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542 Binary Search Trees

Nodes must be half
full. This guarantees
that the tree does
not degenerate
into a simple binary
or ternary tree.

We choose the
maximum M and L
that allow a node
to fit in one disk
block.

If the leaf contains
room for a new
item, we insert it
and are done.
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Figure 18.72 B-tree of order 5

An example of a B-treeof order 5is $own in Figure 18.72. Notice that all
nonled nodes have between three and five children (and thus between two and
four keys); theroot could possbly have only two children. Here, we have L = 5.
It happens that L and M are the same in this example, but this is not necessary.
Sincel is 5, each leaf has between three and five data items. Requiring nades to
be half full guarantees that the B-tree does not degenerate into a simple binary or
ternary tree Although there ae various definitions of B-trees that change this
structure, mostly in minor ways, this definitionis one of the popular forms.

Each node represents adisk block, so we dhoose M and L based onthe size of
the items that are being stored. As an example, suppose one block holds 8,192
bytes. In ou Florida example, each key uses 32 bytes. In a B-treeof order M, we
would have M —1 keys, for a total of 32M — 32 bytes, plus M branches. Since
each branch is esentially a number of ancther disk block, we can assume that a
branch is 4 hytes. Thus the branches use 4M bytes. The totad memory require-
ment for anornied noceisthus 36M — 32. The largest value of M for which thisis
no more than 8,192 is 228. Thus we would choose M = 228. Since ech data
record is 256 bytes, we would be aleto fit 32 records in a block. Thus we would
choose L = 32. We ae guaranteed that each led has between 16 and 32 dita
records and that ead interna node (except the root) branches in at least 114
ways. Since there ae 10,000,000 records, there ae & most 625,000 leaves. Con-
sequently, in the worst case, leares would be on level 4. In more concrete terms,
the worst-case number of accesses is given by approximately log,, ,,N, give or
take 1. (For example, theroot andthe next level could be caded in main memory,
so over the long run dsk acaesses would be needed only for level 3 and deeper.)

The remaining isaue is how to add and remove items from the B-tree. The
ideas involved are sketched next. Note that many of the themes sen before reaur.

We begin by examining insertion. Suppose we want to insert 57 into the B-
treein Figure 18.72. A seach down the tree reveds that it is not drealy in the
tree We can add it to the led asafifth child. Note that we may have to reorganize
al thedatain theled to dothis. However, the cost of doingthisis negligible when
compared to that of the disk aacess which in this case also includes adisk write.
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