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Microsoft® SQL Server™ 6.5 is the latest version of a high-performance client/server relational database management system.  Building on version 6.0, SQL Server 6.5 introduces key new features such as transparent distributed transactions, simplified administration, OLE-based programming interfaces, improved support for industry standards, and Internet integration.
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This reviewer’s guide provides an overview, with reviewers in mind, of the overall capabilities of Microsoft SQL Server and the new features in version 6.5. This guide assumes that you already have some familiarity with the basic features of client/server database systems such as Microsoft SQL Server. Topics include review considerations, benchmarking, recommended test environments, configuration, details on new features and a features and benefits summary.  It is intended to complement other materials such as product literature, parts description and price list, packaging and distribution information, and customer case studies.


For more detailed technical information, please refer to the product documentation, which is available in both printed and online formats.  To install the online documentation, called SQL Books Online, run the SQL Server 6.5 setup program and choose to install client utilities only.  You will be given a choice if you want to install the online books on your hard disk or access it from your SQL Server CD.


Introduction


Before you begin


There are two key items you should be aware of before you begin your review: 


Install final released software. Microsoft has distributed several prerelease versions of SQL Server 6.5. The final software contains significant feature enhancements and performance improvements. Any review or performance testing of SQL Server 6.5 should be performed only with the final commercially available software. Please reinstall both the client and server software before beginning testing.


Licensing conditions. Microsoft SQL Server includes in its licensing agreement conditions that prohibit publication of performance benchmark results without prior written permission from Microsoft.  These conditions are similar to those used by other DBMS vendors.  Please contact Microsoft for additional information before you begin your testing.


ReVIEW CONSIDERATIONS





Today’s client/server relational database management systems (RDBMSs) are designed to support high-volume transaction processing, such as online order entry systems, as well as data warehousing and decision support applications, such as sales analysis, in a networked environment. In addition to these traditional uses for database systems, the requirements of Internet/Intranet applications increasingly play a key role in the selection of a database.


In the past, there were relatively clear distinctions between classes of hardware and software:  mainframe, minicomputer, and PC.  As RDBMS software becomes more powerful and high-performance symmetric multiprocessing (SMP) PC-based hardware becomes less expensive, customers are finding it difficult to choose the best platform for their client/server applications. Add to this the choice between centralized and distributed application architectures, and choosing the right system can be quite a challenge.


Microsoft SQL Server competes with and should be compared with other multi-user client/server DBMSs that run on the Windows NT®  operating system or UNIX®.  Comparisons with standalone databases or file-sharing systems are not appropriate, and would not represent the way customers use SQL Server today.


Mapping to customer needs and demands


There is a tendency when evaluating database software to consider products based on their relative performance. Better performance is almost always an important requirement for database management tasks, and Microsoft SQL Server has consistently set TPC Benchmark® performance records on industry-standard hardware systems. However, the changing nature of corporate computing is making other considerations equally important.


As customers move data and applications out of the data center and onto corporate networks, the systems become more and more difficult to manage and administer. Software must be designed for use outside a corporate data center and to operate with less reliance on central staff. Ease of installation, tuning, management, and control, particularly in a distributed environment, is critical.


In addition, overall reliability and robustness is crucial to success of large-scale client/server environments. If a database server is difficult to install and sensitive to “environmental” issues in the lab, it probably will also be so in a real-world environment. If a failure does occur, how difficult is it to recover the system? What if a server goes down at a remote location and there is no administrator on site? These considerations are important to Microsoft’s customers, and the features of Microsoft SQL Server 6.5 reflect these considerations.


A new area of customer interest is, of course, the Internet.  New customer applications are being targeted to make information available and to conduct business transactions over the Internet or Intranet.  Ease of integrating database applications with this new world is a key issue with customers today, and will no doubt become more important as Internet technologies develop.


We believe that how well client/server databases address these points should be given equal weight with performance considerations. You may have two equally fast cars, but if one lacked air conditioning, had a bumpy ride, and broke down frequently, which one would you choose to drive to work every day?


Understanding performance


To properly evaluate performance and understand the benefits of the Microsoft SQL Server multithreaded Symmetric Server Architecture, you should also conduct tests on multiprocessor hardware. For many customers, the most important reason to choose Microsoft SQL Server of its scalability. Because SQL Server is based on a multithreaded parallel database kernel, it can take advantage of additional processors right out of the box.


Until very recently, multiprocessing hardware systems have been costly, expensive, and complex. In many cases, special parallel database and operating-system software have been required to gain symmetrical multi-processing (SMP) support.


In the last five years there has been an explosion in processing power available to customers on low-cost industry-standard hardware. Today, SMP has become a mainstream architecture. We’ve targeted these platforms with Microsoft SQL Server, predicting that this class of server hardware will dominate in the next three to five years. In combination with powerful, cost-effective hardware systems from Compaq, Digital, and others, Microsoft SQL Server and Windows NT Server have effectively rewritten the book on database price/performance. As of this writing, Microsoft SQL Server 6.5 currently holds the industry record for database price/performance on industry-standard TPC benchmarks.


With Microsoft SQL Server, we’ve tried hard to eliminate the complexity from multiprocessor support. The same version of SQL Server runs out of the box on either single processor or multiprocessor hardware. Greater performance continues to be a key engineering focus. While we continue to devote resources to processor scalability, we recognize that raw, top-line performance is the real goal.


Real-world benchmarking


Benchmarks are often used to determine which hardware and software platform offers the best overall performance. Properly designed benchmarks measure specific performance characteristics, using a standard methodology, in a carefully controlled environment. When combined with the total hardware, software, and support costs, this information allows customers to determine which platform offers the most cost-effective solution to their application development requirements.


Well-designed benchmarks share the following characteristics:


Simplicity.  The benchmark should be easy to understand and easy to implement. It should describe a specific business solution but be flexible enough to be implemented in the optimal way for each product under consideration. This will make the results easier to understand and will more accurately describe the performance capabilities of each product. 


Scalability.  Organizations demand solutions that grow as their business needs grow. Some products perform well with a few dozen users but fall apart beyond a certain threshold. The benchmark should be scalable so that it can be used with a wide variety of computer systems with different transaction processing capabilities. The most useful benchmarks measure the ability of a product to scale well under real-world conditions, such as providing sustained transaction throughput and response time for hundreds or even thousands of concurrent users. 


Vendor neutrality.  Designing an effective benchmark requires that tests accurately profile common business problems in a "vendor neutral" way. Each test should closely parallel how products are actually used in production environments. Contrived tests constructed around the specific feature of a particular product are misleading since they do not predict real-world performance.


Designing the benchmark


The benchmark should be designed in such as that it measures performance of the database software.  Building applications that take full advantage of the underlying hardware and software platforms requires balancing many complex interactions between memory, disk and I/O channel performance, CPU utilization, database concurrency (locking), and of course the application itself. 


Care must be taken when designing benchmarks to isolate bottlenecks in one part of the system that may gate overall performance.  For example, adding CPUs to a system that is I/O bound is not likely to improve performance.


Evaluation criteria


Performance is a crucial consideration in the selection of any database server; however, it is also the most difficult property to quantify for any database server. Database benchmarks usually focus on query optimization, transaction processing capacity, import/export, backup performance, and replication capabilities of each product.  A new area of interest to customers is database performance for Internet/Intranet applications.


Performance.  Performance has two important components: response time and throughput. Response time measures the execution time required to complete prescribed operations using a constant workload. Throughput measures the total amount of work performed as the server workload changes. It is important to include both measures as part of a complete benchmark test.


Query optimization. The optimizer is responsible for selecting the most efficient physical access strategy for each SQL statement based on each object’s size, any available indexes, and distribution statistics. The quality of the optimizer will dramatically affect the server’s performance. In order to properly test the optimizer, it is necessary to use a wide variety of queries, including selections, projections, joins, aggregates, sub-queries, and updates using a variety of data types. If the data set is too small and can fit entirely into cache, then the performance of the I/O subsystem will not be included in your results. Many products include the ability to abort query processing without actually fetching all of the rows in the result set. Early query termination at best produces misleading results and defeats the purpose of benchmarking. The time to fetch and process every row and column must be included if meaningful results are desired. Queries that return an excessively large number of rows should be avoided since the overhead of network traffic can skew the results. 


Transaction processing.  Transaction processing ensures the consistency and recoverability of the database. A database is only as useful as the integrity of the data it stores. Database integrity (referential, entity, domain) and business rules must be enforced at all times by the database management system during any real-world transaction processing test. Any transaction that violates a business or integrity rule should be automatically canceled (rolled back) by the server. Each transaction must be atomic, consistent, isolated, and durable (known as the ACID test). Transaction processing tests normally profile performance for each isolation level defined by the ANSI SQL-92 standard. The duration of each test must be longer than the checkpoint interval to include the time required to flush changed database pages to disk. 


Replication.  Replication provides a reliable way to disseminate corporate information to multiple locations in a distributed environment. This enables organizations to move their data closer to users in their various branches and departments, and it provides greater fault tolerance. This can dramatically improve performance and reliability of distributed systems by reducing communication bottlenecks across the wide area network (WAN) and separating online transaction processing (OLTP) and decision support systems (DSS). Ease of installation, configuration, and management are critical to the success of distributed data. 


Online backup and restore.  In mission-critical environments, it is imperative that data be available 24 hours a day, 7 days a week. Online backup allows backups to be created while other users are actively querying and updating the database. Backup and recovery tests normally measure the time required to back up the system while users are reading and writing data. Backups should be restored and data integrity should be verified. 


Internet/Intranet performance.  With the Internet gaining momentum, there is increased customer interest in understanding how databases perform when used with Web servers.  The database should allow both queries and updates via a Web browsers, and performance of the database should not be limited by the by the performance of the Web server.


Setting up the test environment


Client/server databases should be evaluated with hardware appropriate for today’s demanding high-volume transaction processing environments. Although the Microsoft SQL Server minimum hardware requirements are modest, Microsoft customers generally select systems with fast Pentium®, Digital Alpha, MIPS® or PowerPC™ processor(s) with at least 32 MB of RAM. Since scalability is essential, testing on SMP hardware with multiple disks and controllers is strongly recommended. SQL Server performance can be significantly enhanced by more memory, multiple processors, and advanced parallel I/O subsystems. 


Choosing hardware with a fast I/O subsystem is essential for good performance for any database system. This includes components such as I/O controllers, disk drives, and the I/O bus. The number of disk drives required depends on the database size, and on the levels of fault tolerance and scalability desired. Many customers use hardware striping (RAID 0) or hardware striping with parity (RAID 5). A RAID 5 configuration not only improves performance and scalability, it also improves availability.


Choosing an appropriate number of clients


Before it was released, Microsoft SQL Server 6.5 was stress tested against real-world applications and data with over 5000 concurrent user connections. Published TPC results to date for SQL Server 6.5 have used 3500 concurrent users.  Although you may not be able to commit this level of hardware resources, Microsoft recommends using as many clients as possible. To reflect how customers are using SQL Server on today’s high-performance hardware, you should test with at least 128 clients. This will provide a better real-world scenario. Of course, properly sizing the memory cache and other SQL Server configuration parameters is essential to maintain throughput as you increase the number of users. See the section below and the Microsoft SQL Server documentation for specific information on configuring SQL Server.


Configuring Microsoft SQL Server


After installing a server you will, at a minimum, perform these tasks:
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Register the server with SQL Enterprise Manager. 


Configure the SQL Server memory option (usually, the most important configuration option to be set). 


Configure the SQL Server User Connections option, which controls the number of concurrent sessions allowed. 


For complete information about installing and configuring SQL Server 6.5, please refer to the product documentation. 


�
Configuring Windows NT Server


The installation program automatically configures Windows NT Server to make foreground and background processes equally responsive and to maximize throughput for network (client/server) applications. 


We recommend that you use a separate physical drive for the database transaction logs and format it for the FAT file system. The database should be located on a high-performance multi-disk subsystem using hardware striping (RAID) and formatted for the NTFS file system.


Unnecessary services that might add processing overhead and reduce the amount of available memory can be disabled by using the Windows NT Control Panel. For example, you can disable ClipBook Server, Computer Browser, Messenger, Network DDE, Schedule, and others. Unused network protocols can also be removed through the Control Panel.


Tuning for optimal performance


Performance tuning is more of an art than a science. It is impossible to tune the server for optimum performance without identifying the actual cause of a specific performance problem. However, it is possible to make some general recommendations about system configuration. 


Memory.  In general, you should reserve 16 MB of memory for Windows NT Server and allocate the rest to SQL Server (assuming the machine is dedicated to SQL Server). So, if your system has 64 MB of RAM, you should allocate 48 MB of RAM (64 MB – 16 MB) for SQL Server. In the Server Configuration dialog box, you specify the amount of RAM in 2K pages. Simply multiply the amount of RAM by 512 to determine the number of pages (48 MB x 512) = 24,576 pages. 


Procedure cache.  By default, 30% of SQL Server memory is allocated to the procedure cache. This can be changed if necessary for optimum performance for specific applications. Please refer to the SQL Server documentation for more information on how to tune the procedure cache. 


TempDB in RAM.  This option allows SQL Server to process the results of intermediate database operation in memory rather than on the hard disk. If you have enough memory available, using TempDB in RAM can dramatically improve performance of sorting, GROUP BY calculations, joins and queries that require temporary work tables. 


SMP configuration


If SMP hardware is present, SQL Server will take advantage of the hardware automatically. By default, SQL Server uses intelligent settings that optimize scalability while reserving some processing for other applications. However, there are several configuration options to be aware of:


SMP concurrency (advanced option) controls the number of threads that SQL Server will release to Windows NT for execution, which limits the number of CPUs used by SQL Server. On a uniprocessor computer, the optimal and default value is 1. When SQL Server is installed on an SMP machine, SMP concurrency will be set to 0, which means autoconfigure. In autoconfigure mode, the limit is set to N - 1, where N is the number of processors detected at SQL Server startup. If the server is not dedicated for use with SQL Server, reconfiguring this value can cause poor response time for other applications running on the same machine. If response time for other applications is not an issue, set SMP concurrency to –1, which means there is no limit on the number of threads released to the operating system. This provides the maximum use of all processors to SQL Server. 


Priority boost (advanced option) determines whether or not SQL Server should run at a higher priority than other processes on the same computer. If this option is set to 1, SQL Server runs at a higher priority under the Windows NT scheduler. The default is 0 and should be changed only on systems dedicated to SQL Server. 


Important Note:  Most advanced configuration options should be changed only under very special and usually rare circumstances. Be sure to thoroughly read the administrator’s documentation before experimenting with these options, as setting them incorrectly can adversely affect system performance. Advanced options are displayed and can be managed only when Show Advanced Option has been set to 1. 


Query optimization
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Monitoring SQL Server performance �with the Windows NT Performance Monitor.


SQL Server Enterprise Manager includes graphical tools to visually represent the physical query execution plan. This is an easy way to determine what indexes, if any, and access method are being used to execute a particular query. The optimizer chooses the best strategy based on the statistics stored about each index and table. The UPDATE STATISTICS command should be run periodically whenever there has been significant INSERT/UPDATE/DELETE activity on a table. 


Monitoring Performance 


SQL Server is integrated with the Windows NT Performance Monitor to provide a graphical display of important performance statistics, such as memory use, number of users, transactions per second, and CPU use. This allows administrators to remotely monitor and capture detailed performance information about the network, operating system, and database from a single console for any server on the network.


�
New Features in �SQL Server 6.5


Overview


Building on the foundation of Microsoft SQL Server 6.0, version 6.5 adds many significant new features and capabilities.  The bulleted list below provides a quick, technical look at SQL Server 6.5.  Most of these areas are covered in more depth later in this document.  For more information, please refer to the product documentation.
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Improved performance.  SQL Server 6.5 refines the multi-threaded parallel architecture of SQL Server 6.0 to improve performance and scalability. TPC Benchmark results published April 5, 1996 show SQL Server 6.5 to be 48% faster than version 6.0, running on a similarly configured Compaq® ProLiant® 4500 5/133 four processor server.


Dynamic Locking.  SQL Server 6.5 includes a new scalable locking architecture, Dynamic Locking, that combines the use of page- and row-level locking for optimum performance and concurrency.


Internet integration. SQL Server 6.5 can now automatically generate HTML pages or populate HTML templates with data.  A new SQL Server Web Assistant automates the process of keeping Web pages up to date, on a data-triggered or scheduled basis.  A simple, wizard-like interface walks a webmaster or DBA through the process, while developers can take advantage of new stored procedures for HTML page generation.


Distributed Transaction Coordinator (DTC).  SQL Server 6.5 now supports transparent distributed transactions (transparent 2-phase commit).  Programming interfaces supported include Transact-SQL®, DB-Library™, ODBC, XA, and OLE Transaction programming interfaces.  Includes management tools built into SQL Enterprise Manager.


Heterogeneous replication. Now SQL Server can publish information to other popular databases, including Oracle®, IBM® DB2®, Sybase®, Microsoft Access and other ODBC compatible databases.


Data warehousing enhancements. New online analytical processing (OLAP) query extensions, CUBE and ROLLUP, simplify the retrieval of multi-dimensional information.  A new “data pipe” capability, enabled by the INSERT...EXEC statement, lets SQL Server 6.5 populate tables with information from other SQL Servers and data sources.


Administration enhancements.  SQL Server 6.5 extends ease-of-management, control, and integration. SQL Enterprise Manager now includes integrated schema and data transfer capabilities, new administration tools for DTC, an extensible toolbar and menu for add-ins, support for SNMP traps and alerts, and a new DBA Assistant that automates the creation of scheduled maintenance operations.


Reliability enhancements. SQL Server 6.5 supports Compaq’s Online Recovery Server to provide automatic failover, ensuring system availability.  Other enhancements include backup/restore of individual tables and  point-in-time recovery.


Programming and language enhancements. New support for OLE Automation stored procedures allows developers to use virtually any OLE-capable development tool to write stored procedures for SQL Server. Visual Basic® 4.0 is supported with a new 32-bit DB-Library (OCX). Numerous enhancements to Transact-SQL include improved cursor operation, DDL statements within transactions, and more.


Integration with Microsoft Exchange. The SQL Mail facility can send messages, with optional attachments, and can receive SQL query requests via Microsoft Exchange and other MAPI compliant systems.  SQL Server 6.5 can also populate Exchange Public Folders with data.


Enhanced support of industry standards. SQL Server 6.5 is now certified FIPS 127-2 and ANSI SQL-92 compliant. New support for SNMP alerts and traps provides interoperability with SNMP-based management tools.  XA compliance lets SQL Server interoperate with popular transaction processing monitors (enabled by DTC).


Improved Performance


Microsoft SQL Server 6.5 has been enhanced to provide faster performance and better response time.  Building on the multi-threaded parallel architecture in SQL Server 6.0, version 6.5 adds such features as reduced checkpoint serialization, improved sort and index creation times, and Dynamic Locking, which enables insert row-level locking.


TPC-C Benchmark Results


In TPC Benchmark test results published April 5, 1996, Microsoft SQL Server 6.5 outperformed Oracle 7™ and Sybase System 11 in throughput, at 3,641 tmpC, in a head-to-head comparison with all databases running on Windows NT Server and the same hardware platform.  SQL Server 6.5 also set a new all-time record in price/performance of $147.62 per tpmC®, the first time any database on any platform has broken the $150 per tpmC barrier.  SQL Server 6.5 is not only faster than the competition on Windows NT Server, it also outperforms Oracle running on UNIX. The table below compares database TPC-C performance as of April 5, 1996. All DBMSs were tested on a Compaq ProLiant 4500 5/133 equipped with four Pentium 133 MHz processors:





Database�
Operating System�
tpmC�
$/tpmC�
�
Microsoft SQL Server 6.5�
Windows NT�
3,641�
$148�
�
Oracle 7.3�
UnixWare®�
3,516�
$186�
�
Oracle 7.3�
Solaris®�
3,225�
$207�
�
Sybase System 11�
Windows NT�
3,112�
$151�
�
Oracle 7.3�
Windows NT�
3,066�
$198�
�
The performance delivered by SQL Server 6.5 in these tests also compares very favorable to more expensive systems with more CPUs:








Database�



System�



tpmC�



$/tpmC�
5 Year Total System Cost�
# CPUs�
�
Microsoft�SQL Server 6.5�
Compaq ProLiant 4500/133�
3,641�
$148�
$536,124 �
4�
�
Oracle 7.3�
IBM RS 6000 Server Model J30�
3,631�
$289�
$1,049,656 �
8�
�
Informix®�Online 7.1�
Sun® SparcCenter 2000E�
3,534�
$495�
$1,751,004 �
20�
�
DB/2 for Solaris�
SPARCserver 1000E�
3,256�
$199�
$646,820 �
8�
�
Non-stop™ �
Tandem Himalaya K10000-16�
3,043�
$1160�
$3,529,520 �
16�
�



Index rebuilding


The DBCC DBREINDEX statement rebuilds an index for a table or all indexes defined for a table. By allowing an index to be rebuilt dynamically, indexes that enforce PRIMARY KEY or UNIQUE constraints can be rebuilt without having to drop and re-create constraints. This means that an index can be rebuilt without having to know the table's structure or constraints.


Additional counters for Performance Monitor


SQL Performance Monitor in Microsoft SQL Server 6.5 has been changed to include some new objects and counters. The SQLServer User Defined Counters object is new. It contains counters that can be defined by a user: SQL User Counter 1 through SQL User Counter 10. 


Dynamic Locking Architecture


SQL Server 6.5 introduces a new locking architecture, know as Dynamic Locking Architecture.  SQL Server 6.5 delivers on phase I of this architecture:  insert row-level locking.  Phase II will include row-level locking for all operations, and will be included in a future release of SQL Server.


Insert row-level locking


By default, the locking granularity in Microsoft SQL Server is a page, which can contain several rows. In SQL Server 6.5, the lock manager has been enhanced to provide row-level locking (IRL) for most INSERT operations. IRL improves performance in situations where access contention and hotspots, which are areas of unusually high access, occur.


While row-level locking is not a substitute for a well-designed application, there are specific scenarios where it is especially useful. Row-level locking is useful when a hotspot develops on tables structured as a sequential file. With SQL Server, hotspots can occur when records are inserted at the end of a table and one of the following conditions exists:


A table does not have an index. 


A table has a nonclustered index. 


A table has a clustered index with a monotonically increasing key (for example, a clustered index on an identity column). 


When concurrent users try to insert data into the table's last page and contend for exclusive page access, a hotspot results. To alleviate these performance bottlenecks, enhancements to the lock manager in SQL Server 6.5 provide row-level concurrency for INSERT operations. Properly implemented IRL increases the speed of multiuser INSERT operations.


Internet Enhancements


Microsoft SQL Server is tightly integrated with Microsoft Internet Information Server.  Using the built-in ISAPI gateway and the Internet Database Connector technology in the Internet Information Server, an ODBC connection can be used to query SQL Server for information.  This is a "pull" method of using SQL data, since the Internet application formulates the query and issues the request to SQL Server.  SQL Server 6.5 introduces a "push" method to deliver data to the Internet with the SQL Server Web Assistant, described below.
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SQL Server Web Assistant


The SQL Server Web Assistant helps webmasters or DBAs format the results of a SQL query as a Hypertext Markup Language (HTML) file. This allows Microsoft SQL Server data to be published to the Web when used in conjunction with an appropriate Web server product, such as Microsoft Internet Information Server or other third party products. 


An HTML file can be updated by using a trigger whenever relevant data changes. By using SQL Enterprise Manager scheduling, an HTML file can also be updated at scheduled intervals.  The underlying stored procedures used by the Web Assistant can be used by programmers as well.


Distributed Transaction Coordinator (DTC)


The Microsoft Distributed Transaction Coordinator is a major new feature included with SQL Server 6.5.  It allows transparent multi-site updates by managing the two-phase commit process between multiple SQL Servers.  Server-to-server stored procedures are now automatically handled within the scope of a single distributed transaction.


� EMBED Word.Picture.6  ��� ��Administration for DTC is integrated within SQL Enterprise Manager. �A new icon for DTC appears in the Server Manager window.


DTC is supported by many popular programming interfaces including Transact-SQL, ODBC, DB-Library, XA, and OLE Transactions.  This gives developers a wide range of choice for building new distributed applications or modifying existing applications.


For example,  developers simply add the statement “BEGIN DISTRIBUTED TRAN” to their SQL code and DTC will manage the update process on all effected servers. 


Also important is support for the XA standard, which allows SQL Server to be managed by XA-compliant transaction processing (TP) monitors, such as Tuxedo and Encina.  SQL Server can now participate in heterogeneous updates under control of these popular TP monitors.
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Replication Enhancements


Hetereogeneous Replication


Microsoft SQL Server 6.5 can replicate to the following types of non-SQL Server ODBC subscribers: ORACLE, IBM DB2, SYBASE, Microsoft Access, and other ODBC subscribers that comply with SQL Server ODBC subscriber requirements.


Replication of TEXT & IMAGE datatypes 


In Microsoft SQL Server 6.5, TEXT and IMAGE datatypes can be replicated.  INSERT, UPDATE, and DELETE statements are supported.  Because the replication processes monitors the transaction log, only logged text operations can be replicated. Therefore, the WITH_NO_LOG option is not supported for update operations. 


Disabling constraints


Constraints can now be disabled only during the replication process, so you can avoid dropping and adding constraints.


Data warehousing enhancements


CUBE


In SQL Server 6.5, CUBE is an aggregate operator that delivers an n-dimensional data results set instead of the typical zero- or one-dimensional data results set. It produces results sets that are typically used by report writers and analytical tools for constructs such as histograms, cross-tabulation, roll-up, drill-down, and sub-totals. 


ROLLUP


ROLLUP is a new aggregate operator in SQL Server 6.5 that delivers aggregates and super-aggregates for elements within a GROUP BY statement. The ROLLUP operator is applicable to cumulative aggregates like a running sum or a running average. It only differs from the CUBE operator in that its position is sensitive because it never aggregates the column specified to the left of a column, unless the left column is also an aggregate.


Data pipes


Remote stored procedures can now return results from remote databases that populate local tables by using the INSERT...EXEC statement.  The results from remote stored procedures, extended stored procedures, OLE Automation stored procedures, and gateway procedures can be stored in permanent or temporary SQL Server tables, simplifying data collection of data for data warehousing applications.


� EMBED PBrush  ���


Administration Enhancements


DBA Assistant


A DBA Assistant has been added for Microsoft SQL Server 6.5. The DBA Assistant sets up and schedules core maintenance actions for a selected database. These maintenance actions include checking data allocation, data and index linkages, and system data; updating optimizer information and reorganizing data and index pages; and performing database and transaction log backups. Maintenance actions can be scheduled for automatic execution at preset daily or weekly intervals.


SNMP support


Microsoft SQL Server 6.5 provides support for Simple Network Management Protocol (SNMP) monitoring of Microsoft SQL Server. The SQL Server MIB (MSSQL-MIB) is a Microsoft MIB based on the proposed IETF SNMP RDBMS-MIB (RFC 1697), but it has been enhanced specifically for use with Microsoft SQL Server. 


With Microsoft SQL Server 6.5 and the MSSQL-MIB, SNMP applications can monitor the status of Microsoft SQL Server installations, monitor performance information, explore defined databases, and view server and database configuration parameters. 


In addition, Microsoft SQL Server 6.5 supports the ability to raise SNMP traps. An SNMP trap sends notification to the SNMP agent that some type of status or condition has occurred. The SNMP agent can then forward that notification to pre-specified workstations, which are running SNMP monitoring application(s).
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SQL Trace 


Microsoft SQLTrace is a new graphical utility that lets database administrators and application developers to monitor and record database activity for Microsoft SQL Server 6.5. SQLTrace can display all server activity in real-time, or create filters that focus on the actions of particular users, applications, or hosts. SQLTrace can display any SQL statements or RPCs sent to any Microsoft SQL Server 6.5 server. Server activity can be saved to disk in an ISQL/w compatible script or as an activity log. SQLTrace also allows administrators to audit the use of SQL Server. 


SQLTrace is installed with the server software and, optionally, with the 32-bit client software.


Transfer Manager


In Microsoft SQL Server 6.5, SQL Enterprise Manager includes a transfer management interface that can transfer some or all objects from one database to another. Using the transfer management interface, you can:
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Copy all types of objects, or only some types. 


Copy all objects of a specific type, or only some objects. 


Transfer schema and data, only schema, or only data. 


Append or replace existing data. 


Drop destination objects before copying schema. 


Include dependent objects of a transferred object. 


Use default scripting options, or customize the scripts used to copy objects and security information. 


Execute a transfer immediately, or schedule it for execution on a one-time or recurring basis. 


The destination server must be a Microsoft SQL Server version 6.5 server. The source server can be a Microsoft SQL Server version 4.x or 6.x server, or a Sybase server.


�
Extensible Toolbar & Menus


You can now launch any application from SQL Enterprise Manager. External applications can be added and run from the Tools menu and from a new floating, dockable Tools toolbar that can be displayed or hidden. 


Enhancements to OLE Interface (SQL-DMO)


SQL Server 6.5 includes new and enhanced SQL Distributed Management Objects (SQL-DMO). Existing objects are enhanced largely to support new SQL Server 6.5 features and new SQL-DMO objects. The following SQL-DMO objects are new:


Transfer


BulkCopy


ServerGroup


RegisteredServer


Some SQL-DMO objects now support ConnectionPoint events, which allows you to write COM objects that are notified by SQL-DMO when certain events occur.


Availability enhancements


Point-in-time recovery


Transaction logs can now be recovered through a specified date and time. Transactions committed after that date and time will be rolled back.  Point-in-time recovery applies to transaction log restores only (not to full database restores). 


Dump & load of individual tables


Individual tables can now be backed up and restored. A table load can be performed from either a table dump or a full database dump. Loading a table is useful in a disaster recovery situation where loading the entire database may be a poor solution. (Full database and transaction log loads remain the basis of a proper backup strategy.) 


Programming and language enhancements


Visual Basic Support 


SQL Server 6.5 includes a 32-bit DB-Library for Visual Basic OLE custom control (OCX), and can be used with Microsoft Visual Basic.4.0.


OLE Automation stored procedures


OLE Automation stored procedures allow you to use standard OLE Automation objects within a Transact-SQL statement batch. Because these OLE objects reside and run on the SQL Server computer, they behave as OLE extended stored procedures. You can use existing OLE Automation objects, such as the SQL Distributed Management Objects (SQL-DMO). You can also use 32-bit Visual Basic 4.0 to create your own OLE Automation objects and install them on the SQL Server computer.


SQL Language and Programming Enhancements


There are numerous enhancements to the SQL language and programming environments for SQL Server 6.5.  While too detailed to list them all here, some examples are included below.  Please refer to the documentation or online books for more information.


Cursor enhancements


Cursors allow individual row operations to be performed on a given results set. There are several cursor improvements in SQL Server 6.5:


Cursors now allow updates on underlying tables without requiring a unique index on the table. 


Performance improvements. 


Cursors can automatically close when a transaction commits. 


Forward-only cursors are dynamic now by default. 


Joins


ANSI-standard joins are supported and include join, cross join, inner join, left outer join, right outer join, and full outer join. Old-style SQL Server joins continue to be supported. 


DDL statements with a transaction


SQL Server 6.5 allows Data Definition Language statements (for example, CREATE and DROP statements) within a transaction. 


Standards Enhancements


Microsoft SQL Server 6.5 has been enhanced to meet the American National Standards Institute (ANSI) SQL-92 standards and has been certified as compliant with Federal Information Processing Standards (FIPS 127-2) established by the National Institute of Standards and Technology (NIST). This includes the CREATE SCHEMA statement, the GRANT WITH GRANT OPTION and REVOKE GRANT OPTION FOR statements, support for ANSI-standard joins in the SELECT statement, and ANSI-standard null and default support.


SQL Server 6.5 is now also compliant with the XA standard used by transaction processing monitor (TP monitor) systems such as Tuxedo and Encina.


SQL Server 6.5 supports SNMP for monitoring of SQL Server by SNMP-based management tools.





�
This section summarizes key features and benefits of Microsoft SQL Server 6.5.  Please refer to the product documentation for additional information and specific details.


features and Benefits summary





Feature�
Benefit�
�
Tightly integrated with Microsoft Windows Family�
Microsoft SQL Server provides tight integration with Windows® and Windows-based applications helping to reduce the cost and complexity of deploying sophisticated applications.   Today, most leading third party Windows-based applications and tools support Microsoft SQL Server.


Administrators can manage multiple SQL Servers from a single workstation running either the Windows NT or Windows 95 operating system. C; cursors allow developers to more easily create rich, interactive applications.; SQL Server connectivity options allow applications for Windows to access mainframe data from DB2®, Oracle®, Ingres®,™ and other sources.,  The open interfaces in SQL Server support application development with using Windows-based tools, such as Visual Basic and Visual C++®.�
�
Integrated with Microsoft  BackOffice�
Microsoft SQL Server 6.5 is part of the BackOffice™ family of server applications that also include Microsoft Exchange, Microsoft Internet Information Server, Microsoft Systems Management Server, Microsoft SNA Server, and Windows NT Server.  SQL Server 6.5 is tightly integrated with the rest of BackOffice, provide and complete server foundation for building applications.  


SQL Server leverages the key services of Windows NT Server, such as security, logon, event logging, and performance monitoring as well as lower level services such as threading, memory management, and asynchronous I/O.  SQL Server can send and receive email messages with Microsoft Exchange, and other MAPI compliant messaging systems.  Systems Management Server uses SQL Server as its repository for storing management information.  With Internet Information Server, SQL Server can add database capabilities to Web sites.  And SNA Server is a key component of the SQL Server host connectivity story.�
�
Internet Integration�
SQL Server is an ideal database engine for powering Web sites. Through tight integration with Internet Information Server, SQL Server can be queried and update via popular Web browsers.  SQL Server native ODBC lets it interoperate smoothly with the Internet Database Connector interface included with Internet Information Server.  The new SQL Server 6.5 Web Assistant let’s you automatically update HTML pages on the fly, either data-triggered or scheduled using the SQL Server built-in scheduling system.�
�
Hundreds of aAvailable tTools, aApplications, and gGateways�
SQL Server oOffers a broad choice of tools for the development of client/serverclient-server applications.   A new directory of supported applications and services is available on the Microsoft InfoSource CD (and on the Web shortly). package.�
�
Data warehousing enhancements�
SQL Server 6.5 includes new OLAP style query operators, CUBE and ROLLUP, that return multidimensional result set from a single query, simplifying the retrieval of information for analytical purposes.  A new “data pipe” capability, using INSERT….EXEC lets SQL Server collect data from other SQL Servers and data sources for consolidation into a data warehouse or data mart.�
�
Built-in data replication�
The SQL Server built-in replication makes it easy to bring information closer to users.  Supporting both log-based and snapshot replication models, SQL Server graphical tools make setting up easy.


SQL Server 6.5 adds heterogeneous replication by allowing publication of information to Oracle, IBM DB2, Sybase, Microsoft Access, and other ODBC compliant databases.  Also new in version 6.5 is support for log-based replication of TEXT and IMAGE data types.�
�
Client/sServer aArchitecture�
Microsoft SQL Server 6.5 cCombines the best of traditional mainframe computing—centralized security, data integrity, and control—with the best of today’s PCs—ease of use, rich user interfaces and a variety of off-the-shelf productivity tools.


It mMakes it possible for multiple front-ends to share information, enablinggiving you the ability to choose the most appropriate tool for the job.


SQL Server mMakes efficient use of networks. Because database queries are processed at a centralized server, network traffic is reduced.�
�
Rich, Windows-based sSystem aAdministration�
SQL Enterprise Manager is a graphical Windows-based tool that lets you manage all of your distributed SQL Servers from a single point of control, from a Windows NT or Windows 95 environment.


SQL Enterprise Manager simplifies complex administration tasks such as storage allocation and permissions management through a Windows-based user-interface. SQL Enterprise Manager provides graphical management of database objects such as tables, views, stored procedures and triggers.   Visual Basic–based scripting canprovides the power to extend these capabilities to automate remote operations across multiple servers.  Other graphical utilities are included for managing security, tape volumes and client configuration.


SQL Server administration architecture is based on an open, OLE architecture, called SQL Distributed Management Objects (SQL-DMO).  This makes it extensible with a wide array of OLE compatible tools.


SQL Server 6.5 adds built-in data and schema transfer capabilities and a new DBA Assistant that automates routine maintenance operations.�
�
Open Data Services (ODS) �
The ODS iIntegrates SQL Server with a broad range of applications and data sources. Microsoft Open Data Services is Microsoft’s multithreaded development library for building powerful gateway applications to access customized data sources.  It is pProvided with starter applications for key tasks such as event notification and auditing.�
�
Network iIndependence�
Unlike database servers which run only on proprietary operating systems or support only proprietary network protocols, SQL Server is network independent.   


Because SQL Server relies on open industry standards, it can run on most popular networks, including IBM LAN Server, Microsoft LAN Manager, Novell® NetWare®, Banyan® VINES®, DEC™ PATHWORKS™Pathworks™, Apple®® AppleTTalk® and Windows NT Server-based networks..�
�
Enhanced SQL lLanguage �
SQL Server enhanced language, Transact-SQL, pProvides compatibility with industry standard data access language. SQL Server’s enhanced language, Transact-SQL includes important extensions necessary to support mission-critical applications, such as stored procedures and triggers.�
�
Scrollable cCursor sSupport�
SQL Server cursor support sSimplifies development of rich data browsing applications with capabilities such as forward/backward scrolling, positioned updates and deletes, and flexible concurrency control options.   Ideal for development in the Windows operating systemenvironment.�
�
Supports industry standards�
SQL Server 6.5 supports ANSI SQL-92, FIPS 127-2, SNMP and XA standards.  Support is also provided for other popular open interfaces including ODBC, MAPI, and OLE.�
�
Transaction pProcessing�
CGuarantees the consistency and recoverability of your database are guaranteed in case of system failure—even in the middle of complex updates by more than one user.


SQL Server treats all database changes inside a transaction as a single unit of work. By definition, either an entire transaction is completed safely and all resulting changes are reflected in the database, or the transaction is rolled back—and all changes to the database are undone.


Transaction processing is a vital requirement for a system designed to support mission- critical applications, such as accounting, inventory management, and on-line order entry. Using a two-phase commit protocol,   SQL Server even supports synchronized transactions which span more than one server—helping to guarantee that all servers on the network will be maintained in a consistent state.�
�
Implicit cConcurrency cControl�
Another benefit of the SQL Server transaction processing design is implicit concurrency control.   SQL Server employs Dynamic Locking, a locking architecture that keeps concurrent users from interfering with each other during queries and updates.  Page-level locking is the default, with optional insert row-level locking now available in version 6.5.


All SQL Server locking is implicit—the programmer doesn’t have to worry about locking commands.   TAnd the process of obtaining a lock is exceptionally fast—a matter of microseconds, —since lock information is stored in a memory-resident table.   Multiple levels of locking are supported, and SQL Server always picks the least restrictive lock needed to support the operation.�
�
Server-eEnforced dData iIntegrity�
With server-enforced data integrity you canAllows you to incorporate support for data integrity and complex business policies in the database itself, where itthey can be maintained centrally and enforced uniformly for all applications.


SQL Server 6.5 offers ANSI standard referential integrity and column level constraints, and also has advanced data integrity features such as rules, defaults, stored procedures, triggers, and user-defined datatypes to enforce data integrity.


SQL Server built- in intelligence makes is it capable of supporting both ad hoc and programmed updates to the database using any available software with complete safety—a crucial requirement if a server is to be an open platform for popular client applications.�
�
Stored Procedures (Server Programmability)�
SQL Server 6.5 aAllows you to store pre-compiled collections of SQL commands (stored procedures) in the database, a feature thatwhich can have a dramatic impact on performance—in some cases—can decreaseing query processing times by as much as 80%.


Stored procedures can also be used to centralize application logic in the database, allowing you to program the server to perform complex queries or updates in response to a simple procedure call.   Because stored procedures can accept passed parameters, their behavior can be flexible and dynamic. Stored procedures can be written once and shared among applications, greatly simplifying the application development process.


SQL Server also supports extended stored procedures thatto call external C-based DLLs for even more flexibility.  Version 6.5 introduces OLE Automation stored procedures, that let you extend SQL Server with virtually any OLE-compatible programming environment.�
�
Triggers�
Triggers prevent incorrect, unauthorized or inconsistent changes to data.   Triggers are specialized forms of stored procedures thatwhich are executed automatically by SQL Server whenever any attempts to modify associated data areis made.


Triggers are incredibly powerful.   They allow you to enforce data integrity and complex business policies centrally in the server, instead of having to program this logic into individual applications.  Things like: The following are some examples:


NDo not accepting a new customer credit order whenif there are outstanding debts for that customer exist.


Automatic updates to the total product cost wWhenever a component’s part cost is updated., automatically update the total product cost


NDo not allowing updates that attempt to increase a credit limit by more than 25%.


Triggers are a crucial feature in a production DBMS—SQL Server exemplifieswas designed from the start with an implicit understanding of this crucial requirement.�
�
Rules and dDefaults�
Rules are another SQL Server tool to enforce data integrity centrally, but at the individual column level.   Rules can automatically require that a value fall within a particular range, appear within an explicit list, or even match a string pattern.—automatically.   For example, a database containing information on senior citizens could have a rule that the age field must contain a value between 65 and 120 years.


Default settings allow you to have SQL Server automatically insert a standard value in a column if the user does not supply one.   For example, a state_code field might have a default of “CA” for a company that does business primarily in California.


Rules and defaults can be connected to a particular column, a number of columns, or all columns in the database that have a given user-defined data type.�
�
User-dDefined dDatatypes�
SQL Server aAllows you to create your own datatypes (user-defined datatypes) to supplement those provided by SQL Server.


The advantage of user-defined datatypes is that you can bind rules and defaults to them for use in multiple tables, as well asand tailored them to specific applications. 


For example, you might define a state_code data type as two characters (char[2]) with an associated rule that re�quires all values to appear in a list of 50 valid state codes. 


This behavior is automatically applied whenever a new column having a state_code data type is added to a table.�
�
Single pProcess, mMulti-threaded aArchitecture�
Microsoft SQL Server 6.5 pProvides conistently high performance in a client-/server DBMS.


Conventional DBMSs accommodate concurrent users in two basic ways: either by creating a separate process for each user (—considerably increasing system overhead and memory usage) —or by using a single process to service all user requests—meaning that queries are processed in serial order instead of parallel order.


SQL Server is optimized for Windows NT, and uses a veryfar more efficient design that incorporatesuses multiple native threads within a single process to handle user requests—allowing queries to be processed in parallel with very little overhead and no runtime memory allocation.


This architecture is also memory efficient—SQL   Server needs only about 40K of memory for each additional user.   That compares to the 400K or more needed by other database servers.


TBut the major advantage of the SQL Server multithreaded design is throughput.   SQL Server doesn’t slow down as multiple users are added to the network.�
�
High aAvailability (dDynamic bBackup and aAutomatic rRecovery)�
SQL Server 6.5 aAvoids costly downtime for routine maintenance tasks.   Nothing is more detrimental to productivity than network resources that becomeare periodically unavailable.   


SQL Server dynamic backup allows you to backup databases even while users are actively reading and writing to them—a fundamental requirement for mission-critical applications.


In case of system failure (operating system crashes, power outages, etc.), SQL Server automatic recovery mechanism recovers all databases to the last state of consistency in a matter of minutes, with no administrator intervention.   Your applications can be up and running again right away.


The SQL Server high availability design even allows you to perform database design changes or diagnostics while the system is on-line.


New features in SQL Server 6.5 include backup/restore of individual tables, making disaster recovery easier, and point-in-time recovery that lets you restore a database to a certain point in time.


SQL Server 6.5 also supports Compaq’s Online Recovery Server, for automated fail-over in the event of a system failure.�
�
Device mMirroring (fFault tTolerance)�
SQL Server’s device mirroring capability Pprovides fault tolerant operation to meet critical business application requirements.   A hHigh availability design allows any SQL Server database device to be mirrored, unmirrored, or remirrored on the fly, and automatic cutover provides non-stop operation in case of I/O failures that (requires OS recovery). SQL Server device mirroring allows an administrator to establish a very granular fault-tolerant environment (mirroring only transaction logs, for example).   


Microsoft SQL Server also fully supports Windows NT Server RAID 5 or hardware mirroring for fault-tolerant operation.�
�
Mainframe-level sSecurity�
SQL Server pProvides you the utmost in protection for sensitive data.   


SQL Server implements comprehensive user-level permissions on tables, views, stored procedures, and SQL commands.   It also supports field-level security.   And, because permissions can also be applied to groups, security is easy to implement and administer.


Since security is handled centrally by SQL Server, you don’t have to code elaborate user validation logic into your client applications.


SQL Sever also directly integrates with the Windows NT operating system security to provide a single logon to both network and database resources, with advanced password aging and user account lockout control. New encryption services provide secure over-the-wire data encryption between clients and servers for a high level of distributed security.�
�
Open cClient iInterfaces�
SQL Server offers open (documented and published) application programming interfaces, DB-Library and ODBC, that can enable any software developer to build client applications for SQL Server.   Hundreds of available applications, tools and turnkey business solutions support SQL Server already.   Microsoft is committed to continued enhancement of these interfaces to preserve customer investments.�
�
Support for Multimedia data types�
SQL Server supports large TEXT and IMAGE data types, with a limit of 2GB per field, making it an ideal platform for document and image management applications.  These fields are also very useful for managing Web content.�
�
Distributed dData mManagement�
SQL Server distributed data management aAllows workstations to access and perform transactions to several SQL Servers at the same time, making true distributed applications possible. SQL Server allows you to create a single distributed transaction that updates multiple servers while enforcing data integrity and consistency.   If the workstation or any server were to crash, the partial transactions on all other servers would be rolled back automatically.


SQL Server 6.5 makes this process transparent to the application, with a new component called Distributed Transaction Coordinator (DTC).  DTC support popular programming interfaces such as ODBC, DB-Library, Transact-SQL, XA, and OLE transactions.�
�
Technical sSupport�
Support is a very important component of a product such as SQL Server.  Microsoft offers fee-based, toll free technical support 24 hours a day, 7 days a week. 24 x 7, fee-based support available via 800 number. Mission-critical support includes: immediate, server-down support; technical and management issue escalation; remote diagnostics, problem replication labs; hotfix and service pack releases; detailed bug lists and fix lists;, and on-line services.


Please contact Microsoft at the time of your review for the most current information on support offerings for SQL Server..�
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