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Modeling recursion: Unfolding Method
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T (n) =
n�2X

i=0

C2 + C1

<latexit sha1_base64="LRmcC7skaETwu8DXhjy24asqkgE=">AAACEHicbZDLSsNAFIYn9VbjrerSzWARK6Ik2eimUOzGZYXeIIlhMp22QyeTMDMRSugjuPFV3LhQxK1Ld76N0zYLbf1h4OM/53Dm/GHCqFSW9W0UVlbX1jeKm+bW9s7uXmn/oC3jVGDSwjGLRTdEkjDKSUtRxUg3EQRFISOdcFSf1jsPREga86YaJ8SP0IDTPsVIaSsonXqu2azwM1iFnkyjIKNVa3Kf8QtnUg8cCM9hPbBNzw9KZevSmgkug51DGeRqBKUvrxfjNCJcYYakdG0rUX6GhKKYkYnppZIkCI/QgLgaOYqI9LPZQRN4op0e7MdCP67gzP09kaFIynEU6s4IqaFcrE3N/2puqvrXfkZ5kirC8XxRP2VQxXCaDuxRQbBiYw0IC6r/CvEQCYSVztDUIdiLJy9D27m0Nd855dpNHkcRHIFjUAE2uAI1cAsaoAUweATP4BW8GU/Gi/FufMxbC0Y+cwj+yPj8AR/LmXY=</latexit><latexit sha1_base64="LRmcC7skaETwu8DXhjy24asqkgE=">AAACEHicbZDLSsNAFIYn9VbjrerSzWARK6Ik2eimUOzGZYXeIIlhMp22QyeTMDMRSugjuPFV3LhQxK1Ld76N0zYLbf1h4OM/53Dm/GHCqFSW9W0UVlbX1jeKm+bW9s7uXmn/oC3jVGDSwjGLRTdEkjDKSUtRxUg3EQRFISOdcFSf1jsPREga86YaJ8SP0IDTPsVIaSsonXqu2azwM1iFnkyjIKNVa3Kf8QtnUg8cCM9hPbBNzw9KZevSmgkug51DGeRqBKUvrxfjNCJcYYakdG0rUX6GhKKYkYnppZIkCI/QgLgaOYqI9LPZQRN4op0e7MdCP67gzP09kaFIynEU6s4IqaFcrE3N/2puqvrXfkZ5kirC8XxRP2VQxXCaDuxRQbBiYw0IC6r/CvEQCYSVztDUIdiLJy9D27m0Nd855dpNHkcRHIFjUAE2uAI1cAsaoAUweATP4BW8GU/Gi/FufMxbC0Y+cwj+yPj8AR/LmXY=</latexit><latexit sha1_base64="LRmcC7skaETwu8DXhjy24asqkgE=">AAACEHicbZDLSsNAFIYn9VbjrerSzWARK6Ik2eimUOzGZYXeIIlhMp22QyeTMDMRSugjuPFV3LhQxK1Ld76N0zYLbf1h4OM/53Dm/GHCqFSW9W0UVlbX1jeKm+bW9s7uXmn/oC3jVGDSwjGLRTdEkjDKSUtRxUg3EQRFISOdcFSf1jsPREga86YaJ8SP0IDTPsVIaSsonXqu2azwM1iFnkyjIKNVa3Kf8QtnUg8cCM9hPbBNzw9KZevSmgkug51DGeRqBKUvrxfjNCJcYYakdG0rUX6GhKKYkYnppZIkCI/QgLgaOYqI9LPZQRN4op0e7MdCP67gzP09kaFIynEU6s4IqaFcrE3N/2puqvrXfkZ5kirC8XxRP2VQxXCaDuxRQbBiYw0IC6r/CvEQCYSVztDUIdiLJy9D27m0Nd855dpNHkcRHIFjUAE2uAI1cAsaoAUweATP4BW8GU/Gi/FufMxbC0Y+cwj+yPj8AR/LmXY=</latexit><latexit sha1_base64="LRmcC7skaETwu8DXhjy24asqkgE=">AAACEHicbZDLSsNAFIYn9VbjrerSzWARK6Ik2eimUOzGZYXeIIlhMp22QyeTMDMRSugjuPFV3LhQxK1Ld76N0zYLbf1h4OM/53Dm/GHCqFSW9W0UVlbX1jeKm+bW9s7uXmn/oC3jVGDSwjGLRTdEkjDKSUtRxUg3EQRFISOdcFSf1jsPREga86YaJ8SP0IDTPsVIaSsonXqu2azwM1iFnkyjIKNVa3Kf8QtnUg8cCM9hPbBNzw9KZevSmgkug51DGeRqBKUvrxfjNCJcYYakdG0rUX6GhKKYkYnppZIkCI/QgLgaOYqI9LPZQRN4op0e7MdCP67gzP09kaFIynEU6s4IqaFcrE3N/2puqvrXfkZ5kirC8XxRP2VQxXCaDuxRQbBiYw0IC6r/CvEQCYSVztDUIdiLJy9D27m0Nd855dpNHkcRHIFjUAE2uAI1cAsaoAUweATP4BW8GU/Gi/FufMxbC0Y+cwj+yPj8AR/LmXY=</latexit>



Modeling binary search recursion
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T (n) =

(
C1 when n = 1

C2 + T
⇣n
2

⌘
when n > 1

<latexit sha1_base64="gSI5D9YPlA3o62dgze0LFA3/Z1k="></latexit><latexit sha1_base64="gSI5D9YPlA3o62dgze0LFA3/Z1k="></latexit><latexit sha1_base64="gSI5D9YPlA3o62dgze0LFA3/Z1k="></latexit><latexit sha1_base64="gSI5D9YPlA3o62dgze0LFA3/Z1k="></latexit>

Question: Find the closed form for T(N) 

T (n) = C2 + T
⇣n
2

⌘

<latexit sha1_base64="Ohow8EUN8V7m9uSugzltURjGrF0=">AAACFnicbZDLSsNAFIYn9VbjrerSzWARWsSSdKMbodCNywq9QRPKZDpph04mYeZEKKFP4cZXceNCEbfizrdxello6w8DH/85hzPnDxLBNTjOt5Xb2Nza3snv2nv7B4dHheOTto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1gXJ/VOw9MaR7LJkwS5kdkKHnIKQFj9QtXXs9ulmQZ3+J6v4ovcdMTLISSNwgVoZmcZtWpp/hwBGXb8/uFolNx5sLr4C6hiJZq9Atf3iCmacQkUEG07rlOAn5GFHAq2NT2Us0SQsdkyHoGJYmY9rP5WVN8YZwBDmNlngQ8d39PZCTSehIFpjMiMNKrtZn5X62XQnjjZ1wmKTBJF4vCVGCI8SwjPOCKURATA4Qqbv6K6YiYPMAkaZsQ3NWT16FdrbiG76vFmrOMI4/O0DkqIRddoxq6Qw3UQhQ9omf0it6sJ+vFerc+Fq05azlziv7I+vwB972cvg==</latexit><latexit sha1_base64="Ohow8EUN8V7m9uSugzltURjGrF0=">AAACFnicbZDLSsNAFIYn9VbjrerSzWARWsSSdKMbodCNywq9QRPKZDpph04mYeZEKKFP4cZXceNCEbfizrdxello6w8DH/85hzPnDxLBNTjOt5Xb2Nza3snv2nv7B4dHheOTto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1gXJ/VOw9MaR7LJkwS5kdkKHnIKQFj9QtXXs9ulmQZ3+J6v4ovcdMTLISSNwgVoZmcZtWpp/hwBGXb8/uFolNx5sLr4C6hiJZq9Atf3iCmacQkUEG07rlOAn5GFHAq2NT2Us0SQsdkyHoGJYmY9rP5WVN8YZwBDmNlngQ8d39PZCTSehIFpjMiMNKrtZn5X62XQnjjZ1wmKTBJF4vCVGCI8SwjPOCKURATA4Qqbv6K6YiYPMAkaZsQ3NWT16FdrbiG76vFmrOMI4/O0DkqIRddoxq6Qw3UQhQ9omf0it6sJ+vFerc+Fq05azlziv7I+vwB972cvg==</latexit><latexit sha1_base64="Ohow8EUN8V7m9uSugzltURjGrF0=">AAACFnicbZDLSsNAFIYn9VbjrerSzWARWsSSdKMbodCNywq9QRPKZDpph04mYeZEKKFP4cZXceNCEbfizrdxello6w8DH/85hzPnDxLBNTjOt5Xb2Nza3snv2nv7B4dHheOTto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1gXJ/VOw9MaR7LJkwS5kdkKHnIKQFj9QtXXs9ulmQZ3+J6v4ovcdMTLISSNwgVoZmcZtWpp/hwBGXb8/uFolNx5sLr4C6hiJZq9Atf3iCmacQkUEG07rlOAn5GFHAq2NT2Us0SQsdkyHoGJYmY9rP5WVN8YZwBDmNlngQ8d39PZCTSehIFpjMiMNKrtZn5X62XQnjjZ1wmKTBJF4vCVGCI8SwjPOCKURATA4Qqbv6K6YiYPMAkaZsQ3NWT16FdrbiG76vFmrOMI4/O0DkqIRddoxq6Qw3UQhQ9omf0it6sJ+vFerc+Fq05azlziv7I+vwB972cvg==</latexit><latexit sha1_base64="Ohow8EUN8V7m9uSugzltURjGrF0=">AAACFnicbZDLSsNAFIYn9VbjrerSzWARWsSSdKMbodCNywq9QRPKZDpph04mYeZEKKFP4cZXceNCEbfizrdxello6w8DH/85hzPnDxLBNTjOt5Xb2Nza3snv2nv7B4dHheOTto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1gXJ/VOw9MaR7LJkwS5kdkKHnIKQFj9QtXXs9ulmQZ3+J6v4ovcdMTLISSNwgVoZmcZtWpp/hwBGXb8/uFolNx5sLr4C6hiJZq9Atf3iCmacQkUEG07rlOAn5GFHAq2NT2Us0SQsdkyHoGJYmY9rP5WVN8YZwBDmNlngQ8d39PZCTSehIFpjMiMNKrtZn5X62XQnjjZ1wmKTBJF4vCVGCI8SwjPOCKURATA4Qqbv6K6YiYPMAkaZsQ3NWT16FdrbiG76vFmrOMI4/O0DkqIRddoxq6Qw3UQhQ9omf0it6sJ+vFerc+Fq05azlziv7I+vwB972cvg==</latexit>

T (n) = C2 +
⇣
C2 + T

⇣n
4

⌘⌘

<latexit sha1_base64="BNK05QQawaQsu4p95g+qll6casA="></latexit><latexit sha1_base64="BNK05QQawaQsu4p95g+qll6casA="></latexit><latexit sha1_base64="BNK05QQawaQsu4p95g+qll6casA="></latexit><latexit sha1_base64="BNK05QQawaQsu4p95g+qll6casA="></latexit>

T (n) = C2 + C2 +
⇣
C2 + T

⇣n
8

⌘⌘

<latexit sha1_base64="2fHFlPWDTZcHLseeqAGFqFY2dQA="></latexit><latexit sha1_base64="2fHFlPWDTZcHLseeqAGFqFY2dQA="></latexit><latexit sha1_base64="2fHFlPWDTZcHLseeqAGFqFY2dQA="></latexit><latexit sha1_base64="2fHFlPWDTZcHLseeqAGFqFY2dQA="></latexit>

T (n) = C2 + C2 + · · ·+ C2| {z } + T
⇣ n

2t

⌘

t times
<latexit sha1_base64="HaA107uRQRAZJcirRWFZzoMPxXg="></latexit><latexit sha1_base64="HaA107uRQRAZJcirRWFZzoMPxXg="></latexit><latexit sha1_base64="HaA107uRQRAZJcirRWFZzoMPxXg="></latexit><latexit sha1_base64="HaA107uRQRAZJcirRWFZzoMPxXg="></latexit>

We	want	to	find	a	t such	that	 n

2t
= 1

<latexit sha1_base64="SW2Qa+/6eCX0XSpWWFO/H/+O0OQ=">AAACAXicbZDLSsNAFIZPvNZ4i7oR3AwWwVVJutGNUHDjsoK9QBLLZDpph04mYWYilFA3voobF4q49S3c+TZO2yy09YeBj/+cw5nzRxlnSrvut7Wyura+sVnZsrd3dvf2nYPDtkpzSWiLpDyV3QgrypmgLc00p91MUpxEnHai0fW03nmgUrFU3OlxRsMEDwSLGcHaWD3nOPDtoB9LTAoxKer3eoKukGcHYc+pujV3JrQMXglVKNXsOV9BPyV5QoUmHCvle26mwwJLzQinEzvIFc0wGeEB9Q0KnFAVFrMLJujMOH0Up9I8odHM/T1R4ESpcRKZzgTroVqsTc3/an6u48uwYCLLNRVkvijOOdIpmsaB+kxSovnYACaSmb8iMsQmDm1Cs00I3uLJy9Cu1zzDt/Vqwy3jqMAJnMI5eHABDbiBJrSAwCM8wyu8WU/Wi/VufcxbV6xy5gj+yPr8AV+YlXc=</latexit><latexit sha1_base64="SW2Qa+/6eCX0XSpWWFO/H/+O0OQ=">AAACAXicbZDLSsNAFIZPvNZ4i7oR3AwWwVVJutGNUHDjsoK9QBLLZDpph04mYWYilFA3voobF4q49S3c+TZO2yy09YeBj/+cw5nzRxlnSrvut7Wyura+sVnZsrd3dvf2nYPDtkpzSWiLpDyV3QgrypmgLc00p91MUpxEnHai0fW03nmgUrFU3OlxRsMEDwSLGcHaWD3nOPDtoB9LTAoxKer3eoKukGcHYc+pujV3JrQMXglVKNXsOV9BPyV5QoUmHCvle26mwwJLzQinEzvIFc0wGeEB9Q0KnFAVFrMLJujMOH0Up9I8odHM/T1R4ESpcRKZzgTroVqsTc3/an6u48uwYCLLNRVkvijOOdIpmsaB+kxSovnYACaSmb8iMsQmDm1Cs00I3uLJy9Cu1zzDt/Vqwy3jqMAJnMI5eHABDbiBJrSAwCM8wyu8WU/Wi/VufcxbV6xy5gj+yPr8AV+YlXc=</latexit><latexit sha1_base64="SW2Qa+/6eCX0XSpWWFO/H/+O0OQ=">AAACAXicbZDLSsNAFIZPvNZ4i7oR3AwWwVVJutGNUHDjsoK9QBLLZDpph04mYWYilFA3voobF4q49S3c+TZO2yy09YeBj/+cw5nzRxlnSrvut7Wyura+sVnZsrd3dvf2nYPDtkpzSWiLpDyV3QgrypmgLc00p91MUpxEnHai0fW03nmgUrFU3OlxRsMEDwSLGcHaWD3nOPDtoB9LTAoxKer3eoKukGcHYc+pujV3JrQMXglVKNXsOV9BPyV5QoUmHCvle26mwwJLzQinEzvIFc0wGeEB9Q0KnFAVFrMLJujMOH0Up9I8odHM/T1R4ESpcRKZzgTroVqsTc3/an6u48uwYCLLNRVkvijOOdIpmsaB+kxSovnYACaSmb8iMsQmDm1Cs00I3uLJy9Cu1zzDt/Vqwy3jqMAJnMI5eHABDbiBJrSAwCM8wyu8WU/Wi/VufcxbV6xy5gj+yPr8AV+YlXc=</latexit><latexit sha1_base64="SW2Qa+/6eCX0XSpWWFO/H/+O0OQ=">AAACAXicbZDLSsNAFIZPvNZ4i7oR3AwWwVVJutGNUHDjsoK9QBLLZDpph04mYWYilFA3voobF4q49S3c+TZO2yy09YeBj/+cw5nzRxlnSrvut7Wyura+sVnZsrd3dvf2nYPDtkpzSWiLpDyV3QgrypmgLc00p91MUpxEnHai0fW03nmgUrFU3OlxRsMEDwSLGcHaWD3nOPDtoB9LTAoxKer3eoKukGcHYc+pujV3JrQMXglVKNXsOV9BPyV5QoUmHCvle26mwwJLzQinEzvIFc0wGeEB9Q0KnFAVFrMLJujMOH0Up9I8odHM/T1R4ESpcRKZzgTroVqsTc3/an6u48uwYCLLNRVkvijOOdIpmsaB+kxSovnYACaSmb8iMsQmDm1Cs00I3uLJy9Cu1zzDt/Vqwy3jqMAJnMI5eHABDbiBJrSAwCM8wyu8WU/Wi/VufcxbV6xy5gj+yPr8AV+YlXc=</latexit>

Solving	for	t we	get t = log2n
<latexit sha1_base64="rtCOw9J3fXgWcgn6gOUyZoElKLU=">AAAB+nicbZDLSsNAFIZP6q3GW6pLN4NFcFWSbnQjFNy4rGAv0IQwmU7aoZNJmJkoJfZR3LhQxK1P4s63cdpmoa0/DHz85xzOmT/KOFPadb+tysbm1vZOddfe2z84PHJqx12V5pLQDkl5KvsRVpQzQTuaaU77maQ4iTjtRZObeb33QKViqbjX04wGCR4JFjOCtbFCp+YPbI2uEU9HYRMJ2w9Cp+423IXQOngl1KFUO3S+/GFK8oQKTThWauC5mQ4KLDUjnM5sP1c0w2SCR3RgUOCEqqBYnD5D58YZojiV5gmNFu7viQInSk2TyHQmWI/Vam1u/lcb5Dq+CgomslxTQZaL4pwjnaJ5DmjIJCWaTw1gIpm5FZExlphok5ZtQvBWv7wO3WbDM3zXrLfcMo4qnMIZXIAHl9CCW2hDBwg8wjO8wpv1ZL1Y79bHsrVilTMn8EfW5w9syZIX</latexit><latexit sha1_base64="rtCOw9J3fXgWcgn6gOUyZoElKLU=">AAAB+nicbZDLSsNAFIZP6q3GW6pLN4NFcFWSbnQjFNy4rGAv0IQwmU7aoZNJmJkoJfZR3LhQxK1P4s63cdpmoa0/DHz85xzOmT/KOFPadb+tysbm1vZOddfe2z84PHJqx12V5pLQDkl5KvsRVpQzQTuaaU77maQ4iTjtRZObeb33QKViqbjX04wGCR4JFjOCtbFCp+YPbI2uEU9HYRMJ2w9Cp+423IXQOngl1KFUO3S+/GFK8oQKTThWauC5mQ4KLDUjnM5sP1c0w2SCR3RgUOCEqqBYnD5D58YZojiV5gmNFu7viQInSk2TyHQmWI/Vam1u/lcb5Dq+CgomslxTQZaL4pwjnaJ5DmjIJCWaTw1gIpm5FZExlphok5ZtQvBWv7wO3WbDM3zXrLfcMo4qnMIZXIAHl9CCW2hDBwg8wjO8wpv1ZL1Y79bHsrVilTMn8EfW5w9syZIX</latexit><latexit sha1_base64="rtCOw9J3fXgWcgn6gOUyZoElKLU=">AAAB+nicbZDLSsNAFIZP6q3GW6pLN4NFcFWSbnQjFNy4rGAv0IQwmU7aoZNJmJkoJfZR3LhQxK1P4s63cdpmoa0/DHz85xzOmT/KOFPadb+tysbm1vZOddfe2z84PHJqx12V5pLQDkl5KvsRVpQzQTuaaU77maQ4iTjtRZObeb33QKViqbjX04wGCR4JFjOCtbFCp+YPbI2uEU9HYRMJ2w9Cp+423IXQOngl1KFUO3S+/GFK8oQKTThWauC5mQ4KLDUjnM5sP1c0w2SCR3RgUOCEqqBYnD5D58YZojiV5gmNFu7viQInSk2TyHQmWI/Vam1u/lcb5Dq+CgomslxTQZaL4pwjnaJ5DmjIJCWaTw1gIpm5FZExlphok5ZtQvBWv7wO3WbDM3zXrLfcMo4qnMIZXIAHl9CCW2hDBwg8wjO8wpv1ZL1Y79bHsrVilTMn8EfW5w9syZIX</latexit><latexit sha1_base64="rtCOw9J3fXgWcgn6gOUyZoElKLU=">AAAB+nicbZDLSsNAFIZP6q3GW6pLN4NFcFWSbnQjFNy4rGAv0IQwmU7aoZNJmJkoJfZR3LhQxK1P4s63cdpmoa0/DHz85xzOmT/KOFPadb+tysbm1vZOddfe2z84PHJqx12V5pLQDkl5KvsRVpQzQTuaaU77maQ4iTjtRZObeb33QKViqbjX04wGCR4JFjOCtbFCp+YPbI2uEU9HYRMJ2w9Cp+423IXQOngl1KFUO3S+/GFK8oQKTThWauC5mQ4KLDUjnM5sP1c0w2SCR3RgUOCEqqBYnD5D58YZojiV5gmNFu7viQInSk2TyHQmWI/Vam1u/lcb5Dq+CgomslxTQZaL4pwjnaJ5DmjIJCWaTw1gIpm5FZExlphok5ZtQvBWv7wO3WbDM3zXrLfcMo4qnMIZXIAHl9CCW2hDBwg8wjO8wpv1ZL1Y79bHsrVilTMn8EfW5w9syZIX</latexit>

T (n) = C2log2n+ C1
<latexit sha1_base64="XmA7eJqtxm6vOU7ajplEgttNoCU=">AAACB3icbZBPS8MwGMbT+W/Wf1WPggSHMBFG24tehMEuHidsc9CWkmbpFpamJUmFUXbz4lfx4kERr34Fb34bs60H3Xwg8Mvzvi/J+0QZo1LZ9rdRWVvf2Nyqbps7u3v7B9bhUU+mucCki1OWin6EJGGUk66iipF+JghKIkbuo3FrVr9/IELSlHfUJCNBgoacxhQjpa3QOvU9s1PnF/AGtkIXQpYOQ5fDS31zTD8IrZrdsOeCq+CUUAOl2qH15Q9SnCeEK8yQlJ5jZyookFAUMzI1/VySDOExGhJPI0cJkUEx32MKz7UzgHEq9OEKzt3fEwVKpJwkke5MkBrJ5drM/K/m5Sq+DgrKs1wRjhcPxTmDKoWzUOCACoIVm2hAWFD9V4hHSCCsdHSmDsFZXnkVem7D0Xzn1pp2GUcVnIAzUAcOuAJNcAvaoAsweATP4BW8GU/Gi/FufCxaK0Y5cwz+yPj8AdzblWo=</latexit><latexit sha1_base64="XmA7eJqtxm6vOU7ajplEgttNoCU=">AAACB3icbZBPS8MwGMbT+W/Wf1WPggSHMBFG24tehMEuHidsc9CWkmbpFpamJUmFUXbz4lfx4kERr34Fb34bs60H3Xwg8Mvzvi/J+0QZo1LZ9rdRWVvf2Nyqbps7u3v7B9bhUU+mucCki1OWin6EJGGUk66iipF+JghKIkbuo3FrVr9/IELSlHfUJCNBgoacxhQjpa3QOvU9s1PnF/AGtkIXQpYOQ5fDS31zTD8IrZrdsOeCq+CUUAOl2qH15Q9SnCeEK8yQlJ5jZyookFAUMzI1/VySDOExGhJPI0cJkUEx32MKz7UzgHEq9OEKzt3fEwVKpJwkke5MkBrJ5drM/K/m5Sq+DgrKs1wRjhcPxTmDKoWzUOCACoIVm2hAWFD9V4hHSCCsdHSmDsFZXnkVem7D0Xzn1pp2GUcVnIAzUAcOuAJNcAvaoAsweATP4BW8GU/Gi/FufCxaK0Y5cwz+yPj8AdzblWo=</latexit><latexit sha1_base64="XmA7eJqtxm6vOU7ajplEgttNoCU=">AAACB3icbZBPS8MwGMbT+W/Wf1WPggSHMBFG24tehMEuHidsc9CWkmbpFpamJUmFUXbz4lfx4kERr34Fb34bs60H3Xwg8Mvzvi/J+0QZo1LZ9rdRWVvf2Nyqbps7u3v7B9bhUU+mucCki1OWin6EJGGUk66iipF+JghKIkbuo3FrVr9/IELSlHfUJCNBgoacxhQjpa3QOvU9s1PnF/AGtkIXQpYOQ5fDS31zTD8IrZrdsOeCq+CUUAOl2qH15Q9SnCeEK8yQlJ5jZyookFAUMzI1/VySDOExGhJPI0cJkUEx32MKz7UzgHEq9OEKzt3fEwVKpJwkke5MkBrJ5drM/K/m5Sq+DgrKs1wRjhcPxTmDKoWzUOCACoIVm2hAWFD9V4hHSCCsdHSmDsFZXnkVem7D0Xzn1pp2GUcVnIAzUAcOuAJNcAvaoAsweATP4BW8GU/Gi/FufCxaK0Y5cwz+yPj8AdzblWo=</latexit><latexit sha1_base64="XmA7eJqtxm6vOU7ajplEgttNoCU=">AAACB3icbZBPS8MwGMbT+W/Wf1WPggSHMBFG24tehMEuHidsc9CWkmbpFpamJUmFUXbz4lfx4kERr34Fb34bs60H3Xwg8Mvzvi/J+0QZo1LZ9rdRWVvf2Nyqbps7u3v7B9bhUU+mucCki1OWin6EJGGUk66iipF+JghKIkbuo3FrVr9/IELSlHfUJCNBgoacxhQjpa3QOvU9s1PnF/AGtkIXQpYOQ5fDS31zTD8IrZrdsOeCq+CUUAOl2qH15Q9SnCeEK8yQlJ5jZyookFAUMzI1/VySDOExGhJPI0cJkUEx32MKz7UzgHEq9OEKzt3fEwVKpJwkke5MkBrJ5drM/K/m5Sq+DgrKs1wRjhcPxTmDKoWzUOCACoIVm2hAWFD9V4hHSCCsdHSmDsFZXnkVem7D0Xzn1pp2GUcVnIAzUAcOuAJNcAvaoAsweATP4BW8GU/Gi/FufCxaK0Y5cwz+yPj8AdzblWo=</latexit>



Storing Sorted Items in an Array
get() – O(logn)
put() – O(n)
remove() – O(n)

Can we do better with insertions and removals?
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Trees!
A tree is a collection of nodes
- Each node has at most 1 parent and 0 or more children

Root node: the single node with no parent, “top” of 
the tree
Branch node: a node with one or more children
Leaf node: a node with no children
Edge: a pointer from one node to another
Subtree: a node and all it descendants
Height: the number of edges contained in the 
longest path from root node to some leaf node 
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Binary Tree – Height and Depth
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d=1 Height of tree = height of root node

Height of a node: the number of edges contained in 
the longest path from the node to some leaf node 



Binary Search Tree – O(h) search
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Unbalanced Trees
Is this a valid Binary Search Tree?
Yes, but…
We call this a degenerate tree

For trees, depending on how balanced they are,
Operations at worst can be O(n) and at best
can be O(logn)
How are degenerate trees formed?
- insert(10)
- insert(9)
- insert(7)
- insert(5)
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Unbalanced Trees
Is this a valid Binary Search Tree?
Yes, but…
We call this a degenerate tree

For trees, depending on how balanced they are,
Operations at worst can be O(n) and at best
can be O(logn)
How are degenerate trees formed?
- insert(10)
- insert(9)
- insert(7)
- insert(5)
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Measuring Balance
Measuring balance:
For each node, compare the heights of its two sub trees
Balanced when the difference in height between sub trees is no greater than 1
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Is this a valid AVL tree?
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Is this a valid AVL tree?
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Is this a valid AVL tree?
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