
management information, but also the

node’s state identifier to indicate that de-

allocation has taken place. This requires

the posting of a log record and possibly

an additional disk access. However, the

remembered parent node in the path will

always be allocated if its state identifier

has not changed and re-traversals can be-

gin from there. If it has changed, however,

one must go up the path, setting and re-

leasing latches until a node with an un-

changed state id is found or the root is

encountered. A path re-traversal begins

at this node. Since node de-allocation is

rare, full re-traversals of the tree are usu-

ally avoided.

5.3 A Structure Change Action

To illustrate the detailed steps of an atomic action,

we treat the case of posting index terms in a B1ink-

tree where node consolidation is possible and de-

allocation is not a node update. The arguments for

the index term posting operation are: The LEVEL

of the tree where the index term will be posted,

the remembered PATH, the ADDRESS of the new

node, and the KEY which was searched for.

Index term posting for the Blink-tree performs the

following steps:

1.

2.

Search: The search starts from the root us-

ing latch-coupling with S-latches. As long as

the state identifiers are unchanged, the remem-

bered PATH is used. If a state identifier is

changed, a search for the KEY begins. When

the LEVEL is reached, U-latches are used, pos-

sibly traversing side pointers until the correct

NODE is U-latched. The parent of NODE is

left S-latched.

Verify Split:. If the index term has already

been posted, the action is terminated. Other-

wise the child node with the largest index term

key value smaller than the KEY is S latched. It

is accessed to determine whether a side pointer

refers to a sibling node that is responsible for

the space that contains the KEY. If not, then

the node whose index term is being posted has

already been deleted and the action is termi-

nated.

If a sibling exists that is responsible for space

containing the KEY, this sibling becomes the

one whose index term is posted. (This may

mean a new ADDRESS will be in the new index

term.) The S latches are dropped. The U latch

on NODE is promoted to an X latch, (The new

3,

4.

6

node whose index term is being posted can-

not be consolidated while a latch is held on

NODE.)

Space Test: Test NODE for sufficient space to

accommodate the update. If sufficient, proceed

to Update Node.

Otherwise, split NODE: The space manage-

ment information is X latched and a new node

is allocated. The key space directly contained

by the current node is divided, such that the

new node becomes responsible for a subspace

of the key space. A sibling term that references

the new node is placed in NODE, The change

to NODE and the creation of the new node

are logged. If NODE is not the root, an index

term is generated containing the new node’s

address as a child pointer. (At the end of the

action, when all latches are released, an index

posting operation is scheduled for the parent of

NODE.)

If NODE is the root, a second node is allocated.

NODE’s contents are removed from the root

and put into this new node. A pair of index

terms is generated that describe the two new

nodes and they are posted to the root. These

changes are logged.

Then check which resulting node has a directly

contained space that includes KEY, and make

that NODE. This can require descending one

more level in the II-tree should NODE have

been the root where the split causes the tree to

increase in height. Release the X latch on the

other node, but retain the X latch on NODE.

Repeat this Space Test step.

Update NODE: Post the index term in

NODE. Post a log record describing the up-

date to the log. Release all latches still held by

the action.

Discussion

There are many ways to realize II-tree updates and

associated structure changes. We describe a specific

complete procedure in [12]. In this paper, we have

emphasized the abstract elements of our approach.

These elements include

●

●

extending the notion of sibling link to encom-

pass a much wider class of tree-like structures

which we have called II-trees;

decomposing updates into a number of atomic

actions so as to separate structure changes that

359



●

●

●

alter the index from updates in database trans- [7]

act ions;

completion of structure changes when incom-

plete structure changes are encountered during

normal processing;

using latches for efficient concurrency control
[8]

without deadlock;

dealing with node consolidation as well as its ,91

absence. L-J

Our approach to index tree structure changes

provides high concurrency while being usable with

many recovery schemes and with many varieties of . .

Lomet, D. B. Process structuring, synchroniza-

tion, and recover y using atomic actions. Proc.

ACM Conf. on Language Design for Reliable

Softwa~e, SIGPLAN Notices 12,3 (Mar 1977)

128-137.

Lomet, D.B. Subsystems of processes with dead-

lock avoidance. IEEE Trans. on Software Engi-

neering SE-6,3 (May 1980) 297-304.

Lomet, D.B. Recovery for shared disk systems

using multiple redo logs. Digital Equipment

Corp. Tech ReportCRL90/4 (Ott 1990) Cam-

bridge Research Lab, Cambridge, MA

index trees. ‘We have described it in-an abstract [1OJ Lomet, D. and Salzberg, B., Access meth-

way which emphasizes its generality and hopefully ods for multiversion data, Proc. ACM SIGMOD

makes the approach understandable. Conf., Portland, OR (May 1989) 315-324.

Our techniques permit multiple concurrent struc- [11] Lomet, D. and Salzberg, B., The hB-tree: a
ture changes. In addition, all update activity and

structure change activity above the data level exe-

cutes in short independent atomic actions which do

not impede normal database activity. Only data

node splitting might execute in the context of a

database transaction, and even here the resulting

index term posting is separate from the database

transaction. Should the recovery method support

non-page-oriented UNDO, even data node splitting

can occur out side of the database transaction.
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