COP 3530 – Homework Problems #2 – Summer 2002


1. Shown below is a B-Tree of order 6 at some point in time.  Show the tree at each time instance after each “access” to the tree in the following “access sequence” occurs.

Access sequence:  (insert 4), (insert 30), (insert 24), (delete 18), (delete 24)


(a) Initial B-tree


(b) B-tree after inserting 4 into full leaf node.  Node splits and highest key in old leaf (after splitting equally) moves to parent (key value 2 in this case).


(c) B-tree after inserting 30 into leaf with room.  No splitting occurs, but node is now full. (Nodes are vertical to fit all four nodes on the same level on the paper.)


(d) B-tree after inserting 24 into full leaf node.  Node splits and highest key in old node (after splitting) moves to parent (key value 25 in this case).


(e) B-tree after deletion of key value 18.  Deletion causes an underflow.  Since the sibling contains more than (m/2( -1 = 2, key values, then all keys from the underflowing leaf and the sibling are redistributed between them by moving the separator key (25 in this case) from the parent into the underflowing leaf and moving one key from the sibling to the parent to become the new separator key (27 in this case).


(f) B-tree after deletion of key value 24.  Deletion causes underflow since number of key values in this node becomes less than (m/2( -1 = 2, however, we cannot “steal” a key value from the sibling in this case since that would cause the sibling to underflow.  So the underflowing node, the separator key, and the sibling are merged.

2. For the 2-4 tree shown below, shown the change to the tree that occurs when the key value 34 is inserted into this tree.  Explain what happened to the tree when this insert occurred.


(a) Initial 2-4 tree.


(b) Insertion of key value 34 causes node to overflow and require splitting.  The split forces the third key value (which is 45 in this case) to move “up” the tree to the parent.






(c) Migration of key value 45 to the parent node causes a further splitting of the parent node since it too overflows.  Since this new overflowing node is the current root, a new root node must be created and once again the third key from the overflowing node moves up into this new root node.  In this case, it happens to be the key value 45 again that moves up.  The rightmost child of the new root was the original highest key in the old root.  The leftmost pointer in this node must point to the new node created from the original split at the previous level.

3.  Shown below is a Cartesian plane with several objects in the plane.  (a) Produce the MBR for each object in the plane.  (b) Assuming that the objects in the plane are inserted in alphabetic order, build an R-tree of degree 2 (binary) that properly models the spatial relationships that exist in this plane.
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(a) MBRs are:  ({[1,6], [10,15]}, A)

   ({[2,8], [7,9]}, B)

   ({[9,13], [12,15]}, C)

   ({[9,14], [5,11]}, D)

   ({[8,11], [4,7]}, E)

   ({[1,4], [3,10]}, F)
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(a1) The “space” after insertion of objects A and B.


(a2) Initial R-tree after objects A and B are inserted into the space.
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(a3) The “space” after the insertion of object C.  This cause the definition of MBR identified by G.


(a4) R-tree after insertion of object C which splits root node and forms MBR named G.
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(a5) The “space” after insertion of object D which causes formation of MBR named H, which combined objects C and D.


(a6) R-Tree after insertion of object D which caused formation of MBR H.
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(a7) Insertion of object E into the space will cause the root node of the R-tree to split since it is full, This will require the definition of an MBR named I to encompass objects B and E (since this gives minimal size to I) which will in turn define an MBR named J to be placed into the root.  At this point the MBRs I and J are identical.  Further the definition of an MBR named K to encompass both MBRs G and H must be defined.



(a8) R-Tree after insertion of object E.  Note that additional MBRs are required since all leaf nodes must be on the same level in an R-tree.
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(a9) Insertion of object F redefines the MBR for K as it will now include F.  This is the final state of the space for this problem.



(a10) Final R-tree.  Notice that MBR defining K has been modified from previous R-tree.

4. Using the pseudocode conventions for interconnection network models (mesh) of parallel processing that were presented in the class notes, develop a complete algorithm for searching for a specific key value in a list of key values (assume the key values are integers).  Assume the key value on which the search is based is a front end variable as opposed to a distributed variable with an instantiation in each processor.

function search2Dmesh (L, n, x, index)

model:  two-dimensional mesh Mq,q with p = n = q2 processors

input:
L (a list of n elements)

range: Pi, j, 1 ( i, j ( q

x (a search element)

front end variable


index (Pi,j:  index = (q-1)i + j)
range: Pi,j, 1 ( i, j ( q
output: the smallest row-major index where x occurs in L, or ( if x ( L.

P1,1:X := x
call broadcast2Dmesh (P1,1:X, n)

for 1 ( i, j ( q do in parallel


if Pi,j:L ( Pi,j:X then



Pi,j:index := (

endif

end in parallel

return (min2Dmesh(index, n))

end search2Dmesh

5. Using dynamic hashing show the contents of both the index structure and the data file buckets after each of the insert/delete operations shown below is completed.  Assume that each data file bucket can hold only two key values and that the file is initially empty.

(1) Insert: 01101

(2) Insert: 10111

(3) Insert: 00110

(4) Insert: 11001

(5) Insert: 11000

(6) Insert: 10011

(7) Delete: 01101
(8) Delete: 00110

(9) Insert: 00011

(10) Insert: 01010
(11) Insert: 00000

(12) Insert: 11100

(a) after insertion of 01101 (hash file initially empty).


(b) after insertion of 10111.

(c) after insertion of 00110


(d) after insertion of 11001

(e) after insertion of 11000 (causes splitting)


(f) after insertion of 10011


(g) after deletion of 01101

(h) after deletion of 00110


(i) after insertion of 00011 (tree splits again)


(j) after insertion of 01010

(k) after insertion of 00000 (tree splits)


(l) after insert of 11100
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