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‣ In general: Find maximum of           subject to  

‣ Useful property:              is perpendicular to  
the constraint surface  

‣ At constrained maximum,              must also be 
perpendicular to constraint surface 

‣ Therefore: 
     : Lagrange multiplier 

‣ It is helpful to introduce a Lagrangian function: 

‣ Solutions to original problem: stationary points of 
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Intermezzo: Lagrange Multipliers 
f(x)

<latexit sha1_base64="8iI1FW9caVrMI2f6yObEwe31OEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjgi6LblxWsA9oh5JJM21oJjMmmWIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5YKYx80IylDzglBgreUG1FxIz8oP0aXbeL1ecmjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZRL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtC5qruX3l5X6TV5HEU7gFKrgwhXU4Q4a0AQKj/AMr/CGJugFvaOPxWgB5TvH8Afo8weMW5Hx</latexit><latexit sha1_base64="8iI1FW9caVrMI2f6yObEwe31OEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjgi6LblxWsA9oh5JJM21oJjMmmWIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5YKYx80IylDzglBgreUG1FxIz8oP0aXbeL1ecmjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZRL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtC5qruX3l5X6TV5HEU7gFKrgwhXU4Q4a0AQKj/AMr/CGJugFvaOPxWgB5TvH8Afo8weMW5Hx</latexit><latexit sha1_base64="8iI1FW9caVrMI2f6yObEwe31OEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjgi6LblxWsA9oh5JJM21oJjMmmWIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5YKYx80IylDzglBgreUG1FxIz8oP0aXbeL1ecmjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZRL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtC5qruX3l5X6TV5HEU7gFKrgwhXU4Q4a0AQKj/AMr/CGJugFvaOPxWgB5TvH8Afo8weMW5Hx</latexit><latexit sha1_base64="8iI1FW9caVrMI2f6yObEwe31OEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjgi6LblxWsA9oh5JJM21oJjMmmWIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5YKYx80IylDzglBgreUG1FxIz8oP0aXbeL1ecmjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZRL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtC5qruX3l5X6TV5HEU7gFKrgwhXU4Q4a0AQKj/AMr/CGJugFvaOPxWgB5TvH8Afo8weMW5Hx</latexit>

g(x) = c
<latexit sha1_base64="MyNGt3NNafQLHuqvlpReeSCBTsk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFewD2lAm00k7dDIJMxO1xH6KGxeKuPVL3Pk3TtostPXAwOGce7lnjh9zprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj68zv31PpWKRuNOTmHohHgoWMIK1kfp2eVjthViP/CB9nJ6gS0T6dsWpOTOgZeLmpAI5Gn37qzeISBJSoQnHSnVdJ9ZeiqVmhNNpqZcoGmMyxkPaNVTgkCovnUWfomOjDFAQSfOERjP190aKQ6UmoW8ms5hq0cvE/7xuooMLL2UiTjQVZH4oSDjSEcp6QAMmKdF8YggmkpmsiIywxESbtkqmBHfxy8ukdVpzDb89q9Sv8jqKcAhHUAUXzqEON9CAJhB4gGd4hTfryXqx3q2P+WjByncO4A+szx8CWZMr</latexit><latexit sha1_base64="MyNGt3NNafQLHuqvlpReeSCBTsk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFewD2lAm00k7dDIJMxO1xH6KGxeKuPVL3Pk3TtostPXAwOGce7lnjh9zprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj68zv31PpWKRuNOTmHohHgoWMIK1kfp2eVjthViP/CB9nJ6gS0T6dsWpOTOgZeLmpAI5Gn37qzeISBJSoQnHSnVdJ9ZeiqVmhNNpqZcoGmMyxkPaNVTgkCovnUWfomOjDFAQSfOERjP190aKQ6UmoW8ms5hq0cvE/7xuooMLL2UiTjQVZH4oSDjSEcp6QAMmKdF8YggmkpmsiIywxESbtkqmBHfxy8ukdVpzDb89q9Sv8jqKcAhHUAUXzqEON9CAJhB4gGd4hTfryXqx3q2P+WjByncO4A+szx8CWZMr</latexit><latexit sha1_base64="MyNGt3NNafQLHuqvlpReeSCBTsk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFewD2lAm00k7dDIJMxO1xH6KGxeKuPVL3Pk3TtostPXAwOGce7lnjh9zprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj68zv31PpWKRuNOTmHohHgoWMIK1kfp2eVjthViP/CB9nJ6gS0T6dsWpOTOgZeLmpAI5Gn37qzeISBJSoQnHSnVdJ9ZeiqVmhNNpqZcoGmMyxkPaNVTgkCovnUWfomOjDFAQSfOERjP190aKQ6UmoW8ms5hq0cvE/7xuooMLL2UiTjQVZH4oSDjSEcp6QAMmKdF8YggmkpmsiIywxESbtkqmBHfxy8ukdVpzDb89q9Sv8jqKcAhHUAUXzqEON9CAJhB4gGd4hTfryXqx3q2P+WjByncO4A+szx8CWZMr</latexit><latexit sha1_base64="MyNGt3NNafQLHuqvlpReeSCBTsk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFewD2lAm00k7dDIJMxO1xH6KGxeKuPVL3Pk3TtostPXAwOGce7lnjh9zprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj68zv31PpWKRuNOTmHohHgoWMIK1kfp2eVjthViP/CB9nJ6gS0T6dsWpOTOgZeLmpAI5Gn37qzeISBJSoQnHSnVdJ9ZeiqVmhNNpqZcoGmMyxkPaNVTgkCovnUWfomOjDFAQSfOERjP190aKQ6UmoW8ms5hq0cvE/7xuooMLL2UiTjQVZH4oSDjSEcp6QAMmKdF8YggmkpmsiIywxESbtkqmBHfxy8ukdVpzDb89q9Sv8jqKcAhHUAUXzqEON9CAJhB4gGd4hTfryXqx3q2P+WjByncO4A+szx8CWZMr</latexit>

rg(x)
<latexit sha1_base64="ezy4SnrS51RgZvmgaW6OBEewO+4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuiG5cV7AOaUG6mk3boZBJmJmINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgJQlDNBm5ppTjuJpBAFnLaD0XXut++pVCwWd3qcUD+CgWAhI6CN1LMPPQEBBzyoehHoYRBmD5PTnl1xas4UeJG4BamgAo2e/eX1Y5JGVGjCQamu6yTaz0BqRjidlL1U0QTICAa0a6iAiCo/m6af4BOj9HEYS/OExlP190YGkVLjKDCTeUQ17+Xif1431eGlnzGRpJoKMjsUphzrGOdV4D6TlGg+NgSIZCYrJkOQQLQprGxKcOe/vEhaZzXX8NvzSv2qqKOEjtAxqiIXXaA6ukEN1EQEPaJn9IrerCfrxXq3PmajS1axc4D+wPr8AfLflOM=</latexit><latexit sha1_base64="ezy4SnrS51RgZvmgaW6OBEewO+4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuiG5cV7AOaUG6mk3boZBJmJmINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgJQlDNBm5ppTjuJpBAFnLaD0XXut++pVCwWd3qcUD+CgWAhI6CN1LMPPQEBBzyoehHoYRBmD5PTnl1xas4UeJG4BamgAo2e/eX1Y5JGVGjCQamu6yTaz0BqRjidlL1U0QTICAa0a6iAiCo/m6af4BOj9HEYS/OExlP190YGkVLjKDCTeUQ17+Xif1431eGlnzGRpJoKMjsUphzrGOdV4D6TlGg+NgSIZCYrJkOQQLQprGxKcOe/vEhaZzXX8NvzSv2qqKOEjtAxqiIXXaA6ukEN1EQEPaJn9IrerCfrxXq3PmajS1axc4D+wPr8AfLflOM=</latexit><latexit sha1_base64="ezy4SnrS51RgZvmgaW6OBEewO+4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuiG5cV7AOaUG6mk3boZBJmJmINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgJQlDNBm5ppTjuJpBAFnLaD0XXut++pVCwWd3qcUD+CgWAhI6CN1LMPPQEBBzyoehHoYRBmD5PTnl1xas4UeJG4BamgAo2e/eX1Y5JGVGjCQamu6yTaz0BqRjidlL1U0QTICAa0a6iAiCo/m6af4BOj9HEYS/OExlP190YGkVLjKDCTeUQ17+Xif1431eGlnzGRpJoKMjsUphzrGOdV4D6TlGg+NgSIZCYrJkOQQLQprGxKcOe/vEhaZzXX8NvzSv2qqKOEjtAxqiIXXaA6ukEN1EQEPaJn9IrerCfrxXq3PmajS1axc4D+wPr8AfLflOM=</latexit><latexit sha1_base64="ezy4SnrS51RgZvmgaW6OBEewO+4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuiG5cV7AOaUG6mk3boZBJmJmINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgJQlDNBm5ppTjuJpBAFnLaD0XXut++pVCwWd3qcUD+CgWAhI6CN1LMPPQEBBzyoehHoYRBmD5PTnl1xas4UeJG4BamgAo2e/eX1Y5JGVGjCQamu6yTaz0BqRjidlL1U0QTICAa0a6iAiCo/m6af4BOj9HEYS/OExlP190YGkVLjKDCTeUQ17+Xif1431eGlnzGRpJoKMjsUphzrGOdV4D6TlGg+NgSIZCYrJkOQQLQprGxKcOe/vEhaZzXX8NvzSv2qqKOEjtAxqiIXXaA6ukEN1EQEPaJn9IrerCfrxXq3PmajS1axc4D+wPr8AfLflOM=</latexit>

rf(x)
<latexit sha1_base64="aADJCOHob0TxFRCa+W5o0jpCaZw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuiG5cV7AOaUG6mk3boZBJmJmINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgJQlDNBm5ppTjuJpBAFnLaD0XXut++pVCwWd3qcUD+CgWAhI6CN1LMPPQEBBxxWvQj0MAizh8lpz644NWcKvEjcglRQgUbP/vL6MUkjKjThoFTXdRLtZyA1I5xOyl6qaAJkBAPaNVRARJWfTdNP8IlR+jiMpXlC46n6eyODSKlxFJjJPKKa93LxP6+b6vDSz5hIUk0FmR0KU451jPMqcJ9JSjQfGwJEMpMVkyFIINoUVjYluPNfXiSts5pr+O15pX5V1FFCR+gYVZGLLlAd3aAGaiKCHtEzekVv1pP1Yr1bH7PRJavYOUB/YH3+APFPlOI=</latexit><latexit sha1_base64="aADJCOHob0TxFRCa+W5o0jpCaZw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuiG5cV7AOaUG6mk3boZBJmJmINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgJQlDNBm5ppTjuJpBAFnLaD0XXut++pVCwWd3qcUD+CgWAhI6CN1LMPPQEBBxxWvQj0MAizh8lpz644NWcKvEjcglRQgUbP/vL6MUkjKjThoFTXdRLtZyA1I5xOyl6qaAJkBAPaNVRARJWfTdNP8IlR+jiMpXlC46n6eyODSKlxFJjJPKKa93LxP6+b6vDSz5hIUk0FmR0KU451jPMqcJ9JSjQfGwJEMpMVkyFIINoUVjYluPNfXiSts5pr+O15pX5V1FFCR+gYVZGLLlAd3aAGaiKCHtEzekVv1pP1Yr1bH7PRJavYOUB/YH3+APFPlOI=</latexit><latexit sha1_base64="aADJCOHob0TxFRCa+W5o0jpCaZw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuiG5cV7AOaUG6mk3boZBJmJmINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgJQlDNBm5ppTjuJpBAFnLaD0XXut++pVCwWd3qcUD+CgWAhI6CN1LMPPQEBBxxWvQj0MAizh8lpz644NWcKvEjcglRQgUbP/vL6MUkjKjThoFTXdRLtZyA1I5xOyl6qaAJkBAPaNVRARJWfTdNP8IlR+jiMpXlC46n6eyODSKlxFJjJPKKa93LxP6+b6vDSz5hIUk0FmR0KU451jPMqcJ9JSjQfGwJEMpMVkyFIINoUVjYluPNfXiSts5pr+O15pX5V1FFCR+gYVZGLLlAd3aAGaiKCHtEzekVv1pP1Yr1bH7PRJavYOUB/YH3+APFPlOI=</latexit><latexit sha1_base64="aADJCOHob0TxFRCa+W5o0jpCaZw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuiG5cV7AOaUG6mk3boZBJmJmINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgJQlDNBm5ppTjuJpBAFnLaD0XXut++pVCwWd3qcUD+CgWAhI6CN1LMPPQEBBxxWvQj0MAizh8lpz644NWcKvEjcglRQgUbP/vL6MUkjKjThoFTXdRLtZyA1I5xOyl6qaAJkBAPaNVRARJWfTdNP8IlR+jiMpXlC46n6eyODSKlxFJjJPKKa93LxP6+b6vDSz5hIUk0FmR0KU451jPMqcJ9JSjQfGwJEMpMVkyFIINoUVjYluPNfXiSts5pr+O15pX5V1FFCR+gYVZGLLlAd3aAGaiKCHtEzekVv1pP1Yr1bH7PRJavYOUB/YH3+APFPlOI=</latexit>

) = �r

L(x,�) = f(x) + �(g(x)� c)
<latexit sha1_base64="iOrECxycjmygNrPP/6byHHLbFUw=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoUUsigm6Eoi5cuKhgH9CEMplM2qGTBzMTsYT+kBt/RQQXFXHrbzhpI/ThgYHDOfcw9x4nYlRIwxhpuaXlldW1/HphY3Nre0ff3WuIMOaY1HHIQt5ykCCMBqQuqWSkFXGCfIeRptO/Sf3mE+GChsGjHETE9lE3oB7FSCqpo9/elywfyZ7jJc/DE2gxFXVRGV5Bb8oow+M/C5a6M8YpxOWOXjQqxhhwkZgZKYIMtY7+brkhjn0SSMyQEG3TiKSdIC4pZmRYsGJBIoT7qEvaigbIJ8JOxtcO4ZFSXOiFXL1AwrE6nUiQL8TAd9RkuqeY91LxP68dS+/STmgQxZIEePKRFzMoQ5hWB13KCZZsoAjCnKpdIe4hjrBUBRdUCeb8yYukcVYxFX84L1avszry4AAcghIwwQWogjtQA3WAwQt4AyPwqb1qH9qX9j0ZzWlZZh/MQPv5BeFspgg=</latexit><latexit sha1_base64="iOrECxycjmygNrPP/6byHHLbFUw=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoUUsigm6Eoi5cuKhgH9CEMplM2qGTBzMTsYT+kBt/RQQXFXHrbzhpI/ThgYHDOfcw9x4nYlRIwxhpuaXlldW1/HphY3Nre0ff3WuIMOaY1HHIQt5ykCCMBqQuqWSkFXGCfIeRptO/Sf3mE+GChsGjHETE9lE3oB7FSCqpo9/elywfyZ7jJc/DE2gxFXVRGV5Bb8oow+M/C5a6M8YpxOWOXjQqxhhwkZgZKYIMtY7+brkhjn0SSMyQEG3TiKSdIC4pZmRYsGJBIoT7qEvaigbIJ8JOxtcO4ZFSXOiFXL1AwrE6nUiQL8TAd9RkuqeY91LxP68dS+/STmgQxZIEePKRFzMoQ5hWB13KCZZsoAjCnKpdIe4hjrBUBRdUCeb8yYukcVYxFX84L1avszry4AAcghIwwQWogjtQA3WAwQt4AyPwqb1qH9qX9j0ZzWlZZh/MQPv5BeFspgg=</latexit><latexit sha1_base64="iOrECxycjmygNrPP/6byHHLbFUw=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoUUsigm6Eoi5cuKhgH9CEMplM2qGTBzMTsYT+kBt/RQQXFXHrbzhpI/ThgYHDOfcw9x4nYlRIwxhpuaXlldW1/HphY3Nre0ff3WuIMOaY1HHIQt5ykCCMBqQuqWSkFXGCfIeRptO/Sf3mE+GChsGjHETE9lE3oB7FSCqpo9/elywfyZ7jJc/DE2gxFXVRGV5Bb8oow+M/C5a6M8YpxOWOXjQqxhhwkZgZKYIMtY7+brkhjn0SSMyQEG3TiKSdIC4pZmRYsGJBIoT7qEvaigbIJ8JOxtcO4ZFSXOiFXL1AwrE6nUiQL8TAd9RkuqeY91LxP68dS+/STmgQxZIEePKRFzMoQ5hWB13KCZZsoAjCnKpdIe4hjrBUBRdUCeb8yYukcVYxFX84L1avszry4AAcghIwwQWogjtQA3WAwQt4AyPwqb1qH9qX9j0ZzWlZZh/MQPv5BeFspgg=</latexit><latexit sha1_base64="iOrECxycjmygNrPP/6byHHLbFUw=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoUUsigm6Eoi5cuKhgH9CEMplM2qGTBzMTsYT+kBt/RQQXFXHrbzhpI/ThgYHDOfcw9x4nYlRIwxhpuaXlldW1/HphY3Nre0ff3WuIMOaY1HHIQt5ykCCMBqQuqWSkFXGCfIeRptO/Sf3mE+GChsGjHETE9lE3oB7FSCqpo9/elywfyZ7jJc/DE2gxFXVRGV5Bb8oow+M/C5a6M8YpxOWOXjQqxhhwkZgZKYIMtY7+brkhjn0SSMyQEG3TiKSdIC4pZmRYsGJBIoT7qEvaigbIJ8JOxtcO4ZFSXOiFXL1AwrE6nUiQL8TAd9RkuqeY91LxP68dS+/STmgQxZIEePKRFzMoQ5hWB13KCZZsoAjCnKpdIe4hjrBUBRdUCeb8yYukcVYxFX84L1avszry4AAcghIwwQWogjtQA3WAwQt4AyPwqb1qH9qX9j0ZzWlZZh/MQPv5BeFspgg=</latexit>

L(x,�) =
<latexit sha1_base64="iOrECxycjmygNrPP/6byHHLbFUw=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoUUsigm6Eoi5cuKhgH9CEMplM2qGTBzMTsYT+kBt/RQQXFXHrbzhpI/ThgYHDOfcw9x4nYlRIwxhpuaXlldW1/HphY3Nre0ff3WuIMOaY1HHIQt5ykCCMBqQuqWSkFXGCfIeRptO/Sf3mE+GChsGjHETE9lE3oB7FSCqpo9/elywfyZ7jJc/DE2gxFXVRGV5Bb8oow+M/C5a6M8YpxOWOXjQqxhhwkZgZKYIMtY7+brkhjn0SSMyQEG3TiKSdIC4pZmRYsGJBIoT7qEvaigbIJ8JOxtcO4ZFSXOiFXL1AwrE6nUiQL8TAd9RkuqeY91LxP68dS+/STmgQxZIEePKRFzMoQ5hWB13KCZZsoAjCnKpdIe4hjrBUBRdUCeb8yYukcVYxFX84L1avszry4AAcghIwwQWogjtQA3WAwQt4AyPwqb1qH9qX9j0ZzWlZZh/MQPv5BeFspgg=</latexit><latexit sha1_base64="iOrECxycjmygNrPP/6byHHLbFUw=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoUUsigm6Eoi5cuKhgH9CEMplM2qGTBzMTsYT+kBt/RQQXFXHrbzhpI/ThgYHDOfcw9x4nYlRIwxhpuaXlldW1/HphY3Nre0ff3WuIMOaY1HHIQt5ykCCMBqQuqWSkFXGCfIeRptO/Sf3mE+GChsGjHETE9lE3oB7FSCqpo9/elywfyZ7jJc/DE2gxFXVRGV5Bb8oow+M/C5a6M8YpxOWOXjQqxhhwkZgZKYIMtY7+brkhjn0SSMyQEG3TiKSdIC4pZmRYsGJBIoT7qEvaigbIJ8JOxtcO4ZFSXOiFXL1AwrE6nUiQL8TAd9RkuqeY91LxP68dS+/STmgQxZIEePKRFzMoQ5hWB13KCZZsoAjCnKpdIe4hjrBUBRdUCeb8yYukcVYxFX84L1avszry4AAcghIwwQWogjtQA3WAwQt4AyPwqb1qH9qX9j0ZzWlZZh/MQPv5BeFspgg=</latexit><latexit sha1_base64="iOrECxycjmygNrPP/6byHHLbFUw=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoUUsigm6Eoi5cuKhgH9CEMplM2qGTBzMTsYT+kBt/RQQXFXHrbzhpI/ThgYHDOfcw9x4nYlRIwxhpuaXlldW1/HphY3Nre0ff3WuIMOaY1HHIQt5ykCCMBqQuqWSkFXGCfIeRptO/Sf3mE+GChsGjHETE9lE3oB7FSCqpo9/elywfyZ7jJc/DE2gxFXVRGV5Bb8oow+M/C5a6M8YpxOWOXjQqxhhwkZgZKYIMtY7+brkhjn0SSMyQEG3TiKSdIC4pZmRYsGJBIoT7qEvaigbIJ8JOxtcO4ZFSXOiFXL1AwrE6nUiQL8TAd9RkuqeY91LxP68dS+/STmgQxZIEePKRFzMoQ5hWB13KCZZsoAjCnKpdIe4hjrBUBRdUCeb8yYukcVYxFX84L1avszry4AAcghIwwQWogjtQA3WAwQt4AyPwqb1qH9qX9j0ZzWlZZh/MQPv5BeFspgg=</latexit><latexit sha1_base64="iOrECxycjmygNrPP/6byHHLbFUw=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VoUUsigm6Eoi5cuKhgH9CEMplM2qGTBzMTsYT+kBt/RQQXFXHrbzhpI/ThgYHDOfcw9x4nYlRIwxhpuaXlldW1/HphY3Nre0ff3WuIMOaY1HHIQt5ykCCMBqQuqWSkFXGCfIeRptO/Sf3mE+GChsGjHETE9lE3oB7FSCqpo9/elywfyZ7jJc/DE2gxFXVRGV5Bb8oow+M/C5a6M8YpxOWOXjQqxhhwkZgZKYIMtY7+brkhjn0SSMyQEG3TiKSdIC4pZmRYsGJBIoT7qEvaigbIJ8JOxtcO4ZFSXOiFXL1AwrE6nUiQL8TAd9RkuqeY91LxP68dS+/STmgQxZIEePKRFzMoQ5hWB13KCZZsoAjCnKpdIe4hjrBUBRdUCeb8yYukcVYxFX84L1avszry4AAcghIwwQWogjtQA3WAwQt4AyPwqb1qH9qX9j0ZzWlZZh/MQPv5BeFspgg=</latexit>

∂
∂x

L(x, λ) = 0 ∂
∂λ

L(x, λ) = 0

g(x) = c
<latexit sha1_base64="MyNGt3NNafQLHuqvlpReeSCBTsk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFewD2lAm00k7dDIJMxO1xH6KGxeKuPVL3Pk3TtostPXAwOGce7lnjh9zprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj68zv31PpWKRuNOTmHohHgoWMIK1kfp2eVjthViP/CB9nJ6gS0T6dsWpOTOgZeLmpAI5Gn37qzeISBJSoQnHSnVdJ9ZeiqVmhNNpqZcoGmMyxkPaNVTgkCovnUWfomOjDFAQSfOERjP190aKQ6UmoW8ms5hq0cvE/7xuooMLL2UiTjQVZH4oSDjSEcp6QAMmKdF8YggmkpmsiIywxESbtkqmBHfxy8ukdVpzDb89q9Sv8jqKcAhHUAUXzqEON9CAJhB4gGd4hTfryXqx3q2P+WjByncO4A+szx8CWZMr</latexit><latexit sha1_base64="MyNGt3NNafQLHuqvlpReeSCBTsk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFewD2lAm00k7dDIJMxO1xH6KGxeKuPVL3Pk3TtostPXAwOGce7lnjh9zprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj68zv31PpWKRuNOTmHohHgoWMIK1kfp2eVjthViP/CB9nJ6gS0T6dsWpOTOgZeLmpAI5Gn37qzeISBJSoQnHSnVdJ9ZeiqVmhNNpqZcoGmMyxkPaNVTgkCovnUWfomOjDFAQSfOERjP190aKQ6UmoW8ms5hq0cvE/7xuooMLL2UiTjQVZH4oSDjSEcp6QAMmKdF8YggmkpmsiIywxESbtkqmBHfxy8ukdVpzDb89q9Sv8jqKcAhHUAUXzqEON9CAJhB4gGd4hTfryXqx3q2P+WjByncO4A+szx8CWZMr</latexit><latexit sha1_base64="MyNGt3NNafQLHuqvlpReeSCBTsk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFewD2lAm00k7dDIJMxO1xH6KGxeKuPVL3Pk3TtostPXAwOGce7lnjh9zprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj68zv31PpWKRuNOTmHohHgoWMIK1kfp2eVjthViP/CB9nJ6gS0T6dsWpOTOgZeLmpAI5Gn37qzeISBJSoQnHSnVdJ9ZeiqVmhNNpqZcoGmMyxkPaNVTgkCovnUWfomOjDFAQSfOERjP190aKQ6UmoW8ms5hq0cvE/7xuooMLL2UiTjQVZH4oSDjSEcp6QAMmKdF8YggmkpmsiIywxESbtkqmBHfxy8ukdVpzDb89q9Sv8jqKcAhHUAUXzqEON9CAJhB4gGd4hTfryXqx3q2P+WjByncO4A+szx8CWZMr</latexit><latexit sha1_base64="MyNGt3NNafQLHuqvlpReeSCBTsk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFewD2lAm00k7dDIJMxO1xH6KGxeKuPVL3Pk3TtostPXAwOGce7lnjh9zprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj68zv31PpWKRuNOTmHohHgoWMIK1kfp2eVjthViP/CB9nJ6gS0T6dsWpOTOgZeLmpAI5Gn37qzeISBJSoQnHSnVdJ9ZeiqVmhNNpqZcoGmMyxkPaNVTgkCovnUWfomOjDFAQSfOERjP190aKQ6UmoW8ms5hq0cvE/7xuooMLL2UiTjQVZH4oSDjSEcp6QAMmKdF8YggmkpmsiIywxESbtkqmBHfxy8ukdVpzDb89q9Sv8jqKcAhHUAUXzqEON9CAJhB4gGd4hTfryXqx3q2P+WjByncO4A+szx8CWZMr</latexit>

∇f(x) + λ∇g(x) = 0

level set
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Lagrange multipliers: example
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A simple example of the use of Lagrange multipli-

, and the diagonal

g(x1, x2) = 0

x1

x2

(x!
1, x

!
2)

f(x1, x2) = 1 − x2
1 − x2

2
g(x1, x2) = x1 + x2 − 1

goal: max
x1,x2

f(x1, x2) s.t. g(x1, x2) = 0

L(x1, x2, λ) = 1 − x2
1 − x2

2 + λ(x1 + x2 − 1)
Lagrangian:

∂
∂x1

L(x1, x2, λ) = − 2x1 + λ = 0

∂
∂x2

L(x1, x2, λ) = − 2x2 + λ = 0

∂
∂λ

L(x1, x2, λ) = x1 + x2 − 1 = 0

x*1 = 1
2 x*2 = 1

2λ = 1
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