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Abstract: A simple and efficient recovery method for nested transactions, called ARIES:NT {Algorithm
for Recovery and Isolation Exploiting Semantics for Nested Transactions), that uses write-ahead logging
and supports semantically-rich modes of locking and operation logging is presented. This method applies
to a very general mode! of nested transactions, which includes partial rollbacks of subtransactions, upward
and downward inheritance of locks, and concurrent execution of ancestor and descendent subtransactions.
It is an extension of the ARIES recovery method developed recently for the nonnested transaction model
by Mohan, et al. [MHLPS89]. The adopted system architecture encompasses aspects of distributed data
base management also.

I This work was done while K. Rothermel was a mernber of the Starburst project at the IBM Almaden Research Center.
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1. Introduction

The concept of a nested transaction was introduced by Moss [Moss81] and has been implemented in
several systems so far, such as ARGUS [LCIS87, Lisk85], Camelot [SpPB88], CLOUDS [Allc83,
Dal. A8}, LOCUS [MuMP83], and Eden [INJBPS82]. Nested transactions have at least three admnmg»s
over flat ones: First, they provide a means for controlling concurrency within transactions. Second, nested
transactions can be used to protect a part of a transaction. from failures of another part of the transaction
- i¢., nested transactions can act as firewalls, preventing outside influences from affecting the internals.
Third, nested transactions allow an easy and secure  composition of transaction programs, by means of
which the modularity of systems can be increased.

A recovery method that uses write-ahead logging (WAL) for nested transactions, called ARIES/NT
(Algorithm for Recovery and Isolation Exploiting Semantics for Nested Transactions), is presented. It is
an extension of the ARIES recovery method introduced by Mohan, et al. in [MHLPS89] and it retains
all the features of the latter. Even though a number of papers have discussed the shadow page technique
method of recovery (as used in System R [GMBLLS81]), WAL is the method of choice in most commercial
systems because of its efficiency, flexibility, and power (see [MHLPS89] for detailed comparisons). In
WAL systemns, an updated page is written back to the same nonvolatile storage {e.g., disk) location from
where it was read. That is, in-place updating is done on nonvolatile storage. The WAL protocol asserts
that the log records representing changes to some data must be physically written to stable storage before
the changed data is updated on nonvolatile storage. The recovery method tracks precisely the state of a
page on nonvolatile _‘orage as well as in main storage by associating a log sequence number {LSN) with
every page. The LSN is the address of the log record which describes the update most recently performed
on the page. It is a monotonically increasing value that helps us x'eldte the state of a page to logged
updates of the page.

Like ARIES, ARIES/NT also logs all database changes, including even those performed during (total or
partial) rollbacks of transactions. Updates performed during rollbacks are logged using what are called
compensation log records (CLRs). ARIES/NT guarantees that, for those transactions which were already
aborting at the time of the system failure, only those actions that had not been undone ever before are
rolled back. This means that the changes specified in a CLR are never undone. The changes are desribed
in CLRs only for redo purposes during restart after a failure or during media rec-very. A CLR is also
used to keep track of how much of the transaction has already been rolled back and how much more
remains to be rolled back via backchaining. Backchaining is done by recording, in a CLR, a set of pointers,
each of which points to the next record to be dealt with in the chain of log records written by the
transaction or one of its subtransactions (In ARIES, instead of a set of pointers, there will be unly one
pointer, called UndoNxtLSN, since ARIES was designed for the nonnested transaction model). During
restart, all the updates which were logged 1o stable storage but not propagated to the nonvolatile storage
version of the data base are redone, before the rollbacks of the incomplete transactions are performed.
This is called repeating history. All these features of ARIES and ARIES/NT allow them to support
semantically-rich modes of locking (like increment/decrement) with efficient restart and flexible smmu,
management for variable length objects.

‘The recovery mechanisms for nested transactions that have been proposed by others so far are variations
of the "version approach” introduced by Moss [Moss81]. As fur as we know, the only recovery algorithm
supporting WAL for nested transactions is the one described in [Moss87]. Our work was done indepen-
dently of that work [RoMo87]. Later in this paper, we relaie ARIES/NT to the algorithms invented by
others.

i, Introduction



(3]

The remainder of this paper is organized as follows. Section 2 describes the underlying system model,
which essentially introduces the notion of a nested transaction and describes the system architeciure we
assume. In section 3, the new recovery method ARIES/NT is presented. Section 4 describes other work
on recovery algorithms for nested transactions. Finally, section § summarizes our work.

2. System Model

2.1. Mested Transactions

In the context of database systems, a transaction represents an atomic unit of work, whose execution
transforms the underlying database from a consistent state to another consistent state. Transactions form
the basic units of both recovery and concurrency control and are characterized by the following four
properties: atomicity, consistency, isolation and durability [Gray81, HaRe83].

The transaction model that our recovery method is based upon is the nested transaction model introduced
by Moss [Moss81]. In this model, a transaction may contain any number of subtransactions, and each
subtransaction again may comprise any number of subtransactions. The nesting hierarchy of transactions
may be arbitrarily deep.

A transaction which is not enclosed in another transaction is called a top-level transaction ( Tl-transaction).
In the following, we use the term "transaction” to denote both TL-transactions and subtransactions. For
describing the relationship amongst transactions, we use the terminology defined in [ Moss81]. Transactions
having subtransactions are called parents, and their subtransactions are their children. We also speak of
ancestors and descendants. The ancestor (descendant) relation s the reflexive transitive closure of the
parent {(child) relation. We use the term superior (inferior) for the nonreflexive version of ancestor
{descendant).

The nesting hierarchy of a Ti-transaction can be represented by a so-called transaction tree. The nodes
of the tree represent transactions, and the edges represent the nesting relationship amongst the transactions.
In the transaction tree shown in Figure 1 on page 3, the root is represented by the TL-transaction A. The
children of subtransaction C are D, F, and G, and the parent of C is B. The inferiors of C are D, E, F
and G and the superiors are B and A. Of course, the descendants and ancestors scts of C additionally
contain C itself.

Transactions can terminate either normally by committing or abnormally by aborting. Subtransactions
appear atomic to the surrounding transactions and may commit or abort independently. A subiraisaction
may abort without affecting the commit or abort outcome of the surrounding transaction. However, the
commit of a subtransaction is relative; even if the subtransaction commits, aborting one of the
subtransaction’s superiors will undo its effects. Updates become permanent only when the enclosing
TL-transaction commits. Therefore, Tl-transactions are special in that they are the only transactions that
become durable when they commit.

All of a transaction’s children must be resolved (1.e., commiiied or aborted) before the transaction can be
commitied. On the other hand, a transaction may abort any time - ie., it need not wait for its children
10 be resolved first.

The concurrency control technique for nested transaction presented in [Moss81] 1s a locking approach.
Before describing this technique, we have to introduce the terms holding and retaining which relate to
5. When a subtransaction commits, i1 inkerits its locks to its parent, which then retains the Jocks. If
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