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kilometers was needed. After all, the largest earthquake in recorded history, a massive
9.5 on the Richter scale, occurred in Chile.

Therefore, it was decided to reconfigure the bank’s two systems into an active/active architecture
so that both could be actively processing online transactions during the business day.

1

The Options

The bank considered four alternative architectures before making a choice.

Option 1: Active/Passive

This is the architecture with which the bank
started.

Option 2: Partitioned Application

With this architecture, both systems have a
complete copy of the database, and the
application is running on both systems.
However, the database is partitioned so
that the two instances of the application,
one running in each system, can be
processing transactions simultaneously
without data collisions. One of the
application instances processes
transactions against the data in one of the
partitions, and the other processes
transactions against the other partition.

As changes are made to one partition, they
are replicated to the copy of that partition
on the other system. Therefore, both
systems have a complete and current copy
of the database and consequently have access to all of the data in the database for query
purposes. There can be no data collisions, as there is no way for both application instances to be
processing the same data item due to the database partitioning.

Option 3: Asymmetric Active/Active

In an asymmetric active/active configuration, one system is the master, or principal, system; and
the other system is the slave system. Both systems have a copy of the current application
database.

All transactions that require database modification are routed to the master system, where they
are processed and the database updated. All updates made by the master system are replicated
to the database copy on the slave system so that both systems maintain a current copy. This
allows either system to process any transaction that requires read-only access to the database.
Since many applications are read-intensive (typically 80% read and 20% write in OLTP
applications), this allows the processing load to be distributed evenly across the nodes.

1 The material for this article was taken from a presentation given by Juan Pablo Nahuel Alvarado, Bci System Architect,
entitled “An Asymmetrical Active/Active Implementation at Bci,” given at the 2007 HPTF conference in Las Vegas.
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Routing of write transactions to the master node can be done by intelligent routers, an intelligent
front-end system, or by the applications themselves. Since only the master system can update a
data item, there can be no data collisions.

Option 4: Active/Active

In a full active/active configuration, any system in the application network can process any
transaction against its copy of the application database. Any changes that it makes to its
database copy are replicated to the other database copies in the network.

In this configuration, all nodes are equal. If asynchronous replication is used, there may be data
collisions caused by two systems trying to update the same row at the same time. If they can
occur, data collisions must be detected and resolved.

2

The Choice

Option 1, an active/standby configuration, was already implemented and was not a viable choice.
The bank decided not to follow Option 2, application partitioning, since its applications were
complex and the data highly interdependent. This prevented any consideration of partitioning the
database and therefore precluded this choice.

Likewise, Option 4, a fully active/active configuration, was ruled out. It was felt that the
complexities of bidirectional replication and data collisions would require special application
management facilities in order to balance the accounts.

The bank’s choice was Option 3, asymmetric active/active. This configuration allowed it to go
active/active with a minimum of application changes. However, Bci sees this as an intermediate
step toward achieving full active/active processing as it gains experience in this arena.

The System

System Architecture

In Bci’s asymmetric active/active
configuration, one of its NonStop
systems acts as the read/write, or
master, node and the other as the
read-only, or slave, node. In the
future, additional read-only slave
nodes may be added to provide a
scale-up of processing capacity. All
write transactions are forwarded to
the master node for processing,
whereas a read-only transaction
can be processed by either node.

The two NonStop systems are front-
ended by a pair of Sun systems for
transaction routing. The routing of
transactions is done intelligently by
the Sun systems so as to maintain
a balanced load on both systems.
However, the Sun systems cannot
distinguish between write

2 Collision Detection and Resolution, Availability Digest; April, 2007.
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transactions and read transactions. Therefore, they distribute all transactions among the NonStop
nodes evenly.

Tuxedo is used to move transactions from the Sun systems to the NonStop systems. There they
are passed to the intelligent RTFS router, provided by Opsol Integrators (www.opsol.com), that
can distinguish write transactions from read-only transactions. The Opsol router in the master
node takes no action. It passes all transactions to its copy of the application for processing.

However, the router in the slave node will not pass write transactions to its application copy.
Rather, it sends these transactions to the application copy on the master node. Read-only
transactions are sent, however, to its local application copy.

The application copy in the master node processes all write transactions, thus updating its copy
of the database. These updates are replicated to the slave’s database copy to keep it in
synchronism with the master database copy. Each node processes against its local database
copy any read-only transactions that have been routed to it.

The application maintains an application journal that tracks all of its processing activities. Each
application copy maintains its own journal. All entries in either journal are replicated via
bidirectional replication to the journal on the other system. In this way, both nodes have a
complete copy of the application journal. Since all updates to the journals are inserts only, there
can be no collisions.

Bci uses GoldenGate’s data replication engine (www.goldengate.com) for both the unidirectional
replication of the application database and the bidirectional replication of the application journal.

Failover Procedures

There are several failure modes to consider in this asymmetric active/active configuration.

Slave Node Failure

Should a slave node or its attached database fail, the system simply continues unaffected (except
for its available capacity). The Sun routers now route all transactions to the master node.

The master node, which had been processing write and read transactions, continues to do so
with no impact on the users except perhaps for slower response times due to the increased load
which it is carrying.

Prior to returning the slave node to service, its database must be resynchronized with the
master’s database either by draining the queue of updates that had accumulated during the
outage or by copying the master database to the slave database.

Master Node Failure

Should the master node fail, the slave node must be promoted to master. It will now handle all
transactions – both read and write.

When the failed system is returned to service, its database must first be synchronized with that of
the new master as described above. At this point, operation in asymmetric active/active mode
may continue uninterrupted with the old slave node now acting as master. Alternatively, the role
of the master and slave may be reverted to the original configuration.






