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incremental updates of B+-Trees. We achieve this
goal by balancing the best features of the two index
structures. Our tree structure, which we call a
CSB+-Tree, is similar to a B+-Tree in the way it
handles updates. However, a CSB+-Tree has fewer
pointers per node than a B+-Tree. By having fewer
pointers per node, we have more room for keys and
hence better cache performance.

We get away with fewer pointers by using a
limited amount of arithmetic on array offsets,
together with the pointers, to identify child nodes.
For simplicity of presentation, we initially present
a version of CSB+-Trees in which a node contains
exactly one pointer. Sometimes we simply use the
term CSB+-Tree to refer to this version when the
context is clear. In Section 3.2 we will describe
variants with more pointers per node. The number
of pointers per node is a parameter that can be
tuned to obtain good performance under particular
workloads. We describe another variant of CSB+-
Trees that further reduces split cost in Section 3.3.

3.1 Cache Sensitive B+-Trees with One
Child Pointer

A CSB+-Tree is a balanced multi-way search tree.
Every node in a CSB+-Tree of order d contains
m keys, where d <= m <= 2d. A CSB+-Tree
puts all the child nodes of any given node into a
node group. Nodes within a node group are stored
contiguously and can be accessed using an offset
to the first node in the group.1 Each internal
node in a CSB+-Tree has the following structure:

nKeys :number of keys in the node
firstChild :pointer to the first child node
keyList[2d] :a list of keys.

Each leaf node stores a list of <key, tuple ID> pairs,
the number of these pairs, and two sibling pointers.2

Since a CSB+-Tree node needs to store just one
child pointer explicitly, it can store more keys per
node than a B+-Tree. For example, if the node size
(and cache line size) is 64 bytes and a key and a
child pointer each occupies 4 bytes, then a B+-Tree
can only hold 7 keys per node whereas a CSB+-Tree
can have 14 keys per node. This gives CSB+-Tree
two kinds of benefit: (a) a cache line can satisfy
(almost) one more level of comparisons and thus the
number of cache lines needed for a search is fewer;
(b) the fan out of each node is larger, which means

1[O’N92] also considers grouping nodes together in a disk-
based B+-Tree to improve I/O performance.

2see Section 5 for further discussion of how leaf nodes can
be implemented.

it uses less space. Figure 2 shows a CSB+-Tree of
order 1. Each dashed box represents a node group.
The arrows from the internal nodes represent the
first child pointers. All the nodes within a node
group are physically adjacent to each other. In
this example, a node group can have no more than
three nodes within it. Note that grouping is just a
physical ordering property, and does not have any
associated space overhead.

2     3

25

30

5     7 12   13 16   19 20   22 24   25 27   30 31   33 36   39

3     13   19

22

33

7

Figure 2: A CSB+-Tree of Order 1

3.1.1 Operations on a CSB+-Tree

In this section, we consider bulkload, search, insert
and delete operations on CSB+-Trees.

Bulkload. A typical bulkloading algorithm for
B+-Trees is to keep inserting sorted leaf entries into
the rightmost path from the root. However, this
method can be expensive if used for CSB+-Trees
since nodes in the same node group are not created
sequentially. A more efficient bulkloading method
for CSB+-Trees is to build the index structure level
by level. We allocate space for all the leaf entries.
We then calculate how many nodes are needed in
the higher level and then allocate a continuous
chunk of space for all the nodes in this level. We
then fill in the entries of nodes in the higher level
by copying the largest value in each node in the
lower level. We also set the first child pointer in
each higher level node. We repeat the process until
the higher level has only one node and this node is
designated as the root. Since all the nodes in the
same level are contiguous when they are created, we
don’t have to do any additional copying to form a
node group.

Search. Searching a CSB+-Tree is similar to
searching a B+-Tree. Once we have determined
the rightmost key K in the node that is smaller
than the search key, we simply add the offset of K

to the first-child pointer to get the address of the
child node. (For values less than or equal to the
leftmost key, the offset is 0.) So, for example, if

478
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