
Numpy
Linear Algebra



Πίνακες

• Για ε πολύ κοντά στο 0, ο Α τείνει να γίνει μη 
αντιστρέψιμος 

• numpy.linalg.det(A) υπολογίζει την ορίζουσα. 

A =

✓
✏ 1
✏ 1 + ✏

◆

<latexit sha1_base64="ejMTU8ljiBL3ESXvnkkVoLTcGY4="></latexit><latexit sha1_base64="dLN0BOTSKGiNU8APhEZNXbWgWm4="></latexit><latexit sha1_base64="dLN0BOTSKGiNU8APhEZNXbWgWm4="></latexit><latexit sha1_base64="LmL5jSv8vST+Oz0gdkvaCroeJvo="></latexit>

b =

✓
1
1

◆

<latexit sha1_base64="XB59H1wFmfXZanLI+R7cjPLhpEA="></latexit><latexit sha1_base64="ases2BMZnqq96G0jw9VEDmrA3zY="></latexit><latexit sha1_base64="ases2BMZnqq96G0jw9VEDmrA3zY="></latexit><latexit sha1_base64="eeQ0Sry2lcu42+VrDGd0YaWoLIA=">AAACH3icbVBNS8NAEN34bfyqevSy2Ap6KYmX6kEQvXisYLXQlLLZTtrFzSbsToQS+lO8+Fe8eFARb/03btsctPXBwOO9md2ZF6ZSGPS8kbOwuLS8srq27m5sbm3vlHb37k2SaQ4NnshEN0NmQAoFDRQooZlqYHEo4SF8vB77D0+gjUjUHQ5SaMesp0QkOEMrdUq1SsUNLwIJER4HIfSEypnWbDDM+dClfhC4vhuA6hZqoEWvjyeVSqdU9qreBHSe+AUpkwL1Tuk76CY8i0Ehl8yYlu+l2LbPouAShm6QGUgZf2Q9aFmqWAymnU8OHNIjq3RplGhbCulE/T2Rs9iYQRzazphh38x6Y/E/r5VhdNbOhUozBMWnH0WZpJjQcVq0KzRwlANLGNfC7kp5n2nG0Wbq2hD82ZPnSeO0el71b73y5VWRxho5IIfkmPikRi7JDamTBuHkmbySd/LhvDhvzqfzNW1dcIqZffIHzugHbSChgQ==</latexit>



Πίνακες

• B=numpy.linalg.inv(A) 

• numpy.dot(A,B) διαφέρει από το numpy.dot(B,A) για 
ε μικρό

A�1A = AA�1 = I
<latexit sha1_base64="h+QHf0eb+bMv8DJpK69GNR00gbU=">AAAB/nicbZDLSsNAFIZP6q3GW1Rw4ybYCG4siRt1UWx1o7sKxhbaWCbTaTt0cmFmIpRY0Fdx40LFrW/g3p1v47TpQqs/DHz85xzOmd+PGRXStr+03Mzs3PxCflFfWl5ZXTPWN65FlHBMXByxiNd9JAijIXEllYzUY05Q4DNS8/tno3rtlnBBo/BKDmLiBagb0g7FSCqrZWxZll65SfedYaVUyaB0YVkto2AX7bHMv+BMoHDyoZfuAaDaMj6b7QgnAQklZkiIhmPH0ksRlxQzMtSbiSAxwn3UJQ2FIQqI8NLx/UNzVzltsxNx9UJpjt2fEykKhBgEvuoMkOyJ6drI/K/WSGTnyEtpGCeShDhb1EmYKSNzFIbZppxgyQYKEOZU3WriHuIISxWZrkJwpr/8F9yD4nHRubQL5VPIlIdt2IE9cOAQynAOVXABwx08wjO8aA/ak/aqvWWtOW0yswm/pL1/A4Z+lO0=</latexit><latexit sha1_base64="KuUtFlFSJxLXC3bKdh7RawVWKvo=">AAAB/nicbZC7TsMwFIadcivhFkBiYbFokFioEhZgqGhhga1IhFZqQ+W4TmvVuch2kKrQgVeBgQEQK2/AzoJ4G9ymA7T8kqVP/zlH5/j3YkaFtKxvLTczOze/kF/Ul5ZXVteM9Y1rESUcEwdHLOJ1DwnCaEgcSSUj9ZgTFHiM1Lze2bBeuyVc0Ci8kv2YuAHqhNSnGElltYwt09QrN+m+PaiUKhmULkyzZRSsojUSnAZ7DIWTD70UP37p1Zbx2WxHOAlIKDFDQjRsK5ZuirikmJGB3kwEiRHuoQ5pKAxRQISbju4fwF3ltKEfcfVCCUfu74kUBUL0A091Bkh2xWRtaP5XayTSP3JTGsaJJCHOFvkJgzKCwzBgm3KCJesrQJhTdSvEXcQRlioyXYVgT355GpyD4nHRvrQK5VOQKQ+2wQ7YAzY4BGVwDqrAARjcgQfwDF60e+1Je9XestacNp7ZBH+kvf8AdpmWYQ==</latexit><latexit sha1_base64="KuUtFlFSJxLXC3bKdh7RawVWKvo=">AAAB/nicbZC7TsMwFIadcivhFkBiYbFokFioEhZgqGhhga1IhFZqQ+W4TmvVuch2kKrQgVeBgQEQK2/AzoJ4G9ymA7T8kqVP/zlH5/j3YkaFtKxvLTczOze/kF/Ul5ZXVteM9Y1rESUcEwdHLOJ1DwnCaEgcSSUj9ZgTFHiM1Lze2bBeuyVc0Ci8kv2YuAHqhNSnGElltYwt09QrN+m+PaiUKhmULkyzZRSsojUSnAZ7DIWTD70UP37p1Zbx2WxHOAlIKDFDQjRsK5ZuirikmJGB3kwEiRHuoQ5pKAxRQISbju4fwF3ltKEfcfVCCUfu74kUBUL0A091Bkh2xWRtaP5XayTSP3JTGsaJJCHOFvkJgzKCwzBgm3KCJesrQJhTdSvEXcQRlioyXYVgT355GpyD4nHRvrQK5VOQKQ+2wQ7YAzY4BGVwDqrAARjcgQfwDF60e+1Je9XestacNp7ZBH+kvf8AdpmWYQ==</latexit><latexit sha1_base64="pKKMmmttOooN1OH9TRpG6z7bn6Y=">AAAB/nicbZC9TsMwFIWd8lfCXwCJhcWiQWKhSliAoVILC2xFIrRSGyrHdVqrjhPZDlIVOvAqLAyAWHkONt4Gt80ALUey9Once3WvT5AwKpXjfBuFhcWl5ZXiqrm2vrG5ZW3v3Mk4FZh4OGaxaAZIEkY58RRVjDQTQVAUMNIIBpfjeuOBCEljfquGCfEj1OM0pBgpbXWsPds2a/fZsTuqVWpTqFzbdscqOWVnIjgPbg4lkKvesb7a3RinEeEKMyRly3US5WdIKIoZGZntVJIE4QHqkZZGjiIi/Wxy/wgeaqcLw1joxxWcuL8nMhRJOYwC3Rkh1ZeztbH5X62VqvDMzyhPUkU4ni4KUwZVDMdhwC4VBCs21ICwoPpWiPtIIKx0ZKYOwZ398jx4J+XzsnvjlKoXeRpFsA8OwBFwwSmogitQBx7A4BE8g1fwZjwZL8a78TFtLRj5zC74I+PzBxkTkyA=</latexit>



Πίνακες

• Λύνουμε το γραμμικό σύστημα με την 
numpy.linalg.solve

• Και για μικρά ε βρίσκουμε τη λύση. 

A =

✓
✏ 1
✏ 1 + ✏

◆

<latexit sha1_base64="ejMTU8ljiBL3ESXvnkkVoLTcGY4="></latexit><latexit sha1_base64="dLN0BOTSKGiNU8APhEZNXbWgWm4="></latexit><latexit sha1_base64="dLN0BOTSKGiNU8APhEZNXbWgWm4="></latexit><latexit sha1_base64="LmL5jSv8vST+Oz0gdkvaCroeJvo="></latexit>

b =

✓
1
1

◆

<latexit sha1_base64="XB59H1wFmfXZanLI+R7cjPLhpEA="></latexit><latexit sha1_base64="ases2BMZnqq96G0jw9VEDmrA3zY="></latexit><latexit sha1_base64="ases2BMZnqq96G0jw9VEDmrA3zY="></latexit><latexit sha1_base64="eeQ0Sry2lcu42+VrDGd0YaWoLIA=">AAACH3icbVBNS8NAEN34bfyqevSy2Ap6KYmX6kEQvXisYLXQlLLZTtrFzSbsToQS+lO8+Fe8eFARb/03btsctPXBwOO9md2ZF6ZSGPS8kbOwuLS8srq27m5sbm3vlHb37k2SaQ4NnshEN0NmQAoFDRQooZlqYHEo4SF8vB77D0+gjUjUHQ5SaMesp0QkOEMrdUq1SsUNLwIJER4HIfSEypnWbDDM+dClfhC4vhuA6hZqoEWvjyeVSqdU9qreBHSe+AUpkwL1Tuk76CY8i0Ehl8yYlu+l2LbPouAShm6QGUgZf2Q9aFmqWAymnU8OHNIjq3RplGhbCulE/T2Rs9iYQRzazphh38x6Y/E/r5VhdNbOhUozBMWnH0WZpJjQcVq0KzRwlANLGNfC7kp5n2nG0Wbq2hD82ZPnSeO0el71b73y5VWRxho5IIfkmPikRi7JDamTBuHkmbySd/LhvDhvzqfzNW1dcIqZffIHzugHbSChgQ==</latexit>



Πίνακες

• Λύνουμε το γραμμικό σύστημα με την 
numpy.linalg.solve

• Ακόμα και για “μεγάλα” ε δεν βρίσκουμε τη λύση. 

A =

✓
✏ 1
✏ 1 + ✏

◆

<latexit sha1_base64="ejMTU8ljiBL3ESXvnkkVoLTcGY4="></latexit><latexit sha1_base64="dLN0BOTSKGiNU8APhEZNXbWgWm4="></latexit><latexit sha1_base64="dLN0BOTSKGiNU8APhEZNXbWgWm4="></latexit><latexit sha1_base64="LmL5jSv8vST+Oz0gdkvaCroeJvo="></latexit>

b =

 
1 +

1

✏
1� ✏

!

<latexit sha1_base64="KonS7y0HW9ni7I9G5q+qlAOaUaM="></latexit><latexit sha1_base64="uHI3ZUoquJQdPh6IKs6jJey5f9Q="></latexit><latexit sha1_base64="uHI3ZUoquJQdPh6IKs6jJey5f9Q="></latexit><latexit sha1_base64="uUfLaPx8IOBOsNqHXiqW9+KiRN4="></latexit>



Ιδιοτιμές
  

Ιδιοτιμές  

Ιδιοδιανύσματα 

A =

✓
1 0
0 4

◆

<latexit sha1_base64="TCpeWAV04TTK2KfTX/IbSFu9kw0="></latexit><latexit sha1_base64="afCnr+mfvS+BqPW19LWnVxPc3zQ="></latexit><latexit sha1_base64="afCnr+mfvS+BqPW19LWnVxPc3zQ="></latexit><latexit sha1_base64="pu8rTE6n4kYB1koM2v5jUQ2P2cU="></latexit>

Ax = �x
<latexit sha1_base64="56ROxiYS6/UVXZb+Xq4DBvGCqBs=">AAAB+XicbVC7TsMwFL3hWcIrhZHFokFiqhIWYKgosDAWidJKbVU5rttadZzIdqBVqMSPsDAAYuUj2Nn4G9zHAC1HsnR0zj261yeIOVPa876thcWl5ZXVzJq9vrG5te1kd25VlEhCyyTikawGWFHOBC1rpjmtxpLiMOC0EvQuR37ljkrFInGjBzFthLgjWJsRrI3UdLKue94v1LlJtDDq267bdHJe3hsDzRN/SnJnn3bhEQBKTeer3opIElKhCcdK1Xwv1o0US80Ip0O7nigaY9LDHVozVOCQqkY6Pn2IDozSQu1Imic0Gqu/EykOlRqEgZkMse6qWW8k/ufVEt0+aaRMxImmgkwWtROOdIRGPaAWk5RoPjAEE8nMrYh0scREm7ZsU4I/++V5Uj7Kn+b9ay9XvIAJMrAH+3AIPhxDEa6gBGUgcA9P8AKv1oP1bL1Z75PRBWua2YU/sD5+AGIBk9c=</latexit><latexit sha1_base64="5NTGj3v+LL6fY6+X38qFCH7vXdI=">AAAB+XicbVC7TsMwFHXKq4RXCiOLRYPEVCUswFBRYGEsEqWV2qhyHKe16jiR7UCr0E9hAQkQKx/BzoL4G9zHAC1HsnR0zj2618dPGJXKcb6N3MLi0vJKftVcW9/Y3LIK2zcyTgUmNRyzWDR8JAmjnNQUVYw0EkFQ5DNS93sXI79+S4SkMb9Wg4R4EepwGlKMlJbaVsG2z/rlFtOJAMG+adttq+iUnDHgPHGnpHj6YZaTpy+z2rY+W0GM04hwhRmSsuk6ifIyJBTFjAzNVipJgnAPdUhTU44iIr1sfPoQ7mslgGEs9OMKjtXfiQxFUg4iX09GSHXlrDcS//OaqQqPvYzyJFWE48miMGVQxXDUAwyoIFixgSYIC6pvhbiLBMJKt2XqEtzZL8+T2mHppOReOcXKOZggD3bBHjgALjgCFXAJqqAGMLgDD+AZvBj3xqPxarxNRnPGNLMD/sB4/wFSHJVL</latexit><latexit sha1_base64="5NTGj3v+LL6fY6+X38qFCH7vXdI=">AAAB+XicbVC7TsMwFHXKq4RXCiOLRYPEVCUswFBRYGEsEqWV2qhyHKe16jiR7UCr0E9hAQkQKx/BzoL4G9zHAC1HsnR0zj2618dPGJXKcb6N3MLi0vJKftVcW9/Y3LIK2zcyTgUmNRyzWDR8JAmjnNQUVYw0EkFQ5DNS93sXI79+S4SkMb9Wg4R4EepwGlKMlJbaVsG2z/rlFtOJAMG+adttq+iUnDHgPHGnpHj6YZaTpy+z2rY+W0GM04hwhRmSsuk6ifIyJBTFjAzNVipJgnAPdUhTU44iIr1sfPoQ7mslgGEs9OMKjtXfiQxFUg4iX09GSHXlrDcS//OaqQqPvYzyJFWE48miMGVQxXDUAwyoIFixgSYIC6pvhbiLBMJKt2XqEtzZL8+T2mHppOReOcXKOZggD3bBHjgALjgCFXAJqqAGMLgDD+AZvBj3xqPxarxNRnPGNLMD/sB4/wFSHJVL</latexit><latexit sha1_base64="8DP/93ruBLVm/Fq2PGKnqA19hVI=">AAAB+XicbVC7TsMwFL3hWcIrhZHFokFiqhIWYEAqsDAWidBKbVQ5jttadR6yHWgV+iksDIBY+RM2/ga3zQAtR7J0dM49utcnSDmTynG+jaXlldW19dKGubm1vbNrlffuZZIJQj2S8EQ0AywpZzH1FFOcNlNBcRRw2ggG1xO/8UCFZEl8p0Yp9SPci1mXEay01LHKtn05vGhznQgxGpq23bEqTtWZAi0StyAVKFDvWF/tMCFZRGNFOJay5Tqp8nMsFCOcjs12JmmKyQD3aEvTGEdU+vn09DE60kqIuonQL1Zoqv5O5DiSchQFejLCqi/nvYn4n9fKVPfMz1mcZorGZLaom3GkEjTpAYVMUKL4SBNMBNO3ItLHAhOl2zJ1Ce78lxeJd1I9r7q3TqV2VbRRggM4hGNw4RRqcAN18IDAIzzDK7wZT8aL8W58zEaXjCKzD39gfP4A9IeSCg==</latexit>

� = 1, 4
<latexit sha1_base64="tFyFQzlOYTiHWIADY2/ZKv9t1PE=">AAAB+nicbVC7SgNBFL0bXzG+1lhqMZgVLCTsiqAWQtDGMgHXBJIlzM7OJkNmH8zMimHJr9hYqNha+B12dn6Kk0eh0QMDh3PO5d45fsqZVLb9aRQWFpeWV4qrpbX1jc0tc7t8K5NMEOqShCei5WNJOYupq5jitJUKiiOf06Y/uBr7zTsqJEviGzVMqRfhXsxCRrDSUtcsW1aH63iA0QVyjtCJZXXNil21J0B/iTMjldree+MLAOpd86MTJCSLaKwIx1K2HTtVXo6FYoTTUamTSZpiMsA92tY0xhGVXj65fYQOtBKgMBH6xQpN1J8TOY6kHEa+TkZY9eW8Nxb/89qZCs+8nMVppmhMpovCjCOVoHERKGCCEsWHmmAimL4VkT4WmChdV0mX4Mx/+S9xj6vnVaehy7iEKYqwC/twCA6cQg2uoQ4uELiHB3iCZ2NkPBovxus0WjBmMzvwC8bbN4m2k+8=</latexit><latexit sha1_base64="DvKpP4H7pI8oV8jUiPcsICOh0FE=">AAAB+nicbVDLSsNAFJ3UV62vWJeKDDaCCymJCOpCKLpx2YKxhTaUyWTSDp1MwsxELKFLf8ONCxW3Lvod7vwGf8LpY6GtBwYO55zLvXP8hFGpbPvLyC0sLi2v5FcLa+sbm1vmdvFOxqnAxMUxi0XDR5IwyomrqGKkkQiCIp+Rut+7Hvn1eyIkjfmt6ifEi1CH05BipLTUNouW1WI6HiB4CZ1jeGpZbbNkl+0x4DxxpqRU2RvWvh/3h9W2+dkKYpxGhCvMkJRNx06UlyGhKGZkUGilkiQI91CHNDXlKCLSy8a3D+ChVgIYxkI/ruBY/T2RoUjKfuTrZIRUV856I/E/r5mq8NzLKE9SRTieLApTBlUMR0XAgAqCFetrgrCg+laIu0ggrHRdBV2CM/vleeKelC/KTk2XcQUmyINdcACOgAPOQAXcgCpwAQYP4Am8gFdjYDwbb8b7JJozpjM74A+Mjx9mlZVV</latexit><latexit sha1_base64="DvKpP4H7pI8oV8jUiPcsICOh0FE=">AAAB+nicbVDLSsNAFJ3UV62vWJeKDDaCCymJCOpCKLpx2YKxhTaUyWTSDp1MwsxELKFLf8ONCxW3Lvod7vwGf8LpY6GtBwYO55zLvXP8hFGpbPvLyC0sLi2v5FcLa+sbm1vmdvFOxqnAxMUxi0XDR5IwyomrqGKkkQiCIp+Rut+7Hvn1eyIkjfmt6ifEi1CH05BipLTUNouW1WI6HiB4CZ1jeGpZbbNkl+0x4DxxpqRU2RvWvh/3h9W2+dkKYpxGhCvMkJRNx06UlyGhKGZkUGilkiQI91CHNDXlKCLSy8a3D+ChVgIYxkI/ruBY/T2RoUjKfuTrZIRUV856I/E/r5mq8NzLKE9SRTieLApTBlUMR0XAgAqCFetrgrCg+laIu0ggrHRdBV2CM/vleeKelC/KTk2XcQUmyINdcACOgAPOQAXcgCpwAQYP4Am8gFdjYDwbb8b7JJozpjM74A+Mjx9mlZVV</latexit><latexit sha1_base64="0B7CLzj1fcoJbKUktx0PkCFqZj4=">AAAB+nicbVBNS8NAFHzxs9avWI9eFhvBg5REBPUgFL14rGBsoQ1ls920SzebsLsRS+hf8eJBxau/xJv/xm2bg7YOLAwz83hvJ0w5U9p1v62l5ZXVtfXSRnlza3tn196rPKgkk4T6JOGJbIVYUc4E9TXTnLZSSXEcctoMhzcTv/lIpWKJuNejlAYx7gsWMYK1kbp2xXE63MR7GF0h7wSdOU7Xrro1dwq0SLyCVKFAo2t/dXoJyWIqNOFYqbbnpjrIsdSMcDoudzJFU0yGuE/bhgocUxXk09vH6MgoPRQl0jyh0VT9PZHjWKlRHJpkjPVAzXsT8T+vnenoIsiZSDNNBZktijKOdIImRaAek5RoPjIEE8nMrYgMsMREm7rKpgRv/suLxD+tXda8O7davy7aKMEBHMIxeHAOdbiFBvhA4Ame4RXerLH1Yr1bH7PoklXM7MMfWJ8/fAGRqg==</latexit>

x =

✓
1
0

◆
,

✓
0
1

◆

<latexit sha1_base64="3lg4Z4+dGLV6izBKKJS1xFQKvrs="></latexit><latexit sha1_base64="fBzgjpA6FtAj8fNbcGWM1mArdoo="></latexit><latexit sha1_base64="fBzgjpA6FtAj8fNbcGWM1mArdoo="></latexit><latexit sha1_base64="6XRUB7K3bCqmHNiiEE38k+D1vJM="></latexit>



Ιδιοτιμές

• A=np.array([[1,0],[0,4]])

• evalues,evectors=np.linalg.eig(A)

• evalues έχει τιμή array([ 1.,  4.])

• evectors είναι το array των ιδιοδιανυσμάτων



Ιδιοτιμές
• evectors  έχει τιμή 

array([[ 1.,  0.],[ 0.,  1.]])

• Ιδιοδιάνυσμα της λ=1,  

evector[:,0:1] είναι το 

array([[1.],  [0.]])



Ιδιοτιμές
• evectors  έχει τιμή 

array([[ 1.,  0.],[ 0.,  1.]])

• Ιδιοδιάνυσμα της λ=4,  

evector[:,1:1] είναι το 

array([[0.], [1.]])



Ιδιοτιμές
  

Ιδιοτιμές  

Ιδιοδιανύσματα x =

✓
1
1

◆
, x =

✓
1
�1

◆

<latexit sha1_base64="aOBoRixpFcy/OdKnww/OAPaJzRE="></latexit><latexit sha1_base64="sTzkDNSw1dLYIglViGbZndMlXPY="></latexit><latexit sha1_base64="sTzkDNSw1dLYIglViGbZndMlXPY="></latexit><latexit sha1_base64="u1pSuZGa+edxqWimwu0pLeSnuhY="></latexit>

A =

✓
2 1
1 2

◆

<latexit sha1_base64="p+PCiBpMCIL3h/gOm2Eenyl2W6U="></latexit><latexit sha1_base64="PVowPK3VeP8E+r5Z/DDQasXGLU8="></latexit><latexit sha1_base64="PVowPK3VeP8E+r5Z/DDQasXGLU8="></latexit><latexit sha1_base64="f9xQxQGz6XP9RUR5/4k3sPiUG7Y="></latexit>

det(A� �I) = �2 � 4�+ 3
<latexit sha1_base64="z2BAghJmtiAtgv4J5Z9NTpMXDrg=">AAACG3icbVDJSgQxFHzt7riNevQSXEARh24V1IPgctGbgqPC9Dik0280mF5IXotDMx/iRfwTLx5UPAke/Bszy8GtIFCpekXyKkiVNOS6n05Pb1//wODQcGFkdGx8ojg5dWqSTAssi0Ql+jzgBpWMsUySFJ6nGnkUKDwLrvdb/tkNaiOT+IQaKVYjfhnLuhScrFQrrs3P+4S3lIdIzcXdFV/ZbMjZ4RLbZoXu7WJ1Zb1Ll22gVpxzS24b7C/xumRuZ9ZffgCAo1rx3Q8TkUUYk1DcmIrnplTNuSYpFDYLfmYw5eKaX2LF0phHaKp5e7kmW7BKyOqJticm1la/J3IeGdOIAjsZcboyv72W+J9Xyai+Wc1lnGaEseg8VM8Uo4S1mmKh1ChINSzhQkv7VyauuOaCbJ8FW4L3e+W/pLxa2ip5x7aMPehgCGZgFhbBgw3YgQM4gjIIuINHeIYX5955cl6dt85oj9PNTMMPOB9faFagHQ==</latexit><latexit sha1_base64="JP51FAfWi+Fe90CYamibcAzimxQ=">AAACG3icbVDLSgMxFM34rPVVdekmWIWKWGaqoC6EqhvdKVgVOrVkMrc1mHmQ3BHL0L9w48ZfceNCxZXgon9j+lho9UDg5Jx7SO7xYik02nbHGhkdG5+YzExlp2dm5+ZzC4sXOkoUhwqPZKSuPKZBihAqKFDCVayABZ6ES+/2qOtf3oHSIgrPsRVDLWDNUDQEZ2ikem5rddVFuMfUB2wXDjZdabI+oyfrdJ9mB7fr0ub2gG6YQD2Xt4t2D/QvcQYkX15xNx465dZpPffp+hFPAgiRS6Z11bFjrKVMoeAS2lk30RAzfsuaUDU0ZAHoWtpbrk3XjOLTRqTMCZH21J+JlAVatwLPTAYMb/Sw1xX/86oJNnZrqQjjBCHk/YcaiaQY0W5T1BcKOMqWIYwrYf5K+Q1TjKPpM2tKcIZX/ksqpeJe0TkzZRySPjJkmayQAnHIDimTY3JKKoSTR/JMXsmb9WS9WO/WR390xBpklsgvWF/fcDqhow==</latexit><latexit sha1_base64="JP51FAfWi+Fe90CYamibcAzimxQ=">AAACG3icbVDLSgMxFM34rPVVdekmWIWKWGaqoC6EqhvdKVgVOrVkMrc1mHmQ3BHL0L9w48ZfceNCxZXgon9j+lho9UDg5Jx7SO7xYik02nbHGhkdG5+YzExlp2dm5+ZzC4sXOkoUhwqPZKSuPKZBihAqKFDCVayABZ6ES+/2qOtf3oHSIgrPsRVDLWDNUDQEZ2ikem5rddVFuMfUB2wXDjZdabI+oyfrdJ9mB7fr0ub2gG6YQD2Xt4t2D/QvcQYkX15xNx465dZpPffp+hFPAgiRS6Z11bFjrKVMoeAS2lk30RAzfsuaUDU0ZAHoWtpbrk3XjOLTRqTMCZH21J+JlAVatwLPTAYMb/Sw1xX/86oJNnZrqQjjBCHk/YcaiaQY0W5T1BcKOMqWIYwrYf5K+Q1TjKPpM2tKcIZX/ksqpeJe0TkzZRySPjJkmayQAnHIDimTY3JKKoSTR/JMXsmb9WS9WO/WR390xBpklsgvWF/fcDqhow==</latexit><latexit sha1_base64="4utFFIp7U4FaJ7hqf5pvrhBM7fA=">AAACG3icbVDLSgMxFM34rPVVdekmWAVFLDNVUBdC1Y3uKlgttLVkMndqMPMguSOWoR/ixl9x40LFleDCvzGts9DqgcDJOfeQ3OPGUmi07U9rZHRsfGIyN5Wfnpmdmy8sLF7oKFEcajySkaq7TIMUIdRQoIR6rIAFroRL9+a471/egtIiCs+xG0MrYJ1Q+IIzNFK7sL262kS4w9QD7K0fbjWlyXqMnm7QA5rPblflrZ2MbppAu1C0S/YA9C9xMlIkGartwnvTi3gSQIhcMq0bjh1jK2UKBZfQyzcTDTHjN6wDDUNDFoBupYPlenTNKB71I2VOiHSg/kykLNC6G7hmMmB4rYe9vvif10jQ32ulIowThJB/P+QnkmJE+01RTyjgKLuGMK6E+Svl10wxjqbPvCnBGV75L6mVS/sl58wuVo6yNnJkmayQdeKQXVIhJ6RKaoSTe/JInsmL9WA9Wa/W2/foiJVllsgvWB9fV2CelA==</latexit>

� = 3, 1
<latexit sha1_base64="UIGlqXsVBli1YQV3u9M73WoFf6U=">AAAB93icbVC7TsMwFL0pr1IeDTDCENEgMaAqgQEYkCpYGFuJ0EptVDmO01p1nMh2kErUL2FhAMTKxnewsfEpuI8BCkeydHTOubrXJ0gZlcpxPo3CwuLS8kpxtbS2vrFZNre2b2WSCUw8nLBEtAIkCaOceIoqRlqpICgOGGkGg6ux37wjQtKE36hhSvwY9TiNKEZKS12zbNsdpuMhujg5cm27a1acqjOB9Ze4M1Kp7b03vgCg3jU/OmGCs5hwhRmSsu06qfJzJBTFjIxKnUySFOEB6pG2phzFRPr55PCRdaCV0IoSoR9X1kT9OZGjWMphHOhkjFRfzntj8T+vnanozM8pTzNFOJ4uijJmqcQat2CFVBCs2FAThAXVt1q4jwTCSndV0iW481/+S7zj6nnVbegyLmGKIuzCPhyCC6dQg2uogwcYMniAJ3g27o1H48V4nUYLxmxmB37BePsGe6CTcA==</latexit><latexit sha1_base64="FAhGR6jxQtNfNCCxgOoDDuFIcfs=">AAAB93icbVDLSsNAFJ3UV62PRl0qMtgILqQkulAXQtGNyxaMLbShTCaTduhkEmYmQg1d+hVuXKi4ddfvcOc3+BNOHwttPTBwOOdc7p3jJ4xKZdtfRm5hcWl5Jb9aWFvf2CyaW9t3Mk4FJi6OWSwaPpKEUU5cRRUjjUQQFPmM1P3e9civ3xMhacxvVT8hXoQ6nIYUI6Wltlm0rBbT8QBdnh47ltU2S3bZHgPOE2dKSpW9Ye37cX9YbZufrSDGaUS4wgxJ2XTsRHkZEopiRgaFVipJgnAPdUhTU44iIr1sfPgAHmolgGEs9OMKjtXfExmKpOxHvk5GSHXlrDcS//OaqQrPvYzyJFWE48miMGVQxXDUAgyoIFixviYIC6pvhbiLBMJKd1XQJTizX54n7kn5ouzUdBlXYII82AUH4Ag44AxUwA2oAhdgkIIn8AJejQfj2Xgz3ifRnDGd2QF/YHz8AFh/lNY=</latexit><latexit sha1_base64="FAhGR6jxQtNfNCCxgOoDDuFIcfs=">AAAB93icbVDLSsNAFJ3UV62PRl0qMtgILqQkulAXQtGNyxaMLbShTCaTduhkEmYmQg1d+hVuXKi4ddfvcOc3+BNOHwttPTBwOOdc7p3jJ4xKZdtfRm5hcWl5Jb9aWFvf2CyaW9t3Mk4FJi6OWSwaPpKEUU5cRRUjjUQQFPmM1P3e9civ3xMhacxvVT8hXoQ6nIYUI6Wltlm0rBbT8QBdnh47ltU2S3bZHgPOE2dKSpW9Ye37cX9YbZufrSDGaUS4wgxJ2XTsRHkZEopiRgaFVipJgnAPdUhTU44iIr1sfPgAHmolgGEs9OMKjtXfExmKpOxHvk5GSHXlrDcS//OaqQrPvYzyJFWE48miMGVQxXDUAgyoIFixviYIC6pvhbiLBMJKd1XQJTizX54n7kn5ouzUdBlXYII82AUH4Ag44AxUwA2oAhdgkIIn8AJejQfj2Xgz3ifRnDGd2QF/YHz8AFh/lNY=</latexit><latexit sha1_base64="9+QC76ZuEtW0FPYRqOvsN5On9JI=">AAAB93icbVBNS8NAFHzxs9aPRj16WWwED1ISPagHoejFYwVjC20om+2mXbrZhN2NUEN/iRcPKl79K978N27bHLR1YGGYmcd7O2HKmdKu+20tLa+srq2XNsqbW9s7FXt370ElmSTUJwlPZCvEinImqK+Z5rSVSorjkNNmOLyZ+M1HKhVLxL0epTSIcV+wiBGsjdS1K47T4Sbew1dnJ57jdO2qW3OnQIvEK0gVCjS69lenl5AspkITjpVqe26qgxxLzQin43InUzTFZIj7tG2owDFVQT49fIyOjNJDUSLNExpN1d8TOY6VGsWhScZYD9S8NxH/89qZji6CnIk001SQ2aIo40gnaNIC6jFJieYjQzCRzNyKyABLTLTpqmxK8Oa/vEj809plzbtzq/Xroo0SHMAhHIMH51CHW2iADwQyeIZXeLOerBfr3fqYRZesYmYf/sD6/AFt65Er</latexit>



Ιδιοτιμές

• A=np.array([[2,1],[1,2]])

• evalues,evectors=np.linalg.eig(A)

• evalues έχει τιμή array([ 3.,  1.])

• evectors είναι το array των ιδιοδιανυσμάτων



Ιδιοτιμές
• evectors  έχει τιμή 

array([[0.7071067812, -0.7071067812],
[0.7071067812, 0.7071067812]])

• Ιδιοδιάνυσμα της λ=3,  

evector[:,0:1] είναι το 

array([[0.7071067812], 
[0.7071067812]])



Ιδιοτιμές
• evectors  έχει τιμή 

array([[0.7071067812, -0.7071067812],
[0.7071067812, 0.7071067812]])

• Ιδιοδιάνυσμα της λ=1,  

evector[:,1:2] είναι το 

array([[-0.7071067812,[0.7071067812]])



Ιδιοτιμές
• Ο μετασχηματισμός ενός χωρίου μέσω του πίνακα Α 

• Q=[-1,1] x [-1, 1] 

•  Ποιό είναι το A(Q); 

• Τα διανύσματα που ορίζουν το περίγραμμα του Q: 
(-1,-1),(1,-1),(1,1),(-1,1) 

• Βρίσκουμε το Av,  με v κάποιο από τα διανυσματα 
του περιγράμματος του Q 



Q=[0,1] x [0,1]



A(Q)


