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Taming Your Emu to Improve
Application Performance

One of my favorite features of the Solaris™ 9 Operating System (Solaris OS) is
multiple page size support (MPSS). Why? Because it's one of the easiest ways to
achieve a significant performance gain for a large range of applications.

Memory intensive applications that have a large working set often perform
suboptimally on the Solaris OS without a little tuning. This is because they make
inefficient use of the microprocessor's translation lookup buffer (TLB) facility. MPSS
allows you to exploit larger page sizes for the microprocessor’s memory
management unit (MMU, or M-Emu), which allows more efficient use of the TLB,
ultimately resulting in improved application performance.

Applications most likely to benefit from MPSS typically have working sets greater
than a few hundred megabytes, and are memory intensive. Because the TLB can only
hold a few hundred translations at a time, these applications typically overflow the
microprocessors TLB. The Solaris kernel services overflows from the UltraSPARC™
TLB, which can result in a significant amount of system-software time.

There is a catch, however. Regular performance tools like mpstat , sar , and vmstat
do not report the time spent processing TLB overflows (we refer to them as TLB
misses) as system time. Instead, they report an application's TLB misses as user time.
This can be quite misleading because it can appear that the CPU is spending all of its
time running an application when, in fact, it is really spending a large fraction of
time in the kernel.

This Sun BluePrints™ OnLine article explains how to engage the MPSS feature on
the Solaris OS and how to analyze its effect on performance. It briefly explains the
hardware feature being exploited, how to measure the usage of this hardware
feature with standard Solaris OS tools, and the ways by which users and
programmers can invoke the feature. The article doesn't explain the underlying
theory in great detail, but provides working examples and references to help you
locate additional information on the subject.



Catching Your Emu With trapstat

To help you determine how frequently an application overflows the TLB, the Solaris
9 OS introduces a new tool called trapstat . This tool provides an easy way to
measure the time spent in the kernel servicing TLB misses. Using the -t option,
trapstat  reports how many TLB misses occur and what percentage of the total
CPU time is spent processing TLB misses.

The -t option provides first-level summary statistics. Time spent servicing TLB
misses is summarized in the lower right corner of the report. As shown in the
following example, 46.2 percent of the total execution time is spent servicing TLB
misses. The TLB miss detail is broken down to show TLB misses incurred in the data
portion of the address space (dTLB) and for the instruction portion of the address
space (iTLB). Data are also provided for user misses (u) and kernel-mode misses (k).

We are primarily interested in the user-mode misses because our application likely
runs in user mode.

sol9# trapstat-t1 111
cpu m| itlb-miss %tim itsb-miss %tim | dtlb-miss %tim dtsb-miss %tim |%tim

----- + + E—
0 ul 100 000| 2171237457 0 0.0[45.7
0k 200 000| 375101 700]01
+ + +
] 300 000| 2192238462 7 0.0[46.2

For additional detail, you can use the -T option to provide a per-page-size

breakdown. In our example, trapstat -T, shows that almost all of the misses
occurred on 8-kilobyte pages.

sol9# trapstat -T 1
cpu m size| itlb-miss %tim itsb-miss %tim | dtlb-miss %tim dtsb-miss %tim |%tim
Ou 8K| 30 0.0 0 0.0] 2170236 46.1 0 0.0]46.1
Ou 64k 0 0.0 0 0.0] 0 0.0 0 0.0/0.0
0 u 512k| 0 0.0 0 00| 0 0.0 0 0.0]0.0
Ou 4m| 0 0.0 0 00| 0 0.0 0 0.0]|0.0
----- S S
Ok 8K| 10.0 0 00| 4174 0.1 10 0.0|0.1
0k 64k| 0 0.0 0 0.0] 0 0.0 0 0.0|0.0
0 k 512k| 0 0.0 0 0.0 0 0.0 0 0.0]0.0
Ok 4m| 0 0.0 0 00| 0 0.0 0 0.0|0.0
+ + +
ttl | 31 0.0 0 0.0| 217441046.2 10 0.0 |46.2
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We can conclude from this output that the application could potentially run almost
twice as fast if we could eliminate the majority of the TLB misses. Our objective in
using the mechanisms discussed in the following paragraphs is to minimize the
user-mode data TLB misses (dTLB) by instructing the application to use larger pages
for its data segments. Typically, data misses are incurred in the program's heap or
stack segments. We can use the Solaris 9 OS MPSS commands to direct the
application to use 4-megabyte pages for its heap, stack, or anonymous memory
mappings.

Programming Your Emu

Prior to the Solaris 9 OS, databases were typically the only users of larger page sizes
through the intimate shared memory (ISM) facility provided by the SHM_SHARE_MMU
option of shmat (2). The Solaris 9 OS provides three methods for advising preferred
page sizes for applications:

= Wrapper program, ppgsz (1)
= Preload library, libmpss.so.1
= Programmatic interface, memcntl (2)

UltraSPARC supports four page sizes; 8 kilobyte (default), 64 kilobyte, 512 kilobyte,
and 4 megabyte.

Enabling large pages for an application's heap is quite straightforward. Simply wrap
the target binary with the ppgsz command and the appropriate options, as follows;

sol9# ppgsz -0 heap=4M ./testprog &
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After starting the target program, you can check to see how many large pages were
allocated with the pmap -sx command. In the following example, the majority of the
heap has been allocated with 4-megabyte pages:

sol9% pmap -sx pgrep testprog

2953: ./testprog

Address Kbytes RSS Anon Locked Pgsz Mode Mapped File
00010000 8 8 - - 8K r-x-- dev:277,83 in0:114875
00020000 8 8 8 - 8K rwx-- dev:277,83 in0:114875
00022000 3960 3960 3960 - 8Krwx-- [heap]
00400000 131072 131072 131072 - 4Mrwx-- [heap]
FF280000 120 120 - - 8Kr-x-- libc.so.1

FF29E000 136 128 - - -r-x-- libc.so.1

FF2C0000 72 72 - - 8Kr-x-- libc.so.1

FF2D2000 192 192 - - -r-x- libc.so.1

FF302000 112 112 - - 8Kr-x-- libc.so.1

FF31EO00 48 32 - - -r-x- libc.so.1

FF33A000 24 24 24 - 8K rwx-- libc.so.1

FF340000 8 8 8 - 8K rwx-- libc.so.1

FF390000 8 8 - - 8K r-x-- libc_psr.so.1

FF3A0000 8 8 - - 8Kr-x-- libdl.so.1

FF3B0000 8 8 8 - 8Krwx-- [anon]

FF3C0000 152 152 - - 8Kr-x-- ld.so.1

FF3F6000 8 8 8 - 8K rwx-- ld.so.1

FFBFAOOO 24 24 24 - 8Krwx- [stack]

total Kb 135968 135944 135112 -

The ppgsz command is the simplest to use, but the specified page size preferences
will not be inherited across exec (2) calls. If your program execs another and you

want the page size preferences, you should use the mpss.so.1 preload library to
make this happen.

The mpss.so.1 shared object in /ust/lib provides a means by which the
preferred stack or heap page size can be automatically enforced for launched
processes and their descendants. The library has an the advantage over the wrapper
in that page sizes are inherited across exec (2). To enable mpss.so , set LD_PRELOAD
in the environment [see Id.so.1  (1)], along with one or more MPSS environment
variables. For example, you might use either of the following variables to specify the
preferred page sizes for the heap and stack, respectively. The specified page size(s)
are applied to all created processes.

MPSSHEAP=size

MPSSSTACK=size
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For example, using sh or ksh:

sol9# LD_PRELOAD=$LD_PRELOAD:mpss.s0.1 MPSSHEAP=4M
sol9# ./myprog

Or, using csh or tcsh

sol9# setenv LD_PRELOAD $LD_PRELOAD:mpss.so.1
sol9# setenv MPSSHEAP 4M
sol9# ./myprog

To confirm that the application is now running more efficiently, run trapstat
again. ldeally, the percentage of time spent in the kernel will be lower. In this
example, the percentage of time has dropped from 46.2 percent to 0.2 percent!

sol9# trapstat-T 1
cpu m size| itlb-miss %tim itsb-miss %tim | dtlb-miss %tim dtsb-miss %tim |%tim

+.

+

Foeme

Ou 8K 3000 000|] 22101 000]01
Ou6dk 000 000 000 000]00
Ou512k| 000 0 0.0] 000 00000
Ou 4m| 000 000] 000 000]00
----- s S
0k 8k| 100 000| 427101 10 0.0]0.1
Ok 64k 000 000] 000 00000
0k512kf 000  000] 000 00000
Ok 4m| 000 000] 000 00.0]00
+ + +
] 3100 000| 449102 10 0.0]0.2

Things to Watch Out For

TLB sizes vary between UltraSPARC versions. The UltraSPARC | and Il
microprocessors (143 megahertz-480 megahertz) data TLB has 64 entries that
supports all four page sizes. User applications can use any of the four page sizes
available.

However, the 750-megahertz UltraSPARC 1l microprocessor includes several small
TLBs and one large 512-entry TLB that supports only 8-kilobyte entries. Thus, use of
large pages is typically not beneficial on 750 megahertz UltraSPARC Ill systems.
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The 900-megahertz UltraSPARC 11l onwards has two large 512 entry TLBs, one of
which is configured automatically based on the most common page sizes in a
process address space. A process using one large page size in addition to the base
page size (8 kilobytes) will have one of its large TLBs automatically programmed to
enable the large page size when there are eight or more pages using the larger page
size within the process. Thus, large pages can be used very effectively on
UltraSPARC I1I. However, since the large TLBs can be configured only for one page
size per process at a time, only two pages sizes should be used concurrently
(typically 8 Kkilobytes plus one other size).

Another point of interest is large page fragmentation. Large pages require
contiguous physical memory, and if smaller pages fragment physical memory, a
request for larger pages might not be fulfilled. When the system boots, a sizeable
pool of large pages is available, but if a significant number of smaller page sizes are
allocated and locked down, an application requesting larger page sizes might not
have its request fulfilled with the larger page size. The application’s request for
memory is still satisfied, it just might not be allocated with its preferred larger page
size. In this case, it will still run, but its mappings will be backed by smaller page
sizes. For this reason, it is advisable to use pmap -xs to ensure that larger page sizes
are indeed allocated.

There is, however, a way to minimize the amount of fragmentation. The Solaris 9
kernel will attempt to relocate pages in order to create the required contiguous
memory; this works for all but locked pages. By enabling the kernel cage, you can
vastly improve this situation because the kernel will be allocated from a small
contiguous range of memory, thus minimizing the fragmentation of other pages
within the system.

The kernel cage is enabled on Sun Enterprise™ 10K and Sun Fire™ 15K systems, but
not on other systems. You can enable it by setting the kernel_cage_enable in
letc/system  , as follows:

set kernel_cage_enable=1
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Commands and API Quick Reference

The following table summarizes the commands and tools described in this article.

ppgsz

pmap -sx

mpss.so.1

trapstat -t
trapstat -T

cc

An administrative wrapper program for advising page size preferences.
The ppgsz command is not inherited across exec () by a new program.

A utility to print the MMU page size for each mapping in the program.

A preload library enabled by setting LD_PRELOAD=mpss.so0.1 for
advising page size preferences for existing applications. Advice is held
across exe c() of a new program.

A tool for measuring the amount of time spent servicing TLB misses.

New options are included in the Sun™ ONE Studio 8 compiler
-xpagesize_heap  and -xpagesize_stack

About the Authors

Richard has over 15 years of UNIX® experience including application design, kernel
development, and performance analysis. Richard specializes in operating system
tools and architecture.

Ordering Sun Documents

The SunDocs*™ program provides more than 250 manuals from Sun Microsystems,
Inc. If you live in the United States, Canada, Europe, or Japan, you can purchase
documentation sets or individual manuals through this program.
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Accessing Sun Documentation Online

The docs.sun.com  web site enables you to access Sun technical documentation
online. You can browse the docs.sun.com archive or search for a specific book title
or subject. The URL is http://docs.sun.com/

To reference Sun BluePrints OnLine articles, visit the Sun BluePrints OnLine Web site
at: http://www.sun.com/blueprints/online.html
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