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Executive Summary 

Gartner estimates that most Global 2000 companies support between 500 and 1,000 applications, and 
the majority of these are not shrink-wrapped, off-the-shelf products. Although application architecture 
varies significantly, from monolithic mainframe systems, to multifaceted client-server and distributed, 
multi-tier configurations, the one common factor shared by all is the need to store data in a relational 
database. When it comes to diagnosing application performance problems, the database — whether 
Oracle, DB2, Sybase, or SQL Server — 
inevitably receives the most scrutiny 
because the majority of an application’s 
elapsed time is spent processing 
database data. The plethora of 
applications, and application 
architectures, however, makes the task of 
diagnosing performance problems 
incredibly complex for the database 
administrator (DBA). 

Translating an end user’s complaint of 
degraded application performance into an 
actionable task that will resolve a 
bottleneck requires navigating a broad 
spectrum of monitoring and diagnostic 
technologies and techniques. In 
distributed computing environments, the 
moment an end user clicks the mouse or 
hits Enter, information flows along diverse 
network paths connecting a multitude of 
application and database servers and 
storage subsystems. Each path, and 
each server and storage subsystem 
along the path, has the potential to limit 
overall application performance.  

With a deep understanding of the 
distributed computing infrastructure, 
VERITAS is in a unique position to 
provide a solution-oriented approach to 
addressing performance problems. The 
VERITAS database performance 
products incorporate non-invasive 
information gathering, support non-
disruptive changes to the database 
environment, and offer a state-of-the-art 
high-performance infrastructure for 
database data. Together, these tools give 
system and database administrators 
insightful guidance into the source of 
application performance issues and on-
the-spot options to remedy problems. 

Figure 1: Illustrating the data path 
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Mapping the Data Path 

Tracking a request for data as it navigates between an application server – the source of the request – 
and a storage subsystem – the source of the data – illustrates the complexity of performance 
management in a distributed computing environment.  

Each request for application data is deceptively simple; An application 
issues an SQL statement and is returned rows of data. But, because data 
access is the cornerstone of every business application, these requests 
can account for upwards of 80 percent of an application’s total response 
time. Getting to the bottom of application performance problems typically 
means going to the database. 

Application programs issue SQL statements to request data from a 
database. SQL, the standard data access language for business 
applications, is the entry point to the universe of the database 
management system. Before arriving at the doorstep of the database, the 
SQL statement is modified, at the application server, for transmission 
across the network.  

The metamorphosis of a SQL request is performed by special purpose 
driver software, either open database connectivity (ODBC), Java database 
connectivity (JDBC), or a native DBMS driver on the application server. 
Broken down into its constituent components, the SQL statement makes 
its way across the network infrastructure, navigating routers, hubs, and 
switches, finally arriving at the database server. The database 

reassembles the SQL statement and executes it against tables of application data hosted on the 
server. Depending on how the SQL statement is coded by the programmer, the database will issue I/O 
requests against one or more tables and indexes in the storage subsystem, and, if the request contains 
an update, insert, or delete statement, the database log file will also be accessed.  

Pareto’s 80/20 Rule 

Named for the 19th century Italian 
economist who first noted the 
heuristic, Pareto’s Principle — 
also known as the 80/20 rule and 
“the vital few and the trivial 
many” — is based on the 
observation that a small number 
of causes — the 20 — are 
responsible for a large amount of 
the effect — the 80. The principle 
is commonly used in time 
management and is widely 
accepted as being applicable to 
a variety of IT topics, including 
performance management. 

Interaction between the database and the storage subsystem is a crucial component of the overall data 
request process. While 80% of application response time is typically spent processing database 
requests, up to 80% of the elapsed time of database requests is spent doing physical I/O. The back-
end storage for enterprise database data is more than likely a high-end storage array, and possibly 
multiple high-end storage arrays. Modern storage arrays provide so much disk capacity that they are 
almost always shared by multiple servers on a sophisticated storage area network (SAN). This adds 
more networking components into the data path and introduces the potential for resource conflicts with 
other application servers.  

I/O requests issued by the database system never go directly to a physical disk. First, each request 
must navigate a maze of logical layers that abstract the underlying physical environment. File systems, 
logical volume managers, storage array and volume manager striping and mirroring, and the plexes 
and sub-disks of the array each provide representations of the storage that must be traversed before a 
request finally arrives at a physical hard disk containing application data. 

The Performance Management Problem 

DBAs are faced with contradictory demands for high-performing data access and easily managed 
database management systems. The complex infrastructure navigated by application data access 
requests often hampers the process of diagnosing performance problems and undermines smooth 
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day-to-day management. Potential bottlenecks lurk at every connection in the data path, threatening to 
interrupt the speedy processing of SQL statements. When a problem arises it can be difficult for a DBA 
to know where to start looking. Lack of visibility into the process remains one of the most fundamental 
issues of performance management. And, as every DBA knows, the performance profile of an 
application is rarely static. Rapidly changing environments, no matter how innocuous the changes 
appear, have a habit of affecting performance in unexpected ways. Identifying problems quickly is 
essential. Maintaining a long-term view of data access patterns over time is equally important. 
Detecting gradually degrading performance early can prevent sudden tipping points, where issues 
appear out of the blue to surprise the DBA.  

Visibility 

Performance monitoring and management tools are available at each layer of the data access stack, 
giving administrators specific insight into each domain. However, the complex mix of multi-vendor 
systems deployed in a typical IT infrastructure, and the nature of SQL statements to traverse many 
domains as they make their way from the application server to the database and back, impedes the 
fast and effective diagnosis of problems.  

A SQL statement passes in and out of the awareness of local system administrators. The further the 
SQL request is from the administrator’s area of responsibility, the weaker the administrator’s tools are 
at diagnosing the nature of a problem. This lack of visibility often results in finger-pointing, as frustrated 
administrators, unable to see what is happening down the road, throw up their hands and say that the 
performance issue is somebody else’s problem. The application administrator, fielding calls from users 
about slow response time, identifies the database as the culprit. The DBA, unable to find an obvious 
problem in the database, blames the storage subsystem. And the storage administrator, lacking the 
context to indicate which I/Os are a priority, pushes the problem back to the application administrator. 
Tracing a data access request from application to the storage array demonstrates the problem.  

The administrator of an application server has tools that will assess how well the server is running, but 
as soon as a request is out on the network it moves out of range. The network administrator can track 
the health of data packets in the network infrastructure but has no insight into the individual requests in 
each packet. At the database server, the DBA’s tools allow a SQL statement to be monitored for 
efficiency, but the upstream application and downstream storage environments are largely invisible. 
Transformed into I/O, the application’s data access request traverses multiple layers of abstraction 
before it accesses the physical hard disks of the storage array. The tools available to the storage 
administrator allow excellent visibility into the nature of potential performance-restricting conflicts at the 
I/O level, but cannot provide the context needed to assess which I/Os are critically important to the 
business and which are less so. 

Diagnosing performance problems is further complicated because IT environments are almost never 
homogenous. Application servers, operating systems, SANs, storage arrays, storage management 
software, database servers, and database management systems come from many different vendors. 
Not surprisingly, the vendor-supplied tools used to identify and diagnose performance bottlenecks on 
one platform prove limited when looking at the architecture as a whole. Diagnosing performance 
problems in a distributed environment often requires that the DBA be a master of every performance 
monitoring tool available. 

Time-Based Performance Degradation 

No matter how thoroughly an application is tested it is almost impossible to faithfully recreate the real 
world of a production environment. Going to production always involves surprises, especially where 
performance is concerned.  
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As much as developers and DBAs think they understand the way end users will respond to an 
application, the real-world has a habit of taking matters into its own hands. Many performance issues 
only become apparent once an application is in production. And, the performance profile of a request 
will often change over time, complicating the identification of a problem and its cause. 

When addressing slowly degrading performance, comparing the speed of a query executed yesterday 
and one run today may show no measurable difference. Yet performing the same comparison between 
today’s run and one three months ago will clearly illustrate anomalies. Time-based analysis such as 
this allows the DBA to identify issues and analyze what has changed that might have contributed to the 
problem. Carrying out this level of diagnostic analysis demands a solid understanding of each 
application’s baseline performance. Aberrant behavior can only be seen when compared to what is 
normal.  

Ongoing monitoring is essential to build a picture of normal application behavior, but, here again, the 
DBA faces a dilemma. Monitoring tools, that give the DBA the detailed background data needed to 
build a long-term view of normal application behavior, create their own processing overhead. When 
business applications are continually demanding more from the processing resources of the computing 
infrastructure, the DBA is faced with a difficult call: Switch off the performance monitors or live with a 
permanent application performance penalty. 

Managing Performance in a Rapidly Changing Environment 

Managing database performance is an ongoing process, involving the assessment of monitoring data 
from the application infrastructure and the deployment of recommended fixes after due consideration. 
In rapidly changing business environments, performance problems arise without warning and the DBA 
must be able to respond quickly and with confidence. 

Fast access to diagnostic information about the application infrastructure can give the DBA the 
background necessary to identify problems and come up with solutions. But, fixing a problem often 
requires an interruption to end-user application access while the system is reconfigured. Users of 
business-critical applications often cannot tolerate any downtime, and IT service levels may be written 
such that system availability is guaranteed, with penalties levied for failure. This leaves little room for 
the DBA to make performance-enhancing modifications to the environment.  

Mutually Exclusive Demand for Performance and Manageability 

The demand for performance often conflicts with the need for greater manageability. In the world of 
database data, the difference between using a file system to host containers, or datafiles, versus raw 
data partitions is often used to illustrate this conflict. 

When defining the containers or datafiles that house database data it is possible to choose between 
files defined to the local file system of the database server and raw partitions — blocks of unformatted 
storage managed directly by the database system. Choosing file system files has many benefits. 
Creating containers or datafiles when a database is initially developed is fast, requiring the simple 
definition of a file in the file system. A file system file is also able to dynamically grow to accommodate 
new data without interruption to end-user access. And, as space in the file system is used by 
expanding files, additional volumes can be seamlessly added without bringing down the file system or 
affecting application access to data.  

By contrast, raw partitions require constant monitoring and management if out-of-space problems are 
to be avoided. Raw partitions cannot dynamically increase capacity when a tablespace is full. More 
space can be added by the DBA, but the process is time-consuming, complicated, and manual and 
requires the database be taken offline, immediately interrupting access to database data. To avoid 
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frequent out-of-space problems DBAs must accurately size raw partitions when they are created. This 
means taking into account demand for future capacity and monitoring the database for changes in data 
growth patterns.  

The management deficit of raw partitions is offset by performance advantages. Because a file system 
places an additional layer of software abstraction in the data path, navigating the extra code introduces 
additional processing to each SQL request. The raw partition eliminates the redundant I/O processing 
of the file system, allowing the database more direct communication with the storage device. 

VERITAS Solution-Based Database Performance Management 

VERITAS provides a complete performance management, monitoring, and remediation solution that 
satisfies a DBA’s need for both visibility throughout the data path and tools to effect performance- 
improving changes. VERITAS Indepth, and its associated storage and application extensions, give the 
DBA a complete performance profile of data access from the application infrastructure, through the 
database, and into the storage environment. Having identified performance issues using Indepth, the 
VERITAS Storage Foundation for Databases product suites provide the features the DBA needs to 
surgically apply changes to the environment without interrupting end-user access to data. Combined, 
Indepth and Storage Foundation for Databases give the DBA a total performance management 
solution for Oracle, DB2, Sybase, and SQL Server. 

Analyzing a Performance Problem 

In complex, multi-tiered infrastructures, where a single database query crosses the domain of many 
different administrators, insight into every layer of the data path is critical if performance problems are to 
be resolved quickly. Finding the root cause of a performance issue, and avoiding finger-pointing 
between frustrated administrators, requires tools capable of quickly drilling down through the I/O stack 
to identify exactly what is causing a problem. VERITAS Indepth provides the data collection and 
reporting tools essential for fast analysis of database and storage system performance, across multiple 
tiers of the infrastructure.  

Performance Monitoring 

VERITAS Indepth actively samples the memory used by the database, bypassing the database engine. 
Indepth tracks all SQL statements and the resources they consume, using non-intrusive, sub-second 
sampling techniques. This allows continuous, low-overhead monitoring of the database 24 hours a day, 
seven days a week.  

The Indepth collection agent, residing on the server platform, samples the database at a user 
configurable rate from one to 99 times per second. This sampling frequency guarantees the capture of 
resource use data for even the most fleeting transactions.  

The agent software tracks 18 different resources being consumed by the database system, including 
I/O, CPU usage, memory wait, redo log activity, rollback segment access, log switch and clear, and 
lock contention. Data is accumulated in short-term files and the long-term Indepth Performance 
Warehouse repository, and is accessible using a sophisticated graphical user interface (GUI).  

Performance Tuning 

When alerted to a potential problem, the DBA is able to use the Indepth GUI to quickly assess what is 
happening in the database environment. Performance data, reflecting ongoing and historical activity on 
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the database, is available ranked by SQL statement, program, user, and database object, with 
resource consumption correlated against each category.  

When a suspect SQL statement is identified, the drill-down capabilities of the GUI allow the DBA to 
instantly sift through performance data to determine what is happening in the environment. The GUI 
provides a step-by-step walk-through of the statement’s explain information and access plans, and 
potential sources of trouble are color coded and flagged for attention. This analysis can help the DBA 
identify problems such as a query that is performing a full table scan instead of using an index. The 
access plan analysis can also be performed before problems arise. For example, if a query is to 
perform a full table scan on a million-row table, the DBA can readily determine, from the GUI, that 
statistics for the table are out of date and need to be re-run. 

The Indepth Performance Warehouse collects explain information for all SQL statements, along with a 
history of each statement’s resource consumption over time. Reviewing this data can alert the DBA to 
queries that are deviating from their normal performance profile, answering questions like: Is a long- 
running query an ongoing problem, or a one-off occurrence?  

Performance data provides the contextual background information that is essential when determining 
the nature of a problem and its solution. To find out why a previously well-behaved query now runs 
unacceptably slow, for example, the DBA must first look at what changed in the environment. The 
historical information in the Performance Warehouse supports this type of examination and allows the 
DBA to perform a what-if style impact analysis on potential solutions. For example, does changing an 
index help one statement but cause 20 other statements to run more slowly? 

Recommending Solutions 

One of the most powerful features of Indepth is its ability to make performance-enhancing 
recommendations about the database environment. Unused indexes are flagged, for example, allowing 
the DBA to make changes that will significantly streamline database insert, update, and delete activity.  

The Indepth SmartTune feature examines data from the Performance Warehouse, including resource 
consumption information and the explain information of every SQL statement. SmartTune then makes 
specific recommendations about index usage and SQL syntax. This feature is also available when the 
DBA is performing a problem analysis. Selecting the SmartTune button of the GUI enables Indepth to 
offer hints and recommendations about substitute SQL coding, and performance-enhancing alternate 
index configurations.  

Exposing Real Users of a Generic Database Signon 

The use of generic database signons by third party applications is a constant source of frustration to 
DBAs. The inability to clearly identify the source of a request makes it difficult to diagnose performance 
problems in those applications. The Indepth Interpoint extension eliminates this problem and allows 
queries from packaged applications — SAP, Oracle E-Business Suite, Siebel and Peoplesoft — to be 
tracked by the actual user and program making the SQL calls.  

The Interpoint feature gives DBAs visibility into packaged applications, allowing SQL statements to be 
tracked with the same level of granularity as in-house applications that make use of individual database 
signons. The ability to tie SQL statements back to users, modules, transactions, programs, screens, 
reports, and requests of the third-party application also enables the identification of database objects, 
such as indexes, that are unused by the application. During the installation of packaged applications, 
unnecessary indexes are frequently created, and without the ability to track which indexes are being 
used, and by what areas of the application, it is all but impossible to get rid of the surplus. Removing 
these unnecessary indexes can dramatically improve database performance. 
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Correlating Storage and Database Performance Metrics 

The Indepth Storage Extension plug-ins — available for EMC, IBM, HP, and Hitachi Data Systems 
storage arrays — give the DBA visibility into resource consumption at the storage subsystem layer. 
These storage extensions add granularity to the existing performance data captured at the database. 
With this information, a DBA is able to identify a problem query and then drill down through the 
database objects being accessed to the physical disk hosting application data. The Indepth GUI takes 
the DBA through each layer of abstraction between the database server and the physical disk, 
including logical volumes defined at the database server and the logical volumes and hypervolumes of 
the storage array.  

The performance data generated by Indepth and the storage extensions is also available to storage 
administrators, who can use the information to provide context to problems identified in the storage 
environment. For example, noticing that certain disks are receiving above-average I/O activity, the 
storage administrator can use the Indepth GUI to identify which database objects are causing the 
problem, which queries are responsible for the activity, and which users are running the queries. If the 
analysis shows that the queries are infrequently run, the administrator may decide that no action is 
necessary. If the problem looks to be more systemic, the DBA can be consulted to determine if moving 
database objects to a separate disk would help, or if tuning access to the database objects can reduce 
the I/O demand. 

With large storage arrays now able to host data for many different application, database, and web 
servers, it is difficult, if not impossible, to identify I/O resource problems caused by two or more 
conflicting servers. Indepth Storage Extensions give administrators access to the resource usage data 
essential to solve this type of problem. By capturing data across the entire storage array, not just the 
portions used by the database server, Indepth is able to provide insight into bottlenecks with the 
contextual information needed to resolve the problem. 

Analyzing the Impact of Change 

The Indepth Performance Warehouse contains explain information for all SQL statements operating on 
the database. This data, when correlated with the database objects defined at the database server and 
the resource use history tracked in the warehouse, gives the DBA tremendous scope for examining the 
impact of environmental changes before they happen. 

Performing an impact analysis ahead of a database change significantly improves the chances of a 
successful outcome. For example, if analysis of a query identifies an unanticipated full table scan, due 
to the first column of the index not being specified in the query, the DBA may opt to drop the old index 
and create a new one more likely to be chosen by the database’s query optimizer. Before dropping the 
existing index, however, the DBA performs an impact analysis, using the Indepth GUI, to see if other 
queries access the index. The analysis identifies two other queries using the index but further 
investigation shows that neither query has accumulated resource usage statistics in the Performance 
Warehouse, indicating that they have never been run against the database. Armed with this information 
the DBA can confidently drop and recreate the index without detrimental impact on existing 
applications.  

Trend Analysis and Capacity Planning 

The historical resource consumption information stored in the Indepth Performance Warehouse 
provides an excellent source for trend analysis and capacity planning. The ability to perform 
sophisticated slice-and-dice reporting on the performance statistics, gathered over time by the Indepth 
agent software, helps the DBA to identify long-term database use characteristics. This type of analysis 
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can identify subtle performance degradation that happens over a long period of time, giving the DBA an 
early warning of problems likely to occur in the future. 

The resource statistics in the Performance Warehouse are also essential for planning future hardware 
expenditures. By tracking database activity over a period of time, DBAs are able to build an accurate 
picture of hardware resource consumption. Extrapolating this data can help to determine when 
components of the infrastructure are going to require a capacity upgrade. The ability to spot potential 
capacity shortages early gives IT buyers additional lead time, allowing greater flexibility when 
negotiating purchases with vendors.  

Solving Performance Problems 

If the database system is configured with sufficient memory and processing resources performance 
problems tend to result from one of three things: inefficient SQL, poorly designed database objects, and 
problems in the storage environment. The SQL and database object inefficiencies identified by Indepth 
can be remedied in the application or at the database server. VERITAS Storage Foundation for 
Databases — supporting Oracle, DB2, and Sybase database systems — gives the DBA the tools 
needed to address performance problems and productivity in the storage environment.  

Flexible Storage Infrastructure 

The VERITAS Volume Manager and VERITAS File System components of the VERITAS Storage 
Foundation for Databases suite give the DBA a robust, high-performance base on which to build a 
database environment. Storage Foundation for Databases supports dynamic changes to the storage 
infrastructure, allowing the DBA to rapidly respond to performance problems without interfering with 
end-user access to data. In addition, the Quick I/O and Cached Quick I/O features provide applications 
with raw database access speed — or better — while retaining all the manageability advantages of 
hosting database files in a file system. Storage Foundation supports the speedy resolution of I/O 
related database performance problems, a flexible storage infrastructure, and automated storage 
administration. 

The automated response to storage environment performance problems begins with Storage 
Foundation agent software. Agents monitor the file system constantly. Storage utilization metrics are 
tracked and if a database object exceeds capacity thresholds, defined in policies created by the DBA, 
the agent responds immediately and automatically, resizing the file system — and files within the file 
system — before database users are impacted. 

VERITAS Enterprise Administrator 

The VERITAS Enterprise Administrator (VEA) GUI gives administrators a sophisticated interface to 
Storage Foundation product features and allows multiple servers to be managed from a single location. 
The GUI offers drag-and-drop access to system management and configuration from anywhere within 
the enterprise network. For example, storage capacity can be dynamically reassigned by moving a 
volume from a disk that is about to become full to one that is under-utilized, without impacting end-
users and applications. The VEA GUI also supports dynamic RAID reconfiguration. 

Discovered Direct I/O 

VERITAS Storage Foundation for Databases Discover Direct I/O continually tracks storage 
infrastructure I/O to determine if performance can be improved. I/O that involves the movement of large 
amounts of data can be automatically flagged to bypass cache processing, performing more efficient 
direct writes against storage volumes.  
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Dynamic Multipathing 

Dynamic Multipathing (DMP), a feature of the VERITAS Storage Foundation Volume Manager, 
performs intelligent I/O path optimization when multiple routes to the storage infrastructure exist. In an 
active/active array configuration the DMP feature balances the load across available I/O paths. Policy 
algorithms estimate the number of hops each path takes to a storage device and dynamically switch 
I/O to the optimum path in real time. 

Database Acceleration 

The Quick I/O and Cached Quick I/O features of VERITAS Storage Foundation bridge the gap 
between raw partitions and file systems. Together, these innovative features give the database the 
performance characteristics of a raw device with the manageability advantages of a file system.  

Quick I/O uses a character-mode device driver to bypass kernel file system buffers. This process 
allows the database to write directly from the database system buffer pool to storage. Files flagged for 
Quick I/O processing are opened by the Quick I/O device driver in raw mode, allowing the database to 
use the same access methods as would be used with a raw device. 

Cached Quick I/O is a specialized external caching mechanism that behaves like page cache. 
Whatever excess virtual memory is available on the server is acquired by the Cache Quick I/O routine 
and provided to the database. The additional memory resources allow the database system to bypass 
operating system-defined memory allocation restrictions and use the extra buffer space to improve data 
access performance. When SQL read requests are satisfied by data held in memory it eliminates the 
need for physical I/O, significantly reducing the overhead of processing the request. Cached Quick I/O 
can push database performance beyond that achieved with traditional raw partitions. 

Database File Migration 

VERITAS Storage Foundation for Databases dramatically simplifies the process of migrating database 
data, whether optimizing data placements on the same database instance — within the same storage 
array or to a new array — or moving to a new server platform. In addition, new multi-volume capabilities 
in the VERITAS File System provide DBAs currently managing raw partitions with a seamless 
migration path to the manageability and performance advantages of Storage Foundation. A database 
with 500 raw device partitions can be quickly integrated into the VERITAS File System by allocating all 
volumes to one or more disk groups. Previously this would have required an unwieldy 500 file systems. 
VERITAS is the only vendor providing this capability. 

Portable Data Containers 

New volume management features, incorporated into Storage Foundation for Databases, significantly 
speed the migration of data between heterogeneous server architectures. VERITAS Portable Data 
Containers (PDC) support the migration of database files between server platforms, with minimal end-
user impact. Rather than move database data between two servers over a network — a prohibitively 
time-consuming process for large databases — the migration of PDC-formatted disks involves 
unmounting volumes from a source system and mounting the same volumes to a target server. No 
data movement is necessary. Using PDC, DBAs are able to migrate databases of any size between 
heterogeneous platforms with minimal downtime. 

Quality of Storage Service 

Migrating files within the same database environment frequently provides the best path to improved 
performance. For example, placing index and data files on the same storage volume can create I/O 
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conflict that slows SQL query processing. Relocating the index to a different volume will improve data 
access performance. The VERITAS Storage Foundation for Databases Quality of Storage Service 
(QoSS) feature gives the DBA the tools to migrate files between storage devices without impacting 
end-user and application access to database data. Unlike hierarchical storage management (HSM) 
solutions, used to migrate less frequently accessed data to tape, QoSS does not change the underlying 
structure of the data, resulting in fast and efficient data movement.  

QoSS allows storage resources to be classified by tiers, differentiating between high-end storage 
devices, like an EMC Symmetrix/DMX array, mid-tier storage, such as an EMC CLARiiON device, and 
low-end storage, like JBODs. The multi-volume file system capabilities of Storage Foundation permit a 
single VERITAS File System to encompass storage from multiple tiers. Now, if low-priority data 
somehow finds its way onto a high-end storage array, the file can be dynamically moved to a more 
appropriate class of storage without leaving the file system and without impacting online data access. 
QoSS allows policies to be established that can automatically migrate files between storage tiers. 

In addition to improving performance, the QoSS feature helps storage administrators make the most 
efficient use of available resources. By incorporating multiple classes of storage into a single file 
system, and allowing seamless, automated migration of files, QoSS can guarantee that high-value 
resources are only used by high-priority data. This maximizes the cost-effective utilization of storage 
capacity.  

Online Storage Migration 

Storage Foundation for Databases also provides non-disruptive online storage migration within the 
same storage array, or from one storage array to another — regardless of whether the arrays are from 
the same vendor. This facility allows an administrator to quickly migrate volumes between arrays by 
establishing a mirror and then breaking the mirror online.  

Extent-Based File Allocation 

The VERITAS File System is an extent-based, intent-logging file system designed for high performance 
and fast recovery. Disk space is allocated to files in large contiguous extents. This differs from files in a 
native OS file system, which tend to have blocks allocated on an as needed, ad hoc basis. Hosting 
database data on a single file system extent maximizes the potential for sequential pre-fetch 
processing. When the database detects an application performing sequential reads against database 
data it begins to read ahead, using efficient sequential physical I/Os, and pre-stage data in cache. If 
data is allocated in blocks, rather than extents, pre-fetch processing is continually interrupted, nullifying 
the performance benefits. 

Off-Host Processing 

Database performance problems frequently occur when workloads on a server compete for resources. 
Running backup processing, for example, at the same time users access an online transaction 
processing (OLTP) system, can slow response times because it is almost impossible to tune the 
system to simultaneously optimize the performance of both applications. Inevitably transactions and 
backup programs compete for access to the same resources. And the result is slower backup 
processing and frustrated OLTP system users. 

VERITAS Storage Foundation for Databases includes an innovative FlashSnap feature that allows the 
DBA to move processing of conflicting workloads, like database backups and ad hoc reporting, off the 
primary host. Using point-in-time snapshot technology, a third mirror copy of a production volume is 
created and then split from the other mirrors. The snapshot can then be mounted to a backup server 
where off-host processing tasks continue without impacting primary database applications. Periodic 
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resynchronizing of the off-host and primary database volumes is fast because only changed data is 
copied during the snapshot process.  

Database snapshots are a fast and effective means of ensuring consistent performance on a primary 
database server. With a few simple mouse clicks at the VEA GUI, the DBA is able to generate 
Flashsnap snapshots at will to offload performance-sapping processing from the main database server.  

Storage Mapping 

In addition to the mapping 
facilities provided by the Indepth 
Storage Extensions, the VEA GUI 
provides DBAs with a detailed 
hierarchical view of a database’s 
storage topology. Knowledge of 
the physical storage environment 
is a fundamental prerequisite for a 
DBA designing high-performance 
databases. And whether 
debugging I/O-related 
performance problems or 
communicating effectively with 
storage administrators about the 
needs of a database, a basic 
understanding of the storage 
infrastructure and how it relates to 
the database is essential. 

Figure 2: Mapping the data path 

The file-mapping facilities of 
VERITAS Storage Foundation for 
Databases give the DBA visibility 
into the obscure reaches of the 
I/O stack. Using the I/O statistics 
generated at the disk level, and 
the mapping data available 
through the VEA, the DBA has the 
information needed to pinpoint 
performance hotspots and tie 
them back to specific objects in 
the database. Having clearly 
identified the components of a 
problem, a targeted solution can 
be arrived at, for example, moving 
index data off a highly active 
volume to relieve I/O contention. 

Resolving Real-World 

Performance Problems 

Demonstrating the powerful 
features of VERITAS Indepth and the VERITAS Storage Foundation for Databases suite is best 
achieved through a real-world example. The environment in this scenario includes: 
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! EMC Symmetrix 8730 array  

o 284 73 GB hard disks  

o 24 GB of cache 

o RAID 1 

o SAN 

! HP-UX 11i with four CPUs and 8 GB of memory  

o Oracle DBMS  

o 9 GB LUNs on the Symmetrix array 

The DBA has been approached by an application programmer with a complaint of persistently poor 
performance of an OLTP transaction. Reviewing the Indepth GUI, after being alerted to the problem, 
the DBA immediately spots the troubled transaction and the specific statement being processed by the 
database.  

Figure 3: Indepth GUI showing suspect SQL statement 

Drilling down into the Indepth data, the DBA is clearly able to see that the SQL statement is spending 
most of its time waiting for the storage subsystem to respond to I/O requests. 

VERITAS ARCHITECT NETWORK 14



 
Solutions to Database Performance 

Figure 4: Indepth GUI showing detailed resource statistics for the suspect SQL statement 

Having identified that the problem is I/O related, the DBA analyzes the Indepth data further to narrow 
down the cause of the problem. Looking at the database instance as a whole reveals that the entire 
instance is spending far too much time waiting for I/O. 
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Figure 5: Indepth GUI showing detailed resource statistics for database instance 

Drilling down further into the database I/O data for the instance shows a set of 10 files that are 
consuming most of the I/O resources. Further analysis indicates that each of these files spans the 
same 18 LUNs on the Symmetrix array.  
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Figure 6: Indepth GUI showing detailed I/O resource statistics for the database instance 
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Figure 7: Indepth GUI showing LUNs containing suspect database files 

Looking at one of the suspect files in greater detail, the DBA can see that VERITAS Volume Manager 
is striping the file. The six-way stripe, created by Volume Manager, is also being striped by the 
Symmetrix array. Every 73 GB hard disk in the Symmetrix array is being subdivided into eight logical 
volumes of 9 GB each. These Symmetrix logical volumes are then combined into meta-volumes, each 
containing three logical volumes, and presented to the host server — in this case VERITAS Volume 
Manager — as a single LUN. This means that each file accessed by the database system is stretched 
across six Volume Manager LUNs, each of which is a three-member Symmetrix meta-volume. This 
results in striping across 18 LUNs.  

Identifying the LUNs, and the meta-volume sets they belong to, provides the DBA with a list that can be 
cross-referenced against disk location to determine if any of the LUNs are located on the same physical 
disk. After reviewing the Indepth data once more the DBA notices that multiple LUNs of the 18-member 
set are located on the same disk; in this case, there were two LUNs per physical disk. Thus, only nine 
disks were being accessed by the busy files as opposed to 18. Further investigation with Indepth 
identifies a second Oracle instance on a different server causing two more logical volumes on the same 
physical disk to be busy. The combination of intra- and inter-server sharing of busy volumes on a single 
disk is undoubtedly responsible for the performance-sapping I/O contention. 
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Figure 8: Indepth GUI showing eight Symmetrix LUNs on a single physical disk 

Now that the DBA has a complete picture of the environment, from the SQL request down to the disk 
locations of the database objects, specific performance optimizations can be made using VERITAS 
Volume Manager and the VEA GUI. Leveraging the Quality of Storage Service capabilities of VERITAS 
File System, the DBA is able to transparently move database objects to alternate locations in the multi-
volume file system, without interrupting end-user access to data. Combining Indepth with the VERITAS 
Volume Manager and VERITAS File System features accessible through the VEA GUI, the DBA is 
able to quickly identify the root cause of a performance issue and then instantly change the 
environment to resolve the problem.  

Summary 

Independent analysis of the VERITAS database and storage performance management and 
monitoring solutions has determined that these products dramatically improve DBA productivity, lower 
the cost of each business transaction, improve response times by upwards of 25%, and result in 
significant savings from deferred hardware upgrades (“VERITAS Indepth for Oracle: Quantifying the 
ROI_ – Hurwitz Group). The same study found that the average payback period for an investment in 
VERITAS Indepth was three months, with an ongoing return on investment (ROI) of 350% per annum. 

Together, VERITAS Indepth and VERITAS Storage Foundation for Databases offer a complete 
performance monitoring and management solution. Sub-second, non-intrusive sampling of the 
database, combined with information gathered from across the entire data path, gives administrators 
unparalleled end-to-end insight into the workings of each application request for data. And, the high-
performance infrastructure provided by VERITAS Storage Foundation for Databases offers the tools 



 
Solutions to Database Performance 

needed to resolve problems with minimal impact on applications and end users. The VERITAS 
solution-oriented approach to performance monitoring and management allows database, application, 
network, and storage administrators to collaborate effectively and quickly in identifying and resolving 
performance-related data access problems.   
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