
Big-O Notation and Recursion



Definition

• f(n) = O(g(n)) if for sufficiently large values of n, f 
is at most a positive constant multiple of g 

• In other words, there exists a positive constant c 
and a natural number n0 such that for every n≥n0 
we have: f(n) ≤ c g(n).



Summations - Gauss’s 
Formula
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Summations - Gauss’s 
Formula

 
 
 
S = 1 +  2   +   3  + …. + n  
S = n + n-1 + n-2 + …. + 1  
 
2S = (n+1) + (n+1) + …. + (n+1) = n(n+1)
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Summations - Reindexing

• Geometric Series Sum: 

• How to solve? 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Summations - Reindexing

• Geometric Series Sum: 

• How to solve? 

• Same as: 

• Which equals:  
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4 + 8 + 16 + 32 + · · ·+ 2n
<latexit sha1_base64="OB/acethU1xGGKsmbkiyFrc/lHU=">AAAB/XicbVDLSgMxFM3UV62v+ti5CRZBGCgztWiXRTcuK9gHtGPJZDJtaCYZkoxQh+KvuHGhiFv/w51/Y9rOQlsPXDiccy/33uPHjCrtON9WbmV1bX0jv1nY2t7Z3SvuH7SUSCQmTSyYkB0fKcIoJ01NNSOdWBIU+Yy0/dH11G8/EKmo4Hd6HBMvQgNOQ4qRNlK/eFS1a7Z7YZ9X7B4OhFZ25d7IJafszACXiZuREsjQ6Be/eoHASUS4xgwp1XWdWHspkppiRiaFXqJIjPAIDUjXUI4iorx0dv0EnholgKGQpriGM/X3RIoipcaRbzojpIdq0ZuK/3ndRIc1L6U8TjTheL4oTBjUAk6jgAGVBGs2NgRhSc2tEA+RRFibwAomBHfx5WXSqpRdp+zeVkv1qyyOPDgGJ+AMuOAS1MENaIAmwOARPINX8GY9WS/Wu/Uxb81Z2cwh+APr8wfzKZL5</latexit><latexit sha1_base64="OB/acethU1xGGKsmbkiyFrc/lHU=">AAAB/XicbVDLSgMxFM3UV62v+ti5CRZBGCgztWiXRTcuK9gHtGPJZDJtaCYZkoxQh+KvuHGhiFv/w51/Y9rOQlsPXDiccy/33uPHjCrtON9WbmV1bX0jv1nY2t7Z3SvuH7SUSCQmTSyYkB0fKcIoJ01NNSOdWBIU+Yy0/dH11G8/EKmo4Hd6HBMvQgNOQ4qRNlK/eFS1a7Z7YZ9X7B4OhFZ25d7IJafszACXiZuREsjQ6Be/eoHASUS4xgwp1XWdWHspkppiRiaFXqJIjPAIDUjXUI4iorx0dv0EnholgKGQpriGM/X3RIoipcaRbzojpIdq0ZuK/3ndRIc1L6U8TjTheL4oTBjUAk6jgAGVBGs2NgRhSc2tEA+RRFibwAomBHfx5WXSqpRdp+zeVkv1qyyOPDgGJ+AMuOAS1MENaIAmwOARPINX8GY9WS/Wu/Uxb81Z2cwh+APr8wfzKZL5</latexit><latexit sha1_base64="OB/acethU1xGGKsmbkiyFrc/lHU=">AAAB/XicbVDLSgMxFM3UV62v+ti5CRZBGCgztWiXRTcuK9gHtGPJZDJtaCYZkoxQh+KvuHGhiFv/w51/Y9rOQlsPXDiccy/33uPHjCrtON9WbmV1bX0jv1nY2t7Z3SvuH7SUSCQmTSyYkB0fKcIoJ01NNSOdWBIU+Yy0/dH11G8/EKmo4Hd6HBMvQgNOQ4qRNlK/eFS1a7Z7YZ9X7B4OhFZ25d7IJafszACXiZuREsjQ6Be/eoHASUS4xgwp1XWdWHspkppiRiaFXqJIjPAIDUjXUI4iorx0dv0EnholgKGQpriGM/X3RIoipcaRbzojpIdq0ZuK/3ndRIc1L6U8TjTheL4oTBjUAk6jgAGVBGs2NgRhSc2tEA+RRFibwAomBHfx5WXSqpRdp+zeVkv1qyyOPDgGJ+AMuOAS1MENaIAmwOARPINX8GY9WS/Wu/Uxb81Z2cwh+APr8wfzKZL5</latexit><latexit sha1_base64="OB/acethU1xGGKsmbkiyFrc/lHU=">AAAB/XicbVDLSgMxFM3UV62v+ti5CRZBGCgztWiXRTcuK9gHtGPJZDJtaCYZkoxQh+KvuHGhiFv/w51/Y9rOQlsPXDiccy/33uPHjCrtON9WbmV1bX0jv1nY2t7Z3SvuH7SUSCQmTSyYkB0fKcIoJ01NNSOdWBIU+Yy0/dH11G8/EKmo4Hd6HBMvQgNOQ4qRNlK/eFS1a7Z7YZ9X7B4OhFZ25d7IJafszACXiZuREsjQ6Be/eoHASUS4xgwp1XWdWHspkppiRiaFXqJIjPAIDUjXUI4iorx0dv0EnholgKGQpriGM/X3RIoipcaRbzojpIdq0ZuK/3ndRIc1L6U8TjTheL4oTBjUAk6jgAGVBGs2NgRhSc2tEA+RRFibwAomBHfx5WXSqpRdp+zeVkv1qyyOPDgGJ+AMuOAS1MENaIAmwOARPINX8GY9WS/Wu/Uxb81Z2cwh+APr8wfzKZL5</latexit>

4

 
n�2X

i=0

2i
!

<latexit sha1_base64="pHrfW1dAMVw8ngpQ37Fzzm4br7o=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgQhFoa7ENBGCNpYRjAfkEvC3mYvWbK3d+zOCeFIb+NfsbFQxNY/YOe/cZNcoYkPBh7vzTAzz4sE12Db31ZmbX1jcyu7ndvZ3ds/yB8eNXUYK8oaNBShantEM8ElawAHwdqRYiTwBGt545uZ33pgSvNQ3sMkYt2ADCX3OSVgpH6+UHUF86Hk6jjoJ/zKnvYSeV6Z4kqPu4oPR3DWzxftsj0HXiVOSoooRb2f/3IHIY0DJoEKonXHsSPoJkQBp4JNc26sWUTomAxZx1BJAqa7yfyXKT41ygD7oTIlAc/V3xMJCbSeBJ7pDAiM9LI3E//zOjH4l92EyygGJulikR8LDCGeBYMHXDEKYmIIoYqbWzEdEUUomPhyJgRn+eVV0qyUHbvs3FWLtes0jiw6QQVUQg66QDV0i+qogSh6RM/oFb1ZT9aL9W59LFozVjpzjP7A+vwBm8OaHw==</latexit><latexit sha1_base64="pHrfW1dAMVw8ngpQ37Fzzm4br7o=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgQhFoa7ENBGCNpYRjAfkEvC3mYvWbK3d+zOCeFIb+NfsbFQxNY/YOe/cZNcoYkPBh7vzTAzz4sE12Db31ZmbX1jcyu7ndvZ3ds/yB8eNXUYK8oaNBShantEM8ElawAHwdqRYiTwBGt545uZ33pgSvNQ3sMkYt2ADCX3OSVgpH6+UHUF86Hk6jjoJ/zKnvYSeV6Z4kqPu4oPR3DWzxftsj0HXiVOSoooRb2f/3IHIY0DJoEKonXHsSPoJkQBp4JNc26sWUTomAxZx1BJAqa7yfyXKT41ygD7oTIlAc/V3xMJCbSeBJ7pDAiM9LI3E//zOjH4l92EyygGJulikR8LDCGeBYMHXDEKYmIIoYqbWzEdEUUomPhyJgRn+eVV0qyUHbvs3FWLtes0jiw6QQVUQg66QDV0i+qogSh6RM/oFb1ZT9aL9W59LFozVjpzjP7A+vwBm8OaHw==</latexit><latexit sha1_base64="pHrfW1dAMVw8ngpQ37Fzzm4br7o=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgQhFoa7ENBGCNpYRjAfkEvC3mYvWbK3d+zOCeFIb+NfsbFQxNY/YOe/cZNcoYkPBh7vzTAzz4sE12Db31ZmbX1jcyu7ndvZ3ds/yB8eNXUYK8oaNBShantEM8ElawAHwdqRYiTwBGt545uZ33pgSvNQ3sMkYt2ADCX3OSVgpH6+UHUF86Hk6jjoJ/zKnvYSeV6Z4kqPu4oPR3DWzxftsj0HXiVOSoooRb2f/3IHIY0DJoEKonXHsSPoJkQBp4JNc26sWUTomAxZx1BJAqa7yfyXKT41ygD7oTIlAc/V3xMJCbSeBJ7pDAiM9LI3E//zOjH4l92EyygGJulikR8LDCGeBYMHXDEKYmIIoYqbWzEdEUUomPhyJgRn+eVV0qyUHbvs3FWLtes0jiw6QQVUQg66QDV0i+qogSh6RM/oFb1ZT9aL9W59LFozVjpzjP7A+vwBm8OaHw==</latexit><latexit sha1_base64="pHrfW1dAMVw8ngpQ37Fzzm4br7o=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgQhFoa7ENBGCNpYRjAfkEvC3mYvWbK3d+zOCeFIb+NfsbFQxNY/YOe/cZNcoYkPBh7vzTAzz4sE12Db31ZmbX1jcyu7ndvZ3ds/yB8eNXUYK8oaNBShantEM8ElawAHwdqRYiTwBGt545uZ33pgSvNQ3sMkYt2ADCX3OSVgpH6+UHUF86Hk6jjoJ/zKnvYSeV6Z4kqPu4oPR3DWzxftsj0HXiVOSoooRb2f/3IHIY0DJoEKonXHsSPoJkQBp4JNc26sWUTomAxZx1BJAqa7yfyXKT41ygD7oTIlAc/V3xMJCbSeBJ7pDAiM9LI3E//zOjH4l92EyygGJulikR8LDCGeBYMHXDEKYmIIoYqbWzEdEUUomPhyJgRn+eVV0qyUHbvs3FWLtes0jiw6QQVUQg66QDV0i+qogSh6RM/oFb1ZT9aL9W59LFozVjpzjP7A+vwBm8OaHw==</latexit>

4 · 2n�1 � 4
<latexit sha1_base64="SF7rvreY8oJBlD4uMwX2FTgNIZU=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXw0rJbCnosevFYwX5Au5ZsNm1Ds8mSZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzwoQzbTzv29nY3Nre2S3sFfcPDo+O3ZPTlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vpv77QlVmknxaKYJDWI8FGzACDZW6rturUciaVD1KRNlf1au9d2SV/EWQOvEz0kJcjT67lcvkiSNqTCEY627vpeYIMPKMMLprNhLNU0wGeMh7VoqcEx1kC0un6FLq0RoIJUtYdBC/T2R4VjraRzazhibkV715uJ/Xjc1g5sgYyJJDRVkuWiQcmQkmseAIqYoMXxqCSaK2VsRGWGFibFhFW0I/urL66RVrfhexX+oleq3eRwFOIcLuAIfrqEO99CAJhCYwDO8wpuTOS/Ou/OxbN1w8pkz+APn8welfZJa</latexit><latexit sha1_base64="SF7rvreY8oJBlD4uMwX2FTgNIZU=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXw0rJbCnosevFYwX5Au5ZsNm1Ds8mSZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzwoQzbTzv29nY3Nre2S3sFfcPDo+O3ZPTlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vpv77QlVmknxaKYJDWI8FGzACDZW6rturUciaVD1KRNlf1au9d2SV/EWQOvEz0kJcjT67lcvkiSNqTCEY627vpeYIMPKMMLprNhLNU0wGeMh7VoqcEx1kC0un6FLq0RoIJUtYdBC/T2R4VjraRzazhibkV715uJ/Xjc1g5sgYyJJDRVkuWiQcmQkmseAIqYoMXxqCSaK2VsRGWGFibFhFW0I/urL66RVrfhexX+oleq3eRwFOIcLuAIfrqEO99CAJhCYwDO8wpuTOS/Ou/OxbN1w8pkz+APn8welfZJa</latexit><latexit sha1_base64="SF7rvreY8oJBlD4uMwX2FTgNIZU=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXw0rJbCnosevFYwX5Au5ZsNm1Ds8mSZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzwoQzbTzv29nY3Nre2S3sFfcPDo+O3ZPTlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vpv77QlVmknxaKYJDWI8FGzACDZW6rturUciaVD1KRNlf1au9d2SV/EWQOvEz0kJcjT67lcvkiSNqTCEY627vpeYIMPKMMLprNhLNU0wGeMh7VoqcEx1kC0un6FLq0RoIJUtYdBC/T2R4VjraRzazhibkV715uJ/Xjc1g5sgYyJJDRVkuWiQcmQkmseAIqYoMXxqCSaK2VsRGWGFibFhFW0I/urL66RVrfhexX+oleq3eRwFOIcLuAIfrqEO99CAJhCYwDO8wpuTOS/Ou/OxbN1w8pkz+APn8welfZJa</latexit><latexit sha1_base64="SF7rvreY8oJBlD4uMwX2FTgNIZU=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXw0rJbCnosevFYwX5Au5ZsNm1Ds8mSZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzwoQzbTzv29nY3Nre2S3sFfcPDo+O3ZPTlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vpv77QlVmknxaKYJDWI8FGzACDZW6rturUciaVD1KRNlf1au9d2SV/EWQOvEz0kJcjT67lcvkiSNqTCEY627vpeYIMPKMMLprNhLNU0wGeMh7VoqcEx1kC0un6FLq0RoIJUtYdBC/T2R4VjraRzazhibkV715uJ/Xjc1g5sgYyJJDRVkuWiQcmQkmseAIqYoMXxqCSaK2VsRGWGFibFhFW0I/urL66RVrfhexX+oleq3eRwFOIcLuAIfrqEO99CAJhCYwDO8wpuTOS/Ou/OxbN1w8pkz+APn8welfZJa</latexit>



Summations - Reindexing

 
Here, changing the summation indices helps reduce 
the question to a known case. 

n�1X

i=0

i+ 1 =
nX

i=1

i =
n(n+ 1)

2
<latexit sha1_base64="UQ1StChyeM2gnD2ZW3p0v9NvSQo=">AAACIXicbZDLSgMxFIYzXmu9VV26CRahUiyTIthNoejGZQV7gXZaMmmmDc1khiQjlGFexY2v4saFIt2JL2PajqCtPwR+vnMOJ+d3Q86Utu1Pa219Y3NrO7OT3d3bPzjMHR03VRBJQhsk4IFsu1hRzgRtaKY5bYeSYt/ltOWOb2f11iOVigXiQU9C6vh4KJjHCNYG9XOVror8fsyqdtKLxSVKICsiWIU/GCU9AdkMeBKTWBREEV0kcTnp5/J2yZ4LrhqUmjxIVe/npt1BQCKfCk04VqqD7FA7MZaaEU6TbDdSNMRkjIe0Y6zAPlVOPL8wgeeGDKAXSPOEhnP6eyLGvlIT3zWdPtYjtVybwf9qnUh7FSdmIow0FWSxyIs41AGcxQUHTFKi+cQYTCQzf4VkhE0U2oSaNSGg5ZNXTbNcQnYJ3V/lazdpHBlwCs5AASBwDWrgDtRBAxDwBF7AG3i3nq1X68OaLlrXrHTmBPyR9fUND6ehkQ==</latexit><latexit sha1_base64="UQ1StChyeM2gnD2ZW3p0v9NvSQo=">AAACIXicbZDLSgMxFIYzXmu9VV26CRahUiyTIthNoejGZQV7gXZaMmmmDc1khiQjlGFexY2v4saFIt2JL2PajqCtPwR+vnMOJ+d3Q86Utu1Pa219Y3NrO7OT3d3bPzjMHR03VRBJQhsk4IFsu1hRzgRtaKY5bYeSYt/ltOWOb2f11iOVigXiQU9C6vh4KJjHCNYG9XOVror8fsyqdtKLxSVKICsiWIU/GCU9AdkMeBKTWBREEV0kcTnp5/J2yZ4LrhqUmjxIVe/npt1BQCKfCk04VqqD7FA7MZaaEU6TbDdSNMRkjIe0Y6zAPlVOPL8wgeeGDKAXSPOEhnP6eyLGvlIT3zWdPtYjtVybwf9qnUh7FSdmIow0FWSxyIs41AGcxQUHTFKi+cQYTCQzf4VkhE0U2oSaNSGg5ZNXTbNcQnYJ3V/lazdpHBlwCs5AASBwDWrgDtRBAxDwBF7AG3i3nq1X68OaLlrXrHTmBPyR9fUND6ehkQ==</latexit><latexit sha1_base64="UQ1StChyeM2gnD2ZW3p0v9NvSQo=">AAACIXicbZDLSgMxFIYzXmu9VV26CRahUiyTIthNoejGZQV7gXZaMmmmDc1khiQjlGFexY2v4saFIt2JL2PajqCtPwR+vnMOJ+d3Q86Utu1Pa219Y3NrO7OT3d3bPzjMHR03VRBJQhsk4IFsu1hRzgRtaKY5bYeSYt/ltOWOb2f11iOVigXiQU9C6vh4KJjHCNYG9XOVror8fsyqdtKLxSVKICsiWIU/GCU9AdkMeBKTWBREEV0kcTnp5/J2yZ4LrhqUmjxIVe/npt1BQCKfCk04VqqD7FA7MZaaEU6TbDdSNMRkjIe0Y6zAPlVOPL8wgeeGDKAXSPOEhnP6eyLGvlIT3zWdPtYjtVybwf9qnUh7FSdmIow0FWSxyIs41AGcxQUHTFKi+cQYTCQzf4VkhE0U2oSaNSGg5ZNXTbNcQnYJ3V/lazdpHBlwCs5AASBwDWrgDtRBAxDwBF7AG3i3nq1X68OaLlrXrHTmBPyR9fUND6ehkQ==</latexit><latexit sha1_base64="UQ1StChyeM2gnD2ZW3p0v9NvSQo=">AAACIXicbZDLSgMxFIYzXmu9VV26CRahUiyTIthNoejGZQV7gXZaMmmmDc1khiQjlGFexY2v4saFIt2JL2PajqCtPwR+vnMOJ+d3Q86Utu1Pa219Y3NrO7OT3d3bPzjMHR03VRBJQhsk4IFsu1hRzgRtaKY5bYeSYt/ltOWOb2f11iOVigXiQU9C6vh4KJjHCNYG9XOVror8fsyqdtKLxSVKICsiWIU/GCU9AdkMeBKTWBREEV0kcTnp5/J2yZ4LrhqUmjxIVe/npt1BQCKfCk04VqqD7FA7MZaaEU6TbDdSNMRkjIe0Y6zAPlVOPL8wgeeGDKAXSPOEhnP6eyLGvlIT3zWdPtYjtVybwf9qnUh7FSdmIow0FWSxyIs41AGcxQUHTFKi+cQYTCQzf4VkhE0U2oSaNSGg5ZNXTbNcQnYJ3V/lazdpHBlwCs5AASBwDWrgDtRBAxDwBF7AG3i3nq1X68OaLlrXrHTmBPyR9fUND6ehkQ==</latexit>



T(n) = 2T(n/2)+1; T(1) = 1

n

n/2

n/4

1

1

2

n/8
4log n

n

8

total= 1+2+4+…+n 
      = O(n)



T(n) = 8T(n/2)+n2; T(1) = 1

n

n/2

n/4

1

n2

2n2

n/8
4n2log n

n3

8n2

total= 1+2n2+4n2+…+n3/2+n3 
      = O(n3)


