DB2 Family: Client/Server Performance Measurement Series DB2/400 <> DDCS/2 <> DB2/CAE/Windows

Document Number Version 1.3

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 * • DB2/400 • Distributed Database Connection Services/2 • IBM * • LANStreamer • OS/400 * • 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 • Akira Shibamiya • Rick Peterson • John Broich • Mark Anderson

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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 LAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 Transactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 Transaction Tx1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 Transaction Tx2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 Transaction Tx3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 Transaction Tx4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 Transaction Tx5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 Transaction Tx6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 Transaction Tx7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

5. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

6. Other sources of information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

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 an example configuration that could be analyzed and potentially applied to other configurations. This report describes the throughput, CPU utilization, RAM utilization, CCU 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 capacity plan 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/400

Specifications

• DB2 for OS/400 Version 3.1. The processor is a 9406-30S (2-way) with 384 MByte of main memory.

• Distributed Database Connection Services for OS/2 (DDCS/2) Version 2.3 running on 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 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

• DDCS/2 should run on a fast processor with enough memory to handle the number of expected clients. Plan for 300 KBytes for each client passing through DDCS/2. The base level of RAM for the PC500 should be based on the number of applications and RAM requirements for those applications.

• Hard disk capacity is not an issue for DDCS/2 because the processing requirements do not require large amounts of disk capacity.

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.

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 RUSIZE definition on the OS/400

• 4K RQRIOBLK definition in DDCS/2

• 4K RQRIOBLK definitions in the OS/2 clients

• 4K DOS_RQRIOBLK definitions in the DOS clients LAN Table 5 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.

Table 5. LAN utilization in relation to TPS

Throughput (TPS) Bytes Per Second % LAN Utilization

6.67 20,387 1.02

9.29 27,568 1.38

11.20 35,134 1.76

11.73 37,014 1.85 4. Results 11

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 monitor).

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. Figure 3 displays the aggregate response time of the transactions for the identified throughput.

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 9406-30S is the primary factor for the response time degradation.

Transaction Tx7 schedules a batch job and returns to the client. Because the response time for this transaction measures the scheduling of the work and not the actual processing of the stored procedure, the completion of Tx7 is not included in the response time graphs. Even though Tx7 executes in batch mode, it does have an effect on the processing of the other transactions as it competes for the resources._{4. Results} 12

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: For 60% of the time SelectT7

Loop up to 4 times

Fetch from T7 End loop End 60% of the time Fetch and Update T7 Conditionally Fetch and Update T2T3

InsertT1

Figure 6 on page 17 describes the achieved response time for transaction Tx3. 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 solid line represents the point where 90 percent of the Tx3 transactions achieved this response time or better.

Table 7. Potential Lock Contention For Transaction Tx2

Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7

T6 yes yes

T7 yes yes

T9 yes yes

Figure 6. Response Time For Transaction Tx3

The maximum response time for 90 percent of the Tx3 transactions is between 0.7 and 1.5 seconds. Transaction Tx3 shows a gradual response time degradation as the workload increases and an increased degradation at 11 transactions per second which is attributed to CPU constraint on the 9406-30S. The gradual response time degradation can be attributed to the increased workload and resultant contention. Table 8 displays the transactions that have potential lock contention with transaction Tx3 on the defined tables. Both tables T2 and T3 tables are small, so the contention potential is great.

Transaction Tx4

Transaction Tx4 calls a stored procedure which performs a write operation against T5. Index matching predicates in the WHERE clause optimize access to this table. The stored procedure has one input parameter for 8 bytes and three output parameters with a maximum byte count of 99.

A summary of the SQL calls in the stored procedure and the order in which they occur are as follows: UpdateT5

Table 8. Potential Lock Contention For Transaction Tx3 Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7 T1 yes T2 yes T3 yes yes T7 yes yes

4. Results 17

Figure 7 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 solid line represents the point where 90 percent of the Tx4 transactions achieved this response time or better.

Figure 7. Response Time for Transaction Tx4

The maximum response time for 90 percent of the Tx4 transactions is between 0.6 and 2.0 seconds. Transaction Tx4 shows a consistent response time degradation as the workload increases. The gradual response time degradation can be attributed to the increased workload and resultant contention. Transaction Tx4 runs 1.0 percent of the time, therefore, the sampling is low which can result in sampling anomalies which is evident at 11 transactions per second. Table 9 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.

Table 9. Potential Lock Contention For Transaction Tx4

Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7

T5 yes

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 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 solid line represents the point where 90 percent of the Tx5 transactions achieved this response time or better.

Figure 8. Response Time of Transaction Tx5

The maximum response time for 90 percent of the Tx5 transactions is between 0.7 and 1.2 seconds. Transaction Tx5 shows a gradual response time degradation as the workload increases and an increased degradation at 11 transactions per second which is attributed to CPU constraint on the 9406-30S. The gradual response time degradation can be attributed to the increased workload and resultant contention. Table 10 displays the transactions that have potential lock contention with transaction Tx5 on the defined tables.

Table 10. Potential Lock Contention For Transaction Tx5

Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7

T5 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.

Transaction Tx7 runs as a batch job on the OS/400, so response time measurements at the client are not applicable.

A summary of the SQL calls 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

Table 12 displays the transactions that have potential lock contention with transaction Tx7 on the defined tables.

Table 11. Potential Lock Contention For Transaction Tx6 Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7 T3 yes yes T8 yes T9 yes yes

Table 12. Potential Lock Contention For Transaction Tx7 Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7 T4 yes yes T6 yes yes T7 yes yes T9 yes yes

4. Results 21

5. Conclusions

This technical report shows the results and analysis of some performance measurements for a client/server relational database configuration that includes DB2 for OS/400, DDCS/2, DB2/CAE/Windows with PowerBuilder. The goal of these measurements is to provide an example environment and analysis that will help a 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

Throughout the report, ″General Considerations″ are identified. This information is specially identified as information to consider for tuning and capacity planning analysis. This does not imply that all information is summarized in these general considerations, because the information provided in this report can provide additional information dependent on the analyzer′s reference point.

This report focuses on the use of stored procedures for online transaction processing types of environments. Network delays play an important role in how well the environment performs. Through the use of stored procedures, network delay plays a lesser role, but is not eliminated. For example, each transaction consists of a stored procedure call and a commit (or rollback). This results in two ″round trip″ message flows from the client to the database. After the stored procedure completes, any locks created remain held until the commit or rollback flows across the wire. Without stored procedures, locks might be held much longer because there are two ″round trip″ messages for every SQL statement.

The burden of providing good throughput in a client/server environment falls on several different people:

• Network designers to make sure the network has capacity and an efficient path exists between the client and target database.

• Database administrators to make sure the target database and gateway (DDCS/2) is operating within capacity and tuned for client/server access.

• Application programmers to make sure the program is efficiently manipulating the database, for example, use of indexes.

• Any other administrators of software programs that might exist between the client and the target database (i.e. gateways).

The importance of this report is that it provides a reasonably tuned client/server database configuration. It achieved a certain level of throughput using a combination of components. Some questions to ask when analyzing this report to apply towards your environment are:

• How does the data throughput compare to my environment or proposed environment?

− On the LAN? − Through DDCS/2?

© Copyright IBM Corp. 1996 22

• How much processor capacity would I need for my environment considering the throughput and transaction mix? DDCS/2, DB2, etc...

• Is the response time at the clients reasonable, or can I trade worse response time for additional clients?

• How much network line capacity would I need considering throughput? • How many network devices are between the clients and the database?

5. Conclusions 23

6. Other sources of information

• DB2/400 SQL Programming SC41-3611 • AS/400 Performance Capabilities Reference Available through your marketing representative • DRDA Connectivity Guide SC26-4783 • DB2 Administration Guide For Common Server V2 S20H-4580