
数值分析

⾮线性⽅程
<latexit sha1_base64="mvSY6QA/O2995yFTlJDaqVm2uDc=">AAAB6HicdVDLSsNAFL3xWeur6tLNYBHqJiRSrF0IBTcuK9gHtKHMTCd17GQmZCZiCf0HcSOiK3/HL/BvTNMIVvTAhcM5996Zc0kouDaO82ktLa+srq0XNoqbW9s7u6W9/bZWcURZiyqhoi7BmgkuWctwI1g3jBgOiGAdMr6c+Z17Fmmu5I2ZhMwL8Ehyn1NsUqnrVx5O0AVyBqWyY9czoDmpVXNSd5FrOxnKkKM5KH30h4rGAZOGCqx1z3VC4yU4MpwKNi32Y81CTMd4xHoplThg2kuy/07RcaoMka+itKRBmfpzIsGB1pOApJ0BNrf6tzcT//J6sfHPvYTLMDZM0vlDfiyQUWgWfmEPUWpsMNFTVEzTf0dE/5P2qe2e2dXrarnh5HcowCEcQQVcqEEDrqAJLaAg4Ale4c26sx6tZ+tl3rpk5TMHsADr/QsdvIxm</latexit>

f(x) = 0

⼆分法

不动点迭代法
<latexit sha1_base64="Q7Gm+8Ic2b8eFVaiJNMHmYuis9Y=">AAAB+HicdVDLSsNAFJ3UV62vqODGzWARKkJIpNh2IRTcuKxgH9CGMJlO2iGTTMhMSmvMv4gbEV35G36Bf2OaRrCiBy4czrlvO2BUSF3/VAorq2vrG8XN0tb2zu6eun/QETwKMWljznjYs5EgjPqkLalkpBeEBHk2I13bvZ773QkJBeX+nZwFxPTQyKcOxUimkqUeTa3YPTcSeAUHExQGY1qZWu6ZpZZ1rZEBLkitmpOGAQ1Nz1AGOVqW+jEYchx5xJeYISH6hh5IM0ahpJiRpDSIBAkQdtGI9FPqI48IM872T+Bpqgyhw8M0fAkz9WdFjDwhZp6dZnpIjsVvby7+5fUj6dTNmPpBJImPF4OciEHJ4fwZS31szl2JbJHAUnr994nwf9K50IxLrXpbLTfr+R+K4BicgAowQA00wQ1ogTbA4AE8gVfwptwrj8qz8rJILSh5zSFYgvL+BV0Xkts=</latexit>

xk+1 = '(xk)

局部收敛性

初值的要求

<latexit sha1_base64="x6k0y1xGndXRhfo9XlzHWTTPJ7g=">AAAB9nicdVDLSsNAFJ3UV62v+Ni5GSxidRESKdaCi4IblxXsA9pYJtNJO3QyEzKT0pr2V8SNiK78D7/AvzFNI1jRAxcO59y34zMqlWl+apml5ZXVtex6bmNza3tH392rSxEGmNSwYCJoOkgSRjmpKaoYafoBQZ7DSMMZXM/8xpAEkgp+p8Y+sT3U49SlGKlY6ugHk/YQBX6fnhRG92enE3gFLdjR86ZRTgDnpFRMSdmClmEmyIMU1Y7+0e4KHHqEK8yQlC3L9JUdoUBRzMg01w4l8REeoB5pxZQjj0g7SrafwuNY6UJXBHFwBRP1Z0WEPCnHnhNnekj15W9vJv7ltULlXtoR5X6oCMfzQW7IoBJw9oqFPo4QA4UcOYW5+PrvE+H/pH5uWBdG8baYr5jpH7LgEByBArBACVTADaiCGsDgATyBV/CmjbRH7Vl7madmtLRmHyxAe/8C7FSRVg==</latexit>

|'0(x⇤)| < 1

全局收敛性

任意初值

<latexit sha1_base64="Xj9ctz8xhq/yZqEXaR9nLDBUJhA="></latexit>

90  L < 1, s.t. |'(x)� '(y)|  L|x� y|

收敛速度

⾄少线性收敛

收敛速度的判断
<latexit sha1_base64="YJaqRxdJyf1jWFn0deRj/DkR3+U=">AAACD3icdZDLSsNAFIYn9VbrLerSzWARq2hIpFi7EApuXFawF2hjmUwn7dDJTMhMiiX0IcSHETciuhKfwLcxTVOwoj8M/Hz/OWc4x/EZlco0v7TMwuLS8kp2Nbe2vrG5pW/v1KUIA0xqWDARNB0kCaOc1BRVjDT9gCDPYaThDK4meWNIAkkFv1Ujn9ge6nHqUoxUjDr6aXuIAr9PDwv3d8dH8BKaJ3CG5hjrCiU7et40yong1JSKqSlb0DLMRHmQqtrRP9tdgUOPcIUZkrJlmb6yIxQoihkZ59qhJD7CA9Qjrdhy5BFpR8laY3gQky50RRA/rmBCf3ZEyJNy5DlxpYdUX/7OJvCvrBUq98KOKPdDRTiefuSGDCoBJzeam+MIMVDIkWOYi7efrQj/N/Uzwzo3ijfFfMVM75AFe2AfFIAFSqACrkEV1AAGj+AZvIF37UF70l6012lpRkt7dsGctI9vLmyZhA==</latexit>

'0(x⇤) = 0,'00(x⇤) = 0, . . .

Newton迭代
<latexit sha1_base64="3OlpGFKstCL56Bc7IXiC1w9KxGY=">AAACCHicdVDLSsNAFJ34rPUVdelmsKgVMSRSrF0IBTcuK9gHtCFMppM6JJkJmYm0hPyA+DHiRkRXbv0C/8Y0iWBFD1w4c869cznXDjwqpK5/KnPzC4tLy6WV8ura+samurXdETwKMWlj7vGwZyNBPMpIW1LpkV4QEuTbHuna7uXU796RUFDObuQkIKaPRow6FCOZSpZ6MLZi99hI4AUcWy48gQMnRDh2qunrKImdw5xYakXXGhlgTuq1gjQMaGh6hgoo0LLUj8GQ48gnTGIPCdE39ECaMQolxR5JyoNIkABhF41IP6UM+USYcZYngfupMoQOD9NiEmbqz4kY+UJMfDvt9JG8Fb+9qfiX14+kc27GlAWRJAzni5zIg5LD6XFm/rE5dyWyRQLLafrviPB/0jnVjDOtdl2rNPXiDiWwC/ZAFRigDprgCrRAG2DwAJ7AK3hT7pVH5Vl5yVvnlGJmB8xAef8CCaGYqg==</latexit>

xk+1 = xk � f(xk)

f 0(xk)

重根情形

<latexit sha1_base64="hK00Pw/BRDsoXNIhXM4CGRXDdcQ=">AAACCXicdVDLSsNAFJ3UV62vqEs3g0VaEUMixdqFUHDjsoJthTaEyXRSh0wyITORlpAvED9G3IjoyqVf4N+YJhGs6IELZ865dy7n2gGjQur6p1JaWFxaXimvVtbWNza31O2dnuBRiEkXc8bDGxsJwqhPupJKRm6CkCDPZqRvuxczv39HQkG5fy2nATE9NPapQzGSqWSptYkVu0dGAs/hxHLhMfSGTohw7NTT52ESO7WcWGpV11oZYE6ajYK0DGhoeoYqKNCx1I/hiOPII77EDAkxMPRAmjEKJcWMJJVhJEiAsIvGZJBSH3lEmHEWKIEHqTKCDg/T8iXM1J8TMfKEmHp22ukheSt+ezPxL28QSefMjKkfRJL4OF/kRAxKDmfXmfvH5tyVyBYJrKTpvyPC/0nvRDNOtcZVo9rWizuUwR7YB3VggCZog0vQAV2AwQN4Aq/gTblXHpVn5SVvLSnFzC6Yg/L+Bd9AmSE=</latexit>

xk+1 = xk �m
f(xk)

f 0(xk)

弦截法

<latexit sha1_base64="N9W9dNYM0aW0SJglPxHhedCoNxY=">AAACT3icdZBNS8MwHMbTzpdtvk09egkOYSItrQznDsLAi8cJ7gXWMdIsnWFpUppUHKWf0JN48pOIF7HrqmwyHwh5+D1PEvJ3A0alsqx3TS9sbG5tF0vlnd29/YPK4VFXiijEpIMFE2HfRZIwyklHUcVIPwgJ8l1Geu70dp73nkgoqeAPahaQoY8mnHoUI5WiUcV/HsXTCzu5me+J4XghwrHnMOKpWoackE4e1XmyDhpLzLB/q0tFYzUaVaqW2cwEF6ZRz03ThrZpZaqCXO1R5cUZCxz5hCvMkJQD2wrUMEahopiRpOxEkgQIT9GEDFLLkU/kMM7GksCzlIyhJ8J0cQUzunwiRr6UM99Nmz5Sj/JvNofrskGkvOthTHkQKcLx4iEvYlAJOJ/xyj2uEFOFXJnAcvr7ny/C/0330rSvzPp9vdqy8jkUwQk4BTVggwZogTvQBh2AwRv41HStoL1qH9qXnld1LTfHYEV66RtDBrSF</latexit>

xk+1 = xk � f (xk)

f (xk)� f (xk�1)
(xk � xk�1)

⾮线性⽅程组
<latexit sha1_base64="pn3VM89xfUu+k50cupdR05eEYnA=">AAAB6HicdVDLSsNAFL2pr1pfVZduBotQNyGRYO1CKAjisoJ9QBvKZDqpYyczITMRS+g/iBsRXfk7foF/Y5pGsKIHLhzOuffOnOuFnCltWZ9GYWl5ZXWtuF7a2Nza3inv7rWVjCNCW0RyGXU9rChngrY005x2w4jiwOO0440vZn7nnkaKSXGjJyF1AzwSzGcE61TqXlYfjtE5sgblimXWM6A5qTk5qdvINq0MFcjRHJQ/+kNJ4oAKTThWqmdboXYTHGlGOJ2W+rGiISZjPKK9lAocUOUm2X+n6ChVhsiXUVpCo0z9OZHgQKlJ4KWdAda36rc3E//yerH2z9yEiTDWVJD5Q37MkZZoFn5hjyflWGNPTVEpTf8dEf1P2iemfWo6106lYeV3KMIBHEIVbKhBA66gCS0gwOEJXuHNuDMejWfjZd5aMPKZfViA8f4F7S2MRg==</latexit>

F (x) = 0
<latexit sha1_base64="5i8tYyDx5zIEfhxZEcRxY+LeBUI=">AAACE3icdVDLSsNAFJ34rPUVdelmsAgp0pBIsXYhFAQRVxXsA9q0TKbTOmSSCZmJWEI+Q/wYcSOiC/ED/BvTNKIVPTBw7jn33uFc22dUSMP4UObmFxaXlnMr+dW19Y1NdWu7KXgYYNLAnPGgbSNBGPVIQ1LJSNsPCHJtRlq2czrxWzckEJR7V3LsE8tFI48OKUYykfqqeduLNOfALMbwBKY8YSWoXZxpWVXsRSUz/i77asHQqynglFTKGama0NSNFAWQod5X37oDjkOXeBIzJETHNHxpRSiQFDMS57uhID7CDhqRTkI95BJhRWm0GO4nygAOeZA8T8JU/TkRIVeIsWsnnS6S1+K3NxH/8jqhHB5bEfX8UBIPTz8ahgxKDid3mtljc+5IZIsY5pP0XxHh/6R5qJtHevmyXKgZ2R1yYBfsAQ2YoAJq4BzUQQNgcA8ewQt4Ve6UB+VJeZ62zinZzA6YgfL+CROOmxc=</latexit>

x(k+1) = x(k) � (JF (x(k))�1F (x(k))

线性⽅程组
<latexit sha1_base64="rFYQKTk/yZ6D1O3w6Ds0FHu+hts=">AAAB5nicdVDLSsNAFL3xWeur6tLNYBFchUSKtQuh4sZlBfuANpSZ6aQdO5kJmYlYQn9B3Ijoyv/xC/wb0zSCFT1w4XDOvXfmXBIKro3jfFpLyyura+uFjeLm1vbObmlvv6VVHFHWpEqoqEOwZoJL1jTcCNYJI4YDIlibjK9mfvueRZoreWsmIfMCPJTc5xSbVGpdPqALRPqlsmPXMqA5qVZyUnORazsZypCj0S999AaKxgGThgqsddd1QuMlODKcCjYt9mLNQkzHeMi6KZU4YNpLst9O0XGqDJCvorSkQZn6cyLBgdaTgKSdATYj/dubiX953dj4517CZRgbJun8IT8WyCg0i76whyg1NpjoKSqm6b8jov9J69R2z+zKTaVcd/I7FOAQjuAEXKhCHa6hAU2gcAdP8Apv1sh6tJ6tl3nrkpXPHMACrPcvaxiMDg==</latexit>

Ax = b

直接法

Gaussian消元法 （LU分解）

列主元消元法（PA=LU分解）

计算复杂度
<latexit sha1_base64="ifgBCes5r3B5qhqU6jEWwdTbeQA=">AAAB8nicdVDLSsNAFL2pr1pfUZduBotQNyHRYu2u4MadFewD2lgm00kNncyEzKRQQn5E3Ijoyj/xC/wbkzSCFT1w4XDOfTsB86QyzU+ttLK6tr5R3qxsbe/s7un7B10popDQDhFMhH0HS8o8TjvKU4z2g5Bi32G050yvMr83o6H0BL9T84DaPp5wz/UIVqk00vWhj9UDwSy+SWr8/vx0pFdNo5kDLUijXpCmhSzDzFGFAu2R/jEcCxL5lCvCsJQDywyUHeNQeYTRpDKMJA0wmeIJHaSUY59KO843T9BJqoyRK8I0uEK5+rMixr6Uc99JM7M95W8vE//yBpFyL+3Y40GkKCeLQW7EkBIoe8NSH0eIqcKOTFAlvf77RPQ/6Z4Z1oVRv61XW2bxhzIcwTHUwIIGtOAa2tABAjN4gld405T2qD1rL4vUklbUHMIStPcvwgSQ2A==</latexit>

O(n3)

误差（范数、条件数）

迭代法

不动点迭代法
<latexit sha1_base64="l45J1a3SFBw5SEq5RjO27pgx8ws=">AAACA3icdZDNSsNAFIUn9a/Wv6hLN6NFaCmGRIq1C6HSje4q2FpoY5mZTmpIMhMyE7GELMWHETciuvIJfALfxjSNYEUPDBy+c+8d7sW+awup659Kbm5+YXEpv1xYWV1b31A3tzqChwGhbcJdHnQxEtS1GW1LW7q06wcUedilV9hpTvKrWxoIm7NLOfap6aERsy2bIJmggbp7dx2VnIpRjuEJLJ3DA9g8LacsIRXYxHCgFnWtngpOTa2amboBDU1PVQSZWgP1oz/kJPQok8RFQvQM3ZdmhAJpE5fGhX4oqI+Ig0a0l1iGPCrMKF0lhvsJGUKLB8ljEqb0Z0eEPCHGHk4qPSRvxO9sAv/KeqG0js3IZn4oKSPTj6zQhZLDyV1m5mDOHYmwiGEh2f57Rfi/6RxqxpFWvagWG3p2hzzYAXugBAxQAw1wBlqgDQh4AE/gFbwp98qj8qy8TEtzStazDWakvH8B2wKUXQ==</latexit>

x(k+1) = (I � CA)x(k) + Cb

收敛条件

<latexit sha1_base64="FM0Mcm2YXQ/KvH+KKF4wC0TTzZo=">AAACFXicdVDLSsNAFJ34rPUVdelmsAguNCRarAUXlW50V8E+oBPKZDqtoZNMyNxIS9LvED9G3IgoLlz7N6YPwYqeYeDMOffO5VwnEK4C0/zU5uYXFpeWMyvZ1bX1jU19a7umZBQyXmVSyLDhUMWF6/MquCB4Iwg59RzB606vPPLrdzxUrvRvYBBw26Nd3+24jEIqtfQTwvvpFIVJQlhbAkkOSXowAd6HWBlgDEev5Aof4fIFSfA5tlp6zjSKY+AJKeSnpGhhyzDHyKEpKi39nbQlizzuAxNUqaZlBmDHNASXCT7MkkjxgLIe7fJmSn3qcWXH43BDvJ8qbdyRYXp9wGP1Z0dMPaUGnpNWehRu1W9vJP7lNSPonNmx6wcRcJ9NBnUigUHi0aZm/nGk7AF11BBn0/TfEfH/pHZsWKdG/jqfK5nTPWTQLtpDB8hCBVRCl6iCqoihB/SEXtGbdq89as/ay6R0Tpv27KAZaB9f0FKdMg==</latexit>

9k · k, s.t. kI � CAk < 1

<latexit sha1_base64="t8VI3Dcg2w9+oHjA/M3oCSFg9Og=">AAAB8nicdVDLSsNAFL3xWesr6tLNYBHqwpBIsRZcVLrRXQX7gDaUyXTSDp3MhMykUEp/RNyI6Mo/8Qv8G9M0ghU9cOFwzn17IWdK2/ansbK6tr6xmdvKb+/s7u2bB4dNJeOI0AaRXEZtDyvKmaANzTSn7TCiOPA4bXmj2txvjWmkmBQPehJSN8ADwXxGsE6knml2o6Es3qFzVLs5Q9fI6ZkF26qkQAtSLmWk4iDHslMUIEO9Z350+5LEARWacKxUx7FD7U5xpBnhdJbvxoqGmIzwgHYSKnBAlTtNN5+h00TpI19GSQiNUvVnxRQHSk0CL8kMsB6q395c/MvrxNq/cqdMhLGmgiwG+TFHWqL5G5b6eFKONPbUDOWT679PRP+T5oXlXFql+1Khamd/yMExnEARHChDFW6hDg0gMIYneIU3QxuPxrPxskhdMbKaI1iC8f4F0tmO6A==</latexit>

⇢(I � CA) < 1

Jacobi迭代

<latexit sha1_base64="DMeSsWWGpbRO0xqIi3KltXOUwfU=">AAACHHicdZDLSsNAFIYn9VbjLerSzWCxtFRDIsVaQSjUhQsXFUxb6I3JdFJDLhMyE7GEvIr4MOKmiK4E38Y0TcGK/jDw8/3nnOEc3bNNxhXlS8gsLa+srmXXxY3Nre0daXevyWjgY6JhalO/rSNGbNMlGje5TdqeT5Cj26SlW/Vp3nogPjOpe8fHHuk5aOSahokRj9FAuqjDPLyEV/3wRI2Ou13xsR8WrJJajGB+jgs3Ja0IkyDGpZTqAymnyNVEcGYq5dRUVajKSqIcSNUYSJPukOLAIS7HNmKsoyoe74XI5ya2SSR2A0Y8hC00Ip3YusghrBcmO0bwKCZDaFA/fi6HCf3ZESKHsbGjx5UO4vfsdzaFf2WdgBvnvdB0vYATF88+MgIbcgqnB1uYo1NqcaSzCIrx9vMV4f+meSqrZ3L5tpyrKekdsuAAHIICUEEF1MA1aAANYPAMXsE7+BCehBdhIrzNSjNC2rMPFiR8fgOKGpyo</latexit>

C = D�1,

x(k+1) = D�1(L+ U)x(k) +D�1b

收敛条件
<latexit sha1_base64="RajohrCSpVYoCTQTexnaL27F9W4=">AAACAnicdVDLSsNAFJ34rPUVdelmsAgtYkikWAsKRV2IuKhg2kIbw2Q6aYcmmZCZCCVkJ36MuBHRlX/gF/g3pkkEK3rgwuGc++Bcy3coF6r6Kc3Mzs0vLBaWissrq2vr8sZmi7MwwETHzGFBx0KcONQjuqDCIR0/IMi1HNK2RmcTv31HAk6ZdyPGPjFcNPCoTTESiWTKsBcMWfnUvKzAk4yf30b7Wly+2tMr8BhqplxSlXoKmJFaNSd1DWqKmqIEcjRN+aPXZzh0iSewgzjvaqovjAgFgmKHxMVeyImP8AgNSDehHnIJN6I0SQx3E6UPbRYk5QmYqj8nIuRyPnatpNNFYsh/exPxL68bCvvIiKjnh4J4ODtkhw4UDE7eMrXHYmwkkMVjWEzSf0eE/5PWgaIdKtXraqmh5n8ogG2wA8pAAzXQABegCXSAwQN4Aq/gTbqXHqVn6SVrnZHymS0wBen9CyL3lJg=</latexit>

⇢(BJ) = ⇢(D�1(L+ U) < 1

Gauss-Seidel迭代

<latexit sha1_base64="/7cQxNexzB0eXFj6GrnFV0b8qjQ=">AAACJHicdZDLSsNAFIYn9VbjLerSzWCxtFRDIsXahVCsCxcuKpi20LRlMp3UkMuEzEQsIa8jvoviRkTd+CymaYVW9IeBn+8/5wznGL5jMa4on0JmYXFpeSW7Kq6tb2xuSds7TUbDABMNU4cGbQMx4lge0bjFHdL2A4JcwyEtw66P89YdCZhFvRs+8knXRUPPMi2MeIL60nkd5uEZLFwcXRV70ZEaH+q6eN+LCnZJLcYwPxtpMA0SXJqhRl/KKXI1FZyYSnlqqipUZSVVDkzV6EtP+oDi0CUexw5irKMqPu9GKOAWdkgs6iEjPsI2GpJOYj3kEtaN0l1jeJCQATRpkDyPw5TOdkTIZWzkGkmli/gt+52N4V9ZJ+TmaTeyPD/kxMOTj8zQgZzC8eHm5hiU2hwZLIZisv3PivB/0zyW1RO5fF3O1ZTpHbJgD+yDAlBBBdTAJWgADWDwCF7AO/gQHoRn4VV4m5RmhGnPLpiT8PUNfgGejg==</latexit>

C = (D � L)�1,

x(k+1) = (D � L)�1Ux(k) + (D � L)�1b

收敛条件
<latexit sha1_base64="upKzfjKD/R86HjDUvrDRbrlenKo=">AAACAnicdVDLSsNAFJ34rPUVdelmsAjtoiGRYu1CKCrowkVF0xbaGCbTSRuazITMRCghO/FjxI2IrvwDv8C/MU0iWNEDF86cc+9czrV81+FCVT+lufmFxaXlwkpxdW19Y1Pe2m5zFgaY6Ji5LOhaiBPXoUQXjnBJ1w8I8iyXdKzx6dTv3JGAO4zeiIlPDA8NqWM7GIlEMmXYD0asfGJG59dxBR5nz/JZ9bJyG1W1WK+YcklVGilgRuq1nDQ0qClqihLI0TLlj/6A4dAjVGAXcd7TVF8YEQqEg10SF/shJz7CYzQkvYRS5BFuRGmSGO4nygDaLEiKCpiqPyci5HE+8ayk00NixH97U/EvrxcK+8iIHOqHglCcLbJDFwoGp2eZ+cdibCyQxWNYTNJ/R4T/k/aBoh0qtataqanmdyiAXbAHykADddAEF6AFdIDBA3gCr+BNupcepWfpJWudk/KZHTAD6f0LUUGVXg==</latexit>

⇢(BGS) = ⇢((D � L)�1U)

SOR⽅法

最速下降法

Krylov⼦空间法
（共轭梯度法等）

矩阵的特征值
<latexit sha1_base64="RSfq/0FNEP+IrDDTgVhv/WyueMU=">AAAB8XicdVDLSsNAFL2pr1ofjbp0M1gEVyGR0tqFUHHjsoJ9QBvKZDqpQyczITORltAPETciuvJT/AL/xjSNYEUPXDicc8/MvdcLOVPatj+Nwtr6xuZWcbu0s7u3XzYPDjtKxhGhbSK5jHoeVpQzQduaaU57YURx4HHa9SbXC7/7QCPFpLjTs5C6AR4L5jOCdSoNzfLVFF2iAU8TI4ymaGhWbKuRAS1JvZqThoMcy85QgRytofkxGEkSB1RowrFSfccOtZvgSDPC6bw0iBUNMZngMe2nVOCAKjfJBp+j01QZIV9GaQmNMvVnIsGBUrPASzsDrO/Vb28h/uX1Y+1fuAkTYaypIMuP/JgjLdHiCivveFJONPbUHJXS7b9XRP+Tzrnl1KzqbbXStPM7FOEYTuAMHKhDE26gBW0gEMMTvMKboYxH49l4WbYWjDxzBCsw3r8A3giPrA==</latexit>

Ax = �x

Gerschgorin圆盘定理
<latexit sha1_base64="xgfQ4J8uKV1UX2SS+48bhF7ytPE="></latexit>

� 2
Sn

i=1 Gi, where Gi =
n
z 2 C : |z � aii| 

P
j 6=i |aij |

o

幂迭代

按模最⼤的特征值对应的特征向量

归⼀化

如何求特征值

收敛性

反幂法
按模最⼩的特征值对应的特征向量

平移反幂法

加速⽅法

常微分⽅程的数值解
<latexit sha1_base64="UAJhp/CT+JYvzknEu7jpPCO4mt0=">AAAB+HicdVDLSsNAFJ3UV42vqODGzWARW5CSSLF2IRTcuKxga6ENZTKd1KGTTMjcCDH2X8SNiK78Db/AvzFNI1jRAwPnnnMfc68TCK7AND+1wsLi0vJKcVVfW9/Y3DK2dzpKRiFlbSqFDLsOUUxwn7WBg2DdIGTEcwS7ccYXU//mjoWKS/8a4oDZHhn53OWUQCoNjD0d4/ioDBWMz7FbhmMcp0FlYJTMaiMDnpF6LScNC1tVM0MJ5WgNjI/+UNLIYz5QQZTqWWYAdkJC4FSwid6PFAsIHZMR66XUJx5TdpL9f4IPU2WIXRmmzwecqT8rEuIpFXtOmukRuFW/van4l9eLwD2zE+4HETCfzga5kcAg8fQYc30cKcdAHDXBerr994r4f9I5qVqn1dpVrdQ08zsU0T46QGVkoTpqokvUQm1E0QN6Qq/oTbvXHrVn7WWWWtDyml00B+39C3I2kEg=</latexit>

y0(t) = f(t, y(t))

线性多步法
<latexit sha1_base64="EmDmIPItEUsW7TSbhnka0bPG2/Q="></latexit>

kP
j=0

↵jyn+j = h
kP

j=0
�jf (tn+j , yn+j)

局部截断误差与精度

稳定性

单步法

Euler法

<latexit sha1_base64="LTB8gPI330+ZZMWxWqAGX9u4Hhw=">AAACDnicdVBdS8MwFE39nPOr6qMvwU2YTEY7htMHQfDFxwluE7Yx0izdwtKkNLfCKP0P4o8RX0T0SfAX+G9suwlO9EDIyTn33nCu4wuuwbI+jYXFpeWV1dxafn1jc2vb3NltaRUGlDWpEiq4dYhmgkvWBA6C3foBI54jWNsZX6Z++44Fmit5AxOf9TwylNzllEAi9c3j4qQfybIdn6d3XB5htyuYCyVIn8c4U7sBH47gqNg3C1blLAOeknptRs5sbFesDAU0Q6NvfnQHioYek0AF0bpjWz70IhIAp4LF+W6omU/omAxZJ6GSeEz3oixVjA8TZYBdFSRHAs7Unx0R8bSeeE5S6REY6d9eKv7ldUJwT3sRl34ITNLpR24oMCicrmhujqPUGIijY5xP0n9HxP+TVrVin1Rq19XCRW22hxzaRweohGxURxfoCjVQE1H0gJ7QK3oz7o1H49l4mZYuGLOePTQH4/0LO2mcMA==</latexit>

yn+1 = yn + hf (tn, yn)

<latexit sha1_base64="9EIvCg7cMFAZV0XzQ9gZtDbSEEI=">AAACEnicdVBdSwJBFJ21L7Mvq8dehjQwDNkVyXwIhF56NMgPUJHZcVYHZ2eWnbuBLPsvoh8TvUTUS/2B/k2rbpBRBy73cM69M5xre4JrMM1PI7Wyura+kd7MbG3v7O5l9w9aWgU+ZU2qhPI7NtFMcMmawEGwjucz4tqCte3J1cxv3zFfcyVvYeqxvktGkjucEoilQdbMTwehLFrR5axHxTF2eoI5UICFfIYTv+fz0RhO84NszizV5sALUq0kpGZhq2TOkUMJGoPse2+oaOAyCVQQrbuW6UE/JD5wKliU6QWaeYROyIh1YyqJy3Q/nCeL8EmsDLGj/Lgk4Ln6cyMkrtZT144nXQJj/dubiX953QCci37IpRcAk3TxkRMIDArPzrT0jq3UBIitI5yJ039HxP+TVrlknZcqN+VcvZLcIY2O0DEqIAtVUR1dowZqIooe0BN6RW/GvfFoPBsvi9GUkewcoiUYH18axZ0Q</latexit>

yn+1 = yn + hf (tn+1, yn+1)

<latexit sha1_base64="jay4MhEz9kq14RCffLmfnlmNz6M="></latexit>

ȳn+1 = yn + hf (tn, yn)

yn+1 = yn +
h

2
(f (tn, yn) + f (tn+1, ȳn+1))

<latexit sha1_base64="qdmiv+vqU62SV9d7aLWhGD5EO84="></latexit>

yn+1 = yn +
h

2
(f(tn, yn) + f(tn+1, yn+1))

Runge-Kutta⽅法Runge-Kutta⽅法（⼆阶显式）
<latexit sha1_base64="+5sxPnXbixln9Ig4ZUDNiASbl/s="></latexit>

k1 = f (tn, yn)

k2 = f (tn + ah, yn + ahk1)

yn+1 = yn + h (b1k1 + b2k2)

常微分⽅程组

⾼阶常微分⽅程

数值微分和积分

数值微分

有限差分格式

收敛阶
<latexit sha1_base64="tsfu0SAHUoSKNEcNXjd9UrymzMc=">AAAB8nicdVDLSsNAFL2pr1pfUZduBotQNyGRYu2u4MadFewD2lgm00kbOpkJmUmhhPyIuBHRlX/iF/g3JmkEK3rgwuGc+3YC5kllmp9aaW19Y3OrvF3Z2d3bP9APj7pSRCGhHSKYCPsOlpR5nHaUpxjtByHFvsNoz5ldZ35vTkPpCX6vFgG1fTzhnusRrFJppOtDH6spwSy+TWrTB34+0qum0cyBlqRRL0jTQpZh5qhCgfZI/xiOBYl8yhVhWMqBZQbKjnGoPMJoUhlGkgaYzPCEDlLKsU+lHeebJ+gsVcbIFWEaXKFc/VkRY1/Khe+kmdme8reXiX95g0i5V3bs8SBSlJPlIDdiSAmUvWGljyPETGFHJqiSXv99IvqfdC8M69Ko39WrLbP4QxlO4BRqYEEDWnADbegAgTk8wSu8aUp71J61l2VqSStqjmEF2vsXER2RDQ==</latexit>

O(hn)

外推

数值积分

复合积分

基于插值的积分公式

梯形法制

<latexit sha1_base64="4o9lzbcN6RpQ84r/3P08OEgZYCk="></latexit>Z b

a
f(x) dx =

h

2
(f(a) + f(b))� h3

12
f 00(c)

Simpson法则
<latexit sha1_base64="DJrbEBeWxrE7TMMCtsyiqB1Qtfg="></latexit>Z b

a
f(x)dx =

h

3

✓
f(a) + 4f

✓
a+ b

2

◆
+ f(b)

◆
� h5

90
f (4)(⇠)

Newton-Cotes公式
代数精度

Gauss积分

数据的插值⽅法

多项式插值

误差余项

<latexit sha1_base64="62MVzUGXLNUid6zB2w5+wQTMpx8="></latexit>

Rn(x) = f [x0, . . . , xn, x]!n+1(x)

!n+1(x) = (x� x0) · · · (x� xn)

Lagrange插值

基函数
<latexit sha1_base64="ekauZndHH9Xq0wWoPJtpNmWLdUs=">AAACHHicdVBbS8MwGE29znmb+uhLcBPmg6MdwzlBGPji4wR3gXWUNEtntjSpTSobpX9F/DHiyxB9Evw3tlsFJ3ogcHLO+RLOZ3uMSqXrn9rS8srq2npmI7u5tb2zm9vbb0kR+Jg0sWDC79hIEkY5aSqqGOl4PkGuzUjbHl0lfvuB+JIKfqsmHum5aMCpQzFSsWTlLgomYcwKh1FxfHJper7oWyGFJif3cBhB0/ERDsen41iMonCcBNNLwcrl9VJtBjgn1UpKagY0SvoMeZCiYeWmZl/gwCVcYYak7Bq6p3oh8hXFjERZM5DEQ3iEBqQbU45cInvhrGMEj2OlDx3hx4crOFN/ToTIlXLi2nHSRepO/vYS8S+vGyjnvBdS7gWKcDz/yAkYVAImC1t4xxZipJAtI5iN239XhP+TVrlknJUqN+V8vZLuIQMOwREoAgNUQR1cgwZoAgyewAt4A+/ao/asTbXXeXRJS2cOwAK0jy+dN6L3</latexit>

`j(x) =
Q

i 6=j
x�xi
xj�xi

<latexit sha1_base64="biaQdwwsSRHOSXEImXa+qC2nnW8=">AAACKXicdZDLSsNAFIYnXmu9RV26GWyFilCSUqxdCAUXunBRwV6gDWEyndTQyUzITMQS8kTik7gSNyq68kXMrWBFfxj4+f5zznCO5VFHSE17UxYWl5ZXVgtrxfWNza1tdWe3K3jgY9LBnHK/byFBqMNIRzqSkr7nE+RalPSsyXmS9+6ILxzObuTUI4aLxsyxHYxkjEz1onxlhiyq3B+dDQmlZqglHk4Tc5wRfUb0mOARlyIP2CxgUdlUS1q1mQpmplHPTVOHelVLVQK52qb6NBxxHLiESUyREANd86QRIl86mJKoOAwE8RCeoDEZxJYhlwgjTBeO4GFMRtDmfvyYhCn92REiV4ipa8WVLpK34neWwL+yQSDtUyN0mBdIwnD2kR1QKDlMrjc3x+J8IpElIliMt5+tCP833VpVP6nWr2ulVj2/QwHsgwNQATpogBa4BG3QARg8ghfwAT6VB+VZeVXes9IFJe/ZA3NSvr4BctymJQ==</latexit>

Ln(x) = `0(x)y0 + `1(x)y1 + · · ·+ `n(x)yn

Newton插值

<latexit sha1_base64="IyLG/VGZXTVRsU9y94l/wgZ+hRA="></latexit>

P (x) = f [x0] + f [x0, x1] (x� x0) + · · ·
+ f [x0, x1, . . . , xn] (x� x0) · · · (x� xn�1)

Newton差商的计算
存在唯⼀性

分段插值
<latexit sha1_base64="BDVTDTZ3JlI37jE+XBoJHi+D5gY=">AAAB7nicdVDLSsNAFL2pr1pfVZduBosgKCGRYu2u4MZlBfuANIbJdFLHTjIhM5GWkN8QNyK68l/8Av/GNI1gRQ9cOJxz327ImVSG8amVlpZXVtfK65WNza3tneruXleKOCK0QwQXUd/FknIW0I5iitN+GFHsu5z23PHlzO890EgyEdyoaUhtH48C5jGCVSbdWhPn/hRNnOT+xExtp1oz9GYONCeNekGaJjJ1I0cNCrSd6sdgKEjs00ARjqW0TCNUdoIjxQinaWUQSxpiMsYjamU0wD6VdpJvnaKjTBkiT0RZBArl6s+KBPtSTn03y/SxupO/vZn4l2fFyruwExaEsaIBmQ/yYo6UQLMXLPRxhRgr7MoUVbLrv09E/5PumW6e6/Xreq1lFH8owwEcwjGY0IAWXEEbOkAggid4hTct1B61Z+1lnlrSipp9WID2/gWH8o+g</latexit>

[xj , xj+1]

分段线性插值

两点三次Hermit插值

三次样条

最⼩⼆乘拟合
<latexit sha1_base64="sAGPhvul9kBFHfArbszj9zxl7hg=">AAACH3icdZDLSsNAFIYnXmu9RV26GWyFSqEkpVi7KBTcuKxgL9CEMJlO26HJTMhMiiXkYcSHERFEdNW3MUkjtKI/DPx8/zlnOMf2HCqkpi2Ujc2t7Z3d3F5+/+Dw6Fg9Oe0KHviYdDB3uN+3kSAOZaQjqXRI3/MJcm2H9OzpbZL3ZsQXlLMHOfeI6aIxoyOKkYyRpTaLxgz53oSWHq+ayAq1CGYg8TEsG3jIpSjHGVvJWJIVLbWgVRqp4NLUa5lp6FCvaKkKIFPbUt+MIceBS5jEDhJioGueNEPkS4odEuWNQBAP4Skak0FsGXKJMMN0zQhexmQIR9yPH5MwpasdIXKFmLt2XOkiORG/swT+lQ0COboxQ8q8QBKGlx+NAgdKDpObrc2xOZ9KZIsI5uPtf1aE/5tutaJfV2r31UKrlt0hB87BBSgBHdRBC9yBNugADJ7BK/gEX8qT8qK8Kx/L0g0l6zkDa1IW38Wioso=</latexit>

'(x) = a0'0(x) + · · ·+ an'n(x)

正规⽅程组

<latexit sha1_base64="EYDm3zcnADQKvTFzGLJ3AaulAng="></latexit>0

BBB@

('0,'0) ('0,'1) · · · ('0,'n)
('1,'0) ('1,'1) · · · ('1,'n)

...
...

. . .
...

('n,'0) ('n,'1) · · · ('n,'n)

1

CCCA

0

BBB@

a0
a1
...
an

1

CCCA
=

0

BBB@

('0, f)
('1, f)

...
('n, f)

1

CCCA

<latexit sha1_base64="v3dIIwaYauALMB0c6G9zxTWmGPQ=">AAAB7XicdZDLSsNAFIZPvNZ6q7p0M1gEVyGRYO1CaHHjskJv0MYyM53UoZNMzEzEEvoY4kZEVz6MT+DbmKYRrOgPAx//f87MnENCwZW2rE9jaXlldW29sFHc3Nre2S3t7beVjCPKWlQKGXUJVkzwgLU014J1w4hhnwjWIePLWd65Z5HiMmjqSchcH48C7nGKdWq59Zsmqj+gC5QCGZTKllnNhOZQcXKo2sg2rUxlyNUYlD76Q0ljnwWaCqxUz7ZC7SY40pwKNi32Y8VCTMd4xHopBthnyk2yT0/RceoMkSej9AQaZe7PjgT7Sk18klb6WN+q39nM/Cvrxdo7dxMehLFmAZ0/5MUCaYlmG1i4h0g51pioKSqm03+PiP6H9qlpn5nOtVOuOfkeCnAIR3ACNlSgBlfQgBZQuIMneIU3QxqPxrPxMi9dMvKeA1iQ8f4FguSOXg==</latexit>

ATAx = AT b

函数逼近

正交多项式

正交化

Legendre多项式

Chebyshev多项式

数据拟合

超定⽅程组的最⼩⼆乘解
<latexit sha1_base64="E7+ORRArYNA7QFIKy9smZrNIyrQ=">AAAB5nicdVDLSsNAFL3xWeur6tLNYBFchUSKtQuh4sZlBfuANpSZ6aQdO5kJmYlYQn9B3Ijoyv/xC/wb0zSCFT1w4XDOvXfmXBIKro3jfFpLyyura+uFjeLm1vbObmlvv6VVHFHWpEqoqEOwZoJL1jTcCNYJI4YDIlibjK9mfvueRZoreWsmIfMCPJTc5xSbVGpdPqALRPqlsmPXMqA5qVZyUnORazsZypCj0S999AaKxgGThgqsddd1QuMlODKcCjYt9mLNQkzHeMi6KZU4YNpLst9O0XGqDJCvorSkQZn6cyLBgdaTgKSdATYj/dubiX953dj4517CZRgbJun8IT8WyCg0i76whyg1NpjoKSqm6b8jov9J69R2z+zKTaVcr+R3KMAhHMEJuFCFOlxDA5pA4Q6e4BXerJH1aD1bL/PWJSufOYAFWO9fbEyMEg==</latexit>

Ax = b

⼆次函数求极值

矩阵严格对⻆占优

Xiaozhou Li@2024

⽅程求解

⼆次收敛

幂迭代的逆

Runge现象

误差控制

连续形式

内积

内积

极性

对⻆系数矩阵

⼆阶

⼀阶

⼀阶

最优精度

⼆阶


