RnB2kienVFUw9zYExdjLxFnaJrz7KyTR6iCygg6+VIRVUtlQ9C5U3RKEOWdObJgibpnv3d7IYkDKjThWKkOciLtJlhqRjidpruxohEmIzygHUMFDqhyk/npU3hilB7sh9KU0HCufp9IcKDUJPBNZ4D1UP32ZuJfXifW/YqbMBHFmgqyWNSPOdQhnOUAe0xSovnEEEwkM7dCMsQSE23SSpsQvj6F/5NmIY9MMteFbK26jCMFjsAxOAUIlEENXIE6aAAC7sADeALP1r31aL1Yr4vWFWs5cwh+wHr7BE5Lk1g=</latexit>

xn+1 = 3.2xn(1� xn)
<latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit>

xn+1 = xn
<latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit>



Back to the time domain

xn+1 = 3.2xn(1� xn)
<latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit><latexit sha1_base64="sHzYFfXBcezkvk4zaQbSryn3NTk=">AAACAHicdVDLSgMxFM3UV62vqgsXboKtUBGHmVbrzEIouHFZwdpCW4ZMmrahmcyQZKRl6MZfceNCEbd+hjv/xvQhqOiBezmccy/JPX7EqFSW9WGkFhaXllfSq5m19Y3Nrez2zq0MY4FJDYcsFA0fScIoJzVFFSONSBAU+IzU/cHlxK/fESFpyG/UKCLtAPU47VKMlJa87F5+6CX82B5flMzi0OMF+0T3o7yXzVlm2XEc14KauGd22dHEKrnuaRHapjVFDsxR9bLvrU6I44BwhRmSsmlbkWonSCiKGRlnWrEkEcID1CNNTTkKiGwn0wPG8FArHdgNhS6u4FT9vpGgQMpR4OvJAKm+/O1NxL+8Zqy6TjuhPIoV4Xj2UDdmUIVwkgbsUEGwYiNNEBZU/xXiPhIIK51ZRofwdSn8n9wWTdsy7etiruLO40iDfXAACsAG56ACrkAV1AAGY/AAnsCzcW88Gi/G62w0Zcx3dsEPGG+fMIuU1Q==</latexit>

xn+1 = xn
<latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit><latexit sha1_base64="H2c72vYDBPj8AhzoUzft6wOd+Rc=">AAAB9HicdVDLSgMxFM34rPVVdekm2AqCMExadepCKLhxWcE+oB2GTJq2oZnMmGRKy9DvcONCEbd+jDv/xvQhqOiBC4dz7uXee4KYM6Ud58NaWl5ZXVvPbGQ3t7Z3dnN7+3UVJZLQGol4JJsBVpQzQWuaaU6bsaQ4DDhtBIPrqd8YUqlYJO70OKZeiHuCdRnB2kheYeSn4hRNrka+KPi5vGMXHRehEnTss3NUcpEhF2W3VCpCZDsz5MECVT/33u5EJAmp0IRjpVrIibWXYqkZ4XSSbSeKxpgMcI+2DBU4pMpLZ0dP4LFROrAbSVNCw5n6fSLFoVLjMDCdIdZ99dubin95rUR3y17KRJxoKsh8UTfhUEdwmgDsMEmJ5mNDMJHM3ApJH0tMtMkpa0L4+hT+T+pFGzk2ui3mK5eLODLgEByBE4CACyrgBlRBDRBwDx7AE3i2htaj9WK9zluXrMXMAfgB6+0TBZeRlA==</latexit>

Lots of foxes

Less foxes



What happens if we crank up r?

“CRANK UP ZE POWER!”



What happens if we crank up r?

The logistic map:    



Still a fixed point?

The logistic map:    

r = 2.8
<latexit sha1_base64="gmi1W+XABRf8ttrXdgmY30AEx0M=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVj16r9cgXZDvIwdiGyz86x62FDLmqe6zoQ22iOClii0S+/9wYJzSIWayqIUl2MUu3nRGpOBZuWepliKaFjMmRdQ2MSMeXn83On8MQoAxgm0lSs4Vz9PpGTSKlJFJjOiOiR+u3NxL+8bqbDmp/zOM00i+liUZgJqBM4+x0OuGRUi4khhEpuboV0RCSh2iRUMiF8fQr/Jy3HxsjGt06lfrmMowiOwDE4BRh4oA5uQAM0AQVj8ACewLOVWo/Wi/W6aC1Yy5lD8APW2yfIwo6E</latexit><latexit sha1_base64="gmi1W+XABRf8ttrXdgmY30AEx0M=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVj16r9cgXZDvIwdiGyz86x62FDLmqe6zoQ22iOClii0S+/9wYJzSIWayqIUl2MUu3nRGpOBZuWepliKaFjMmRdQ2MSMeXn83On8MQoAxgm0lSs4Vz9PpGTSKlJFJjOiOiR+u3NxL+8bqbDmp/zOM00i+liUZgJqBM4+x0OuGRUi4khhEpuboV0RCSh2iRUMiF8fQr/Jy3HxsjGt06lfrmMowiOwDE4BRh4oA5uQAM0AQVj8ACewLOVWo/Wi/W6aC1Yy5lD8APW2yfIwo6E</latexit><latexit sha1_base64="gmi1W+XABRf8ttrXdgmY30AEx0M=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVj16r9cgXZDvIwdiGyz86x62FDLmqe6zoQ22iOClii0S+/9wYJzSIWayqIUl2MUu3nRGpOBZuWepliKaFjMmRdQ2MSMeXn83On8MQoAxgm0lSs4Vz9PpGTSKlJFJjOiOiR+u3NxL+8bqbDmp/zOM00i+liUZgJqBM4+x0OuGRUi4khhEpuboV0RCSh2iRUMiF8fQr/Jy3HxsjGt06lfrmMowiOwDE4BRh4oA5uQAM0AQVj8ACewLOVWo/Wi/W6aC1Yy5lD8APW2yfIwo6E</latexit><latexit sha1_base64="gmi1W+XABRf8ttrXdgmY30AEx0M=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVj16r9cgXZDvIwdiGyz86x62FDLmqe6zoQ22iOClii0S+/9wYJzSIWayqIUl2MUu3nRGpOBZuWepliKaFjMmRdQ2MSMeXn83On8MQoAxgm0lSs4Vz9PpGTSKlJFJjOiOiR+u3NxL+8bqbDmp/zOM00i+liUZgJqBM4+x0OuGRUi4khhEpuboV0RCSh2iRUMiF8fQr/Jy3HxsjGt06lfrmMowiOwDE4BRh4oA5uQAM0AQVj8ACewLOVWo/Wi/W6aC1Yy5lD8APW2yfIwo6E</latexit> r = 3.2

<latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit>

We can verify this with a cobweb!



Still a fixed point? What the hell…

The logistic map:    

r = 2.8
<latexit sha1_base64="gmi1W+XABRf8ttrXdgmY30AEx0M=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVj16r9cgXZDvIwdiGyz86x62FDLmqe6zoQ22iOClii0S+/9wYJzSIWayqIUl2MUu3nRGpOBZuWepliKaFjMmRdQ2MSMeXn83On8MQoAxgm0lSs4Vz9PpGTSKlJFJjOiOiR+u3NxL+8bqbDmp/zOM00i+liUZgJqBM4+x0OuGRUi4khhEpuboV0RCSh2iRUMiF8fQr/Jy3HxsjGt06lfrmMowiOwDE4BRh4oA5uQAM0AQVj8ACewLOVWo/Wi/W6aC1Yy5lD8APW2yfIwo6E</latexit><latexit sha1_base64="gmi1W+XABRf8ttrXdgmY30AEx0M=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVj16r9cgXZDvIwdiGyz86x62FDLmqe6zoQ22iOClii0S+/9wYJzSIWayqIUl2MUu3nRGpOBZuWepliKaFjMmRdQ2MSMeXn83On8MQoAxgm0lSs4Vz9PpGTSKlJFJjOiOiR+u3NxL+8bqbDmp/zOM00i+liUZgJqBM4+x0OuGRUi4khhEpuboV0RCSh2iRUMiF8fQr/Jy3HxsjGt06lfrmMowiOwDE4BRh4oA5uQAM0AQVj8ACewLOVWo/Wi/W6aC1Yy5lD8APW2yfIwo6E</latexit><latexit sha1_base64="gmi1W+XABRf8ttrXdgmY30AEx0M=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVj16r9cgXZDvIwdiGyz86x62FDLmqe6zoQ22iOClii0S+/9wYJzSIWayqIUl2MUu3nRGpOBZuWepliKaFjMmRdQ2MSMeXn83On8MQoAxgm0lSs4Vz9PpGTSKlJFJjOiOiR+u3NxL+8bqbDmp/zOM00i+liUZgJqBM4+x0OuGRUi4khhEpuboV0RCSh2iRUMiF8fQr/Jy3HxsjGt06lfrmMowiOwDE4BRh4oA5uQAM0AQVj8ACewLOVWo/Wi/W6aC1Yy5lD8APW2yfIwo6E</latexit><latexit sha1_base64="gmi1W+XABRf8ttrXdgmY30AEx0M=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVj16r9cgXZDvIwdiGyz86x62FDLmqe6zoQ22iOClii0S+/9wYJzSIWayqIUl2MUu3nRGpOBZuWepliKaFjMmRdQ2MSMeXn83On8MQoAxgm0lSs4Vz9PpGTSKlJFJjOiOiR+u3NxL+8bqbDmp/zOM00i+liUZgJqBM4+x0OuGRUi4khhEpuboV0RCSh2iRUMiF8fQr/Jy3HxsjGt06lfrmMowiOwDE4BRh4oA5uQAM0AQVj8ACewLOVWo/Wi/W6aC1Yy5lD8APW2yfIwo6E</latexit> r = 3.2

<latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit>



The fixed point has destabilized…

The logistic map:    

r = 3.2
<latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit><latexit sha1_base64="m3SJAniPnzJhDmWolxMstWyFjBw=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNSQz6tSFUHDjsoJ9QDuUTJppQzMPkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE6SCK43Qh1VYWV1b3yhulra2d3b3yvsHLZVkkrImTUQiOwFRTPCYNTXXgnVSyUgUCNYOxtczv33PpOJJfKcnKfMjMox5yCnRRmpX5ZVrO9V+uYJsB3kYuxDZZ+fY9bAhFzXPdR2IbTRHBSzR6Jffe4OEZhGLNRVEqS5GqfZzIjWngk1LvUyxlNAxGbKuoTGJmPLz+blTeGKUAQwTaSrWcK5+n8hJpNQkCkxnRPRI/fZm4l9eN9Nhzc95nGaaxXSxKMwE1Amc/Q4HXDKqxcQQQiU3t0I6IpJQbRIqmRC+PoX/k5ZjY2TjW6dSv1zGUQRH4BicAgw8UAc3oAGagIIxeABP4NlKrUfrxXpdtBas5cwh+AHr7RPBK45/</latexit>Changing a parameter can 

qualitatively change the 
dynamics.

This is called a “Bifurcation”

As r increased the stable FP 
vanished and was replaced by 
something called a stable “2-
cycle”
Or a “period 2 orbit”



Bifurcations 

Qualitative changes in the dynamics caused by 
changes in parameters:

• Heart: Vfib…Parameters change and you die. 

• Eddy in creek: water level 

• Brain: coke makes you periodic

• Logistic map: R parameter…



Let’s play name those dynamics! 

Go to App….

2.8 -> 3.1 -> 3.2 -> 3.5 -> 3.55 ->3.6->3.83->3.8281



How can we get our heads around all the available dynamics?



Bifurcation Diagram

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>



Bifurcation Diagram

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>

r = 3.83
<latexit sha1_base64="VGN0z4Yu1g0bDDZcK3AOHFRIxhM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5C0B3sRil48VrAf0Iay2W7apZtN3N0IJfRPePGgiFf/jjf/jds0B219MPB4b4aZeX7MmdKO820VNja3tneKu6W9/YPDo/LxSUdFiSS0TSIeyZ6PFeVM0LZmmtNeLCkOfU67/vR24XefqFQsEg96FlMvxGPBAkawNlKvKq/rdqNeHZYrju1kQOvEzUkFcrSG5a/BKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDS7d44ujDJCQSRNCY0y9fdEikOlZqFvOkOsJ2rVW4j/ef1EBw0vZSJONBVkuShIONIRWjyPRkxSovnMEEwkM7ciMsESE20iKpkQ3NWX10mnZruO7d7XKs2bPI4inME5XIILV9CEO2hBGwhweIZXeLMerRfr3fpYthasfOYU/sD6/AHkqo6L</latexit><latexit sha1_base64="VGN0z4Yu1g0bDDZcK3AOHFRIxhM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5C0B3sRil48VrAf0Iay2W7apZtN3N0IJfRPePGgiFf/jjf/jds0B219MPB4b4aZeX7MmdKO820VNja3tneKu6W9/YPDo/LxSUdFiSS0TSIeyZ6PFeVM0LZmmtNeLCkOfU67/vR24XefqFQsEg96FlMvxGPBAkawNlKvKq/rdqNeHZYrju1kQOvEzUkFcrSG5a/BKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDS7d44ujDJCQSRNCY0y9fdEikOlZqFvOkOsJ2rVW4j/ef1EBw0vZSJONBVkuShIONIRWjyPRkxSovnMEEwkM7ciMsESE20iKpkQ3NWX10mnZruO7d7XKs2bPI4inME5XIILV9CEO2hBGwhweIZXeLMerRfr3fpYthasfOYU/sD6/AHkqo6L</latexit><latexit sha1_base64="VGN0z4Yu1g0bDDZcK3AOHFRIxhM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5C0B3sRil48VrAf0Iay2W7apZtN3N0IJfRPePGgiFf/jjf/jds0B219MPB4b4aZeX7MmdKO820VNja3tneKu6W9/YPDo/LxSUdFiSS0TSIeyZ6PFeVM0LZmmtNeLCkOfU67/vR24XefqFQsEg96FlMvxGPBAkawNlKvKq/rdqNeHZYrju1kQOvEzUkFcrSG5a/BKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDS7d44ujDJCQSRNCY0y9fdEikOlZqFvOkOsJ2rVW4j/ef1EBw0vZSJONBVkuShIONIRWjyPRkxSovnMEEwkM7ciMsESE20iKpkQ3NWX10mnZruO7d7XKs2bPI4inME5XIILV9CEO2hBGwhweIZXeLMerRfr3fpYthasfOYU/sD6/AHkqo6L</latexit><latexit sha1_base64="VGN0z4Yu1g0bDDZcK3AOHFRIxhM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5C0B3sRil48VrAf0Iay2W7apZtN3N0IJfRPePGgiFf/jjf/jds0B219MPB4b4aZeX7MmdKO820VNja3tneKu6W9/YPDo/LxSUdFiSS0TSIeyZ6PFeVM0LZmmtNeLCkOfU67/vR24XefqFQsEg96FlMvxGPBAkawNlKvKq/rdqNeHZYrju1kQOvEzUkFcrSG5a/BKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDS7d44ujDJCQSRNCY0y9fdEikOlZqFvOkOsJ2rVW4j/ef1EBw0vZSJONBVkuShIONIRWjyPRkxSovnMEEwkM7ciMsESE20iKpkQ3NWX10mnZruO7d7XKs2bPI4inME5XIILV9CEO2hBGwhweIZXeLMerRfr3fpYthasfOYU/sD6/AHkqo6L</latexit>



Bifurcation Diagram

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>



Bifurcation Diagram

xn
<latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit><latexit sha1_base64="k/OJTJXGAP0awS78GSM3Vs3Qtqk=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vcvunJFc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeTaiFg94DThfkRHSoSCUbRSp/o0yNSsOihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbTrNc+teff1SuMmj6MIZ3AOl+DBFTTgDprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwDmdY9D</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>







•Chaotic bands

Things to note



period-doubling cascade to chaos
“pitchfork bifurcation”

when a pitchfork bifurcation occurs a ghost is born
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Feigenbaum constant

(almost)
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Feigenbaum constant



Universality!
Feigenbaum constant (and many other interesting 
chaotic/dynamical properties) hold for any 1D map with 
a quadratic maximum.

The Feigenbaum constant is a new physical constant as 
fundamental to 1D maps as    is to circles---Strogatz



• veils

Things to note

What is going on here?



• veils: teacups, doughnuts and loneliness

Things to note

Ghosts and the loneliness of chaos



“windows of order within the chaos”



•Regions of order w/in chaotic region, this massive 3 cycle

Things to note



There’s something very special about 3…

• Sarkovskii (1964)
3, 5, 7, …3x2, 5x2, …3x22, 5x22, … 22, 2, 1

•Yorke (1975) “Period 3 implies chaos” (in 1D maps)

• Metropolis et al. (1973)



“infinite number of copies of itself”
“self similar”

Fractal



So much more…



Get your hands dirty!

JoshuaGarland.com

Joshua@santafe.edu


