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Chapter 1 - Probability Background
Chapter 2 - Gambling Problems
Chapter 3 - Random Walks

Chapter 4 - Discrete-Time Markov Chains

Download the R code or thelPython notebook for Figure 4.3 that can be run
here.

Download the R code or the IPython notebook for Figure 4.5 that can be
run here.

Chapter 5 - First Step Analysis

Chapter 6 - Classification of States

Chapter 7 - Long-Run Behavior of Markov Chains
Chapter 8 - Branching Processes

Download the R code or the IPython notebook for Figure 8.8 that can be
run here.

Chapter 9 - Continuous-Time Markov Chains

Download the R code or the IPython notebook for Figure 9.5 that can be
run here.

Download the R code or the IPython notebook for Figure 9.8 that can be
run here.



a=0.2; b=0.4;



# Dimension of the transition matrix

dim=2 

 

# Definition of the transition matrix

P=matrix(c(1-a,a,b,1-b),nrow=dim,ncol=dim,byrow=TRUE)



# Number of time steps 

N=100 



Z=array(N+1);



for(ll in seq(1,1000)) {



Z[1]=sample(dim,size=1,prob=P[2,])



# Random simulation of Z[j+1] given Z[j] 

for (j in seq(1,N)) Z[j+1]=sample(dim,size=1,prob=P[Z[j],])



Y=array(N+1);



S=0; 



# Computation of the average over the l first steps 



for(l in seq(1,N+1)) { Z[l]=Z[l]-1;  S=S+Z[l]; Y[l]=S/l; }



X=array(N+1); for(l in seq(1,N+1)) { X[l]=l-1; }



par(mfrow=c(2,1))



plot(X,Y,type="l",yaxt="n",xaxt="n",xlim=c(0,N),xlab="",ylim=c(0,1),ylab="",xaxs="i",col="black",main="",bty="n")



segments( 0 , a/(a+b), N, a/(a+b)) 



axis(2,pos=0,at=c(0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0))



axis(1,pos=0,at=seq(0,N,10),outer=TRUE) 



plot(X,Z,type="o",xlab="",ylab="",xlim=c(0,N),yaxt="n",xaxt="n",xaxs="i",col="black",main="",pch=20,bty="n")



axis(1,pos=1,at=seq(0,N+1,10),outer=TRUE,padj=-4,tcl=0.5) 

axis(1,pos=0,at=seq(0,N+1,10),outer=TRUE) 

axis(2,las=2,at=0:1)

 

readline(prompt = "Pause. Press <Enter> to continue...") 



} 






{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from IPython.display import HTML\n",
    "\n",
    "HTML('''<script>\n",
    "code_show=true; \n",
    "function code_toggle() {\n",
    " if (code_show){\n",
    " $('div.input').hide();\n",
    " } else {\n",
    " $('div.input').show();\n",
    " }\n",
    " code_show = !code_show\n",
    "} \n",
    "$( document ).ready(code_toggle);\n",
    "</script>\n",
    "<form action=\"javascript:code_toggle()\"><input type=\"submit\" value=\"Click here to toggle on/off the raw code.\"></form>''')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false,
    "slideshow": {
     "slide_type": "skip"
    }
   },
   "outputs": [],
   "source": [
    "from pylab import *\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib.pyplot as plt \n",
    "%matplotlib notebook\n",
    "from ipywidgets import Select,interactive,Dropdown\n",
    "from IPython.display import display\n",
    "\n",
    "N=100\n",
    "X = np.empty(N, dtype=int)\n",
    "Y = np.empty(N)\n",
    "\n",
    "ff, axarr = plt.subplots(2, sharex=True,figsize=(12,10))\n",
    "\n",
    "def path(a=0.2,b=0.4):\n",
    "    global X,Y\n",
    "    P = [[1-a,a],[b,1-b]]\n",
    "    X[0] = rm.choice([0,1])\n",
    "    S=X[0]\n",
    "    Y[0]=S\n",
    "    for i in range(1,N):\n",
    "        X[i] = np.random.choice([0,1],p=P[X[i-1]])\n",
    "        S +=X[i]\n",
    "        Y[i]=S/(i+1)\n",
    "        i += 1\n",
    "    axarr[0].clear()\n",
    "    axarr[1].clear()\n",
    "    axarr[0].plot(X,marker='.',markersize = 10)\n",
    "    plt.axhline(y=a/(a+b),xmin=0,xmax=3,c=\"blue\",linewidth=0.5,zorder=0)\n",
    "    axarr[0].set_title('Chain samples')\n",
    "    axarr[1].set_title('Proportion of samples at state 1')\n",
    "    plt.ylim((0,1))\n",
    "    axarr[1].plot(Y)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false,
    "slideshow": {
     "slide_type": "slide"
    }
   },
   "outputs": [],
   "source": [
    "interactive(path, a=(0.0, 1.0, 0.05), b=(0.0, 1.0, 0.05))"
   ]
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "celltoolbar": "Slideshow",
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {
    "194c9575da7648eeb3eb50de5f6eac77": {
     "views": []
    },
    "230cd7e3c7694c64855d094710ef120f": {
     "views": []
    },
    "34653b0a89a74a718d93006eead7bfc5": {
     "views": []
    },
    "3b280929354944c484121980f9dccab2": {
     "views": [
      {
       "cell_index": 2
      }
     ]
    },
    "90a55a6236c742738139721eeeaade44": {
     "views": []
    },
    "da88e4c8ba674b7f84258dc7dd8ecafc": {
     "views": []
    }
   },
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}



library(tcltk) 



a=0.2; b=0.4;



# Dimension of the transition matrix

dim=5 

 

# Definition of the transition matrix

P=matrix(c(

0.0,0.5,0.0,0.5,0.0,

0.2,0.4,0.0,0.3,0.1,

0.3,0.2,0.1,0.3,0.1,

0.2,0.4,0.1,0.2,0.1,

0.2,0.0,0.0,0.1,0.7

),nrow=dim,ncol=dim,byrow=TRUE)



# Number of time steps 

N=100 



Z=array(N+1);



A=array(2);

B=array(2);



for(ll in seq(1,100)) {



Y=array(N+1);



X=array(N+1); for(l in seq(1,N+1)) { X[l]=l-1; Z[l]=Z[l]-1}



B[1]=2

B[2]=2



split.screen(c(1,1)) 

 

for(l in seq(0:1000))

{

A[1]=l-1;

A[2]=A[1]+1;

B[1]=B[2];

B[2]=sample(dim,size=1,prob=P[B[1],])

print(B[1]) 



screen(1,FALSE)



tkbell()



plot(A,B-1,type="o",lwd=2,col="blue",xlim=c(1,100),ylim=c(0,4),xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i", main = "5-state Markov chain",bty="n")



axis(2,pos=1,at=seq(0,4,1)) 



axis(1,pos=0,at=seq(0,100,10),outer=TRUE) 



Sys.sleep(0.4)

 

} 



} 






{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from IPython.display import HTML\n",
    "\n",
    "HTML('''<script>\n",
    "code_show=true; \n",
    "function code_toggle() {\n",
    " if (code_show){\n",
    " $('div.input').hide();\n",
    " } else {\n",
    " $('div.input').show();\n",
    " }\n",
    " code_show = !code_show\n",
    "} \n",
    "$( document ).ready(code_toggle);\n",
    "</script>\n",
    "<form action=\"javascript:code_toggle()\"><input type=\"submit\" value=\"Click here to toggle on/off the raw code.\"></form>''')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "%matplotlib notebook\n",
    "from pylab import *\n",
    "import time\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib \n",
    "import matplotlib.pyplot as plt \n",
    "\n",
    "l=0    \n",
    "P = [[0.0,0.3,0.0,0.7,0.0],\n",
    "    [0.1,0.3,0.2,0.3,0.1],\n",
    "    [0.3,0.2,0.1,0.3,0.1],\n",
    "    [0.2,0.5,0.1,0.1,0.1],\n",
    "    [0.2,0.0,0.1,0.1,0.6]]\n",
    "N=100\n",
    "X = np.empty(N+1, dtype=int)\n",
    "Y = np.empty(N+1, dtype=int)\n",
    "for i in range(0,N):\n",
    "    X[i]=i\n",
    "    Y[i]=0\n",
    "Y[0] = 3\n",
    "\n",
    "def path(axarr):\n",
    "    global l,X,Y\n",
    "    axarr.clear()\n",
    "    matplotlib.pyplot.yticks([0,1,2,3,4])\n",
    "    matplotlib.pyplot.xlim((0,N))\n",
    "    axarr.plot(X[0:l+1],Y[0:l+1],marker='.',markersize = 14)\n",
    "    matplotlib.pyplot.yticks([0,1,2,3,4])\n",
    "    matplotlib.pyplot.xlim((0,N))\n",
    "    l=l+1\n",
    "    Y[l]=np.random.choice([0,1,2,3,4],p=P[Y[l-1]])\n",
    "    ff.canvas.draw()\n",
    "    \n",
    "ff, axarr = plt.subplots(1,figsize=(12,10))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "l=0\n",
    "for f in range(N):\n",
    "    path(axarr)\n",
    "    time.sleep(0.1)"
   ]
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {},
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}



library(tcltk) 



# parameter of the geometric distribution 

p=0.5



# Maximum number of time steps 

N=10000 



A=array(10001);



A[1]=10



M=A[1]



m=0;m0=0;



split.screen(c(1,1)) 

 

for(l in seq(1:N))

{

if (A[l]>0) 

{ 

A[l+1]=0

for(lll in seq(1:A[l])) 

{ 

A[l+1]=A[l+1]+rgeom(1,1-p)

} 

}



if (A[l]==0) {A[l+1]=0;m=m+1}



print(l+1)

print(A[l+1])



if (A[l+1]==0 && A[l]>0) {alarm();m0=l}



# if (A[l+1]>0) {tkbell()}



if (A[l+1]>M) {M=A[l+1]}



screen(1,FALSE)



#tkbell()



par(bg = "white")



plot(0:l,A,type="o", xlim=c(0,max(100,l)),ylim=c(0,max(40,M)), xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i",col="blue", main = "Branching process",bty="n")



axis(2,pos=0,at=seq(0,max(40,M),max(1,floor(max(40,M)/10))))



axis(1,pos=0,at=seq(0,max(100,l),max(1,floor(max(100,l)/10))),outer=TRUE)



Sys.sleep(0.4)

 

if (m>5+m0*0.2) {break} 



} 



dev.copy(png,'branching_rescaled.png')

dev.off()




{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from IPython.display import HTML\n",
    "\n",
    "HTML('''<script>\n",
    "code_show=true; \n",
    "function code_toggle() {\n",
    " if (code_show){\n",
    " $('div.input').hide();\n",
    " } else {\n",
    " $('div.input').show();\n",
    " }\n",
    " code_show = !code_show\n",
    "} \n",
    "$( document ).ready(code_toggle);\n",
    "</script>\n",
    "<form action=\"javascript:code_toggle()\"><input type=\"submit\" value=\"Click here to toggle on/off the raw code.\"></form>''')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "%matplotlib notebook\n",
    "from pylab import *\n",
    "import time\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib \n",
    "import matplotlib.pyplot as plt \n",
    "\n",
    "# parameter of the geometric distribution \n",
    "p=0.5\n",
    "\n",
    "N=100\n",
    "A = np.empty(2, dtype=int)\n",
    "B = np.empty(2, dtype=int)\n",
    "  \n",
    "def path(axarr):\n",
    "    global l,A,B\n",
    "    A[0]=l-1;\n",
    "    A[1]=A[0]+1;\n",
    "    B[0]=B[1];\n",
    "    B[1]=0;\n",
    "    if (B[0]>0): \n",
    "        for k in range(1,B[0]): \n",
    "            B[1]=B[1]+np.random.geometric(1-p,1)-1\n",
    "    axarr.plot(A,B,marker='.',markersize = 14,color=\"blue\")\n",
    "    matplotlib.pyplot.yticks(np.arange(0, 45, 5))\n",
    "    matplotlib.pyplot.xlim((0,max(N,l)))\n",
    "    l=l+1\n",
    "    ff.canvas.draw()\n",
    "    if (B[1]==0 and B[0]>0): B[0]=0\n",
    "    time.sleep(0.2)\n",
    "                           \n",
    "ff, axarr = plt.subplots(1, sharex=True,figsize=(12,10))\n",
    "matplotlib.pyplot.yticks(np.arange(0, 45, 5))\n",
    "matplotlib.pyplot.xlim((0,N))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "l=1\n",
    "B[0]=10\n",
    "B[1]=10\n",
    "axarr.clear()\n",
    "while (B[0]>0): path(axarr)\n",
    "\n",
    "axarr.plot(range(l,max(N,l)),[0]*(N-l),marker='.',markersize = 14,color=\"blue\")\n",
    "matplotlib.pyplot.yticks(np.arange(0, 45, 5))\n",
    "matplotlib.pyplot.xlim((0,max(N,l)))\n",
    "ff.canvas.draw()"
   ]
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {},
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}



a=20; b=40;



# Number of time steps 

N=1000 



# Time horizon 

T=1.0 



# Length of time step 

h=T/N 



# Dimension of the transition matrix

dim=2 

 

# Transition matrix P = I + hQ over a small time interval 

P=matrix(c(1-a*h,a*h,b*h,1-b*h),nrow=dim,ncol=dim,byrow=TRUE)



Z=array(N+1);



for(ll in seq(1,N)) {



Z[1]=sample(dim,size=1,prob=P[2,])



# Random simulation of Z[j+1] given Z[j] 

for (j in seq(1,N)) Z[j+1]=sample(dim,size=1,prob=P[Z[j],])



Y=array(N+1);



S=0; 



# Computation of the average over the l first steps 



for(l in seq(1,N+1)) { Z[l]=Z[l]-1;  S=S+Z[l]; Y[l]=S/l; }



X=array(N+1); for(l in seq(1,N+1)) { X[l]=(l-1)*T/N; }



par(mfrow=c(2,1))



plot(X,Z,type="o",xlab="",ylab="",xlim=c(0,T),yaxt="n",xaxt="n",xaxs="i",col="black",main="",pch=20,cex=0.4,bty="n")



axis(1,pos=1,at=seq(0,T,T/10),outer=TRUE,padj=-4,tcl=0.5) 

axis(1,pos=0,at=seq(0,T,T/10),outer=TRUE) 

axis(2,las=2,at=0:1)



plot(X,Y,type="l",yaxt="n",xaxt="n",xlim=c(0,T),xlab="",ylim=c(0,1),ylab="",xaxs="i",col="black",main="",bty="n")



segments( 0 , a/(a+b), N, a/(a+b)) 



axis(2,pos=0,at=c(0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0))



axis(1,pos=0,at=seq(0,T,T/10),outer=TRUE) 



readline(prompt = "Pause. Press <Enter> to continue...") 



} 



dev.off() 


{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from IPython.display import HTML\n",
    "\n",
    "HTML('''<script>\n",
    "code_show=true; \n",
    "function code_toggle() {\n",
    " if (code_show){\n",
    " $('div.input').hide();\n",
    " } else {\n",
    " $('div.input').show();\n",
    " }\n",
    " code_show = !code_show\n",
    "} \n",
    "$( document ).ready(code_toggle);\n",
    "</script>\n",
    "<form action=\"javascript:code_toggle()\"><input type=\"submit\" value=\"Click here to toggle on/off the raw code.\"></form>''')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from pylab import *\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib.pyplot as plt \n",
    "%matplotlib notebook\n",
    "from ipywidgets import Select,interactive,Dropdown\n",
    "from IPython.display import display\n",
    "\n",
    "# Number of time steps \n",
    "N=1000 \n",
    "\n",
    "# Time horizon \n",
    "T=1.0 \n",
    "\n",
    "# Length of time step \n",
    "h=T/N \n",
    "\n",
    "X = np.empty(N)\n",
    "Y = np.empty(N, dtype=int)\n",
    "Z = np.empty(N)\n",
    "\n",
    "for i in range(0,N): X[i]=i*h\n",
    "    \n",
    "ff, axarr = plt.subplots(2, sharex=True,figsize=(12,10))\n",
    "\n",
    "def path(a=20,b=40):\n",
    "    global X,Y,Z\n",
    "    P = [[1-a*h,a*h],[b*h,1-b*h]]\n",
    "    Y[0] = rm.choice([0,1])\n",
    "    S=Y[0]\n",
    "    Z[0]=S\n",
    "    for i in range(1,N):\n",
    "        Y[i] = np.random.choice([0,1],p=P[Y[i-1]])\n",
    "        S +=Y[i]\n",
    "        Z[i]=S/(i+1)\n",
    "        i += 1\n",
    "    axarr[0].clear()\n",
    "    axarr[1].clear()\n",
    "    axarr[0].plot(X,Y,marker='.',markersize = 10)\n",
    "    plt.axhline(y=a/(a+b),xmin=0,xmax=3,c=\"blue\",linewidth=0.5,zorder=0)\n",
    "    axarr[0].set_title('Chain samples')\n",
    "    axarr[1].set_title('Proportion of samples at state 1')\n",
    "    plt.ylim((0,1))\n",
    "    axarr[1].plot(X,Z)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "interactive(path, a=(0.0, 100, 5), b=(0.0, 100, 5))"
   ]
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {
    "01556756cc1f41ec9923fc15faf6ae99": {
     "views": []
    },
    "04194d9bda1746f18f59cf3af0470203": {
     "views": []
    },
    "2b3cf09e92914c82a8c871ebe54af71b": {
     "views": []
    },
    "69ff395470714add932ba50860e564f1": {
     "views": [
      {
       "cell_index": 2
      }
     ]
    },
    "853668b336ad445ab101a690004c21c0": {
     "views": []
    },
    "ba8da3ee01b442748dcd32e8a0a5044b": {
     "views": []
    }
   },
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}



library(tcltk) 



# Number of time steps 

N=1000 



# Time horizon 

T=1.0 



# Length of time step 

h=T/N 



# Dimension of the transition matrix

dim=5 

 

# Definition of the identity matrix 

I=matrix(c(

1,0,0,0,0, 

0,1,0,0,0, 

0,0,1,0,0, 

0,0,0,1,0, 

0,0,0,0,1 

),nrow=dim,ncol=dim,byrow=TRUE)



# Definition of the infinitesimal generator 

Q=matrix(c(

-40,40,0,0,0, 

20,-40,20,0,0, 

0,10,-30,20,0, 

0,0,20,-60,40,

0,0,0,20,-20 

),nrow=dim,ncol=dim,byrow=TRUE)



# Definition of the transition matrix

P=I+h*Q 



A=array(2);

B=array(2);

C=array(2);



Y=array(N+1);



X=array(N+1); for(l in seq(1,N+1)) { X[l]=l-1; }



B[1]=2

B[2]=2



split.screen(c(1,1)) 

 

A[1]=0;A[2]=h;



screen(1,FALSE) 

plot(A,B-1,type="o", xlim=c(0,T),ylim=c(0,4),xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i",col="red", main = "Birth and death process - embedded chain",cex=1.2,bty="n")



for(l in seq(0:N))

{

A[1]=(l-1)*h;

A[2]=A[1]+h;

B[1]=B[2];

B[2]=sample(dim,size=1,prob=P[B[1],])



screen(1,FALSE)



plot(A,B-1,type="o", xlim=c(0,T),ylim=c(0,4),xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i",col="black", main = "Birth and death process - embedded chain",cex=0.4,bty="n")



if (B[2]!=B[1]) {alarm();

screen(1,FALSE)

C[1]=B[2];C[2]=B[2]

plot(A,C-1,type="o", xlim=c(0,T),ylim=c(0,4),xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i",col="red", main = "Birth and death process - embedded chain",cex=1.2,bty="n")

} 



axis(2,pos=0,at=seq(0,4,1)) 



axis(1,pos=0,at=seq(0,T,T/10),outer=TRUE) 



Sys.sleep(0.02) 



} 






{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "%matplotlib notebook\n",
    "from pylab import *\n",
    "import time\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib \n",
    "import matplotlib.pyplot as plt \n",
    "\n",
    "# Number of time steps \n",
    "N=500 \n",
    "\n",
    "# Time horizon \n",
    "T=1.0 \n",
    "\n",
    "# Length of time step \n",
    "h=T/N \n",
    "\n",
    "I = [[1,0,0,0,0],\n",
    "    [0,1,0,0,0],\n",
    "    [0,0,1,0,0],\n",
    "    [0,0,0,1,0],\n",
    "    [0,0,0,0,1]]\n",
    "\n",
    "Q = [[-40.0,40.0,0.0,0.0,0.0],\n",
    "    [20.0,-40.0,20.0,0.0,0.0],\n",
    "    [0.0,10.0,-30.0,20.0,0.0],\n",
    "    [0.0,0.0,20.0,-60.0,40.0],\n",
    "    [0.0,0.0,0.0,20.0,-20.0]]\n",
    "\n",
    "# Definition of the transition matrix\n",
    "P=I+h*np.array(Q) \n",
    "\n",
    "A = np.empty(2)\n",
    "B = np.empty(2, dtype=int)\n",
    "C = np.empty(2, dtype=int)\n",
    "\n",
    "X = np.empty(N)\n",
    "Y = np.empty(N, dtype=int)\n",
    "\n",
    "for i in range(0,N): X[i]=i\n",
    "\n",
    "B[0]=2\n",
    "B[1]=2\n",
    "\n",
    "def path(axarr):\n",
    "    global l,A,B\n",
    "    A[0]=(l-1)*h;\n",
    "    A[1]=A[0]+h;\n",
    "    B[0]=B[1];\n",
    "    B[1]=0;\n",
    "    B[1]=np.random.choice([0,1,2,3,4],p=P[B[0]])\n",
    "    axarr.plot(A,B,marker='.',markersize = 4,color=\"blue\")\n",
    "    if (B[1]!=B[0]):\n",
    "        C[0]=B[1];C[1]=B[1]\n",
    "        axarr.plot(A,C,marker='o',markersize = 8,color=\"red\")\n",
    "    matplotlib.pyplot.yticks([0,1,2,3,4])\n",
    "    matplotlib.pyplot.xlim((0,1))\n",
    "    l=l+1\n",
    "    ff.canvas.draw()\n",
    "                           \n",
    "ff, axarr = plt.subplots(1, sharex=True,figsize=(12,10))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "l=0\n",
    "for f in range(N):\n",
    "    path(axarr)\n",
    "    time.sleep(0.0)"
   ]
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {},
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}
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a=0.2; b=0.4;



# Dimension of the transition matrix

dim=2 

 

# Definition of the transition matrix

P=matrix(c(1-a,a,b,1-b),nrow=dim,ncol=dim,byrow=TRUE)



# Number of time steps 

N=100 



Z=array(N+1);



for(ll in seq(1,1000)) {



Z[1]=sample(dim,size=1,prob=P[2,])



# Random simulation of Z[j+1] given Z[j] 

for (j in seq(1,N)) Z[j+1]=sample(dim,size=1,prob=P[Z[j],])



Y=array(N+1);



S=0; 



# Computation of the average over the l first steps 



for(l in seq(1,N+1)) { Z[l]=Z[l]-1;  S=S+Z[l]; Y[l]=S/l; }



X=array(N+1); for(l in seq(1,N+1)) { X[l]=l-1; }



par(mfrow=c(2,1))



plot(X,Y,type="l",yaxt="n",xaxt="n",xlim=c(0,N),xlab="",ylim=c(0,1),ylab="",xaxs="i",col="black",main="",bty="n")



segments( 0 , a/(a+b), N, a/(a+b)) 



axis(2,pos=0,at=c(0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0))



axis(1,pos=0,at=seq(0,N,10),outer=TRUE) 



plot(X,Z,type="o",xlab="",ylab="",xlim=c(0,N),yaxt="n",xaxt="n",xaxs="i",col="black",main="",pch=20,bty="n")



axis(1,pos=1,at=seq(0,N+1,10),outer=TRUE,padj=-4,tcl=0.5) 

axis(1,pos=0,at=seq(0,N+1,10),outer=TRUE) 

axis(2,las=2,at=0:1)

 

readline(prompt = "Pause. Press <Enter> to continue...") 



} 






{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from IPython.display import HTML\n",
    "\n",
    "HTML('''<script>\n",
    "code_show=true; \n",
    "function code_toggle() {\n",
    " if (code_show){\n",
    " $('div.input').hide();\n",
    " } else {\n",
    " $('div.input').show();\n",
    " }\n",
    " code_show = !code_show\n",
    "} \n",
    "$( document ).ready(code_toggle);\n",
    "</script>\n",
    "<form action=\"javascript:code_toggle()\"><input type=\"submit\" value=\"Click here to toggle on/off the raw code.\"></form>''')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false,
    "slideshow": {
     "slide_type": "skip"
    }
   },
   "outputs": [],
   "source": [
    "from pylab import *\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib.pyplot as plt \n",
    "%matplotlib notebook\n",
    "from ipywidgets import Select,interactive,Dropdown\n",
    "from IPython.display import display\n",
    "\n",
    "N=100\n",
    "X = np.empty(N, dtype=int)\n",
    "Y = np.empty(N)\n",
    "\n",
    "ff, axarr = plt.subplots(2, sharex=True,figsize=(12,10))\n",
    "\n",
    "def path(a=0.2,b=0.4):\n",
    "    global X,Y\n",
    "    P = [[1-a,a],[b,1-b]]\n",
    "    X[0] = rm.choice([0,1])\n",
    "    S=X[0]\n",
    "    Y[0]=S\n",
    "    for i in range(1,N):\n",
    "        X[i] = np.random.choice([0,1],p=P[X[i-1]])\n",
    "        S +=X[i]\n",
    "        Y[i]=S/(i+1)\n",
    "        i += 1\n",
    "    axarr[0].clear()\n",
    "    axarr[1].clear()\n",
    "    axarr[0].plot(X,marker='.',markersize = 10)\n",
    "    plt.axhline(y=a/(a+b),xmin=0,xmax=3,c=\"blue\",linewidth=0.5,zorder=0)\n",
    "    axarr[0].set_title('Chain samples')\n",
    "    axarr[1].set_title('Proportion of samples at state 1')\n",
    "    plt.ylim((0,1))\n",
    "    axarr[1].plot(Y)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false,
    "slideshow": {
     "slide_type": "slide"
    }
   },
   "outputs": [],
   "source": [
    "interactive(path, a=(0.0, 1.0, 0.05), b=(0.0, 1.0, 0.05))"
   ]
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "celltoolbar": "Slideshow",
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {
    "194c9575da7648eeb3eb50de5f6eac77": {
     "views": []
    },
    "230cd7e3c7694c64855d094710ef120f": {
     "views": []
    },
    "34653b0a89a74a718d93006eead7bfc5": {
     "views": []
    },
    "3b280929354944c484121980f9dccab2": {
     "views": [
      {
       "cell_index": 2
      }
     ]
    },
    "90a55a6236c742738139721eeeaade44": {
     "views": []
    },
    "da88e4c8ba674b7f84258dc7dd8ecafc": {
     "views": []
    }
   },
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}



library(tcltk) 



a=0.2; b=0.4;



# Dimension of the transition matrix

dim=5 

 

# Definition of the transition matrix

P=matrix(c(

0.0,0.5,0.0,0.5,0.0,

0.2,0.4,0.0,0.3,0.1,

0.3,0.2,0.1,0.3,0.1,

0.2,0.4,0.1,0.2,0.1,

0.2,0.0,0.0,0.1,0.7

),nrow=dim,ncol=dim,byrow=TRUE)



# Number of time steps 

N=100 



Z=array(N+1);



A=array(2);

B=array(2);



for(ll in seq(1,100)) {



Y=array(N+1);



X=array(N+1); for(l in seq(1,N+1)) { X[l]=l-1; Z[l]=Z[l]-1}



B[1]=2

B[2]=2



split.screen(c(1,1)) 

 

for(l in seq(0:1000))

{

A[1]=l-1;

A[2]=A[1]+1;

B[1]=B[2];

B[2]=sample(dim,size=1,prob=P[B[1],])

print(B[1]) 



screen(1,FALSE)



tkbell()



plot(A,B-1,type="o",lwd=2,col="blue",xlim=c(1,100),ylim=c(0,4),xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i", main = "5-state Markov chain",bty="n")



axis(2,pos=1,at=seq(0,4,1)) 



axis(1,pos=0,at=seq(0,100,10),outer=TRUE) 



Sys.sleep(0.4)

 

} 



} 






{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from IPython.display import HTML\n",
    "\n",
    "HTML('''<script>\n",
    "code_show=true; \n",
    "function code_toggle() {\n",
    " if (code_show){\n",
    " $('div.input').hide();\n",
    " } else {\n",
    " $('div.input').show();\n",
    " }\n",
    " code_show = !code_show\n",
    "} \n",
    "$( document ).ready(code_toggle);\n",
    "</script>\n",
    "<form action=\"javascript:code_toggle()\"><input type=\"submit\" value=\"Click here to toggle on/off the raw code.\"></form>''')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "%matplotlib notebook\n",
    "from pylab import *\n",
    "import time\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib \n",
    "import matplotlib.pyplot as plt \n",
    "\n",
    "l=0    \n",
    "P = [[0.0,0.3,0.0,0.7,0.0],\n",
    "    [0.1,0.3,0.2,0.3,0.1],\n",
    "    [0.3,0.2,0.1,0.3,0.1],\n",
    "    [0.2,0.5,0.1,0.1,0.1],\n",
    "    [0.2,0.0,0.1,0.1,0.6]]\n",
    "N=100\n",
    "X = np.empty(N+1, dtype=int)\n",
    "Y = np.empty(N+1, dtype=int)\n",
    "for i in range(0,N):\n",
    "    X[i]=i\n",
    "    Y[i]=0\n",
    "Y[0] = 3\n",
    "\n",
    "def path(axarr):\n",
    "    global l,X,Y\n",
    "    axarr.clear()\n",
    "    matplotlib.pyplot.yticks([0,1,2,3,4])\n",
    "    matplotlib.pyplot.xlim((0,N))\n",
    "    axarr.plot(X[0:l+1],Y[0:l+1],marker='.',markersize = 14)\n",
    "    matplotlib.pyplot.yticks([0,1,2,3,4])\n",
    "    matplotlib.pyplot.xlim((0,N))\n",
    "    l=l+1\n",
    "    Y[l]=np.random.choice([0,1,2,3,4],p=P[Y[l-1]])\n",
    "    ff.canvas.draw()\n",
    "    \n",
    "ff, axarr = plt.subplots(1,figsize=(12,10))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "l=0\n",
    "for f in range(N):\n",
    "    path(axarr)\n",
    "    time.sleep(0.1)"
   ]
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {},
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}



library(tcltk) 



# parameter of the geometric distribution 

p=0.5



# Maximum number of time steps 

N=10000 



A=array(10001);



A[1]=10



M=A[1]



m=0;m0=0;



split.screen(c(1,1)) 

 

for(l in seq(1:N))

{

if (A[l]>0) 

{ 

A[l+1]=0

for(lll in seq(1:A[l])) 

{ 

A[l+1]=A[l+1]+rgeom(1,1-p)

} 

}



if (A[l]==0) {A[l+1]=0;m=m+1}



print(l+1)

print(A[l+1])



if (A[l+1]==0 && A[l]>0) {alarm();m0=l}



# if (A[l+1]>0) {tkbell()}



if (A[l+1]>M) {M=A[l+1]}



screen(1,FALSE)



#tkbell()



par(bg = "white")



plot(0:l,A,type="o", xlim=c(0,max(100,l)),ylim=c(0,max(40,M)), xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i",col="blue", main = "Branching process",bty="n")



axis(2,pos=0,at=seq(0,max(40,M),max(1,floor(max(40,M)/10))))



axis(1,pos=0,at=seq(0,max(100,l),max(1,floor(max(100,l)/10))),outer=TRUE)



Sys.sleep(0.4)

 

if (m>5+m0*0.2) {break} 



} 



dev.copy(png,'branching_rescaled.png')

dev.off()




{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from IPython.display import HTML\n",
    "\n",
    "HTML('''<script>\n",
    "code_show=true; \n",
    "function code_toggle() {\n",
    " if (code_show){\n",
    " $('div.input').hide();\n",
    " } else {\n",
    " $('div.input').show();\n",
    " }\n",
    " code_show = !code_show\n",
    "} \n",
    "$( document ).ready(code_toggle);\n",
    "</script>\n",
    "<form action=\"javascript:code_toggle()\"><input type=\"submit\" value=\"Click here to toggle on/off the raw code.\"></form>''')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "%matplotlib notebook\n",
    "from pylab import *\n",
    "import time\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib \n",
    "import matplotlib.pyplot as plt \n",
    "\n",
    "# parameter of the geometric distribution \n",
    "p=0.5\n",
    "\n",
    "N=100\n",
    "A = np.empty(2, dtype=int)\n",
    "B = np.empty(2, dtype=int)\n",
    "  \n",
    "def path(axarr):\n",
    "    global l,A,B\n",
    "    A[0]=l-1;\n",
    "    A[1]=A[0]+1;\n",
    "    B[0]=B[1];\n",
    "    B[1]=0;\n",
    "    if (B[0]>0): \n",
    "        for k in range(1,B[0]): \n",
    "            B[1]=B[1]+np.random.geometric(1-p,1)-1\n",
    "    axarr.plot(A,B,marker='.',markersize = 14,color=\"blue\")\n",
    "    matplotlib.pyplot.yticks(np.arange(0, 45, 5))\n",
    "    matplotlib.pyplot.xlim((0,max(N,l)))\n",
    "    l=l+1\n",
    "    ff.canvas.draw()\n",
    "    if (B[1]==0 and B[0]>0): B[0]=0\n",
    "    time.sleep(0.2)\n",
    "                           \n",
    "ff, axarr = plt.subplots(1, sharex=True,figsize=(12,10))\n",
    "matplotlib.pyplot.yticks(np.arange(0, 45, 5))\n",
    "matplotlib.pyplot.xlim((0,N))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "l=1\n",
    "B[0]=10\n",
    "B[1]=10\n",
    "axarr.clear()\n",
    "while (B[0]>0): path(axarr)\n",
    "\n",
    "axarr.plot(range(l,max(N,l)),[0]*(N-l),marker='.',markersize = 14,color=\"blue\")\n",
    "matplotlib.pyplot.yticks(np.arange(0, 45, 5))\n",
    "matplotlib.pyplot.xlim((0,max(N,l)))\n",
    "ff.canvas.draw()"
   ]
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {},
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}



a=20; b=40;



# Number of time steps 

N=1000 



# Time horizon 

T=1.0 



# Length of time step 

h=T/N 



# Dimension of the transition matrix

dim=2 

 

# Transition matrix P = I + hQ over a small time interval 

P=matrix(c(1-a*h,a*h,b*h,1-b*h),nrow=dim,ncol=dim,byrow=TRUE)



Z=array(N+1);



for(ll in seq(1,N)) {



Z[1]=sample(dim,size=1,prob=P[2,])



# Random simulation of Z[j+1] given Z[j] 

for (j in seq(1,N)) Z[j+1]=sample(dim,size=1,prob=P[Z[j],])



Y=array(N+1);



S=0; 



# Computation of the average over the l first steps 



for(l in seq(1,N+1)) { Z[l]=Z[l]-1;  S=S+Z[l]; Y[l]=S/l; }



X=array(N+1); for(l in seq(1,N+1)) { X[l]=(l-1)*T/N; }



par(mfrow=c(2,1))



plot(X,Z,type="o",xlab="",ylab="",xlim=c(0,T),yaxt="n",xaxt="n",xaxs="i",col="black",main="",pch=20,cex=0.4,bty="n")



axis(1,pos=1,at=seq(0,T,T/10),outer=TRUE,padj=-4,tcl=0.5) 

axis(1,pos=0,at=seq(0,T,T/10),outer=TRUE) 

axis(2,las=2,at=0:1)



plot(X,Y,type="l",yaxt="n",xaxt="n",xlim=c(0,T),xlab="",ylim=c(0,1),ylab="",xaxs="i",col="black",main="",bty="n")



segments( 0 , a/(a+b), N, a/(a+b)) 



axis(2,pos=0,at=c(0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0))



axis(1,pos=0,at=seq(0,T,T/10),outer=TRUE) 



readline(prompt = "Pause. Press <Enter> to continue...") 



} 



dev.off() 


{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from IPython.display import HTML\n",
    "\n",
    "HTML('''<script>\n",
    "code_show=true; \n",
    "function code_toggle() {\n",
    " if (code_show){\n",
    " $('div.input').hide();\n",
    " } else {\n",
    " $('div.input').show();\n",
    " }\n",
    " code_show = !code_show\n",
    "} \n",
    "$( document ).ready(code_toggle);\n",
    "</script>\n",
    "<form action=\"javascript:code_toggle()\"><input type=\"submit\" value=\"Click here to toggle on/off the raw code.\"></form>''')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "from pylab import *\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib.pyplot as plt \n",
    "%matplotlib notebook\n",
    "from ipywidgets import Select,interactive,Dropdown\n",
    "from IPython.display import display\n",
    "\n",
    "# Number of time steps \n",
    "N=1000 \n",
    "\n",
    "# Time horizon \n",
    "T=1.0 \n",
    "\n",
    "# Length of time step \n",
    "h=T/N \n",
    "\n",
    "X = np.empty(N)\n",
    "Y = np.empty(N, dtype=int)\n",
    "Z = np.empty(N)\n",
    "\n",
    "for i in range(0,N): X[i]=i*h\n",
    "    \n",
    "ff, axarr = plt.subplots(2, sharex=True,figsize=(12,10))\n",
    "\n",
    "def path(a=20,b=40):\n",
    "    global X,Y,Z\n",
    "    P = [[1-a*h,a*h],[b*h,1-b*h]]\n",
    "    Y[0] = rm.choice([0,1])\n",
    "    S=Y[0]\n",
    "    Z[0]=S\n",
    "    for i in range(1,N):\n",
    "        Y[i] = np.random.choice([0,1],p=P[Y[i-1]])\n",
    "        S +=Y[i]\n",
    "        Z[i]=S/(i+1)\n",
    "        i += 1\n",
    "    axarr[0].clear()\n",
    "    axarr[1].clear()\n",
    "    axarr[0].plot(X,Y,marker='.',markersize = 10)\n",
    "    plt.axhline(y=a/(a+b),xmin=0,xmax=3,c=\"blue\",linewidth=0.5,zorder=0)\n",
    "    axarr[0].set_title('Chain samples')\n",
    "    axarr[1].set_title('Proportion of samples at state 1')\n",
    "    plt.ylim((0,1))\n",
    "    axarr[1].plot(X,Z)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "interactive(path, a=(0.0, 100, 5), b=(0.0, 100, 5))"
   ]
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {
    "01556756cc1f41ec9923fc15faf6ae99": {
     "views": []
    },
    "04194d9bda1746f18f59cf3af0470203": {
     "views": []
    },
    "2b3cf09e92914c82a8c871ebe54af71b": {
     "views": []
    },
    "69ff395470714add932ba50860e564f1": {
     "views": [
      {
       "cell_index": 2
      }
     ]
    },
    "853668b336ad445ab101a690004c21c0": {
     "views": []
    },
    "ba8da3ee01b442748dcd32e8a0a5044b": {
     "views": []
    }
   },
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}



library(tcltk) 



# Number of time steps 

N=1000 



# Time horizon 

T=1.0 



# Length of time step 

h=T/N 



# Dimension of the transition matrix

dim=5 

 

# Definition of the identity matrix 

I=matrix(c(

1,0,0,0,0, 

0,1,0,0,0, 

0,0,1,0,0, 

0,0,0,1,0, 

0,0,0,0,1 

),nrow=dim,ncol=dim,byrow=TRUE)



# Definition of the infinitesimal generator 

Q=matrix(c(

-40,40,0,0,0, 

20,-40,20,0,0, 

0,10,-30,20,0, 

0,0,20,-60,40,

0,0,0,20,-20 

),nrow=dim,ncol=dim,byrow=TRUE)



# Definition of the transition matrix

P=I+h*Q 



A=array(2);

B=array(2);

C=array(2);



Y=array(N+1);



X=array(N+1); for(l in seq(1,N+1)) { X[l]=l-1; }



B[1]=2

B[2]=2



split.screen(c(1,1)) 

 

A[1]=0;A[2]=h;



screen(1,FALSE) 

plot(A,B-1,type="o", xlim=c(0,T),ylim=c(0,4),xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i",col="red", main = "Birth and death process - embedded chain",cex=1.2,bty="n")



for(l in seq(0:N))

{

A[1]=(l-1)*h;

A[2]=A[1]+h;

B[1]=B[2];

B[2]=sample(dim,size=1,prob=P[B[1],])



screen(1,FALSE)



plot(A,B-1,type="o", xlim=c(0,T),ylim=c(0,4),xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i",col="black", main = "Birth and death process - embedded chain",cex=0.4,bty="n")



if (B[2]!=B[1]) {alarm();

screen(1,FALSE)

C[1]=B[2];C[2]=B[2]

plot(A,C-1,type="o", xlim=c(0,T),ylim=c(0,4),xlab="", ylab="", yaxt="n",xaxt="n",xaxs="i",col="red", main = "Birth and death process - embedded chain",cex=1.2,bty="n")

} 



axis(2,pos=0,at=seq(0,4,1)) 



axis(1,pos=0,at=seq(0,T,T/10),outer=TRUE) 



Sys.sleep(0.02) 



} 






{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "%matplotlib notebook\n",
    "from pylab import *\n",
    "import time\n",
    "import numpy as np\n",
    "import random as rm\n",
    "import matplotlib \n",
    "import matplotlib.pyplot as plt \n",
    "\n",
    "# Number of time steps \n",
    "N=500 \n",
    "\n",
    "# Time horizon \n",
    "T=1.0 \n",
    "\n",
    "# Length of time step \n",
    "h=T/N \n",
    "\n",
    "I = [[1,0,0,0,0],\n",
    "    [0,1,0,0,0],\n",
    "    [0,0,1,0,0],\n",
    "    [0,0,0,1,0],\n",
    "    [0,0,0,0,1]]\n",
    "\n",
    "Q = [[-40.0,40.0,0.0,0.0,0.0],\n",
    "    [20.0,-40.0,20.0,0.0,0.0],\n",
    "    [0.0,10.0,-30.0,20.0,0.0],\n",
    "    [0.0,0.0,20.0,-60.0,40.0],\n",
    "    [0.0,0.0,0.0,20.0,-20.0]]\n",
    "\n",
    "# Definition of the transition matrix\n",
    "P=I+h*np.array(Q) \n",
    "\n",
    "A = np.empty(2)\n",
    "B = np.empty(2, dtype=int)\n",
    "C = np.empty(2, dtype=int)\n",
    "\n",
    "X = np.empty(N)\n",
    "Y = np.empty(N, dtype=int)\n",
    "\n",
    "for i in range(0,N): X[i]=i\n",
    "\n",
    "B[0]=2\n",
    "B[1]=2\n",
    "\n",
    "def path(axarr):\n",
    "    global l,A,B\n",
    "    A[0]=(l-1)*h;\n",
    "    A[1]=A[0]+h;\n",
    "    B[0]=B[1];\n",
    "    B[1]=0;\n",
    "    B[1]=np.random.choice([0,1,2,3,4],p=P[B[0]])\n",
    "    axarr.plot(A,B,marker='.',markersize = 4,color=\"blue\")\n",
    "    if (B[1]!=B[0]):\n",
    "        C[0]=B[1];C[1]=B[1]\n",
    "        axarr.plot(A,C,marker='o',markersize = 8,color=\"red\")\n",
    "    matplotlib.pyplot.yticks([0,1,2,3,4])\n",
    "    matplotlib.pyplot.xlim((0,1))\n",
    "    l=l+1\n",
    "    ff.canvas.draw()\n",
    "                           \n",
    "ff, axarr = plt.subplots(1, sharex=True,figsize=(12,10))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "collapsed": false
   },
   "outputs": [],
   "source": [
    "l=0\n",
    "for f in range(N):\n",
    "    path(axarr)\n",
    "    time.sleep(0.0)"
   ]
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "kernelspec": {
   "display_name": "Python [Root]",
   "language": "python",
   "name": "Python [Root]"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.5.1"
  },
  "widgets": {
   "state": {},
   "version": "1.1.2"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 0
}


