PIOFS Measurement Data **************************************************************** How this Document is organized ****************************************************************

This file consists of three sections. The first offers a summary of information collected from a series of measurements. It is intended to provide guidance to what performance can be expected from a given configuration. The next one tells where to find information on how to set certain tuning parameters to optimize performance. The third part is the set of measurements that form the basis for the recommendations in the first section.

****************************************************************

Estimating the Number of Server Nodes you need.

****************************************************************

The number of server nodes is a function of at least four application/hardware characteristics, plus the tuning parameters discussed below. The four characteristics are: (1) random or sequential processiing; (2) percentage of reads and writes; (3) the number of disks accessed and their speeds; and (4) the record length.

Reads and writes with 64K byte record lengths, or larger, are usually faster than with 4k byte records. Writes are often faster than reads, but can be slower for certain record sizes. Sequential accesses are usually faster than random ones. Two disks, instead of one, improve read speeds, even with a SCSI adapter. Write speeds can also benefit from a second disk, but it requires another SCSI adapter. SSA adapters improve performance with multiple disks until the total bandwidth reaches about 10 Megabytes/sec.

****************************************************************************** PIOFS tuning information.

*******************************************************************************

This information is provided ″as is″ without warranty of any kind, either expressed or implied.

*******************************************************************************

The observations above are based on GA code and the following data:

With one client and one server on two wide nodes, with two 9334 disks on one SCSI adapter, we measured:

sequential reads from 2 to 4 MB/sec for records from 4K to >16K bytes sequential writes from 1 to 5 MB/sec for records from 4K to >128K bytes

Random reads from .2 TO 3.3 MB/sec for records from 4K to 256K bytes (performance approaches that of sequential reads for records > 256k) Random writes from .4 TO 4.4 MB/sec for records from 4K to 256K bytes (performance peaks at or near multiples of 63K bytes)

The performance data was measured with a RS/6000 SP with the high- performance switch and no switch traffic except for PIOFS requests.

Similarly, with one client and one server, each on a thin node, with four 7332 disks on a SSA loop, we measured:

sequential reads from 2 to 7 MB/sec for records from 4K to > 256K bytes sequential writes from 1 to 7 MB/sec for records from 4K to > 256K bytes With one client and four servers, each on a thin node, where every server has four 7332 disks on a SSA loop, we measured:

sequential reads from 8 to 10 MB/sec for records from 64K to > 256K sequential writes from 6 to 10 MB/sec for records from 64K to > 256K One fourth of each record is stored or retrieved from each of the four servers. This data is an indication of performance at a single client node.

With one server and four clients, each on a thin node, where the server has four 7332 disks on a SSA loop, and each client reads and writes to a unique file at the server, we measured sequential reads at 6 MB/sec for records from 128K to >256K bytes sequential writes at 5.5 MB/sec for records from 128K to >256K bytes This data is an indication of performance at a single server node. In all cases your performance on specific jobs will be faster or slower depending on many factors which are not described here, such as other switch traffic. Our read measurements were repeatable within about 6 %; writes varied by about 20%. ************************* PIOFS tuning parameters ************************* PIOFS uses the user datagram protocol (UDP) to send messages and data between client and server nodes. Several tunable parameters are available which have a direct impact on UDP performance. To get the best possible performance using UDP, it is important to understand the purpose of these tunable parameters so that they can be set correctly for a particular PIOFS configuration. See publication SH34-6065-02 (IBM AIX Parallel I/O File System: Installation, Administration, and Use) and the README file in the install image on how to set them.

Use the piofs.profile file or the PFS_CREATE command in pfsioctl() to create files with a bsu of 256K (262144) or larger.

***********************************************************************

Extending Parallel System Performance with the Parallel I/O File System

***********************************************************************

For certain types of engineering/scientific applications, I/O performance becomes critical in several ways. As processors become faster, it is important that they not be starved for data input. Also, it may be necessary to accommodate files larger than 2 gigabytes.

This paper explores the ways IBM′s Parallel I/O File System (PIOFS) can help applications achieve significant throughput improvement. PIOFS became available for general use in August of 1995.

Introduction

In parallel file systems, a distinction is sometimes made between server nodes and client nodes. Server nodes store the data to be processed; client nodes do most of the calculations. One advantage of parallel systems is that a client node can obtain data from multiple server nodes. The speed of data transmission benefits if there is a high-speed multi-channel switch connecting the nodes.

PIOFS Overview

PIOFS is designed to improve the application disk I/O bandwidth by allowing a client node to retrieve information from several server nodes at once. Data is striped across the server nodes and also across the disks within a node. PIOFS lets the user easily change the way the data is viewed by adjusting the appropriate parameters.^{(1)} Plus, PIOFS allows one to specify files that are greater than 2 gigabytes.

PIOFS Performance with 1 Client and 1 Server

It is convenient to start with a single client and a single server, on separate nodes, as a basis for comparison with larger configurations. The nodes are connected with an IBM High-Performance Switch. Figure 1 shows the elapsed time to read or write a fixed amount of data under various conditions. The file size is a constant 750 Megabytes, while the record size varies from 4k to 256k bytes. Other variables are the type of access (serial or random), and the number of disks (1 or 2 9334s). Both client and server are wide nodes.

The server node actually has more than 2 disks attached, but it only has one adapter. Spreading the data over 3 or 4 disks does not improve performance because the single adapter is the bottleneck. Other configurations, with disks attached via SSA adapters, deliver better throughput, as illustrated later in this paper.

Figure 1.

Figure 1 demonstrates that the time required to process the file with serial accesses shows much less variation than the processing time with random reads or writes. The processing time is a function of the number of buffers processed, so smaller buffer sizes require a larger total of CPU time to move the data. Serial reads or writes can avoid some of this overhead by referring to two user-controlled parameters, minpgahead and maxpgahead. They control how many records will be retrieved with a single disk access.

Random accesses do not benefit from the the look-ahead parameters. However, Figure 1 does show that performance using random accesses approaches serial access rates with increasing record sizes for both reads and writes. It has been our experience that most engineering/scientific applications process data in sequential fashion.

Figure 1 leads to the conclusion that writing a file spread over 2 disks takes about the same amount of time as writing it on a single disk. The data is first cached in server node storage, and written out to disk if replaced by new information. A syn-

Figure 4. It is a simple matter to divide the total CPU time in Figure 3 by the elapsed time in

Figure 1, to give the CPU utilization in Figure 4. As one would expect, the CPU utilization for writes is lower than for reads. Although the server CPU utilization fluctuates, we know from Figure 3 that the CPU seconds only vary with record size for writes.

Since utilization is the ratio of CPU time to elapsed time, and the numerator is constant over much of the range of record sizes, the source of variability must be in the denominator, the elapsed time. Thus, the variation in CPU utilization must be because of factors that affect the elapsed time, such as disk arm movement, or transmission time over the switch. 8

Figure 6.

PMP Layer The PIOFS Message Passing layer (including UDP/IP) needs about twice as much

CPU time to send data as it does to receive it. The measured CPU times are shown in Figure 6. Since the server node sends out the data after it has been read, it is the CPU time while reading the file that is the higher of the two.

The client node needs the same amount of time as the server node to send or receive data. Since the client is receiving when the server is sending, the corresponding graph for the client node is the same as Figure 6 with the labels for reading and writing interchanged. 10