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Overview(

•  You$are$given$a$basic$B+$Tree$implementa6on$
•  Task:$extend$it,$for$new$opera6ons$
$
•  Today:$$

– Brief$intro$to$B+$trees$
– Overview$of$the$code$
– Homework$descrip6on$
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Brief(intro(to(B+(Trees(

•  NCary$search$trees$
•  Highly$used$in$Databases$
•  Similar$to$BCtrees$

– Each$nonCleaf$node$contains$only$keys$$
– Leaf$nodes$contain$keyCvalue$pairs$
– Leaf$nodes$form$a$linked$list$
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≤ 3 
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Basic(search(in(B+(Trees(
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Search for key ‘14’ 
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 ... Merge Non-Leaf Nodes, Shrink 
Tree 

2* 3* 

Root 
17 

14* 16* 33* 34* 38* 39* 

13 5 

7* 5* 8* 22* 27* 

30 

29* 

4 

2* 3* 7* 14* 16* 22* 27* 29* 33* 34* 38* 39* 5* 8* 

Root 
30 13 5 17 5 
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Example of Non-leaf Re-
distribution 

•  Tree is shown below during deletion of 24*.  
•  Now, we can (and must) re-distribute keys 

Root 

13 5 17 20 

22 

30 

14* 16* 17* 18* 20* 33* 34* 38* 39* 22* 27* 29* 21* 7* 5* 8* 3* 2* 

CMU SCS 

Faloutsos - Pavlo CMU SCS 15-415/615 114 

After Re-distribution 

•  need only re-distribute �20�; did �17�, too 
•  why would we want to re-distributed more 

keys? 

14* 16* 33* 34* 38* 39* 22* 27* 29* 17* 18* 20* 21* 7* 5* 8* 2* 3* 

Root 

13 5 

17 

30 20 22 
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Example of Non-leaf Re-
distribution 

•  Tree is shown below during deletion of 24*.  
•  Now, we can (and must) re-distribute keys 

Root 

13 5 17 20 

22 

30 

14* 16* 17* 18* 20* 33* 34* 38* 39* 22* 27* 29* 21* 7* 5* 8* 3* 2* 

CMU SCS 

Faloutsos - Pavlo CMU SCS 15-415/615 114 

After Re-distribution 

•  need only re-distribute �20�; did �17�, too 
•  why would we want to re-distributed more 

keys? 

14* 16* 33* 34* 38* 39* 22* 27* 29* 17* 18* 20* 21* 7* 5* 8* 2* 3* 

Root 

13 5 

17 

30 20 22 

Start from root 

14<17 
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Example of Non-leaf Re-
distribution 

•  Tree is shown below during deletion of 24*.  
•  Now, we can (and must) re-distribute keys 

Root 

13 5 17 20 

22 

30 

14* 16* 17* 18* 20* 33* 34* 38* 39* 22* 27* 29* 21* 7* 5* 8* 3* 2* 
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After Re-distribution 

•  need only re-distribute �20�; did �17�, too 
•  why would we want to re-distributed more 

keys? 

14* 16* 33* 34* 38* 39* 22* 27* 29* 17* 18* 20* 21* 7* 5* 8* 2* 3* 

Root 

13 5 

17 

30 20 22 
Find the correct 
child node 

14>5 



2/11/14 

4 

15-415/615 Database Applications 

CMU SCS 

Basic(search(in(B+(Trees(

7 

Start at roo 

Faloutsos - Pavlo CMU SCS 15-415/615 

CMU - 15-415 38 

CMU SCS 

Faloutsos - Pavlo CMU SCS 15-415/615 112 

 ... Merge Non-Leaf Nodes, Shrink 
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Example of Non-leaf Re-
distribution 

•  Tree is shown below during deletion of 24*.  
•  Now, we can (and must) re-distribute keys 

Root 

13 5 17 20 

22 

30 

14* 16* 17* 18* 20* 33* 34* 38* 39* 22* 27* 29* 21* 7* 5* 8* 3* 2* 

CMU SCS 

Faloutsos - Pavlo CMU SCS 15-415/615 114 

After Re-distribution 

•  need only re-distribute �20�; did �17�, too 
•  why would we want to re-distributed more 

keys? 

14* 16* 33* 34* 38* 39* 22* 27* 29* 17* 18* 20* 21* 7* 5* 8* 2* 3* 

Root 

13 5 

17 

30 20 22 
Select right child 
of ‘13’ 

14>13 
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Start at roo 
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 ... Merge Non-Leaf Nodes, Shrink 
Tree 

2* 3* 

Root 
17 

14* 16* 33* 34* 38* 39* 

13 5 

7* 5* 8* 22* 27* 

30 

29* 
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2* 3* 7* 14* 16* 22* 27* 29* 33* 34* 38* 39* 5* 8* 

Root 
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Example of Non-leaf Re-
distribution 

•  Tree is shown below during deletion of 24*.  
•  Now, we can (and must) re-distribute keys 

Root 

13 5 17 20 

22 

30 

14* 16* 17* 18* 20* 33* 34* 38* 39* 22* 27* 29* 21* 7* 5* 8* 3* 2* 
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Faloutsos - Pavlo CMU SCS 15-415/615 114 

After Re-distribution 

•  need only re-distribute �20�; did �17�, too 
•  why would we want to re-distributed more 

keys? 

14* 16* 33* 34* 38* 39* 22* 27* 29* 17* 18* 20* 21* 7* 5* 8* 2* 3* 

Root 

13 5 

17 

30 20 22 

Found it! 
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Basic(B+(Tree(Implementation(

•  Creates$an$“inverted$index”$in$the$form$of$a$B
+$tree$
– key:$word,$$value:$document$name$

•  Supports:$insert,$scan,$search,$print$
•  No$duplicate$keys$are$allowed$
•  No$support$for$dele6on$
•  The$tree$is$stored$on$disk$
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B+(Tree(Package(

•  File:$parms%

128$$$$$$//$$page$size$in$bytes$–$leave$it$as$is$
1.618$$$//$ignore$it$:$(expansion$rate$for$pos6ngs$list)$

•  Folders$
–  DOC:$documenta6on$
–  SRC:$source$code$
–  Datafiles%:$sample$documents$data$
–  Tests:$test$files$
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B+(Tree(Package(

•  BCTREE_FILE,$POSTINGSFILE,$TEXTFILE,$are$
created$by$the$b+$tree.$$
– Want$a$new$tree?$Delete$them$
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B+(Tree(Structure(

B-TREE_FILE POSTINGSFILE TEXTFILE 

am
erican 

usual 

american beauty 
.. 

usual  
suspect… 

american history 
X 
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Structure(of(a(Page((def.h)(
‘N’ or ‘L’ 

Page Number 

Next Leaf Page No 

NumBytes NumKeys 

KeyListPtr 

Ptr to the rightmost child 

For leaf pages only 

For non-leaf pages only 

Page Number 

KeyLen 

Key Ptr “aaa” 
Posting Ptr 

Next 
posting  
file 

page 
containing 
keys<“aaa” 

Page Number 

KeyLen 

Key Ptr “aab” 
Posting Ptr 

Next 

PageHdr 

KeyRecord 
KeyRecord 

≤ 3 
≤ 7 > 7 > 3 
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Existing(Functions(

•  C$:$print$all$the$keys$
•  i%<document_name>%:$insert$the$document$

– key:$word,$$value:$$document_name$

•  p%<page_no>%:$print$the$info$on$the$page$
•  s%<key>%:$search$the$key$
•  S%<key>%:$search$the$key,$and$print$the$
documents$

•  T%:$print$the$tree$$ Demo 
14 
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Example(code(:(search(

•  search.c%

15 
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Example(code(:(search(
•  treesearch.c%

≤ 3 
≤ 7 > 7 > 3 
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Example(code(:(search(
•  FindPageNumOfChild.c%

≤ 3 
≤ 7 > 7 > 3 
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In(this(homework(

•  implement$2$different$types$of$string$search$
– Prefix$search:$

P organ$$$$$//$matches$‘organism’,$‘organs’,$…$
– Substring$search$(‘M’iddle$of$word)$

M organ$$$$//$matches$‘morgana’,$‘organs’,$$

•  Also$report$
- count$#pages$read$

18 
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Testing(Mechanism(
Correctness$

•  Run$your$code$against$the$given$test$files:$
-  diff should$be$empty$

•  Make$sure$you$also$test$on$your$own%datasets:$
- Empty$BCtree$
- Only$one$key$value$in$BCtree$
- Root$just$split$
- ….$

$
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Our 
output 

Your 
output 
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Hand3in(
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•  Hard%copy%(in$class):$$
A.  Print$answers$to$the$ques6ons$
B.  ONLY$new/changed$code$(save$the$trees$!$)$

•  Electronic%copy%(Blackboard):$$
A.  btree_andrewId.tar$file$with$only$the$

necessary$files$&$the$makefile.$
$$$$$% tar xvf; make #$should$run$your$code$on$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$#$$$$sample$scripts$
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Hand3in(
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FYI,$we$will$use$scripts$to$grade,$thus$please$

follow$carefully%the$instruc6ons$for$the$
output$format!$
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Questions?(

•  Come$to$office$hours$(4$TAs$+$2$instructors)$
•  Post$your$ques6ons$on$blackboard.$
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