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Preface

In this IBM® Redbooks® publication, we provide an overview of Informix®
Dynamic Server (IDS) 11. We briefly introduce the technological architecture,
which supports all versions of IDS, and then describe in more detail several of
the new features available in IDS 11. Most of these features are unique in the
industry today, enabling clients to use information in new and more efficient ways
to create business advantage.

IDS is designed to help businesses better leverage their existing information
assets as they move into an on demand business environment. In this type of
environment, mission-critical database management applications typically
require a combination of online transaction processing (OLTP) and batch and
decision-support operations, including online analytical processing (OLAP). And,
IDS offers capabilities to minimize downtime and to enable a fast and full
recovery if an outage occurs.

Meeting these requirements calls for a data server that is flexible and can
accommodate change and growth: in applications, data volume, and numbers of
users. And, it must be able to scale in performance as well as in functionality.
The new suite of business availability functionality provides greater flexibility and
performance in backing up and restoring an instance, automated statistical and
performance metric gathering, improvements in administration, and reductions in
the cost to operate the data server.

The technology used by IDS enables efficient use of existing hardware and
software, including single and multiprocessor architectures. And it helps you
keep up with technological growth, including the requirement for such things as
more complex application support, which often calls for the use of nontraditional
or rich data types that cannot be stored in simple character or numeric form.

Built on the IBM Informix Dynamic Scalable Architecture (DSA), it provides one
of the most effective solutions available, including a next-generation parallel data
server architecture that delivers mainframe-caliber scalability; manageability and
performance; minimal operating system overhead; automatic distribution of
workload; and the capability to extend the server to handle new types of data.

IDS delivers proven technology that efficiently integrates new and complex data
directly into the database. It handles time-series, spatial, geodetic, Extensible

Markup Language (XML), video, image, and other user-defined data side by side
with traditional data to meet today’s most rigorous data and business demands. It
also helps businesses lower their total cost of ownership (TCO) by leveraging its
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well-regarded general ease of use and administration, as well as its support of
existing standards for development tools and systems infrastructure. IDS is a
development-neutral environment and supports a comprehensive array of
application development tools for rapid deployment of applications under Linux®,
Microsoft® Windows®, and UNIX® operating environments.

The team that wrote this book

This book was produced by a team of specialists from around the world working
at the International Technical Support Organization, San Jose Center. The team
members are depicted below, along with a short biographical sketch of each:

Chuck Ballard is a Project Manager at the International
Technical Support organization, in San Jose, California. He
has over 35 years experience, holding positions in the areas
of Product Engineering, Sales, Marketing, Technical
Support, and Management. His expertise is in the areas of
database, data management, data warehousing, business
intelligence, and process re-engineering. He has written
extensively on these subjects, taught classes, and
presented at conferences and seminars worldwide. Chuck
has both a Bachelors degree and a Masters degree in Industrial Engineering
from Purdue University.

BB Carlton Doe had over 10 years of Informix experience as a
DBA, Database Server Administrator, and 4GL Developer
before joining Informix in 2000. During this time, he was
actively involved in the local Informix user group and was
one of the five founders of the International Informix Users
Group (IIUG). He served as IIUG President, Advocacy
Director, and sat on the IIUG Board of Directors for several
years. Carlton is best known for having written the books
Informix-OnLine Dynamic Server Handbook and
Administering Informix Dynamic Server on Windows NT, both of which are
currently undergoing revisions for a second edition. His most recent book, /IBM
Informix Dynamic Server 11, The Next Generation in OLTP Data Server
Technology, was just published by IBM. He is also the author of numerous IBM
white papers and technical articles and co-authored several other IBM Redbooks
publications. Carlton is currently a Senior Certified Consulting IT Specialist
working as the Informix Technical Specialist for the Americas Geographies. He
lives in Dallas, TX.
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Ajay Gupta is the Software Architect for Backup/Restore,
High Availability, and Data Replication Technology. He has
held several technical leadership positions in the
Development and QA organizations working on all major
components of the IBM Informix Dynamic Server. Before
i joining IBM, he worked in the Operating Systems Group of
4 the National Center for Software Technology (NCST), a
premier R&D organization in India. Ajay holds a Masters of
- Technology (M.Tech) Degree in Computer Science from the
Indian Institute of Technology (IIT), Bombay, India.

Randy House is an Advanced Support Engineer
specializing in the Informix Dynamic Server and has worked
with Informix for over 10 years. Randy holds a Bachelors
degree and a Masters degree in Computer Science and a
Ph.D. in Engineering Management from the University of
Missouri at Rolla. He is located in Lenexa, KS.

Alexander Koerner is a Certified Senior IT-Specialist in the
IBM German Channel Technical Sales organization, based
in Munich, Germany. Joining Informix in October 1989, he
was instrumental in starting and leading the SAP/R3 on
Informix project and has contributed to the success of many
strategic projects across the region. Alexander currently
focuses on Informix and SOA integration, but also actively
supports IDS, XML, and DataBlade™ technology. His
activities include contributions to several IBM Redbooks
publications, presentations at conferences and events, such as the IBM
Information OnDemand Conference, IBM Informix Infobahns, regional IUG
meetings, XML One, and ApacheCon. Alexander is a member of the German
Informatics Society and holds a Masters degree in Computer Science from the
Technical University of Berlin.

Vijay Lolabattu is an Advisory Software Engineer in
Advanced Informix support, currently working as Premium
Support Analyst for SAP/Informix clients and a major
banking client, and is located in Menlo Park, CA. He joined
Informix in 1997 and has 13 years of industry experience.
Vijay has a Bachelors degree in Commerce from India and a
Masters degree in Computer Sciences from Jackson State
University in Mississippi.
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Keshava Murthy is the Architect of the IBM Informix
Dynamic Server SQL and Optimizer components. He has
worked on Sybase, lllustra™, and Informix database
servers. Keshav has developed features in the SQL,
RTREE, distributed queries, heterogeneous transaction
management, and extensibility components of IDS. Keshav
has advised and enabled IBM clients and partners - big and
small - to design, develop, and deploy enterprise and
embedded applications using IDS. He received an
outstanding technical achievement award for enabling Manhattan Associates’
logistics application on IDS. Keshav holds a Bachelors degree in Computer
Science and Engineering from the University of Mysore, India.

Jacques Roy is a member of the IBM Worldwide Sales
Enablement Organization. He is the author of /DS.2000:
Server-Side Programming in C and the lead author of
Open-Source Components for IDS 9.x. He is also the author
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management conferences, IDUG conferences, and user
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Karl Schimmel is a Certified IT Specialist in the US
ChannelWorks group and is located at the Informix Lab in
Lenexa, Kansas. After graduating from Wichita State
University with a Bachelor of Science degree in Computer
Science in 1993, he started work for Informix in technical
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System and Diagnostics group of Advanced Support for the
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works with partners from small SMB to large OEM accounts.

Richard Snoke is a Senior Certified IT Specialist in the
ChannelWorks group in the United States. Dick has 33
years experience in the software industry. That experience
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selling operating systems and DBMS software for
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supports related areas, such as information integration and high availability
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IBM Informix Dynamic
Server 11 essentials

IBM Informix Dynamic Server 11 (IDS 11) continues a long-standing tradition
within IBM and Informix of delivering first-in-class data servers. It combines the
robustness, high performance, availability, and scalability needed in modern
business today.

Complex, mission-critical database management applications typically require a
combination of online transaction processing (OLTP) and batch and
decision-support operations, including online analytical processing (OLAP).
Meeting these needs is contingent upon a data server that can scale in
performance as well as in functionality. It must dynamically adjust as
requirements change from accommodating larger amounts of data, to changes in
query operations, to increasing numbers of concurrent users. The technology
must be designed to efficiently use all the capabilities of the existing hardware
and software configuration, including single and multiprocessor architectures.
Finally, the data server must satisfy users’ demands for more complex
application support, which often uses nontraditional or rich data types that
cannot be stored in simple character or numeric form.

IDS is built on the IBM Informix Dynamic Scalable Architecture (DSA). It provides
one of the most effective solutions available: a next-generation parallel data
server architecture that delivers mainframe-caliber scalability, manageability,
and performance; minimal operating system overhead; automatic distribution of
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workload; and the capability to extend the server to handle new types of data.
With Version 11, IDS increases its lead over the data server landscape with even
faster performance, a new suite of business availability functionality, greater
flexibility and performance in backing up and restoring an instance, automated
statistical and performance metric gathering, improvements in administration,
reducing the cost to operate the data server, and more.

IDS delivers proven technology that efficiently integrates new and complex data
directly into the database. It handles time-series, spatial, geodetic, Extensible
Markup Language (XML), video, image, and other user-defined data side by side
with traditional data to meet today’s most rigorous data and business demands.
IDS helps businesses to lower their total cost of ownership (TCO) by leveraging
its well-regarded general ease of use and administration, as well as its support of
existing standards for development tools and systems infrastructure. IDS is a
development-neutral environment and supports a comprehensive array of
application development tools for rapid deployment of applications under Linux,
Microsoft Windows, and UNIX operating environments.

The maturity and success of IDS is built on many years of widespread use in
critical business operations, which attests to its stability, performance, and
usability. IDS 11 moves this already highly successful enterprise relational data
server to a new level.

In this IBM Redbooks publication, we briefly introduce the technological
architecture that supports all versions of IDS, and then we describe in greater
detail many of the new features available in IDS 11. Most of these features are
unique in the industry. With Version 11, IDS continues to maintain and accelerate
its lead over other data servers on the market today, enabling clients to use
information in new and more efficient ways to create business advantage.
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1.1 Informix data server architecture

High system performance is essential for maintaining maximum throughput. IDS
maintains industry-leading performance levels through multiprocessor features,
shared memory management, efficient data access, and cost-based query
optimization. It is available on many hardware platforms and, because the
underlying platform is transparent to applications, the data server can migrate
easily to more powerful computing environments as needs change. This
transparency enables developers to take advantage of high-end symmetric
multiprocessing (SMP) systems with little or no need to modify application code.

Data server architecture is a significant differentiator and contributor to the
server’s performance, scalability, and ability to support new data types and
processing requirements. Almost all data servers available today use an older
technological design that requires each database operation for an individual user
(for example, read, sort, write, and communication) to invoke a separate
operating system process. This architecture worked well when database sizes
and user counts were relatively small. Today, these types of servers spawn
many hundreds and into the thousands of individual processes that the operating
system must create, queue, schedule, manage, control, and then terminate when
no longer needed. Given that, generally speaking, any individual system CPU
can only work on one thing at a time and the operating system works through
each of the processes before returning to the top of the queue, this data server
architecture creates an environment where individual database operations must
wait for one or more passes through the queue to complete their task. Scalability
with this type of architecture has nothing to do with the software; it is entirely
dependent on the speed of the processor, how fast it can work through the queue
before it starts over again.

The IDS data server architecture is based on advanced technology that
efficiently uses virtually all of today’s hardware and software resources. Called
the Dynamic Scalable Architecture (DSA), it fully exploits the processing power
available in SMP environments by performing similar types of database activities
(such as I/0, complex queries, index builds, log recovery, inserts, and
backups/restores) in parallelized groups rather than as discrete operations. The
DSA design architecture includes built-in multi-threading and parallel processing
capabilities, dynamic and self-tuning shared memory components, and intelligent
logical data storage capabilities, supporting the most efficient use of all available
system resources. Each component of DSA is discussed in the following
sections of this chapter.
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1.1.1 DSA components: Processor

IDS provides the unique ability to scale the data system by employing a
dynamically configurable pool of data server processes called Virtual Processors
(VPs). Database operations, such as a sorted data query, are segmented into
task-oriented subtasks (data read, join, group, and sort, as examples) for rapid
processing by Virtual Processors that specialize in that type of subtask. Virtual
Processors mimic the functionality of the hardware CPUs in that those VPs
schedule and manage user requests using multiple, concurrent threads. This is
illustrated in Figure 1-1.

Virtual processors
Shared Memory

J0 | OO

CPU-1 CPU-2 CPU-3 CPU-4

D0 08 E

Figure 1-1 IDS pool of VPs for parallel task execution

A thread represents a discrete task within a data server process and many
threads can execute simultaneously, and in parallel, across the pool of Virtual
Processors. Unlike a CPU process-based (or single-threaded) engine, which
leaves tasks on the system CPU for its given unit of time (even if no work can be
done, and thus wasting processing time), Virtual Processors are multi-threaded.
Consequently, when a thread is either waiting for a resource or has completed its
task, a thread switch occurs and the Virtual Processor immediately works on
another thread. As a result, precious CPU time is not only saved, but it is used to
satisfy as many user requests as possible in the given amount of time. This
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enables an efficient use of hardware resources and is referred to as fan-in
parallelism. It is illustrated in Figure 1-2.

Physical

Processor
A

Virtual Processor

User 1 User 2

Figure 1-2 Fan-in parallelism

Not only can one Virtual Processor respond to multiple user requests in any
given unit of time, but one user request can also be distributed across multiple
Virtual Processors. For example, with a processing-intensive request, such as a
multi-table join, the data server divides the task into multiple subtasks and then
spreads these subtasks across all available Virtual Processors. Fan-out
parallelism uses many VPs to process a single SQL operation. With the ability to
distribute tasks, the request is completed quicker. This is referred to as fan-out
parallelism and is illustrated in Figure 1-3.

Physical Physical Physical
Processor 1 Processor 2 Processor 3
Virtual Processor 1 Virtual Processor 2 Virtual Processor 3

A A A

Figure 1-3 Fan-out parallelism
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Together with fan-in parallelism, the net effect is more work being accomplished
quicker than with single-threaded architectures; in other words, the data server is
faster.

Dynamic load balancing occurs within IDS, because threads are not statically
assigned to Virtual Processors. Outstanding requests are serviced by the first
available Virtual Processor, balancing the workload across all available
resources. For efficient execution and versatile tuning, Virtual Processors can be
grouped into classes, each of which is optimized for a particular function, such as
CPU operations, disk 1/0, communications, and administrative tasks, as
illustrated in Figure 1-4.

IDS Data Server

CPU VP

AlO VP Dynamically tunable

Parallelized, multi-threaded,
data server operating system

Communication VPs
TCP/IP, Shared Memory, etc.

Faster context switching

Administration VP Better scheduling

Better locking

User-defined VP Dynamic memory

Spatial VP

Figure 1-4 VPs are grouped into classes and optimized by function

An administrator can configure the instance with the appropriate number of
Virtual Processors in each class to handle the workload. Adjustments can be
made while the instance is online without interrupting database operations in
order to handle occasional periods of heavy activity or different load mixes. With
IDS 11, the data server in certain cases automatically adjusts the mix of VPs to
meet the current workload.

In UNIX and Linux systems, the use of multi-threaded Virtual Processors
significantly reduces the number of UNIX and Linux processes and,
consequently, less context switching is required. In Microsoft Windows systems,
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Virtual Processors are implemented as threads to take advantage of the
operating system’s inherent multi-threading capability. Because IDS includes its
own threading capability for servicing client requests, the actual number of
Windows threads is decreased, reducing the system thread scheduling overhead
and providing better throughput.

In fully utilizing the hardware processing cycles, the IDS data server does not
need as much hardware power to achieve comparable to better performance
than other data servers. In fact, real-world tests and client experiences indicate
IDS only needs between 25% - 40% of the hardware resources to meet or
exceed the performance characteristics of single-threaded or process-based
data servers.

1.1.2 DSA components: Dynamic shared memory

All memory used by IDS is shared among the pool of Virtual Processors. Beyond
a small initial allocation of memory for instance-level management, usually a
single shared memory portion is created and used by the Virtual Processors for
all data operations. This portion contains the buffers of queried and modified
data, sort, join and group tables, and lock pointers, as examples. What is unique
to IDS is that if database operations require more (or less) shared memory,
additional segments are dynamically added and dropped from this portion
without interrupting user activities. An administrator can also make similar
modifications manually while the instance is running. When a user session
terminates, the thread-specific memory for that session is freed within the portion
and reused by another session.

The bufferpool is used to hold data from the data disk supply during processing.
When users request data, the data server first attempts to locate the data in the
instance’s bufferpool to avoid unnecessary disk 1/0s. Depending on the
characteristics of the instance workload, increasing the size of the bufferpool can
result in a significant reduction in the number of disk accesses, which can help
significantly improve performance, particularly for online transaction processing
(OLTP) applications.

Frequently used table or index data is held in the bufferpool using a scorecard
system. As each element is used, its score increases. A portion of the buffer
system holds these high-score elements while the remainder is used to hold less
frequently used data. This segmentation of high and low use data is completely
transparent to the application; it gets in-memory response times regardless of
which portion of the bufferpool contains the requested element. As data
elements are used less often, they are migrated from the high use to low use
portion. Data buffers in this area are flushed and reused through a first-in,
first-out (FIFO) process.
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Included in the memory structures for an instance are cached disk access plans
for the IDS cost-based optimizer. In most OLTP environments, the same SQL
operations are executed throughout the processing day, although with slightly
different variable conditions, such as customer number and invoice number.

Each time an SQL operation executes, the data server optimizer must determine
the fastest way to access the data. Obviously if the data is already cached in the
memory buffers, it is retrieved from there; if not, disk access is required. When
this occurs, the optimizer has to decide on the quickest way to get the requested
data. It needs to evaluate whether an index exists pointing directly to the
requested data or if the data has been intelligently fragmented on disk restricting
the possible number of dbspaces through which to look. When joining data from
several tables, the optimizer evaluates which table provides the data to which the
others join and so on. While not really noticeable to users, these tasks take time
to execute and affect response time.

Informix Dynamic Server provides a caching mechanism where data 1/0 plans
can be stored for reuse by subsequent executions of the same operation. Called,
appropriately enough, the SQL Statement Cache, this allocation of instance
memory stores the SQL statement and the optimizer’s determination of the
fastest way to execute the operation. The size of this cache is configurable, as
well as when an individual SQL operation is cached. Generally speaking, most
configurations cache the operation after it has executed three or more times to
prevent filling the cache with single-use operations. The cache can be flushed
and refreshed if needed while processing continues.

With dynamic reconfiguration of memory allocations, intelligent buffer
management, caching of SQL access plans, and a number of other technologies,
Informix Dynamic Server provides unmatched efficiency and scalability of system
memory resources.

1.1.3 DSA components: Intelligent data fragmentation

8

The parallelism and scalability of the DSA processor and memory components
are supported by the ability to perform asynchronous I/O across database tables
and indexes that have been logically partitioned. To speed up what is typically
the slowest component of data processing, IDS uses its own asynchronous I/O
(AlO) feature, or the operating system’s kernel AlO when available. Because I/O
requests are serviced asynchronously, Virtual Processors do not have to wait for
one /O operation to complete before starting work on another request. To
ensure that requests are prioritized appropriately, four specific classes of Virtual
Processors (VPs) are available to service I/O requests:

» Logical log I/O
» Physical log I/0
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» Asynchronous I/O
» Kernel asynchronous 1/0O

With this separation, an administrator can create additional Virtual Processors to
service specific types of I/O in order to alleviate any bottlenecks that might occur.
With this release, the IDS data server also dynamically creates and removes
certain types of /0 VPs to facilitate instance operations by reducing the amount
of administrative monitoring.

The read-ahead feature enables IDS to asynchronously read several data pages
ahead from disk while the current set of pages retrieved into memory is
processed. This feature significantly improves the throughput of sequential table
or index scans, and user applications spend less time waiting for disk accesses
to complete.

Data partitioning

Table and index data can be logically divided into partitions, or fragments, using
one or more partitioning schemes to improve the ability to access several data
elements within the table or index in parallel, as well as increase and manage
data availability and currency. For example, if a sequential read of a partitioned
table is required, it completes quickly because the partitions are scanned
simultaneously rather than each disk section being read serially from the top to
the bottom. With a partitioned table, database administrators can move,
associate, or disassociate partitions to easily migrate old or new data into the
table without tying up table access with mass inserts or deletes.

IDS has two major partitioning schemes that define how data is spread across
the fragments. Regardless of the partitioning scheme chosen, or even if none is
used at all, the effects are transparent to users and their applications. Table
partitions can be set and altered without bringing down the instance and, in
certain cases, without interrupting user activity within the table. When partitioning
a table, an administrator can specify either:

» Round-robin: Data is evenly distributed across each partition with each new
row going to the next partition sequentially.

» Expression-based: Data is distributed into the partitions based on one or
more sets of logical rules applied to values within the data. Rules can be
range-based, using operators, such as “=", “>”, “<”, “<=", MATCHES, IN, and
their inverses, or hash-based where the SQL MOD operator is used in an
algorithm to distribute data.

Depending on the data types that are used in the table, individual data columns

can be stored in different data storage spaces, or dbspaces, than the rest of the

table’s data. These columns, which are primarily smart large objects (LOBs), can
have their own unique partitioning strategy that effectively distributes those
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specific columnar values in addition to the partitioning scheme applied to the rest
of the table. Simple LOBs can and need to be fragmented into simple
blobspaces. However, because they are black-box objects as far as the instance
is concerned, no further fragmentation options are possible.

Indexes can also be partitioned using an expression-based partitioning scheme.
A table’s index partitioning scheme does not need to be the same as that used
for the associated table. Partitioned indexes can be placed on a different physical
disk than the data, resulting in optimum parallel processing performance.
Partitioning tables and indexes improve the performance of data-loading and
index-building operations.

With expression-based partitioning, the IDS cost-based SQL optimizer can
create more efficient and quicker plans using partition elimination to only access
those table and index partitions where the data is known to reside or must be
placed. The benefit is that multiple operations can execute simultaneously on the
same table, each in its unique partition, resulting in greater system performance
than typical data servers provide.

Depending on the operating system used, IDS can use raw disks when creating
dbspaces to store table or index data. When raw disk space is used, IDS uses its
own data storage system to allocate contiguous disk pages. Contiguous disk
pages reduce latency from spindle arm movement to find the next data element.
They also allow IDS to use direct memory access when writing data. On
Windows-based platforms, this access is not possible so standard file system
files are used.

With IDS 11, if the Linux or UNIX operating system permits, the data server
bypasses the system’s I/O buffers and writes directly to cooked or operating
system flat files that support chunks and dbspaces. With this feature enabled,
you can approach the same I/O performance levels as with raw space. Given
that all operating systems (OSs) fragment files on disk based on block size, the
data pages within a chunk are not contiguous as with raw space. For many
clients, that is an acceptable trade for the ability to manage IDS storage space
with normal OS disk tools.

1.1.4 Leveraging the strengths of DSA

With an architecture as robust and efficient as IDS, the engine provides a
number of performance features that other engines cannot match.

The High Performance Loader

The High Performance Loader (HPL) utility can load data very quickly, because it
can read from multiple data sources (such as tapes, disk files, pipes, or other
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tables, as examples) and load the data in parallel. As the HPL reads from the
data sources, it can execute data manipulation operations, such as converting
from EBCDIC to ASCII (American Standard Code for Information Interchange),
masking or changing data values, or converting data to the local environment
based on Global Language Support requirements. You can configure an HPL job
so that normal load tasks, such as referential integrity checking, logging, and
index builds, are performed either during the load or afterwards, which speeds up
the load time. You can also use the HPL to extract data from one or more tables
for output to one or more target locations. Data manipulation similar to that
performed in a load job can be performed during an unload job.

Parallel Data Query and Memory Grant Manager

The speed with which IDS responds to a data operation can vary depending on
the amount of data that is manipulated and the database design. While many
simple OLTP operations, such as single row inserts, updates, and deletes can be
executed without straining the system, a properly designed database can
leverage IDS features, such as parallel data query, parallel scan, sort, join,
group, and data aggregation for larger, more complex operations.

The Parallel Data Query (PDQ) feature takes advantage of the CPU power
provided by SMP systems and the IDS Virtual Processors to execute fan-out
parallelism. PDQ is of greatest benefit to more complex SQL operations that are
more analytical, or online analytical processing (OLAP)-oriented, than
operational, or online transaction processing (OLTP)-oriented. With PDQ
enabled, not only is a complex SQL operation divided into a number of subtasks,
but the subtasks are given higher or lower priority for execution within the data
server’s resources based on the overall PDQ-priority level requested by the
operation.

The Memory Grant Manager (MGM) works in conjunction with PDQ to control
the degree of parallelism by balancing the priority of OLAP-oriented user
requests with available system resources, such as memory, Virtual Processor
capacity, and disk scan threads. Each OLAP query can be constructed to
request a percentage of data server resources (that is, PDQ-priority level) for
execution. The IDS administrator can set query-type priorities, adjust the number
of queries allowed to run concurrently, and adjust the maximum amount of
memory used for PDQ-type queries. The MGM enforces the rules by releasing
queries for execution when the proper amounts of system resources are
available.

Full parallelism

The parallel scan feature takes advantage of table partitioning in two ways. First,
if the SQL optimizer determines that each partition must be accessed, a scan
thread for each partition executes in parallel with the other threads to bring the
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requested data out as quickly as possible. Second, if the access plan only calls
for 1 to N-1 of the partitions to be accessed, another access operation can
execute on the remaining partitions so that two (or more) operations can be
active on the table or index at the same time. Because disk I/O is the slowest
element of data operations, to scan in parallel or have multiple operations
executing simultaneously across the table or index can provide a significant
performance boost.

With full, integrated parallelism, IDS can simultaneously execute several tasks
that are required to satisfy an SQL operation. As data is retrieved from disk or
from memory buffers, the IDS parallel sort and join technology takes the
incoming data stream and immediately begins the join and sorting process rather
than waiting for the scan to complete. If several join levels are required,
higher-level joins are immediately fed results from lower-level joins as they occur
as illustrated in Figure 1-5.
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DSA processes
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Figure 1-5 IDS integrated parallelism

Similarly, if aggregate functions, such as SUM, AVG, MIN, or MAX need to be
executed on the data or a GROUP BY SQL operator is present, these functions
execute in real time and in parallel with the disk scan, join, and sort operations.
Consequently, a final result can often be returned to the requester as soon as the
disk scan completes.

Like the parallel scan, a parallel insert takes advantage of table partitioning,
allowing multiple Virtual Processors and update threads to insert records into the
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target tables in parallel. This can yield performance gains proportional to the
number of disks on which the table was fragmented.

With single-threaded data servers, index building can be a time-consuming
process. IDS uses parallelized index-building technology to significantly reduce
the time needed to build indexes. During the build process, data is sampled to
determine the number of scan threads to allocate. The data is then scanned in
parallel (using read-ahead I/O where possible), sorted in parallel, and then
merged into the final index as illustrated in Figure 1-6.

Informix Dynamic Server
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Figure 1-6 IDS parallelism reduces index build and maintenance time

Sort threads

User-defined routine
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An additional benefit in IDS 11 is that as part of the index build process,
statistical information about the index and its lead attributes is gathered and fed
to the query optimizer. After the index build completes, the optimizer can
efficiently use it rather than wait for an administrator to execute an additional
preparatory step.
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As with other I/O operations already mentioned, everything is done in parallel;
the sort threads do not need to wait for the scan threads to complete and the

index builds do not wait for the sorts. This parallelization produces a dramatic
increase in index-build performance when compared to serial index builds.

IDS cost-based optimizer

IDS uses a cost-based optimizer to determine the fastest way to retrieve data
from database tables and indexes based on detailed statistical information about
the data within the database generated by the UPDATE STATISTICS SQL
command. This statistical information includes more than just the number of rows
in the table; the maximum and minimum values for selected columns, value
granularity and skew, index depth, and more are captured and recorded in
overhead structures for the optimizer. The optimizer uses this information to pick
the access plan that provides the quickest access to the data while trying to
minimize the impact on system resources. The optimizer’s plan is built using
estimates of 1/0 and CPU costs in its calculations.

Access plan information is available for review through several management
interfaces so that developers and engine administrators can evaluate the
effectiveness of their application and database design. The SQL operations
under review do not need to actually execute in order to get the plan information.
By either setting an environment variable, executing a separate SQL command,
or embedding an instruction in the target SQL operation, the operation stops
after the operation is prepared and the access plan information is output for
review. With this functionality, application logic and database design can be
tested for efficiency without having to constantly rebuild data back to a known
good state.

In rare cases, the optimizer might not choose the best plan for accessing data.
This can happen when, for example, the query is extremely complex or there is
insufficient statistical information available about the table’s data. In these
situations, after careful review and consideration, an administrator or developer
can influence the plan by including optimizer directives (also known as optimizer
hints) in the SQL statement. You can set optimizer directives to use or exclude
specific indexes, specify the join order of tables, or specify the join type to be
used when the operation is executed. You can also set an optimizer directive to
optimize a query to retrieve only the N rows of the possible result set.

This release of the data server adds additional optimizer statistical functionality.
In addition to the automatic gathering of statistics as indexes are created,
administrators can now more precisely control the amount of data scanned to
produce the statistics. They can either specify the number of rows or a
percentage of the table to read. Statistical information about explicitly generated
temporary tables, including their indexes, is automatically captured as the
temporary tables are created and used. From an application development
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perspective, more statistical information is available for SQL operations. Rather
than an overview of the entire operation, iterator-level diagnostics are available
to help precisely locate performance problems in the operation.

1.1.5 An introduction to IDS extensibility

IDS provides a complete set of features to extend the data server, including
support for new data types, routines, aggregates, and access methods. This
technology recognizes and stores standard character and numeric-based
information. Also with this technology, the data server can, with the appropriate
access and manipulation routines, manage non-traditional data structures that
are either modeled more like the business environment or contain new types of
information never before available for business application processing. Though
the data might be considered nonstandard, and certain types can be table-like in
and of themselves, the data is stored in a relational manner using tables,
columns, and rows. In addition, all data, data structures created through Data
Definition Language (DDL) commands, and access routines recognize
objected-oriented behaviors, such as overloading, inheritance, and
polymorphism. This object-relational extensibility supports transactional
consistency and data integrity while simplifying database optimization and
administration.

Other database management systems (DBMSs) rely on middleware to link
multiple servers, each managing different data types, to make it look as though
there is a single processing environment. This approach compromises not only
performance, but also transactional consistency and integrity, because problems
with the network can corrupt the data. This is not the case with IDS, where the
object-relational technology is built into the DSA core and can be used, or not, at
will within the context of a single data environment.

Data types

IDS uses a wide range of data types to store and retrieve data as illustrated in
Figure 1-7 on page 16. The breadth and depth of the data types available to the
database administrator and application developer are significant, allowing them
to truly define data structures and rules that accurately mirror the business
environment rather than trying to approximate it through normalized database
design and access constraints.
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Figure 1-7 The IDS data type tree

Certain types, referred to as built-in types, include standard data representations,
such as character(n), decimal, integer, serial, varchar(n), date, and datetime,
alias types such as money, and simple large objects (LOBs). Additional built-in
types have been added to recent releases of IDS, including boolean, int$,
serial8, and an even longer variable length character string, the lvarchar.

Extended data types themselves are of two classes, including:
» Super-sets of built-in data types with enhanced functionality

» Types that were not originally built into the IDS data server but that, when
defined, can be used to intelligently model data objects to meet business
needs

The collection type is used to store repeating sets of values within one row of one
column that normally require multiple rows or redundant columns in one or more
tables in a traditional relational-only data server. The three collection types
enforce rules about whether duplicate values are significant or data order is
significant. Collection data types can be nested and contain almost any type,
built-in or extended.
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With row data types, you can build a new data type that is comprised of other
data types. The format of a row type is similar to that used when defining
columns to build a table: a parameter name and a data type. When defined, row
types can be used as columns within a table or as a table. With certain
restrictions, a row type can be dynamically defined as a table is created or can
be inherited into other tables as illustrated in Figure 1-8.

Named: Unnamed:
create row type name_t ROW (a int, b char(10))
(fname char(20), Note: is also equal to
Iname char(20)); ROW (x int, y char(10))
create row type address_t create table part
(street_1 char(20), (part_id serial,
street_2 char(20), cost decimal,
city char(20), part_dimensions row
state char(2), (length decimal,
zip char(9)); width decimal,
height decimal,
create table student weight decimal));
(student_id serial,
name name_t,
address address _t,
company char(30));

Figure 1-8 Examples of named and unnamed row types

A distinct data type is an alias for an existing data type. A newly defined distinct
data type inherits all of the properties of its parent type (for example, a type
defined using a float parent inherits the elements of precision before and after
the decimal point). However, because it is a unique type, its values cannot be
combined with any other data type but its own without either casting the value or
using a user-defined routine. Finally, opaque data types are those created by
developers in C or Java™ and can be used to represent any data structure that
needs to be stored in the database. When using opaque data types, as opposed
to the other types already mentioned, the data server is completely dependent on
the type’s creator to define all access methods that might be required for the type
including insert, query, modify, and delete operations.

Extended data types can be used in queries or function calls, passed as
arguments to data functions, indexed, and optimized in the same way as the core
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built-in data types. Because any data that can be represented in C or Java can
be natively stored and processed by the data server, IDS can encapsulate
applications that have already implemented data types as C or Java structures.
Because the definition and use of extended data types are built into the DSA,
specialized access routines support high performance. The access routines are
fully and automatically recoverable, and they benefit from the proven
manageability and integrity of the IDS data server architecture.

Data type casting

With the enormous flexibility and capability that both built-in and extended data
types provide to create a database environment that accurately matches the
business environment, they must often be used together. To do so requires
functionality to convert values between types. This is generally done through the
use of casts and, quite often, the casting process uses user-defined functions
(UDFs).

Casts enable a developer to manipulate values of different data types together or
to substitute the value of one type in the place of another. While casts, as an
identifiable function, have only been recently added to the SQL syntax, IDS
administrators and developers have been using casts for a while; however, they
have been hidden in the data server’s functionality. For example, to store the
value of the integer 12 in a table’s character field requires casting the integer
value to its character equivalent, and this action is performed by the data server
on behalf of the user. The inverse cannot be done, because there is no
appropriate cast available to represent a character, such as an “a”, in a numeric
field.

When using user-defined types (UDTs), casts must be created to change values
between the source type and each of the expected target data. For certain types,
such as collections, LOBs, and unnamed row types, casts cannot be created due
to the unique nature of these types. Casts can be defined as either explicit or
implicit. For example, with an implicit cast, a routine is created that adds values
of type a to the value of type b by first converting the value of one type to the
other type and then adding the values together. The result can either remain in
that type or be converted back into the other type before being returned. Any
time that an SQL operation requires this operation to occur, this cast is
automatically invoked behind the scenes and a result returned. An explicit cast,
while it might perform the exact same task as an implicit cast, only executes
when it is specifically called to manipulate the values of the two data types. While
it requires a little more developer effort to use explicit casts, there are more
program options available with their use based on the desired output type.
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User-defined routines, aggregates, and access methods

In earlier versions of IDS, developers and administrators who wanted to capture
application logic that manipulated data and have it execute within the data server
only had stored procedures with which to work. Although stored procedures have
an adequate amount of functionality, they might not optimize performance. IDS
now provides the ability to create significantly more robust and higher performing
application or data manipulation logic in the engine where it can benefit from the
processing power of the physical server and the DSA.

A user-defined routine (UDR) is a collection of program statements that when
invoked from an SQL statement, a trigger, or from another UDR perform new
domain-specific operations, such as searching geographic data or collecting data
from Web site visitors. UDRs are most commonly used to execute logic in the
data server, either generally useful algorithms or business-specific rules,
reducing the time it takes to develop applications and increasing the applications’
speed. UDRs can be either functions that return values or procedures that do
not. They can be written in IBM Informix Stored Procedure Language (SPL), C,
or Java. SPL routines contain SQL statements that are parsed, optimized, and
stored in the system catalog tables in executable format, making SPL ideal for
SQL-intensive tasks. Because C and Java are powerful, full-function
development languages, routines written in these languages can carry out much
more complicated tasks than SPL routines. C routines are stored outside the
data server with the path name to the shared library file registered as the UDR.
Java routines are first collected into jar files, which are stored inside the data
server as smart large objects (SLOs). Regardless of their storage location, C and
Java routines execute as though they were a built-in component of IDS.

A user-defined aggregate (UDA) is a UDR that can either extend the functionality
of an existing built-in aggregate (for example, SUM or AVG) or provide new
functionality that was not previously available. Generally speaking, aggregates
return summarized results from one or more queries. For example, the built-in
SUM aggregate adds values of certain built-in data types from a query result set
and returns their total.

You can create an extension of the SUM aggregate to include user-defined data
types, enabling the reuse of existing client application code without requiring new
SQL syntax to handle the functionality of new data types within the application.
To do so, using the example of the SUM aggregate, requires creating (and
registering) a user-defined function that overloads the PLUS function and takes
the user-defined data types, which needed to be added together, as input
parameters.
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To create a completely new user-defined aggregate requires creating and
registering two to four functions to perform these functions:

» Initialize the data working space
» Merge a partial existing result set with the result of the current iteration
» Merge all the partial result sets

» Return the final result set with the associated closure and release of system
resources to generate the aggregate

In defining the ability to work with partial result sets, UDAs can, like built-in
aggregates, execute in parallel. Functions that are created and registered for
UDAs can be written in SPL, C, or Java. Like built-in aggregates, the data server
wholly manages a UDA after it is registered (as either an extended or
user-defined aggregate).

IDS provides primary and secondary access methods to access and manipulate
data stored in tables and indexes. Primary access methods, used in conjunction
with built-in data types, provide functionality for table use. Secondary access
methods are specifically targeted to indexes and include B-tree and R-tree
indexing technologies, as well as the CopperEye Indexing DataBlade, which
significantly reduces the creation and maintenance of indexes on extremely large
data sets. You can create additional user-defined access methods to access
other data sources. IDS has methods that provide SQL access to data in either a
heterogeneous database table or an external sequential file or to other
nonstandard data stored anywhere in the network. You can define secondary
access methods to index any data, as well as alternative strategies to access
SLOs. You can create these access methods by using the Virtual Table Interface
(VTI) and the Virtual Index Interface (VII) server application programming
interfaces (APIs).

DataBlades

IBM Informix DataBlade modules bring additional business functionality to the
data server through specialized user-defined data types, routines, and access
methods. Developers can use these new data types and routines to more easily
create and deploy richer applications that better address a company’s business
needs. IDS provides the same level of support to DataBlade functionality that is
accorded to built-in or other user-defined types and routines. With IBM Informix
DataBlade modules, you can manage almost any kind of information as a data
type within the data server.
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With IDS 11, several DataBlades are bundled as part of the data server enabling
application developers to quickly and easily enrich their applications. These
Blades include:

»

Binary DataBlade: The Binary DataBlade provides the ability to use two new
indexable extensible data types: binaryl8 and binaryvar. The binary18 data
type is a fixed-length data type that holds 18-bytes. Because this data type is
fixed in length, unused space is right-padded with zeros until the column
length reaches 18. The binaryvar data type is a variable-length type that can
hold up to 255 bytes of information. Built-in functions permit the execution of
bit-wise AND, OR, XOR, and COMPLEMENT (also known as NOT)
operations, as well as standard COUNT, DISTINCT, MAX, and MIN
operations. However, character-oriented operations, such as LIKE or
MATCHES, are not supported.

Basic Text Search DataBlade: This DataBlade expands the text string
matching capabilities of the data server through the creation of a specialized
index that supports proximity (for example, are two words within N words of
each other) and fuzzy text searches. More robust text search functionality is
available through the IBM Informix Excalibur Text DataBlade.

Node: The Node DataBlade is a fully supported version of technology that has
been available for download from several IDS-oriented Web sites. It permits
the accurate and native modeling of hierarchical data, such as networks,
biological or botanical kingdoms, or your company’s organizational chart.
With it, you can address operations that require complicated and expensive
set processing or recursive SQL operations easily.

There is a growing portfolio of third-party DataBlade modules, and developers
can use the IBM Informix DataBlade Developer’s Kit (DBDK) to create
specialized blades for a particular business need.

The current list of available IBM Informix DataBlade technologies is available at:

http://www.ibm.com/informix

This is a partial list of available IBM Informix DataBlade technologies:

>

IBM Informix TimeSeries DataBlade: This DataBlade provides a better way to
organize and manipulate any form of real-time, time-stamped data. Use this
DataBlade for applications that use large amounts of time-stamped data,
such as network analysis, manufacturing throughput monitoring, or financial
tick data analysis. You can achieve measurably better performance and
reduced data storage requirements with this DataBlade than by using
traditional relational database design, storage, and manipulation
technologies.
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» IBM Informix TimeSeries Real-Time Loader: A companion component to the
IBM Informix TimeSeries DataBlade, the TimeSeries Real-Time Loader is
specifically designed to load time-stamped data and make it available to
queries in real time.

» IBM Informix Spatial DataBlade and the IBM Informix Geodetic DataBlade:
These DataBlades provide functionality to intelligently manage complex
geospatial information within the efficiency of a relational database model.
The IBM Informix Geodetic DataBlade stores and manipulates objects from a
whole-earth perspective using four dimensions: latitude, longitude, altitude,
and time. It is designed to manage spatio-temporal data in a global context,
such as satellite imagery and related metadata, or trajectory tracking in an
airline, cruise, or military environment. The IBM Informix Spatial DataBlade is
a set of routines that are compliant with open geographic information system
(GIS) standards, which take a flat-earth perspective to mapping geospatial
data points. This DataBlade is based on routines, utilities, and ESRI
technology. For more information about ESRI technology, go to:

http://www.esri.com

For this reason, this DataBlade is better suited for answering questions, such
as “How many grocery stores are within “n” miles of point “x*?” or “What is the
most efficient route from point “a” to point “6”?” All IBM Informix geospatial
DataBlades take advantage of the built-in IBM Informix R-tree
multi-dimensional index technology, which results in industry-leading spatial
query performance. While the IBM Informix Geodetic DataBlade is a
for-charge item, the IBM Informix Spatial DataBlade is available at no charge
to all properly licensed users of IDS.

» IBM Informix Excalibur Text DataBlade: This DataBlade performs full-text
searches of documents stored in database tables and supports any language,
word, or phrase that can be expressed in an 8-bit, single-byte character set.

» IBM Informix Video Foundation DataBlade: This DataBlade allows strategic
third-party development partners to incorporate specific video technologies,
such as video servers, external control devices, codecs, or cataloging tools,
into database management applications. It also provides the ability to
manage video content and video metadata regardless of the content’s
location.

» IBM Informix Image Foundation DataBlade: The Image Foundation
DataBlade provides functionality for the storage, retrieval, transformation, and
format conversion of image-based data and metadata. While this DataBlade
supplies basic imaging functionality, third-party development partners can
also use it as a base for new DataBlade modules to provide new functionality,
such as support for new image formats, new image processing functions, and
content-driven searches.

22 Informix Dynamic Server 11: Advanced Functionality for Modern Business


http://www.esri.com

» IBM Informix C-ISAM DataBlade: This DataBlade provides two separate
pieces of functionality to the storage and use of Indexed Sequential Access
Method (ISAM)-based data. In environments where data is stored in its native
flat-file format, the DataBlade provides data server-based SQL access to the
data. From a user or application developer perspective, it is as though the
data resides in standard database tables. The second element of functionality
enables the storage and retrieval of ISAM data in or from standardized
database tables while preserving the native C-ISAM application access
interface. From a C-ISAM developer’s perspective, it is as though the data
continues to reside in its native flat-file format; however, with the data stored
in a full-functioned database environment, transactional integrity can be
added to C-ISAM applications. Another benefit to storing C-ISAM data in
database format is gaining access to the more comprehensive backup and
recovery routines provided by IDS.

The DBDK is a single development kit for Java-based, C-based, and SPL-based
DataBlades and the DataBlade application programming interface. The
DataBlade APl is a server-side C API for adding functionality to the data server,
as well as for managing data connections, server events, errors, memory, and
processing query results. Additional support for DataBlade module developers
includes the IBM Informix Developer Zone, which is available at:

http://www7b.boulder.ibm.com/dmdd/zones/informix/

Developers can interact with peers, pass along information and expertise, and
discuss new development trends, strategies, and products. Examples of
DataBlades and Bladelets, indexes, and access methods are available for
download and use. Online documentation for the DBDK and other IBM Informix
products is available at:

http://ibm.com/informix/pubs/1ibrary/

1.2 Informix Dynamic Server editions and functionality

With data server technology as dynamic and flexible as DSA, it is only natural to
assume that clients can buy just the level of IDS functionality that they need. IBM
has packaged IDS into three editions, each tailored from a price and functionality
perspective to a specific market segment. Regardless of which edition you
purchase, each edition comes with the full implementation of DSA and its
unmatched performance, reliability, ease of use, and availability, depending on
bundle-driven hardware, connection, and scalability restrictions. Table 1-1 on
page 24 contains a brief comparison of the three editions and their feature sets.
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Table 1-1

IDS editions and their functionality

Express Edition

Workgroup Edition

Enterprise Edition

Target
market

Midmarket companies
(100-999 employees),
ISVs for OEM use

Departments within
large enterprises,
mid-sized
companies.

Large enterprises

Function

This is a full-function,
object-relational data
server that includes
important capabilities
such as high
reliability, security,
usability,
manageability, and
performance. It
includes self-healing
manageability
features and
near-zero
administration. It
allows integration into
Rational® Application
Developer and
Microsoft Visual
Studio®, support for
transparent silent
installation, and
support for a wide
array of development
paradigms. It has
minimal disk space
requirements and a
simplified installation.

This edition includes
all of the features of
IDS Express plus
features to handle
high data loads,
including Parallel
Data Query, Parallel
backup and restore,
and
High-performance
loader. High
Availability Data
Replication (HDRY)
can be purchased as
an add-on option.

Includes all of the
features of IDS
Workgroup Edition
plus features
required to provide
the scalability to
handle high user
loads and provide
24x7x365
availability,
including
Enterprise
Replication (ER)
and High
Availability Data
Replication (HDR).

Customizable

Installation sets
common defaults.

Installation offers
greater flexibility.

This edition
supports the
greatest flexibility to
allow tailoring the
product to meet the
most demanding
environments.
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Express Edition

Workgroup Edition

Enterprise Edition

Scalable

2 CPUs/4 GB RAM
maximum.

For V10: 4 CPU,

8 GB memory
maximum. For V7.31
and V9.4: 2 CPU, 2
GB memory
maximum.

Unlimited.

Upgrade path

Informix Dynamic
Server Workgroup
Unlimited Edition.

Informix Dynamic
Server Enterprise
Edition.

(Not applicable)

Note that not all license terms and conditions are contained in this document.
See an authorized IBM Marketing Representative, IBM Business Partner, or this
Web site for the full details:

http://www-306.1bm.com/software/data/informix/ids/ids-ed-choice/

1.2.1 Informix Dynamic Server Express Edition (IDS-Express)

Targeted toward small to mid-size businesses or applications requiring
enterprise-level stability, manageability, and security, Informix Dynamic Server
Express Edition (IDS-Express) is available for systems using Linux and Microsoft
Windows (server editions). Though limited to systems with two physical CPUs
and up to 4 GB of RAM, IDS-Express has the full complement of administration
and management utilities including online backup, the ability to scale to almost 8
PB (petabytes) of data storage, a reduced installation footprint, and full support
for a wide range of development languages and interfaces. It cannot be used,
however, to support Internet-based application connections. For those people
with little data server skill, the installation process can be invoked to not only
install the data server but also to configure an operational instance with a set of
default parameters.

1.2.2 Informix Dynamic Server Workgroup Edition (IDS-WGE)

Informix Dynamic Server Workgroup Edition (IDS-WGE) is for any size business
needing additional power to process SQL operations, efficiently manage
extremely large databases or build a robust, fail-over system to ensure database
continuation in the event of natural or human-caused outage. IDS-WGE is
available on all supported operating systems. Its hardware support is limited to
four physical CPUs and 8 GB of RAM. IDS-WGE cannot be used to support
Internet-based application connections.
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IDS-WGE has all the components, utilities, storage scalability, and so on of
IDS-Express. However, its ability to process more complicated SQL operations
on larger databases is enhanced because of the PDQ and MGM components
that we discussed in the “Parallel Data Query and Memory Grant Manager” on
page 11 are available for use. With PDQ and the MGM, data server resources
can be pre-reserved and then fully deployed without interruption to process any
given SQL operation. With the ability to pre-allocate sections of instance
memory, more of the sort, join, or order-by operations commonly used in larger
operations can occur in memory as opposed to temporary disk space, which
further increases performance.

Managing large databases is not just an SQL processing problem. Typically,
these environments also require the ability to quickly insert or extract data as well
as perform full or targeted backups. IDS-WGE includes additional functionality to
do both. You can use the HPL that we discuss in the “The High Performance
Loader” on page 10 to execute bulk data load and unload operations. It uses the
DSA threading model to process multiple concurrent input or output data streams
with or without data manipulation by other threads as the job executes. HPL jobs
can be executed while tables and their indexes are active supporting user
operations if desired to eliminate maintenance windows for these types of
operations, which increases system uptime.

Backing up (or restoring) large databases or a specific subset of the data
requires very powerful and flexible backup and restore functionality. IDS-WGE
includes the OnBar utility suite with its ability to perform partial or full instance
backups and restores. In certain cases, these restores can occur while the
instance is online and functioning. The granularity of the restore can be to a
specific second if necessary. Backups, and their associated restores, can be
multi-threaded. You can send the output to multiple backup devices to reduce the
amount of time that is required to create a backup or to perform a restore.

Through the OnBar utility suite and the appropriate third-party tape management
software, instance or logical log backups can be incorporated into the
management software that handles all the other backups occurring across the
enterprise. Using this management software, you can use various tape devices
and jukebox configurations that exist today, or in the future, to store data on
high-capacity tape devices or to create backups in parallel across multiple tape
devices even if they are attached to different machines. The tape management
software’s automated scheduling facilities can be used to schedule and execute
backup operations at any desired frequency, because it handles all the required
communication between the engine’s backup threads and the actual backup
devices, which relieves the IDS administrator of another task.

For data centers that do not have a full-fledged tape management system,
IDS-WGE includes a limited functionality tape management system, the Informix
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Storage Manager (ISM), as well as support for the IBM Tivoli® Storage Manager
application. With the ISM, administrators can configure up to four locally
connected backup devices to be used by the OnBar utility for full or partial
parallelized instance or logical log backups. There is no scheduling facility in the
ISM, but the backup process can still be somewhat automated through the
execution of a simple shell script by the operating system’s crontab or similar
scheduling facility. The software maintains, with the exception of one file written
out in the $INFORMIXDIR\etc directory, the metadata of what was backed up
and when. With this file and the metadata about both instance and logical log
backups, you can execute full or partial restores as necessary.

Clients that want to provide continuation of database services in the event of a
natural or human-made outage can purchase and use the Informix High
Availability Data Replication (HDR) option with IDS-WGE. With HDR, the results
of data manipulation statements, such as inserts, updates, or deletes are
mirrored in real time to a hot standby server. When in standby mode, the mirror
copy supports query operations and, as a result, can be used by report
generation applications to provide data rather than the production server.
Depending on the number of reporting applications, offloading their execution to
the mirror server can provide a measurable performance improvement to
day-to-day operations.

In the event that the primary server is unavailable, the mirrored copy of the data
server is switched to fully updateable mode and can continue to support client
applications. Depending on the administrator’s preference, when the primary
server is again available, it can either automatically return to its primary state
after receiving the changes executed on the standby server, or it can continue as
the new mirror and receive updates in real time just as it used to send when it
was in primary mode.

HDR is extremely simple to set up and use. Consider HDR as required
technology for operations that need robust data availability.

For clients using IDS Enterprise Replication (ER) technology to distribute and
consolidate data throughout their environment, IDS-WGE servers can be leaf or
target nodes of replication events. They cannot, however, publish data out to
other participants in the replication cluster.

1.2.3 Informix Dynamic Server Enterprise Edition (IDS)

Informix Dynamic Server Enterprise Edition (IDS) includes the full feature set of
the data server. IDS can be deployed in any size environment that requires the
richest set of functionality that is supported by the most stable and scalable
architecture available in the market today. IDS has no processor, memory, or
disk access limitations other than those imposed by the operating system on
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which it is installed. With its renowned stability and extensibility, IDS is the
perfect data server to use for traditional, Internet-based, or other rich media
applications.

In addition to HDR, IDS also includes Informix Enterprise Replication (ER), an
asynchronous mechanism for the distribution of data objects throughout the
enterprise. ER uses simple SQL statements to define the objects to replicate and
under what conditions replication occurs. ER preserves state information about
all the servers and what they have received and guarantees delivery of data
even if the replication target is temporarily unavailable. Data flow can be either
unidirectional or bi-directional and several conflict resolution rule sets are
included to automatically handle near simultaneous changes to the same object
on different servers.

One of the greatest ER strengths is its flexibility. Unlike HDR, ER is platform and
version independent; data objects from an IDS 7 instance on Windows can be
replicated to an IDS 11 instance on an AIX® or other operating system without
issue. The replication topology is completely separate from the actual physical
network topology and can be configured to support fully-meshed, hierarchical, or
forest of trees/snowflake connection paths. ER can easily scale to support
hundreds of nodes, each potentially with varying replication rules, without
affecting regular transaction processing.

IDS supports concurrent operation of both HDR and ER, which gives a business
the ability to protect itself from outages as well as automatically migrate data
either for application partitioning or distribution and consolidation purposes.

This edition also supports the newly released Continuous Availability add-on
module as well and the bundled enhancements to HDR. Using this technology,
you can build an availability fabric that can seamlessly withstand disk, server,
and network failures.

1.3 New features in Informix Dynamic Server 11

In this section, we briefly introduce the new features in IDS 11 that provide the
extended functionality needed for modern business. IDS 11 provides significant
advances in data server security, performance, availability, replication,
administration, and applications. We briefly summarize a few of these features in
Table 1-2 on page 29 and then discuss them.
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Table 1-2 New fe

atures in IDS 11

Security Performance Administration Application Replication and
development high availability
Label-based Interval Recovery time XML publishing ER enhancements
Access Control checkpoints objective
Common criteria Direct I/O to OpenAdmin Tool Concurrent HDR
certification cooked space for IDS optimization enhancements for
continuous
availability
Sysdbopen()/ Index self-join Automated Multiple triggers N/A
sysdbclose() statistics on events
functions gathering
Backup/restore N/A Instance Derived tables N/A
filters administration
mode

Replication and high availability

In many respects, the functionality included here is the crown jewel of this
release. While the past few versions of IDS have included enhancements to ER
technology, HDR technology in IDS 11 has been enhanced with the ability to
create multiple layers of secondary copies of the primary server. These layers
can be added or removed depending on network, server, or disk environments
and the level of protection that you want to build into your business continuity
plans.

The first of the new server types is not really a part of HDR technology, rather it is
an extension to the ontape utility and the OnBar suite. But we include it here,
because it forms part of the availability fabric. Called a Continuous Log Restore
(CLR) server, it supports the intermittent application of completed logical log
records from the primary to create a near-line copy. You can use this technology
in environments where network connectivity is not constant or the available
throughput is too slow to support any other kind of replication technology.

Remote Standby Secondary (RSS) servers are full copies of the primary, but
they are maintained asynchronously as opposed to the synchronous nature of
communication between the primary and the HDR secondary regardless of its
replication mode. This feature is not just 1 to N HDR secondary, though. An RSS
instance behaves slightly differently from the typical HDR secondary instance.
First, you can have as many RSS instances as you like. An RSS instance cannot
be promoted to become an HDR primary. It can, however, become an HDR
secondary after which it can be promoted to primary if needed. Finally, RSS
instances do not recognize the value of the DRAUTO parameter. As a result,
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RSS servers must be considered disaster recovery instances, not high
availability (HA) instances.

RSS instances are deployed in order to expand the real-time failover capability of
an HDR environment. In this case, the HDR secondary might be adjacent to the
primary to mitigate against transient or temporary primary failure. One or more
RSS instances can be deployed in more remote locations to guard against a
complete primary site failure. Another use is to provide promotable redundancy.
In the event of a primary failure, the HDR secondary assumes the primary role
but is vulnerable to a failure. An RSS instance can be promoted to the HDR
secondary to protect the new primary instance. A third benefit to an RSS
instance is where the one and only failover server must be located
geographically distant from the primary and the network latency or throughput is
too great to support normal HDR replication.

The last of the expanded HDR server types is called the Shared Disk Secondary
(SDS) server. As the name implies, one or more instances use the same
network-mounted disk logical unit numbers (LUNS) as illustrated in Figure 1-9.

Shared Disk

Figure 1-9 A conceptual view of an SDS environment

SDS instances provide redundancy and failover options if the disk LUNs are
network-mounted, because they can be anywhere in the network. The weakness
to SDS instances is that they do not protect against disk-related failures.
Therefore, you either have to manage this within the disk array or with a
combination of HDR secondary and RSS instances.
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All of these instances, except for CLR, can be used for read-only operations
while the availability cluster is operational. The instances are not required to be
isolated from each other, which competitive technologies require.

In addition to providing availability and disaster recovery, the instances can also
participate in Enterprise Replication, further expanding your options for building a
completely failure-resistant environment.

There are several functional enhancements to the ER technology. Previously,
modification of certain configuration parameters required a service interruption;
that is no longer necessary. Operations, such as TRUNCATE TABLE and the
renaming of database objects, is now supported, as well as the ability to indicate
whether local triggers fire on changes made as result of replication.

Performance

A number of features were built into IDS 11 to increase its OLTP throughput. Not
all of the features are listed in this or other sections of this chapter. Together,
however, they contribute to significant double-digit increases in performance
based on TPC-C-type tests.

Direct I/0O to cooked spaces has already been discussed, but this release
incorporates a new checkpoint algorithm, the interval checkpoint. Checkpoints
are operations that are conducted by the data server to insure the logical
consistency of the data. Periodically, the contents of instance memory that
contain new or modified data are flushed to disk. In the past, this operation has
been triggered by several conditions, generally speaking, the passage of N
minutes as defined by the IDS administrator.

In earlier versions of IDS, when a checkpoint occurred, DML operations were
suspended for the duration of the checkpoint for the sorted disk writes to occur.
In certain environments, this interruption, though transient, took longer than
desired so administrators tried to work around the interruption by forcing the
memory buffers to flush to disk outside of checkpoints. While this approach
reduced checkpoint duration, it had an impact on instance processing.

With interval checkpoints, the service interruption as been virtually eliminated.
Now, memory writes occur in the background allowing user transactions to
continue. Because interval checkpoints no longer interfere with DML operations,
administrators can reduce the amount of forced memory flush operations
allowing those resources to support user operations. The net result is a
significant improvement in the number of transactions that can be processed
over time.

Another performance improvement occurred in the SQL optimizer and its ability
to rewrite SQL operations. Many times, indexes are created on tables that have a
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significant number of duplicate values. In cases such as these, as the optimizer
evaluates query plans, indexes are not used, because they do not provide
enough discrimination between values; the entire index has to be scanned so the
optimizer opts for a light sequential scan of the table.

In IDS 11, the optimizer now recognizes this condition and rewrites the SQL
predicate to join the table to itself by using the index to create the data
discrimination that it needs. Using this approach, sequential or full index scans
are avoided and results are returned more quickly.

Security

In the area of security enhancements, there were several improvements to help
businesses, such as yours, meet any regulatory requirements. The first is the
addition of Label-Base Access Control (LBAC), which permits you to design and
implement multi-level data access and control labels and policies. These labels
and policies are enforced regardless of the method that is used to access the
data. Policies can be as simple (public and private) or as complicated as needed
for your environment.

With this functionality, a new data server role, DBSECADM, was created.
Membership in this role permits the creation and modification of labels and
policies, therefore, it must be tightly controlled. The SET SESSION
AUTHORIZATION SQL function, which enables a user to temporarily assume
another user ID, has been restricted as well.

Another enhancement is the ability of the instance to automatically invoke a
specific UDR whenever a session connects or disconnects from the instance.
While IDS 10 permitted the IDS administrator to declare default roles for a user
whenever that ID connected to the instance, that was the extent of what was
enforced. All other actions, such as setting PDQPRIORITY and other
session-related parameters, had to occur within the application.

You can now write a series of UDRs that are executed when a user session
connects and disconnects from the instance. These routines can perform any
functionality, including setting roles, specifying session operating parameters,
such as PDQPRIORITY, setting the isolation level or the output location of
optimizer reports (also known as sgexplain.out files), turning on (or off)
monitoring functionality, and sending an alert, in short, whatever you need to do.
Unlike other UDRs, you cannot call another function, so all required functionality
must be completely contained in the open and close function.

The final security enhancement that is discussed here is the ability to use filters
in backup and restore operations. Typically, data sent to backups is executed by
the informix user 1D, which permits full access to all data, including automatic
decryption as part of the backup operation. This is not acceptable in
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environments where all data server data, regardless of its location, must be
protected.

IDS 11 provides the ability to use a filter in-line with the backup or restore
operation. This filter can re-encrypt the data before it leaves the instance for the
storage medium or perform other operations, such as compression, if the
hardware device does not support that functionality.

Administration

It is extremely hard to improve on the already low cost of ownership a