
Winter 2022 - Dan Calderone

Calculus 

Major sources:



Product Rule

<latexit sha1_base64="vep7J2D0YQO5avca6G/pRFJmv+M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuplBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0P/NbY1Sax/LRTBL0IzqQPOSMGivVx71S2a24c5BV4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP5oVNybpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjrZ1wmqUHJFovCVBATk9nXpM8VMiMmllCmuL2VsCFVlBmbTdGG4C2/vEqalxXvuuLVr8rVuzyOApzCGVyABzdQhQeoQQMYIDzDK7w5T86L8+58LFrXnHzmBP7A+fwB5SmNAA==</latexit>v

<latexit sha1_base64="vlc/OveqDdlfYVeH/h0pi+WbYaA=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gPaUDbbTbt0Nwm7k0IJ/QtePCji1T/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVDDpYh4AwVK3k40pyqQvBWM7md+a8y1EXH0hJOE+4oOIhEKRnEmjSt40SuV3ao7B1klXk7KkKPeK311+zFLFY+QSWpMx3MT9DOqUTDJp8VuanhC2YgOeMfSiCpu/Gx+65ScW6VPwljbipDM1d8TGVXGTFRgOxXFoVn2ZuJ/XifF8NbPRJSkyCO2WBSmkmBMZo+TvtCcoZxYQpkW9lbChlRThjaeog3BW355lTQvq9511Xu8Ktfu8jgKcApnUAEPbqAGD1CHBjAYwjO8wpujnBfn3flYtK45+cwJ/IHz+QOAs43j</latexit>

v(t)

<latexit sha1_base64="y9wVaFoRexK6QUAwnU5YpV2ctAA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoioh6LXjxWsB/QhrLZbtqlu0nYnQil9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGSxHxJgqUvJNoTlUgeTsY32V++4lrI+LoEScJ9xUdRiIUjGImpVU875crbs2dg6wSLycVyNHol796g5ilikfIJDWm67kJ+lOqUTDJZ6VeanhC2ZgOedfSiCpu/On81hk5s8qAhLG2FSGZq78nplQZM1GB7VQUR2bZy8T/vG6K4Y0/FVGSIo/YYlGYSoIxyR4nA6E5QzmxhDIt7K2EjaimDG08JRuCt/zyKmld1LyrmvdwWanf5nEU4QROoQoeXEMd7qEBTWAwgmd4hTdHOS/Ou/OxaC04+cwx/IHz+QN/LI3i</latexit>

u(t)

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u

<latexit sha1_base64="pZ+g9IeYS+/Mrc6pr/BKiB2G4TI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QLGF2MpsMmZ1dZ3oDIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFRw8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJv5zRHXRsTqEccJ9yPaVyIUjKKVWmkZz0e2usWSW3HnIKvEy0gJMtS6xa9OL2ZpxBUySY1pe26C/oRqFEzyaaGTGp5QNqR93rZU0YgbfzK/d0rOrNIjYaxtKSRz9ffEhEbGjKPAdkYUB2bZm4n/ee0Uwxt/IlSSIldssShMJcGYzJ4nPaE5Qzm2hDIt7K2EDaimDG1EBRuCt/zyKmlcVLyrivdwWareZnHk4QROoQweXEMV7qEGdWAg4Rle4c15cl6cd+dj0Zpzsplj+APn8wf3eI9F</latexit>

u(t)v(t)

<latexit sha1_base64="tTIa8yAoTjcdYzhDOcr65sD8jUU=">AAACAXicbZDJSgNBEIZ74hbjNupF8NIYhAQhzIiox6AePEYwCyRD6OlUkiY9C70EwhAvvooXD4p49S28+TZ2kgE18YeGj7+qqK7fjzmTynG+rMzS8srqWnY9t7G5tb1j7+7VZKQFhSqNeCQaPpHAWQhVxRSHRiyABD6Huj+4ntTrQxCSReG9GsXgBaQXsi6jRBmrbR8U9EnrBrgiWBd/eFhs23mn5EyFF8FNIY9SVdr2Z6sTUR1AqCgnUjZdJ1ZeQoRilMM419ISYkIHpAdNgyEJQHrJ9IIxPjZOB3cjYV6o8NT9PZGQQMpR4JvOgKi+nK9NzP9qTa26l17CwlgrCOlsUVdzrCI8iQN3mACq+MgAoYKZv2LaJ4JQZULLmRDc+ZMXoXZacs9L7t1ZvnyVxpFFh+gIFZCLLlAZ3aIKqiKKHtATekGv1qP1bL1Z77PWjJXO7KM/sj6+Adk/lTo=</latexit>

(u+�u)(u+�v)

<latexit sha1_base64="UX1A01Rz8z2Bwc/dNdAdyzYN3hU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7T6g0T+SjmaQYxHQoecQZNVbq+CEfDv28X625dXcOskq8gtSgQLNf/fIHCctilIYJqnXPc1MT5FQZzgROK36mMaVsTIfYs1TSGHWQz8+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8XmaimyDnMs0MSrZYFGWCmITMficDrpAZMbGEMsXtrYSNqKLM2IQqNgRv+eVV0r6oe1d17+Gy1rgt4ijDCZzCOXhwDQ24hya0gMEYnuEV3pzUeXHenY9Fa8kpZo7hD5zPH1VXj5I=</latexit>⇢

<latexit sha1_base64="UX1A01Rz8z2Bwc/dNdAdyzYN3hU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7T6g0T+SjmaQYxHQoecQZNVbq+CEfDv28X625dXcOskq8gtSgQLNf/fIHCctilIYJqnXPc1MT5FQZzgROK36mMaVsTIfYs1TSGHWQz8+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8XmaimyDnMs0MSrZYFGWCmITMficDrpAZMbGEMsXtrYSNqKLM2IQqNgRv+eVV0r6oe1d17+Gy1rgt4ijDCZzCOXhwDQ24hya0gMEYnuEV3pzUeXHenY9Fa8kpZo7hD5zPH1VXj5I=</latexit> ⇢ <latexit sha1_base64="RVW1q09NZWGPRoZ1ZbDiKoO26rg=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAhWYVdEbYSgFpYRzAOyIczOziZDZh/M3BHCsrWNv2JjoYitX2Dn3zhJttDEAxcO59zLvff4qeAKHOfbWlhcWl5ZLa2V1zc2t7btnd2mSrSkrEETkci2TxQTPGYN4CBYO5WMRL5gLX94PfZbD0wqnsT3MEpZNyL9mIecEjBSzz7wbpgAgjW+xB6EktAs0HkWQF4Y0LMrTtWZAM8TtyAVVKDes7+8IKE6YjFQQZTquE4K3YxI4FSwvOxpxVJCh6TPOobGJGKqm01eyfGRUQIcJtJUDHii/p7ISKTUKPJNZ0RgoGa9sfif19EQXnQzHqcaWEyni0ItMCR4nAsOuGQUxMgQQiU3t2I6ICYPMOmVTQju7MvzpHlSdc+q7t1ppXZVxFFC++gQHSMXnaMaukV11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AZqWmjo=</latexit>

�u = du
dt�t

<latexit sha1_base64="YZRKWIq8j1ZyHRosYZzTJzPZP/0=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBCFQNgVUS9CUA8eI5gHZJcwOzubDJl9MNMjhCWf4MVf8eJBEa8evfk3TpI9aGJBQ1HVTXeXnwquwLa/rYXFpeWV1cJacX1jc2u7tLPbVImWlDVoIhLZ9oligsesARwEa6eSkcgXrOUPrsd+64FJxZP4HoYp8yLSi3nIKQEjdUtHuuLeMAEEa3xpqoJdCCWhWaBHWQCj3IRuqWxX7QnwPHFyUkY56t3SlxskVEcsBiqIUh3HTsHLiAROBRsVXa1YSuiA9FjH0JhETHnZ5KERPjRKgMNEmooBT9TfExmJlBpGvumMCPTVrDcW//M6GsILL+NxqoHFdLoo1AJDgsfp4IBLRkEMDSFUcnMrpn1i8gCTYdGE4My+PE+aJ1XnrOrcnZZrV3kcBbSPDtAxctA5qqFbVEcNRNEjekav6M16sl6sd+tj2rpg5TN76A+szx/6cpv2</latexit>

u+�u = u+ du
dt�t

<latexit sha1_base64="ugZbl1x6c6WUarSSWc2PqCqciSw=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0URCjURUTdCURcuK9gHNKVMJpM6dPJg5iZQQj/Djb/ixoUibrvzb5y2WWjrgYHDOedy5x43FlyBZX0bhaXlldW14nppY3Nre8fc3WuqKJGUNWgkItl2iWKCh6wBHARrx5KRwBWs5Q5uJ34rZVLxKHyEYcy6AemH3OeUgJZ65mlace6YAIJTfIyvsePgUoormjvgS0IzLx1lHozyEPTMslW1psCLxM5JGeWo98yx40U0CVgIVBClOrYVQzcjEjgVbFRyEsViQgekzzqahiRgqptNDxvhI6142I+kfiHgqfp7IiOBUsPA1cmAwJOa9ybif14nAf+qm/EwToCFdLbITwSGCE9awh6XjIIYakKo5PqvmD4R3QfoLku6BHv+5EXSPKvaF1X74bxcu8nrKKIDdIhOkI0uUQ3dozpqIIqe0St6Rx/Gi/FmfBpfs2jByGf20R8Y4x+hp524</latexit>

v +�v =

v+dv
dt�t

<latexit sha1_base64="6Cs+K61TgOj2+/MADcmFzmdSVpA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIRdSMUdeGygn1AE8pkMmmHTh7M3BRKyNqNv+LGhSJu/QJ3/o3TNgttPXDhcM693HuPlwiuwLK+jdLS8srqWnm9srG5tb1j7u61VJxKypo0FrHseEQxwSPWBA6CdRLJSOgJ1vaGNxO/PWJS8Th6gHHC3JD0Ix5wSkBLPfPQuWUCCB7hK+xAIAnN/FGe+ZAXBvTMqlWzpsCLxC5IFRVo9Mwvx49pGrIIqCBKdW0rATcjEjgVLK84qWIJoUPSZ11NIxIy5WbTV3J8rBUfB7HUFQGeqr8nMhIqNQ493RkSGKh5byL+53VTCC7djEdJCiyis0VBKjDEeJIL9rlkFMRYE0Il17diOiA6D9DpVXQI9vzLi6R1WrPPa/b9WbV+XcRRRgfoCJ0gG12gOrpDDdREFD2iZ/SK3own48V4Nz5mrSWjmNlHf2B8/gCdxJo8</latexit>

�v = dv
dt�t

<latexit sha1_base64="PZLCwYQxZ5fH2s/S4PimkCQLiCo=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSBEkLArol6EoB48RjAPSEKYnZ1Nhsw+mOkJhCU/4cVf8eJBEa+CN//G2SSCJhY0FFXddHd5ieAKHOfLWlhcWl5Zza3l1zc2t7btnd2airWkrEpjEcuGRxQTPGJV4CBYI5GMhJ5gda9/nfn1AZOKx9E9DBPWDkk34gGnBIzUsY8HRTjCrRsmgGCN8SXOhBYEktDU16PUh9GPDR274JScMfA8caekgKaodOzPlh9THbIIqCBKNV0ngXZKJHAq2Cjf0oolhPZJlzUNjUjIVDsdfzXCh0bxcRBLUxHgsfp7IiWhUsPQM50hgZ6a9TLxP6+pIbhopzxKNLCIThYFWmCIcRYR9rlkFMTQEEIlN7di2iMmEDBB5k0I7uzL86R2UnLPSu7daaF8NY0jh/bRASoiF52jMrpFFVRFFD2gJ/SCXq1H69l6s94nrQvWdGYP/YH18Q32qJ1+</latexit>

v(t)�u = v(t)dudt�t

<latexit sha1_base64="WqDxuyEcwuCB5Fp+2Dh9a38fEfE=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgVpCQi6kYo6sJlBfuANpTJZNIOnUzCzE2hhPyEG3/FjQtF3Aru/BunD0FbD1w4nHMv997jxYJrsO0va2FxaXllNbeWX9/Y3Nou7OzWdZQoymo0EpFqekQzwSWrAQfBmrFiJPQEa3j965HfGDCleSTvYRgzNyRdyQNOCRipUzhOSnCE2zdMAMEDjC/xSGhDoAhN/UGW+pD92NApFO2yPQaeJ86UFNEU1U7hs+1HNAmZBCqI1i3HjsFNiQJOBcvy7USzmNA+6bKWoZKETLvp+KsMHxrFx0GkTEnAY/X3REpCrYehZzpDAj09643E/7xWAsGFm3IZJ8AknSwKEoEhwqOIsM8VoyCGhhCquLkV0x4xgYAJMm9CcGZfnif1k7JzVnbuTouVq2kcObSPDlAJOegcVdAtqqIaougBPaEX9Go9Ws/Wm/U+aV2wpjN76A+sj2/2kJ1+</latexit>

u(t)�v = u(t)dvdt�t

<latexit sha1_base64="npFmgVV/mO53bi+80T77HYVTM1E=">AAAB+nicbZDLSgNBEEVrfMb4mujSTWMQXIUZEXUZ1IXLCOYByRB6OjVJk54H3T2RMOZT3LhQxK1f4s6/sZPMQhMvNBxuVVHV108EV9pxvq2V1bX1jc3CVnF7Z3dv3y4dNFScSoZ1FotYtnyqUPAI65prga1EIg19gU1/eDOtN0coFY+jBz1O0AtpP+IBZ1Qbq2uXOrcoNCUpyWHUtctOxZmJLIObQxly1br2V6cXszTESDNBlWq7TqK9jErNmcBJsZMqTCgb0j62DUY0ROVls9Mn5MQ4PRLE0rxIk5n7eyKjoVLj0DedIdUDtVibmv/V2qkOrryMR0mqMWLzRUEqiI7JNAfS4xKZFmMDlElubiVsQCVl2qRVNCG4i19ehsZZxb2ouPfn5ep1HkcBjuAYTsGFS6jCHdSgDgwe4Rle4c16sl6sd+tj3rpi5TOH8EfW5w8CvZMy</latexit>

�u�v
<latexit sha1_base64="7nkeQ0+N6kGsawFfOKDwEBUJdfM=">AAACIHicbVDLSgMxFM34tr6qLt0Ei+CqzIhYl6IuXEkVW4VOKXfS22kw8yC5o5ahn+LGX3HjQhHd6deYPha+DgROzrmH5J4gVdKQ6344E5NT0zOzc/OFhcWl5ZXi6lrdJJkWWBOJSvRVAAaVjLFGkhRepRohChReBtdHA//yBrWRSXxBvRSbEYSx7EgBZKVWseIT3lF+iqGSobQp3ue+XxipYAa3Y1QEnLh/LsMugdbJLXdbxZJbdofgf4k3JiU2RrVVfPfbicgijEkoMKbhuSk1c9AkhcJ+wc8MpiCuIcSGpTFEaJr5cME+37JKm3cSbU9MfKh+T+QQGdOLAjsZAXXNb28g/uc1MursN3MZpxlhLEYPdTLFKeGDtnhbahSkepaA0NL+lYsuaBBkOy3YErzfK/8l9Z2yt1f2znZLB4fjOubYBttk28xjFXbATliV1Zhg9+yRPbMX58F5cl6dt9HohDPOrLMfcD6/AA2youA=</latexit>

Negligible

as �t ) 0

<latexit sha1_base64="xvbNn2AfrrvLpmuuoCvDONDvESo=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARKkJJRFQQodSNywr2Ak0ok8mkHTq5MJdCCX0YN76KGxdecOHGZ3GaRtDWA8P8fP85zJzfSxgV0rI+jcLS8srqWnG9tLG5tb1j7u61RKw4Jk0cs5h3PCQIoxFpSioZ6SScoNBjpO0Nb6Z+e0S4oHF0L8cJcUPUj2hAMZIa9cwrJ+AIp/4k9eXEqdN+RY2m1zG8hrmlMm8ET6D6QaMM9cyyVbWygovCzkUZ5NXomW+OH2MVkkhihoTo2lYi3RRxSTEjk5KjBEkQHqI+6WoZoZAIN82WnMAjTXwYxFyfSMKM/p5IUSjEOPR0Z4jkQMx7U/if11UyuHRTGiVKkgjPHgoUgzKG08SgTznBko21QJhT/VeIB0jnIHWuJR2CPb/yomidVu3zqn13Vq7V8ziK4AAcggqwwQWogVvQAE2AwQN4Ai/g1Xg0no1342PWWjDymX3wp4yvb4wwpWE=</latexit>

d

dt

⇣
uv

⌘
=

du

dt
v + u

dv

dt

<latexit sha1_base64="7W12XYw2JMW6fxv+EcTDcY4mNAI=">AAACDXicbVC7TsNAEDyHd3gZKGlOBCSqyEYIEBWChjJIJCAlUXQ+r+GUs8+6W0dEVn6Ahl+hoQAhWno6/oaL44LXVKOZWe3uBKkUBj3v06lMTc/Mzs0vVBeXlldW3bX1llGZ5tDkSip9HTADUiTQRIESrlMNLA4kXAX9s7F/NQBthEoucZhCN2Y3iYgEZ2ilnrvdQbjDvKFVmHGkOpNAI6VpCFoMbGYA5njUc2te3StA/xK/JDVSotFzPzqh4lkMCXLJjGn7XordnGkUXMKo2skMpIz32Q20LU1YDKabF9+M6I5VwuKISCVIC/X7RM5iY4ZxYJMxw1vz2xuL/3ntDKOjbi6SNENI+GRRlEmKio6roaHQwFEOLWFcC3sr5bdMM462wKotwf/98l/S2qv7B3X/Yr92clrWMU82yRbZJT45JCfknDRIk3ByTx7JM3lxHpwn59V5m0QrTjmzQX7Aef8CRxCcUg==</latexit>

Product rule for derivatives:

<latexit sha1_base64="PZLCwYQxZ5fH2s/S4PimkCQLiCo=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSBEkLArol6EoB48RjAPSEKYnZ1Nhsw+mOkJhCU/4cVf8eJBEa+CN//G2SSCJhY0FFXddHd5ieAKHOfLWlhcWl5Zza3l1zc2t7btnd2airWkrEpjEcuGRxQTPGJV4CBYI5GMhJ5gda9/nfn1AZOKx9E9DBPWDkk34gGnBIzUsY8HRTjCrRsmgGCN8SXOhBYEktDU16PUh9GPDR274JScMfA8caekgKaodOzPlh9THbIIqCBKNV0ngXZKJHAq2Cjf0oolhPZJlzUNjUjIVDsdfzXCh0bxcRBLUxHgsfp7IiWhUsPQM50hgZ6a9TLxP6+pIbhopzxKNLCIThYFWmCIcRYR9rlkFMTQEEIlN7di2iMmEDBB5k0I7uzL86R2UnLPSu7daaF8NY0jh/bRASoiF52jMrpFFVRFFD2gJ/SCXq1H69l6s94nrQvWdGYP/YH18Q32qJ1+</latexit>

v(t)�u = v(t)dudt�t



Product rule to integration by parts

<latexit sha1_base64="vep7J2D0YQO5avca6G/pRFJmv+M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuplBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0P/NbY1Sax/LRTBL0IzqQPOSMGivVx71S2a24c5BV4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP5oVNybpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjrZ1wmqUHJFovCVBATk9nXpM8VMiMmllCmuL2VsCFVlBmbTdGG4C2/vEqalxXvuuLVr8rVuzyOApzCGVyABzdQhQeoQQMYIDzDK7w5T86L8+58LFrXnHzmBP7A+fwB5SmNAA==</latexit>v

<latexit sha1_base64="kpQ5LLsP3r4AMkHqW8efCszpNXY=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6rHoxWMF+wFtKJvtpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAQ36Hnfzsrq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkayFGwdqIZiUPBWuHoduq3npg2XMkHHCcsiMlA8ohTglZqphXs+We9UtmrejO4y8TPSRly1Hulr25f0TRmEqkgxnR8L8EgIxo5FWxS7KaGJYSOyIB1LJUkZibIZtdO3FOr9N1IaVsS3Zn6eyIjsTHjOLSdMcGhWfSm4n9eJ8XoOsi4TFJkks4XRalwUbnT190+14yiGFtCqOb2VpcOiSYUbUBFG4K/+PIyaZ5X/cuqf39Rrt3kcRTgGE6gAj5cQQ3uoA4NoPAIz/AKb45yXpx352PeuuLkM0fwB87nD6ZijoY=</latexit>

u(t1)

<latexit sha1_base64="db1G8eGqfGet3WekztVycKwZysI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7aZduNnF3Uimhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4Ph7dRvjrg2IlYPOE64H9G+EqFgFK3kI+lo0R8g1Tp+6pbKbsWdgSwTLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjkk2InNTyhbEj7vG2pohE3fjY7ekJOrdIjYaxtKSQz9fdERiNjxlFgOyOKA7PoTcX/vHaK4bWfCZWkyBWbLwpTSTAm0wRIT2jOUI4toUwLeythA6opQ5tT0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjB4hGd4hTdn5Lw4787HvHXFyWeO4A+czx/11JI7</latexit>

t !

<latexit sha1_base64="ol9+Ph7k5ZjJRPRYPJc+msfJpfI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2E3iHoMevEYwTwgWcLsZDYZM7uzzPQKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR06hUM95gSirdDqjhUsS8gQIlbyea0yiQvBWMbmd+64lrI1T8gOOE+xEdxCIUjKKVmmkZe9XzXrHkVtw5yCrxMlKCDPVe8avbVyyNeIxMUmM6npugP6EaBZN8WuimhieUjeiAdyyNacSNP5lfOyVnVumTUGlbMZK5+ntiQiNjxlFgOyOKQ7PszcT/vE6K4bU/EXGSIo/ZYlGYSoKKzF4nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/zyKmlWK95lxbu/KNVusjjycAKnUAYPrqAGd1CHBjB4hGd4hTdHOS/Ou/OxaM052cwx/IHz+QOn546H</latexit>

u(t2)

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u

<latexit sha1_base64="KsIJjUmiUBLCr6z3vS0cCGUZza0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqBeh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmC/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbRqVe+y6j1cVOq3eRxFOIFTOAcPrqAO99CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMOzo68</latexit>

t = t2
<latexit sha1_base64="f+E4sSy+WIYBuRDBkvjjhSEbrC0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QLGF2MpuMmd1ZZnoDIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFRw6hUM15nSirdCqjhUsS8jgIlbyWa0yiQvBkM72Z+c8S1ESp+xHHC/Yj2YxEKRtFKjVEZuxfn3WLJrbhzkFXiZaQEGWrd4lenp1ga8RiZpMa0PTdBf0I1Cib5tNBJDU8oG9I+b1sa04gbfzK/dkrOrNIjodK2YiRz9ffEhEbGjKPAdkYUB2bZm4n/ee0Uwxt/IuIkRR6zxaIwlQQVmb1OekJzhnJsCWVa2FsJG1BNGdqACjYEb/nlVdK4qHhXFe/hslS9zeLIwwmcQhk8uIYq3EMN6sDgCZ7hFd4c5bw4787HojXnZDPH8AfO5w+pcI6I</latexit>

v(t2)

<latexit sha1_base64="pHzYmtRepBSoBc2v+CBGE0kZj2k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QLGF2MpuMmZ1dZnoDIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFRw8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJv5zRHXRsTqEccJ9yPaVyIUjKKVGqMydr3zbrHkVtw5yCrxMlKCDLVu8avTi1kacYVMUmPanpugP6EaBZN8WuikhieUDWmfty1VNOLGn8yvnZIzq/RIGGtbCslc/T0xoZEx4yiwnRHFgVn2ZuJ/XjvF8MafCJWkyBVbLApTSTAms9dJT2jOUI4toUwLeythA6opQxtQwYbgLb+8ShoXFe+q4j1clqq3WRx5OIFTKIMH11CFe6hBHRg8wTO8wpsTOy/Ou/OxaM052cwx/IHz+QOn646H</latexit>

v(t1)

<latexit sha1_base64="bgueRR/UgXMw0fHv32pWtwt4mX4="></latexit>Z t2

t1

d

dt

⇣
uv

⌘
dt =

Z t2

t1

du

dt
v + u

dv

dt
dt

<latexit sha1_base64="R1m9ICQUSrqIwiIHmfI4GAAHv3Q="></latexit>Z t2

t1

d

dt

⇣
uv

⌘
dt =

Z t2

t1

du

dt
v + u

dv

dt
dt

h
uv

it2
t1

=

Z u(t2)

u(t1)
v du+

Z v(t2)

v(t1)
u dv

<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>)

<latexit sha1_base64="KAROHFjwR6BBrt2CqaJAB7+5vmQ=">AAACD3icbVA9SwNBEN3zM8avU0ubxaBYHXciahm00S6C+YAkhL3NJFmyt3fszonhyD+w8a/YWChia2vnv3HzUWjig4HHezPMzAsTKQz6/rezsLi0vLKaW8uvb2xubbs7uxUTp5pDmccy1rWQGZBCQRkFSqglGlgUSqiG/auRX70HbUSs7nCQQDNiXSU6gjO0Uss9aiA8YHajELraaqpLsQc00XE75Uh1KsHzvGHLLfiePwadJ8GUFMgUpZb71WjHPI1AIZfMmHrgJ9jMmEbBJQzzjdRAwnifdaFuqWIRmGY2/mdID63Spp1Y21JIx+rviYxFxgyi0HZGDHtm1huJ/3n1FDsXzUyoJEVQfLKok0qKMR2FQ9tCA0c5sIRxLeytlPeYZhxthHkbQjD78jypnHjBmRfcnhaKl9M4cmSfHJBjEpBzUiTXpETKhJNH8kxeyZvz5Lw4787HpHXBmc7skT9wPn8AEKGcpg==</latexit>

Integrating the product rule...
<latexit sha1_base64="uhQl4wDuHZ1i8R18RkpYoqD3CJ8=">AAACDnicbVDLSgMxFM3UV62vqks3wVJwNcyIqMuiG5cV7APaUjLpbRuayQzJHbEM/QI3/oobF4q4de3OvzGddqGtBwKHc+5Nck4QS2HQ876d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGF1P/cY9aCMidYfjGDohGyjRF5yhlbrFchvhAVPXdTGiA0AqFMJAZy4NxjRmGs2kWyx5rpeBLhN/Tkpkjmq3+NXuRTwJQSGXzJiW78XYSe1lgkuYFNqJgZjxERtAy1LFQjCdNIszoWWr9Gg/0vYopJn6eyNloTHjMLCTIcOhWfSm4n9eK8H+ZScVKk4QFJ891E8ktdGn3dCe0MBRji1hXAv7V8qHTDOOtsGCLcFfjLxM6qeuf+76t2elytW8jjw5IsfkhPjkglTIDamSGuHkkTyTV/LmPDkvzrvzMRvNOfOdQ/IHzucP9lOcEg==</latexit>

...to get integration by parts



Leibniz Integral Rule



Vector Derivatives

Scalar Derivatives:

Vector Derivatives:

Derivative:   linear map that estimates         given

Function:
<latexit sha1_base64="L1yRd5Q0+ms6ZXY4Bx8kMaHs3ds=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclURExVXRjcsK9iFNKJPppB06mQkzE6WEfIEbf8WNC0Xcunbn3zhpA2rrgQuHc+7l3nuCmFGlHefLWlhcWl5ZLa2V1zc2t7btnd2WEonEpIkFE7ITIEUY5aSpqWakE0uCooCRdjC6zP32HZGKCn6jxzHxIzTgNKQYaSP17Gp4Dr0I6SFGLO1knqSDoUZSivsf+Tbr2RWn5kwA54lbkAoo0OjZn15f4CQiXGOGlOq6Tqz9FElNMSNZ2UsUiREeoQHpGspRRJSfTt7JYNUofRgKaYprOFF/T6QoUmocBaYzP1HNern4n9dNdHjmp5THiSYcTxeFCYNawDwb2KeSYM3GhiAsqbkV4iGSCGuTYNmE4M6+PE9aRzX3pOZeH1fqF0UcJbAPDsAhcMEpqIMr0ABNgMEDeAIv4NV6tJ6tN+t92rpgFTN74A+sj2/3BZy1</latexit>

f : X ! Y
<latexit sha1_base64="+MBht1p+9FbPjOOzS2UWVxtyF3s=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS9kVUS9C0YvHCvYD2qVk02wbmk3WJCsuS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qkSjMp7k0aUz/CA8FCRrCxUjtFVyisPJ30SmW36k6BFomXkzLkqPdKX92+JElEhSEca93x3Nj4GVaGEU7HxW6iaYzJCA9ox1KBI6r9bHrvGB1bpY9CqWwJg6bq74kMR1qnUWA7I2yGet6biP95ncSEl37GRJwYKshsUZhwZCSaPI/6TFFieGoJJorZWxEZYoWJsREVbQje/MuLpHla9c6r3t1ZuXadx1GAQziCCnhwATW4hTo0gACHZ3iFN+fBeXHenY9Z65KTzxzAHzifP3zBjvU=</latexit>

y = f(x)
<latexit sha1_base64="hEulwBiFVIDy4A7WGU/UUmDT/JA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYSgJe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7N7J+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaikg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAg4Ble4c15dF6cd+dj3lpw8plD+APn8wd8NY+c</latexit>

�f
<latexit sha1_base64="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x
<latexit sha1_base64="csmFesYahevgp3cB9QqtS/FHvVo=">AAACJnicbZBNS8MwGMdTX+d8q3r0EhyCp9GKqJfBUA8eJ7gXWMtIs3QLS9OSpLJS+mm8+FW8eJiIePOjmG4VdfOBwI///3mSPH8vYlQqy/owlpZXVtfWSxvlza3tnV1zb78lw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90nfvtByIkDfm9SiLiBmjAqU8xUlrqmTXnhjCFYAJrsEBfI3R8gXDqREgoihj0sx8eZ9+d455ZsarWtOAi2AVUQFGNnjlx+iGOA8IVZkjKrm1Fyk3zmzEjWdmJJYkQHqEB6WrkKCDSTadrZvBYK33oh0IfruBU/T2RokDKJPB0Z4DUUM57ufif142Vf+mmlEexIhzPHvJjBlUI88xgnwqCFUs0ICyo/ivEQ6QDUjrZsg7Bnl95EVqnVfu8at+dVepXRRwlcAiOwAmwwQWog1vQAE2AwSN4BhPwajwZL8ab8T5rXTKKmQPwp4zPLyxwpG4=</latexit>

�y = �f =
@f

@x
�x

<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="tEE2grLMWx9bvVO/kJUERMf5rw0=">AAACS3icfZBLSwMxFIUz1Wqtr6pLN8EiCEKZEVE3QlEXLivYB3RKyaSZNpjJDMkdsQz9f27cuPNPuHGhiAsz7YC1FS8EPs69Jzc5XiS4Btt+sXILi/ml5cJKcXVtfWOztLXd0GGsKKvTUISq5RHNBJesDhwEa0WKkcATrOndXab95j1TmofyFoYR6wSkL7nPKQEjdUveOXZ9RWjiRkQBJwL7ox9+6Doj7F4xASRlfIhd2gtBp/CfS065zJKyXbHHhefByaCMsqp1S89uL6RxwCRQQbRuO3YEnSS9nQo2KrqxZhGhd6TP2gYlCZjuJOMsRnjfKD3sh8ocCXisTjsSEmg9DDwzGRAY6NleKv7Va8fgn3USLqMYmKSTRX4sMIQ4DRb3uGIUxNAAoYqbt2I6ICYkMPEXTQjO7JfnoXFUcU4qzs1xuXqRxVFAu2gPHSAHnaIqukY1VEcUPaJX9I4+rCfrzfq0viajOSvz7KBflct/A3Trsxg=</latexit>

=
@f

@x1
�x1 + · · ·+ @f

@xn
�xn

<latexit sha1_base64="CH/uKYto6b8K0oa6Jd+i09GqJcc=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi6rLoxmUV+4A2LZPppB06mYSZiVJC/sONC0Xc+i/u/BsnbRbaemDgcM693DPHjzlT2nG+rdLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO1PbnK//UilYpF40NOYeiEeCRYwgrWR+r0Q67Hvp/dZPxXZwK46NWcGtEzcglShQGNgf/WGEUlCKjThWKmu68TaS7HUjHCaVXqJojEmEzyiXUMFDqny0lnqDJ0YZYiCSJonNJqpvzdSHCo1DX0zmadUi14u/ud1Ex1ceSkTcaKpIPNDQcKRjlBeARoySYnmU0MwkcxkRWSMJSbaFFUxJbiLX14mrbOae1Fz786r9euijjIcwTGcgguXUIdbaEATCEh4hld4s56sF+vd+piPlqxi5xD+wPr8ARNVkuQ=</latexit>

Rn<latexit sha1_base64="RxXBI2R/G2Sgk+2sYjF30k/QpIA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5dV7APaacmkaRuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTRJxp47rfTmFldW19o7hZ2tre2d0r7x80dRgrQhsk5KFqB1hTziRtGGY4bUeKYhFw2gomN5nfeqRKs1A+mGlEfYFHkg0ZwcZKva7AZhwEyX3aS0TaL1fcqjsDWiZeTiqQo94vf3UHIYkFlYZwrHXHcyPjJ1gZRjhNS91Y0wiTCR7RjqUSC6r9ZJY6RSdWGaBhqOyTBs3U3xsJFlpPRWAns5R60cvE/7xObIZXfsJkFBsqyfzQMObIhCirAA2YosTwqSWYKGazIjLGChNjiyrZErzFLy+T5lnVu6h6d+eV2nVeRxGO4BhOwYNLqMEt1KEBBBQ8wyu8OU/Oi/PufMxHC06+cwh/4Hz+ABHQkuM=</latexit>

Rm
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="0XzClLy6+EJWo/gtCx2w13PMkno=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlh9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh5lzXvvl5p3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDbleN1w==</latexit>

f(x)
<latexit sha1_base64="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x
<latexit sha1_base64="hEulwBiFVIDy4A7WGU/UUmDT/JA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYSgJe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7N7J+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaikg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAg4Ble4c15dF6cd+dj3lpw8plD+APn8wd8NY+c</latexit>

�f

<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

…partial

derivative


rule

row vector

Vector 
perturbation

<latexit sha1_base64="E5Zgt/2NsW776rQp74G7ThGmGdU=">AAACDXicbVBNS8NAEN34WetX1KOXxSp4KomIiqeiF49V7Ac0pWy2m3bpJht2J0oJ/QNe/CtePCji1bs3/42bNofa+mDg8d4MM/P8WHANjvNjLSwuLa+sFtaK6xubW9v2zm5dy0RRVqNSSNX0iWaCR6wGHARrxoqR0Bes4Q+uM7/xwJTmMrqHYczaIelFPOCUgJE69mFwib2QQN/307sR9hTv9YEoJR+n5I5dcsrOGHieuDkpoRzVjv3tdSVNQhYBFUTrluvE0E6JAk4FGxW9RLOY0AHpsZahEQmZbqfjb0b4yChdHEhlKgI8VqcnUhJqPQx905ldqGe9TPzPayUQXLRTHsUJsIhOFgWJwCBxFg3ucsUoiKEhhCpubsW0TxShYAIsmhDc2ZfnSf2k7J6V3dvTUuUqj6OA9tEBOkYuOkcVdIOqqIYoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1C5Hrm+Y=</latexit>

f : R ! R

<latexit sha1_base64="DpH12tSY9u0ZojKHFLJQR1zR3es=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQlCgJgqWBgLog+pCZXjOq1Vx45sB1RF/QMWfoWFAYRYWdn4G5w2Q2k50pWOzrlX994TxIwq7Tg/VmFhcWl5pbhaWlvf2Nyyt3caSiQSkzoWTMhWgBRhlJO6ppqRViwJigJGmsHgKvObD0QqKvidHsbEj1CP05BipI3UsQ/DC+hFSPeDIL0d3XPoSdrraySleJwyOnbZqThjwHni5qQMctQ69rfXFTiJCNeYIaXarhNrP0VSU8zIqOQlisQID1CPtA3lKCLKT8f/jOCBUbowFNIU13CsTk+kKFJqGAWmM7tQzXqZ+J/XTnR47qeUx4kmHE8WhQmDWsAsHNilkmDNhoYgLKm5FeI+kghrE2HJhODOvjxPGscV97Ti3pyUq5d5HEWwB/bBEXDBGaiCa1ADdYDBE3gBb+DderZerQ/rc9JasPKZXfAH1tcvLiecxg==</latexit>

f : Rn ! R

<latexit sha1_base64="csmFesYahevgp3cB9QqtS/FHvVo=">AAACJnicbZBNS8MwGMdTX+d8q3r0EhyCp9GKqJfBUA8eJ7gXWMtIs3QLS9OSpLJS+mm8+FW8eJiIePOjmG4VdfOBwI///3mSPH8vYlQqy/owlpZXVtfWSxvlza3tnV1zb78lw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90nfvtByIkDfm9SiLiBmjAqU8xUlrqmTXnhjCFYAJrsEBfI3R8gXDqREgoihj0sx8eZ9+d455ZsarWtOAi2AVUQFGNnjlx+iGOA8IVZkjKrm1Fyk3zmzEjWdmJJYkQHqEB6WrkKCDSTadrZvBYK33oh0IfruBU/T2RokDKJPB0Z4DUUM57ufif142Vf+mmlEexIhzPHvJjBlUI88xgnwqCFUs0ICyo/ivEQ6QDUjrZsg7Bnl95EVqnVfu8at+dVepXRRwlcAiOwAmwwQWog1vQAE2AwSN4BhPwajwZL8ab8T5rXTKKmQPwp4zPLyxwpG4=</latexit>

�y = �f =
@f

@x
�x

<latexit sha1_base64="DxH0qvwiTe7mO1O1qDQxmcV7eKw="></latexit>

�f =


@f

@x1
· · · @f

@xn

�
�x

<latexit sha1_base64="Zi4PTC055HwPPiyLOeXqkZn3VNM=">AAACKXicbVDLSsNAFJ34rPVVdelmsAiuSiKiLou6cFnBVqEpYTK5qYOTSZi5KS2hv+PGX3GjoKhbf8RpreLrwMDhnHuYe0+YSWHQdV+cqemZ2bn50kJ5cWl5ZbWytt4yaa45NHkqU30ZMgNSKGiiQAmXmQaWhBIuwuvjkX/RA21Eqs5xkEEnYV0lYsEZWimo1P0QukIVYcJQi/6Q+icgkdF+4FHfp34vStGM2aeuqA8q+goElapbc8egf4k3IVUyQSOoPPhRyvMEFHLJjGl7boadgmkUXMKw7OcGMsavWRfaliqWgOkU40uHdNsqEY1TbZ9COla/JwqWGDNIQjtp97syv72R+J/XzjE+7BRCZTmC4h8fxbmkmNJRbTQSGjjKgSWMa2F3pfyKacbRllu2JXi/T/5LWrs1b7/mne1V60eTOkpkk2yRHeKRA1Inp6RBmoSTG3JHHsmTc+vcO8/O68folDPJbJAfcN7eAZUPptg=</latexit>2

64
�x1
...

�xn

3

75

<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="CH/uKYto6b8K0oa6Jd+i09GqJcc=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi6rLoxmUV+4A2LZPppB06mYSZiVJC/sONC0Xc+i/u/BsnbRbaemDgcM693DPHjzlT2nG+rdLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO1PbnK//UilYpF40NOYeiEeCRYwgrWR+r0Q67Hvp/dZPxXZwK46NWcGtEzcglShQGNgf/WGEUlCKjThWKmu68TaS7HUjHCaVXqJojEmEzyiXUMFDqny0lnqDJ0YZYiCSJonNJqpvzdSHCo1DX0zmadUi14u/ud1Ex1ceSkTcaKpIPNDQcKRjlBeARoySYnmU0MwkcxkRWSMJSbaFFUxJbiLX14mrbOae1Fz786r9euijjIcwTGcgguXUIdbaEATCEh4hld4s56sF+vd+piPlqxi5xD+wPr8ARNVkuQ=</latexit>

Rn
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="0XzClLy6+EJWo/gtCx2w13PMkno=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlh9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh5lzXvvl5p3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDbleN1w==</latexit>

f(x)

<latexit sha1_base64="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x
<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

Vector Derivatives: 

scalar functions

vector functions

<latexit sha1_base64="pPvKUAQ30cze3g1V+qLz50qHa6w=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqVCUIAWKqYGEsiD6kJlSO67RWbSeyHVAV9RdY+BUWBhBiZWPjb3DaDKXlSFc6Oude3XtPEDOqtOP8WIWl5ZXVteJ6aWNza3vH3t1rqiiRmDRwxCLZDpAijArS0FQz0o4lQTxgpBUMrzK/9UCkopG406OY+Bz1BQ0pRtpIXbsSXkCPIz0IgvR2fC+gJ2l/oJGU0eOswbt22ak6E8BF4uakDHLUu/a314twwonQmCGlOq4Taz9FUlPMyLjkJYrECA9Rn3QMFYgT5aeTj8bwyCg9GEbSlNBwos5OpIgrNeKB6cxuVPNeJv7ndRIdnvspFXGiicDTRWHCoI5gFg/sUUmwZiNDEJbU3ArxAEmEtQmxZEJw519eJM3jqntadW9OyrXLPI4iOACHoAJccAZq4BrUQQNg8ARewBt4t56tV+vD+py2Fqx8Zh/8gfX1C8oOnaU=</latexit>

f : Rn ! Rm

<latexit sha1_base64="lKOcC77Z1wiiOyXyVq2kpY/TFzk="></latexit>2

64

@f1
@x1

· · · @f1
@xn

...
...

@fm
@x1

· · · @fm
@xn

3

75

<latexit sha1_base64="Zi4PTC055HwPPiyLOeXqkZn3VNM=">AAACKXicbVDLSsNAFJ34rPVVdelmsAiuSiKiLou6cFnBVqEpYTK5qYOTSZi5KS2hv+PGX3GjoKhbf8RpreLrwMDhnHuYe0+YSWHQdV+cqemZ2bn50kJ5cWl5ZbWytt4yaa45NHkqU30ZMgNSKGiiQAmXmQaWhBIuwuvjkX/RA21Eqs5xkEEnYV0lYsEZWimo1P0QukIVYcJQi/6Q+icgkdF+4FHfp34vStGM2aeuqA8q+goElapbc8egf4k3IVUyQSOoPPhRyvMEFHLJjGl7boadgmkUXMKw7OcGMsavWRfaliqWgOkU40uHdNsqEY1TbZ9COla/JwqWGDNIQjtp97syv72R+J/XzjE+7BRCZTmC4h8fxbmkmNJRbTQSGjjKgSWMa2F3pfyKacbRllu2JXi/T/5LWrs1b7/mne1V60eTOkpkk2yRHeKRA1Inp6RBmoSTG3JHHsmTc+vcO8/O68folDPJbJAfcN7eAZUPptg=</latexit>2

64
�x1
...

�xn

3

75
<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="vUakt+7dOmVfeFDnAPPAkP4hsn4=">AAACC3icbVDLSsNAFL3xWeMr6tLN0CK4KomIuiy6cVnBPqANYTKdtEMnD2YmYgnZu/FX3LhQxK0/4M6/cdIG1NYDA2fOuffO3OMnnEll21/G0vLK6tp6ZcPc3Nre2bX29tsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe044+vCr9zR4VkcXSrJgl1QzyMWMAIVlryrKrZV4HAJOsnWCiGOQo8B+U/1/vcs2p23Z4CLRKnJDUo0fSsz/4gJmlII0U4lrLn2Ilys2Ig4TQ3+6mkCSZjPKQ9TSMcUulm011ydKSVAQpioU+k0FT93ZHhUMpJ6OvKEKuRnPcK8T+vl6rgws1YlKSKRmT2UJBypGJUBIMGTFCi+EQTTATTf0VkhHU0Ssdn6hCc+ZUXSfuk7pzVnZvTWuOyjKMCh1CFY3DgHBpwDU1oAYEHeIIXeDUejWfjzXiflS4ZZc8B/IHx8Q2enprL</latexit>

@f1
@x

<latexit sha1_base64="cLszzfBfnsYzJDQXX0PMrtUd7tw=">AAACC3icbVDLSsNAFL3xWeMr6tLN0CK4KomIuiy6cVnBPqANYTKdtEMnD2YmYgnZu/FX3LhQxK0/4M6/cdIG1NYDA2fOuffO3OMnnEll21/G0vLK6tp6ZcPc3Nre2bX29tsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe044+vCr9zR4VkcXSrJgl1QzyMWMAIVlryrKrZV4HAJOsnWCiGOQpQ/nO595zcs2p23Z4CLRKnJDUo0fSsz/4gJmlII0U4lrLn2Ilys2Ik4TQ3+6mkCSZjPKQ9TSMcUulm011ydKSVAQpioU+k0FT93ZHhUMpJ6OvKEKuRnPcK8T+vl6rgws1YlKSKRmT2UJBypGJUBIMGTFCi+EQTTATTf0VkhHU0Ssdn6hCc+ZUXSfuk7pzVnZvTWuOyjKMCh1CFY3DgHBpwDU1oAYEHeIIXeDUejWfjzXiflS4ZZc8B/IHx8Q2hQJrL</latexit>

@f
@x1

<latexit sha1_base64="yDADg8xcrbnOBlUoMnZmjZlaZVA="></latexit>2
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|
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<latexit sha1_base64="QhZfBrYCQaBUKI+OT9k1YpD2L8o="></latexit>2
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<latexit sha1_base64="GSRoJusrJZSwIAkJvKB54VqtoCI=">AAAB/3icbVDLSsNAFJ34rPEVFdy4GSyCUCiJiLos6sJlBfuAJoTJZNIOnTyYuRFL7cJfceNCEbf+hjv/xmmbhbYeuHA4517uvSfIBFdg29/GwuLS8spqac1c39jc2rZ2dpsqzSVlDZqKVLYDopjgCWsAB8HamWQkDgRrBf2rsd+6Z1LxNLmDQca8mHQTHnFKQEu+tW+610wAwQ++gyvYpWEKCld8q2xX7QnwPHEKUkYF6r715YYpzWOWABVEqY5jZ+ANiQROBRuZbq5YRmifdFlH04TETHnDyf0jfKSVEEep1JUAnqi/J4YkVmoQB7ozJtBTs95Y/M/r5BBdeEOeZDmwhE4XRbnAkOJxGDjkklEQA00IlVzfimmPSEJBR2bqEJzZl+dJ86TqnFWd29Ny7bKIo4QO0CE6Rg46RzV0g+qogSh6RM/oFb0ZT8aL8W58TFsXjGJmD/2B8fkDDnqUNA==</latexit>

�x1 + · · ·+
<latexit sha1_base64="TwY7xWG2khpjY5iYN4KkWFo3YLc=">AAAB8nicbVBNS8NAEN3Urxq/qh69LBbBU0lE1GNRDx4r2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkorq2vrG+VNd2t7Z3evsn/QMirTlDWpEkp3ImKY4JI1gYNgnVQzkkSCtaPRzdRvPzJtuJIPME5ZmJCB5DGnBKwUuN1bJoDgp57sVapezZsBLxO/IFVUoNGrfHX7imYJk0AFMSbwvRTCnGjgVLCJ280MSwkdkQELLJUkYSbMZydP8IlV+jhW2pYEPFN/T+QkMWacRLYzITA0i95U/M8LMoivwpzLNAMm6XxRnAkMCk//x32uGQUxtoRQze2tmA6JJhRsSq4NwV98eZm0zmr+Rc2/P6/Wr4s4yugIHaNT5KNLVEd3qIGaiCKFntErenPAeXHenY95a8kpZg7RHzifP1LSkKM=</latexit>

�xn<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="7hvq+0SKO/BcFe0/vtMX3UHcDOA="></latexit>2

64
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@f1
@x �x

3

75
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=


