DB2 Family: Client/Server Performance Measurement Series DB2/2 <> DB2/CAE/Windows

Document Number Version 1.2

June 26, 1996

Robert Gilles gilles@vnet.ibm.com GILLES at STLVM14

Todd Munk munk@stlps.vnet.ibm.com MUNK at STLVM14

Hugh Smith hugh@vnet.ibm.com SMITHHJ at STLVM14

IBML_{DB2 Performance}

Santa Teresa Laboratory San Jose, California

© Copyright International Business Machines Corporation 1996. All rights reserved. Note to U.S. Government Users — Documentation related to restricted rights — Use, duplication or disclosure is subject to restrictions set forth in GSA ADP Schedule Contract with IBM Corp.

Trademarks

The following are trademarks of the IBM Corporation. An asterisk indicates the trademark is registered.

• DatagLANce • DB2 * • DB2/2 • IBM * • LANStreamer • OS/2 * • PS/2 *

All other trademarks are the properties of their respective owners.

Disclaimer

References in this technical report to IBM products, programs, or services do not imply that IBM intends to make these available in all countries in which IBM operates. Any reference to an IBM product, program, or service may be used. Any functionally equivalent program that does not infringe any of IBM′s intellectual property rights may be used instead of the IBM product, program, or service.

The information contained in this technical report has not been submitted to any formal IBM test and is distributed AS IS. The use of this information or the implementation of any of these techniques is a customer responsibility and depends on the customer′s ability to evaluate and integrate them into the customer′s operational environment. While each item may have been reviewed by IBM for accuracy in a specific situation, there is no guarantee that the same or similar results will be obtained elsewhere. Customers attempting to adapt these techniques to their own environments do so at their own risk.

Any performance data contained in this technical report was determined in a controlled environment, and therefore, the results that may be obtained in other operating environments may vary significantly. Users of this technical report should verify the applicable data for their specific environment.

Acknowledgements

The following people helped make this paper possible.

• Jerry Heglar • Serge Limoges • Mark Ryan • Bill Wilkins

Contents

Trademarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

Disclaimer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2. Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3. Workload Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 Transaction Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 Table Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 Locking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 Physical location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 Buffer Pool Allocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4. Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 Client Equivalence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 CPU Utilization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 LAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 Transactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 Transaction Tx1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 Transaction Tx2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 Transaction Tx3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 Transaction Tx4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 Transaction Tx5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 Transaction Tx6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 Transaction Tx7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

5. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

6. Other sources of information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

1

1. Introduction

This technical report is one of a series of technical reports dealing with performance prediction and capacity planning issues for the DB2 family of products operating in a client/server configuration. The goal of these technical reports is to help the customer:

• Assess proposed configurations for acceptable performance • Assess performance of current configurations • Choose proper hardware capacity for a proposed configuration • Choose the proper software programs for a proposed configuration • Tune a new or current configuration

This report is unique because it describes the impacts on the numerous components involved in a client/server environment as the workload increases in that environment. Use this report as an example configuration that could be analyzed and potentially applied to other configurations. This report describes the throughput, CPU utilization, RAM utilization, network utilization and response times when PowerBuilder clients and OS/2 clients call stored procedures on DB2 to perform OLTP type transactions. Use the results from these measurements to predict performance and plan for capacity in your environment. Particularly noteworthy items are highlighted as general considerations in this report.

2. Configuration

This technical report provides information in regards to the following configuration:

Figure 1. Configuration with DB2 for OS/2

Specifications

• DB2 for OS/2 Version 2.1.1. The processor is a PC500 server with a 90 Mhz Pentium processor and 128 MBytes of memory. The PC500 is attached to a 16 Mbit LAN using a LANStreamer adapter card and configured to use early token release.

• 6 - PowerBuilder Version 4.0.2 with DB2 CAE for Windows Version 2.1.1 clients running on 9595 OPT PS/2s with 60 Mhz Pentium Processors and 80 MBytes of memory. The LAN adapter cards are configured to use early token release.

• 2 - 9595 OPT PS/2s with 60 Mhz Pentium Processors running OS/2 Version 3.0 (WARP). These PS/2s are used to increase the workload in the configuration.

• 16 Mbit Token Ring LAN

Network protocols in use between the components are as follows:

• TCP/IP is in use between the PowerBuilder clients and DB2 for OS/2

cating the defined buffer pool sizes. Table 4 on page 11 describes a buffer pool of 64 MBytes and Table 5 on page 11 describes a buffer pool of 48 MBytes. The average amount of RAM used per client is approximately 0.9 MBytes.

For general consideration:

• DB2 for OS/2 should run on a fast processor. Allow for 0.9 MBytes of memory per client for this type of transaction mix.

• Buffer pool allocation has an effect on CPU utilization and throughput. The larger the buffer pool, the less CPU demand and the greater the throughput. Make sure the buffer pool is not set to a value that paging occurs when adding additional clients or some other system task occurs. Paging is a serious performance degradation.

• There should be multiple hard disks to allow for spreading the data out to multiple drives. Allow the database to manage the containers set up for the data.

Network

The network plays a big part in how well the client/server application will perform, and how big an effect the client/server applications will have on the performance of the database. Delay is the biggest enemy. How big a role delay plays, is dependent on the application. Every time a trip across the network is required, if locks are held, they are held for the time it takes for the messages to move between the client and the database. For these measurements, stored procedures are used, which has the benefit of decreasing the number of SQL calls that must flow across the network as messages. Locks are only held for the time to process the stored procedure and for one network round trip to issue a commit or rollback. So although delay does play a role in these measurements, it could play a larger role in other environments.

Table 4. RAM utilization on PC500 with 64 MByte buffer pool Number of Clients MBytes of RAM 8 108.521 9 109.245 10 110.453 11 111.381 12 111.904 13 112.712 14 113.942 15 114.754

Table 5. RAM utilization on PC500 with 48 MByte buffer pool Number of Clients MBytes of RAM 8 92.121 10 93.849 12 95.412 13 96.303 14 97.377

4. Results 11

The next section describes the effects on the LAN during the measurement runs. For this mix of transactions, the message lengths are never greater than 1,200 bytes, so the following values are set:

• 4K RQRIOBLK definitions in the OS/2 clients

• 4K DOS_RQRIOBLK definitions in the DOS clients LAN Table 6 shows the percentage of LAN utilization and byte rate as the workload is increased. For these measurements, the LAN capacity does not factor in. The 16 Mbit LAN is lightly utilized. Typically, a production environment will have more activity on the LAN. Use these numbers to analyze the additional load introduced on the LAN due to the mix of transactions used in this configuration.

For general consideration, monitor your LAN to make sure it is not being over utilized. Over utilization of the LAN could introduce delays with resultant bad effects on database performance.

Transactions

The next section describes the transactions and the achieved response time at the PowerBuilder clients in relation to the aggregate throughput. The response time duration starts when the end user submits the transaction request. This is after the network connection is established and the end user has entered the input data. The duration ends after the commit or rollback has been issued and all the response data is available to the end user (visible on the computer display).

In this section, graphs depict the point where 90 percent of the transactions complete within the identified maximum response time for the identified throughput. Since this is the 90th percentile, this is an indication of the greatest response time when sampling the fastest 90 percent of the transactions. Most transactions achieve a better response time. The solid line is for the measurements with the buffer pool set to 64 MByte, and the dotted line is for a buffer pool of 48 MBytes. The 48 MByte buffer pool measurements achieve a longer response time than the 64 MByte buffer pool measurements. Figure 3 on page 13 displays the aggregate response time of the transactions for the identified throughput.

Table 6. LAN utilization in relation to TPS

Throughput (TPS) Bytes Per Second % LAN Utilization

4.20 16,657 .83

5.76 20,248 1.01

7.04 23,568 1.18

7.92 26,379 1.32

8.40 25,254 1.26

8.83 28,065 1.40

8.90 28,188 1.41

9.05 27,573 1.38

4. Results 12

Figure 3. Aggregate Response Time

Each procedure described in the following sections, perform different operations which creates various degrees of contention on the tables. The SQL calls in the order they are called, are described for each procedure. CPU constraint on the PC500 is the primary factor for the response time degradation.

For general consideration:

• If the procedure is going to be called frequently, a performance benefit can be obtained by adding a SQLZ_HOLD_PROC to the RETURN statement in the procedure. This statement holds the server library in main memory in preparation for the next invocation of the procedure. This does place a burden on memory resources, though.

• For OLTP type transactions, a performance benefit can be obtained by specifying KEEPDARI YES in the database manager configuration. This eliminates the DARI setup costs for each new transaction. This does place a burden on memory resources, though.

Transaction Tx1

Transaction Tx1 is the most involved of the seven transactions. The transaction calls a stored procedure which performs write operations against tables T3, T4, T6, T8, and T9. The stored procedure performs read operations against tables T2, T3, T5, T7, and T8. Index matching predicates in the WHERE clauses optimize access to all tables. The stored procedure has two input parameters for a byte count between 22 and 190. There are nine output parameters with a maximum byte count of 713.

A summary of the SQL calls in the stored procedure and the order in which they occur are as follows:_{4. Results} 13

SelectT7T2

Fetch and Update T3 InsertT4T6

FetchT5

Loop up to 15 times Fetch and Update T8 InsertT9

End loop

Figure 4 describes the achieved response time for transaction Tx1. The vertical axis represents the response time as seen by the PowerBuilder clients. The horizontal axis represents the overall throughput rate for the aggregate of transactions. The lines represent the point where 90 percent of the Tx1 transactions achieved this response time or better. The solid line is for the measurements with a 64 MByte buffer pool. The dotted line is for the measurements with a 48 MByte buffer pool.

Figure 4. Response Time For Transaction Tx1

The maximum response time for 90 percent of the Tx1 transactions is between 2.0 and 4.5 seconds. Transaction Tx1 shows a gradual response time degradation as the workload increases and an increased degradation at 8 transactions per second for the 48 MByte buffer pool measurements and at 9 transactions per second for the 64 MByte buffer pool measurements. The increased degradation is attributed to CPU constraint on the PC500. The gradual response time degradation can be attributed to the increased workload and resultant contention. Table 7 on page 15 displays the transactions that have potential lock contention with transaction Tx1 on the defined tables. 4. Results 14

Transaction Tx2

Transaction Tx2 calls a stored procedure which performs read operations against tables T6, T7, and T9. Index matching predicates in the WHERE clause optimize access to these tables. The stored procedure has one input parameter for 26 bytes and four output parameters with a maximum byte count of 516.

A summary of the SQL calls in the stored procedure and the order in which they occur are as follows: For 60% of the time:

SelectT7

Loop up to 4 times Fetch from T7 End loop End 60% of the time

SelectT7T6

Loop up to 15 times FetchT9

End loop

Figure 5 on page 16 describes the achieved response time for transaction Tx2. The vertical axis represents the response time as seen by the PowerBuilder clients. The horizontal axis represents the overall throughput rate for the aggregate of transactions. The lines represent the point where 90 percent of the Tx2 transactions achieved this response time or better. The solid line is for the measurements with a 64 MByte buffer pool. The dotted line is for the measurements with a 48 MByte buffer pool.

Table 7. Potential Lock Contention For Transaction Tx1 Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7 T2 yes T3 yes yes T4 yes yes T5 yes T6 yes yes T7 yes yes T8 yes T9 yes yes

Figure 5. Response Time For Transaction Tx2

The maximum response time for 90 percent of the Tx2 transactions is between 1.0 and 1.5 seconds. Transaction Tx2 begins to show gradual response time degradation throughout the measurements. There is almost no difference between the 48 MByte buffer pool measurements and the 64 MByte buffer pool measurements. The gradual response time degradation can be attributed to increased workload and resultant contention. Table 8 displays the transactions that have potential lock contention with transaction Tx2 on the defined tables.

Transaction Tx3

Transaction Tx3 calls a stored procedure which performs write operations against tables T1, T2, T3, and T7. The stored procedure performs read operations against tables T2, T3, and T7. Access to all tables, except T1, use index matching predicates in the WHERE clauses to optimize access to the tables. The stored procedure has one input parameter for 39 bytes and six output parameters with a maximum byte count of 551.

A summary of the SQL calls in the stored procedure and the order in which they occur are as follows:

Table 8. Potential Lock Contention For Transaction Tx2

Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7

T6 yes yes

T7 yes yes

T9 yes yes

The maximum response time for 90 percent of the Tx4 transactions is between .5 and 1.5 seconds. Transaction Tx4 shows a consistent response time with some improvement as the workload increases. Transaction Tx4 updates table 5 which is 100% preloaded into buffers. The response times reflect this. The response times for the 48 MByte buffer pool measurements are consistently higher than the 64 MByte buffer pool measurements. Table 10 displays the transactions that have potential lock contention with transaction Tx4 on the defined tables.

Transaction Tx5

Transaction Tx5 calls a stored procedure which performs read operations against the T5 table. Index matching predicates in the WHERE clause optimize access to this table. The stored procedure has one input parameter with a byte count between 8 and 120. It has seven output parameters with a maximum byte count of 590.

A summary of the SQL calls in the stored procedure and the order in which they occur are as follows: Loop up to 15 times SelectT5

End loop

Figure 8 on page 20 describes the achieved response time for this transaction. The vertical axis represents the response time as seen by the PowerBuilder clients. The horizontal axis represents the overall throughput rate for the aggregate of transactions. The lines represent the point where 90 percent of the Tx5 transactions achieved this response time or better. The solid line is for the measurements with a 64 MByte buffer pool. The dotted line is for the measurements with a 48 MByte buffer pool.

Table 10. Potential Lock Contention For Transaction Tx4

Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7

T5 yes

Figure 8. Response Time of Transaction Tx5

The maximum response time for 90 percent of the Tx5 transactions is between .5 and 1.5 seconds. Transaction Tx5 shows a gradual response time degradation as the workload increases. The gradual response time degradation can be attributed to the increased workload and resultant contention. There is little difference between the 48 MByte buffer pool measurements and the 64 MByte buffer pool measurements. Table 11 displays the transactions that have potential lock contention with transaction Tx5 on the defined tables.

Transaction Tx6

Transaction Tx6 calls a stored procedure which performs read operations against tables T3, T8, and T9. Index matching predicates in the WHERE clause optimize access to the rows. The stored procedure has one input parameter with a byte count of 8 and three output parameters with a maximum byte count of 78.

A summary of the SQL calls in the stored procedure and the order in which they occur are as follows: SelectT3

SelectT8 joined with T9

Table 11. Potential Lock Contention For Transaction Tx5

Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7

T5 yes

4. Results 20

Figure 9 on page 21 describes the achieved response time for this transaction. The vertical axis represents the response time as seen by the PowerBuilder clients. The horizontal axis represents the overall throughput rate for the aggregate of transactions. The lines represent the point where 90 percent of the Tx6 transactions achieved this response time or better. The solid line is for the measurements with a 64 MByte buffer pool. The dotted line is for the measurements with a 48 MByte buffer pool.

Figure 9. Response Time for Transaction Tx6

The maximum response time for 90 percent of the Tx6 transactions is between 4.0 and 7.0 seconds. Transaction Tx6 shows a response time degradation throughout the measurements. Tx6 is CPU intensive due to the join between tables T8 and T9, so as the CPU demands increase, Tx6 is effected. Add to this the resultant contention on the tables, especially table T3, which is small, and the effect on response time is enhanced. The 48 MByte buffer pool measurements are consistently worse than the 64 MByte buffer pool measurements. Table 12 displays the transactions that have potential lock contention with transaction Tx6 on the defined tables.

Table 12. Potential Lock Contention For Transaction Tx6

Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7

T3 yes yes

T8 yes

T9 yes yes

Transaction Tx7

Transaction Tx7 calls a stored procedure which performs write operations against tables T4, T6, T7, and T9. The stored procedure performs read operations against tables T4, T6, and T9. Index matching predicates in the WHERE clauses optimize access to these large tables. The stored procedure has one input parameter for 6 bytes and three output parameters with a maximum byte count of 78.

A summary of the SQL calls in the stored procedure and the order in which they occur are as follows:

Loop up to 10 times Fetch and Delete T4 Fetch and Update T6 UpdateT9

SelectT9

UpdateT7

End loop

Figure 10 describes the achieved response time for this transaction. The vertical axis represents the response time as seen by the PowerBuilder clients. The horizontal axis represents the overall throughput rate for the aggregate of transactions. The lines represent the point where 90 percent of the Tx7 transactions achieved this response time or better. The solid line is for the measurements with a 64 MByte buffer pool. The dotted line is for the measurements with a 48 MByte buffer pool.

Figure 10. Response Time For Transaction Tx7 4. Results 22