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Introduction to the
enhancements

AIX 5L represents the next generation of AIX. Built on a proven code base, AIX
5L is designed to exploit advanced 64-bit system and software architectures
while introducing:

» Logical partitioning

» Improved workload management

» Integrated Linux affinity

» Network performance improvement
» System security enhancements

» Reliability, availability, and serviceability (RAS) enhancements and
performance-tuning tools

» Cluster Systems Management

AIX 5L Version 5.2 moves the operating system into the next stage of IT
infrastructure self-management with innovative scalability technology while
continuing to offer application flexibility with Linux, tools that simplify systems
management, leadership security mapping between heterogeneous platforms,
and affinity with pSeries focus market segments. The addition of dynamic logical
partitioning and keyed Capacity Upgrade on Demand significantly improves
flexibility, workload management, and system resource use in the datacenter.
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AIX 5L Version 5.2 reliability and scalability, combined with application binary
compatibility across all AIX Version 5 releases and concurrent 32/64-bit
functionality, make it the best choice for customers who:

>

>

>

Require a robust platform for business-critical applications

Want to leverage their IT investments in technology and skills

Have network interoperability requirements with heterogeneous systems
Need components and tools to build tailored solutions

Want to reduce the cost of computing through improved systems and network
management

Need security at all levels of their operating, application, and network
environments

Deploy applications worldwide requiring multilingual support

AIX 5L Differences Guide Version 5.2 Edition



1.1 AIX 5L Version 5.2 enhancements

The following set of topics was taken from the AIX 5L Version 5.2 announcement
materials. The goal is to provide you with a correlation between the
announcement and the organization within this guide. This list is not an
exhaustive list of enhancements to AIX 5L Version 5.2, but a list of the key
features recently introduced.

» Flexibility
— Affinity with Linux

Helps deliver services across technology boundaries by allowing portable
Linux applications to be combined with the scalability and robustness of
AlX. For more information, see Chapter 11, “Linux affinity” on page 731.

» System scalability
— JFS2 file system

Efficient storage of large (16 Terabyte) files assists deployment of
advanced applications and databases (see 4.3.9, “File size enhancement
(5.2.0)” on page 221).

— Large pages
16 MB pages help improve throughput for p670/p690 compute-intensive

workloads that require large amounts of data to be transferred between
memory and storage (3.6.2, “Large page support” on page 143).

» Logical partition support for p670/p690
— Dynamic LPAR

Enables addition or removal of processors, adapters or memory without
system reboot, improving system availability and resource utilization
(3.2.4, “Dynamic LPAR (5.2.0)” on page 104).

— Dynamic Capacity Upgrade on Demand (CUoD)

Allows activation of additional processors when needed—without a
system or partition reboot, for greater flexibility and improved workload
throughput (3.3, “Capacity Upgrade on Demand” on page 131).

— Dynamic processor sparing (with CUoD)

Supports dynamic substitution of failing processors with spare, inactive
processors to help keep systems available and processing their assigned
workloads (3.4, “Dynamic CPU sparing and CPU Guard (5.2.0)" on

page 133).
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» e-business and network performance
— Virtual IP address (VIPA)

Helps applications remain available if a network connection is lost (8.6,
“Virtual IP address support” on page 493).

— |IP multipath routing

Improves network availability by providing multiple routes to a destination
(8.3.1, “Multipath routing” on page 458).

— Multiple default gateways

Keeps traffic moving through a network by detecting and routing around
dead gateways (8.3.2, “Dead gateway detection” on page 464).

— Mobile IPv6

Extends Internet connectivity to small, hand-held devices (8.7, “Mobile
IPv6 (5.2.0)” on page 500).

— Network tuning interface

Helps reduce administrative effort associated with managing and tuning
networks (7.2.1, “The /etc/tunables commands” on page 423).

» Security
— Kerberos Version 5 authentication

Helps administrators simplify password authentication for users
connecting to several machines (9.2.3, “Native Kerberos Version 5
support” on page 573).

— Pluggable Authentication Module (PAM)

Permits the use of distributed security services to reduce administrative
effort associated with linking users to multiple applications (9.13,
“Pluggable Authentication Module support” on page 612).

— Enterprise identity mapping

Allows a user single-point access to a network comprised of
heterogeneous server platforms (9.18, “Enterprise Identity Mapping
(5.2.0)” on page 647).

» Java
— Included in base AlIX

Delivers a popular cross-platform programming language for e-business
applications (2.11, “Java currency” on page 27).
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Systems and resource management

Fix Manager

Provides reports that compare fix levels on a system to a reference
system or base level of fixes for easier administration (6.7, “Comparison
reports for LPPs (5.2.0)” on page 366).

RSCT resource monitoring and control

Delivers clustering technology to automate resource monitoring, improving
system availability and performance (3.7, “Resource Monitoring and
Control” on page 145).

Dynamic Workload Manager

Adds time-based resource policies to allocate resources to applications
within a whole system or in a partition (3.1.1, “Workload Manager
enhancements history” on page 35).

Storage

Split mirror support for Logical Volume Manager

Helps reduce any impact to system performance due to re-integrating the
split mirror (4.2.13, “Snapshot support for mirrored VGs (5.2.0)” on
page 213).

JFS2 file system snapshot

Helps administrators monitor and manage file system for action as needed
(4.4.11, “JFS2 snapshot image (5.2.0)” on page 241).

I/O size and alignment for Logical Volume Manager

Removes size and alignment restrictions to help improve file system and
overall system performance (4.2.15, “Unaligned 1/O support in LVM
(5.2.0)” on page 215).

Migration via Alternate Disk Install

Improves management of multiple operating system migrations in
environments where downtime is critical (6.1.3, “Version 5.2 AIX migration
(5.2.0)” on page 321).

Reliability, Availability, Serviceability (RAS)

Automated system hang recovery

Helps systems remain available without administrator intervention (5.7,
“System hang detection” on page 278).
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- CPU-Gard

Proactively checks processor integrity and removes failing processors so
that systems are more available (3.4.1, “Change CPU Guard default
(5.2.0)” on page 134).

— System UE-Gard

Improves system uptime by proactively managing checkstop errors at a
thread level (3.5, “UE-Gard (5.2.0)” on page 136).

— Multipath 1/0

Enhances internal reliability of SCSI disk connections and permits
maintenance deferral (4.1, “Multipath 1/0 (5.2.0)” on page 168).

» Debugging and performance tools
— Xprofiler

Helps developers identify the most processor-intensive software functions
via a graphical interface (7.1.20, “Xprofiler analysis tool (5.2.0)” on
page 420).

— Template-based performance tuning

Allows administrators the capability to capture system tuning schemes via
stanza files and export them to multiple servers (7.2, “AlX tuning
framework (5.2.0)” on page 422).

1.2 AIX 5L Version 5.1 enhancements

6

The following list is a quick description of the enhancements and differences
available in this release. For further information, consult the references provided.

» AIX 5L kernel and application development differences

A summary of these differences can be found in 12.1, “AlX 5L 64-bit kernel
overview” on page 764.

» Development environment and tool enhancements

— An improved print function for DBX that provides more legible output is
explained in 5.11, “DBX enhancements” on page 290.

— Pthread enhancements, including application-level access to the pthread
debug library, a new method to unregister atfork handlers, and a
read/write locking enhancement are explained in 2.4, “pthread differences
and enhancements” on page 15.

— Core file enhancements that allow an application to core dump without
termination are discussed in 5.13, “Lightweight core file support” on
page 305.
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Enhancements to the KDB kernel debugger, including a new way to load it
and additional subcommands, are discussed in 5.12, “KDB kernel and kdb
command enhancements” on page 295.

Enhancements that allow application level control over the scheduler
during critical sections to prevent loss of context are explained in 2.6,
“Context switch avoidance” on page 21.

A new Korn shell, ksh93, is discussed in 2.9, “KornShell enhancements”
on page 25.

Enhancements in malloc that provide faster access to free memory for
applications are discussed in 2.3, “Malloc enhancements” on page 14.

An improved restore command helps you recover sparse database files,
as explained in 5.16, “Non-sparseness support for the restore command”
on page 310.

The pax command includes support for large files, such as dumps greater
than 2 GB, as discussed in 5.17, “The pax command enhancements” on
page 311.

AIX 5L introduces the IBM AIX Developer Kit, JAVA 2 Technology Edition
Version 1.3.0, as discussed in 2.11, “Java currency” on page 27.

Storage management enhancements

The /proc file system is discussed in 10.3, “The /proc file system” on
page 682.

The JFS2 is introduced in 4.4, “The enhanced Journaled File System” on
page 224. It provides the capability to store much larger files than JFS, in
a more efficient manner.

NFS statd, AutoFS, and CacheFS enhancements are discussed in 4.7.1,
“NFS statd multithreading” on page 252, 4.7.2, “Multithreaded AutoFS” on
page 252, and 4.7.3, “Cache file system enhancements” on page 253.

A new passive mirror write consistency check can improve disk mirroring
performance, as discussed in 4.2.9, “Passive mirror write consistency
check” on page 209.

Updates to LVM libraries for multithreaded applications are discussed in
4.2.10, “Thread-safe liblvm.a” on page 211.

System and resource management

An expanded set of devices that allow for simultaneous multiple device
configuration during system startup is discussed in 5.8, “Fast device
configuration enhancement” on page 282.
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New ways for you to dynamically manage your paging areas, such as
deactivating a paging space with the swapoff command or decreasing its
size, are discussed in 6.11, “Paging space enhancements” on page 376.

Updates to the error log provide a more concise view of system errors,
such as a link between the error log and diagnostics or the elimination of
duplicate errors, and are described in 5.1, “Error log enhancements” on
page 262.

AIX 5L provides a set of resources to be monitored and actions to be
taken at defined events providing automatic monitoring and recovery of
select critical system resources. For more information, see 3.7, “Resource
Monitoring and Control” on page 145.

Shutdown logging is available, as described in 6.13, “shutdown
enhancements” on page 382.

New methods to diagnose system errors through dump improvements are
described in 5.5, “System dump enhancements” on page 274.

The ability to recover from certain system hangs is covered in 5.7, “System
hang detection” on page 278.

Enhancements to performance tools, including the truss, iostat, and
vmstat commands, are discussed in 7.1, “Performance tools” on
page 394.

Workload Manager continues to receive improvements, as discussed in
Chapter 3, “Resource management” on page 33.

The new System V Release 4 print subsystem is discussed in 10.7,
“System V Release 4 print subsystem” on page 695.

Web-based System Manager receives major usability improvements with
a much improved architecture and usability enhancements, such as
accelerator keys. A discussion of all the enhancements can be found in
6.2, “Web-based System Manager” on page 327.

Security and user authentication and LDAP enhancements are discussed
in 9.2, “User and group integration” on page 569, 9.4, “IBM SecureWay
Directory Version 3.2” on page 577, and 9.6, “LDAP name resolution
enhancement” on page 581.

A new documentation search engine to handle single- and double-byte
searches together is discussed in 6.3, “Documentation search-engine
enhancement” on page 352.

AIX is Tivoli ready, as discussed in 9.16, “Tivoli readiness” on page 646.
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Networking enhancements

The demand for QoS arises from applications such as digital audio/video

or real-time applications and the need to manage bandwidth resources for
arbitrary administratively-defined traffic classes. For more information, see
8.1, “Quality of Service support” on page 430.

Together, multipath routing and dead gateway detection provide automatic
selection of alternate network pathways that provide significant
improvements in network availability. For more information, see 8.3,
“TCP/IP routing subsystem enhancements” on page 458.

With virtual IP address, the application is bound to a virtual IP address, not
a real network interface that can fail. When a network or network interface
failure is detected (using routing protocols or other schemes), a different
network interface can be used by modifying the routing table without
affecting application operation. For more information, see 8.6, “Virtual IP
address support” on page 493.

Dynamic Feedback Protocol (DFP) is a way to provide load statistics to a
Load Manager so that load can be balanced by sending future
connections to available servers. For more information, see 8.19,
“Dynamic Feedback Protocol (5.1.0)" on page 543.

Sendmail Version 8.11 improves performance by having multiple queues,
memory-buffered pseudo-files, and more control over resolver time-outs.
For more information, see 6.15, “Sendmail upgrade enhancements
(5.1.0)” on page 384.

TCP/IP performance over congested networks is improved through
increased initial windows, explicit congestion notification, and limited
transmit mechanism functions, which are configurable by a system
administrator. For more information, see 8.3, “TCP/IP routing subsystem
enhancements” on page 458.

TCP splicing helps push the data-relaying function of a proxy application
(from server-side socket to the client-side socket or vice versa) into the
kernel. For more information, see 8.4.2, “TCP splicing (5.1.0)" on

page 480.

Network Interface Takeover is a new option allowing the configuration of
multiple adapters, including IBM 10/100 Mbps Ethernet PCI adapter,
Gigabit Ethernet-SX PCI adapter, and 10/100/1000 Base-T Ethernet PCI
adapter, allowing one or more to be designated as a backup. For more
information, see 8.22, “EtherChannel enhancements (5.1.0)” on page 554.

Virtual LAN (VLAN) provides the ability to create virtual LANs across
multiple physical LANs or segment and/or divide physical LAN segments
into virtual LANs. For more information, see 8.24, “Virtual Local Area
Network (5.1.0)” on page 561.
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Enhancements to the network buffer cache and HTTP GET kernel
extension provide class-leading Web server performance. For more
information, see 8.10, “Network buffer cache dynamic data support” on
page 510, and 8.12, “HTTP GET kernel extension enhancements” on
page 516.

Applications can be modified to capture network data packets through a
new interface, as explained in 8.13, “Packet capture library” on page 520.

To allow more flexible development of firewall software, AlX provides
additional hooks, as described in 8.14, “Firewall hooks enhancements” on
page 521.

PC Interoperability using Fast Connect file and print services provides
support for Windows 2000, improved user and nhame mapping, share
options, WTS support, better performance, and more, as discussed in
8.15, “Fast Connect enhancements” on page 523.

Enhancements to increase affinity with Linux

— A set of Linux-compatible routines has been added to AlIX 5.1 so that

Linux applications using these routines do not have to supply their own
libraries. For more information, see 11.7, “AlX source affinity for Linux
applications (5.1.0)” on page 760.

AlX Toolbox for Linux Applications is delivered on a supplemental CD that
contains a collection of open source and GNU software built for AIX and
packaged in RPM format. For more information, see 11.6, “AlX Toolbox for
Linux Applications” on page 751.
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Application development

AIX 5L provides several enhancements that assist you in developing your own
software. Topics in this chapter include pthread libraries, memory access, shell
environment, Java, Perl, OpenGL, and the Common Information Model. There is
also information on how to avoid a context switch, and what happens to defunct
processes.
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2.1 Large data type support - binary compatibility

To support further application growth and scalability and the new 64-bit kernel,
some data types, such as time_t, have been enlarged from 32 bit to 64 bit.

Therefore, 64-bit applications compiled under AIX Version 4.3 will not run under
AIX 5L and have to be recompiled. The reverse is true as well; that means in a
mixed environment of machines running AIX Version 4.3 and 5L, you must have
two versions of your 64-bit applications available and a means to select the
correct binary for each platform. 32-bit applications are not affected by this
change.

2.2 Very large program support (5.2.0)

Very large program support allows 32-bit applications to grow their data heap
beyond the eight segment limit (2 GB) of the large program support to thirteen
segments (3.25 GB).

It allows a Dynamic Segment Allocation (DSA) program to grow dynamically as
needed, rather than to be restricted to the pre-allocated (static) data heap
provided with the implementation of large program support. It also changes the
behavior of shmat(), mmap(), rmmap_create(), and as_att() for very large
programs such that segment allocation begins at the top and works down rather
than working from the bottom up.

2.2.1 The very large address space model

12

The very large address space model enables large data applications in much the
same way as the large address space model. There are several differences
between the two address space models though. To allow a program to use the
very large address space model, you must set the o_maxdata field in the XCOFF
header to indicate the amount of data needed and set the F_DSA flag in the file
header.

The data in the very large address space model is laid out beginning in
segment 3 when the o_maxdata value is greater than zero. The program is then
allowed to use as many segments as needed to hold the amount of data
indicated by the o_maxdata field, up to a maximum of 13 segments. In the very
large address space model, these data segments for the data are created
dynamically instead of all at exec time as in the large address space model.

Using the very large address space model changes the way in which the
segments for a program are managed. A program's data is laid out starting in

AIX 5L Differences Guide Version 5.2 Edition



segment 3. The data then consumes as many segments as needed for the initial
data heap. The remaining segments are available to use for other purposes such
as shmat() or mmap(). Once a segment has been allocated for the data heap, it
can no longer be used for any other purposes, even if the size of the heap is
reduced.

Use of the very large address space model also changes the default behavior of
system calls such as shmat() and mmap(). The behavior of these system calls in
the very large address space model changes, so that they start placing files in
segment 15 and work down instead of starting in segment 3 and working up. The
system calls can use any of the available segments as long as they have not
been allocated for the data heap.

The very large address space model will allow programs to specify a maxdata
value of 0xD0000000, the largest allowable value, and still use all of the available
segments above segment 3 until they are allocated for the data heap. In the large
address space model these additional segments would have been allocated for
the data heap at exec and thus unavailable for other purposes.

It is important to note here that applications can see different behaviors when
switching between the large address space model and the very large address
space model.

2.2.2 Enabling the very large address space model (5.2.0)

There are two ways to enable the very large program support behavior for an
executable. One is to link the executable with the new maxdata option and the
other is to have the keyword DSA in the value of the LDR_CNTRL environment
variable at exec time.

Enabling with linker option

The very large address-space model is used if any non-zero value is given for
the maxdata keyword and the dsa keyword is used also.

For example, to link a program with the very large address space model enabled
and that will have the maximum 13 segments reserved to it, the following
command line could be used:

cc sample.o -bmaxdata:0xD0000000/dsa

The number 0xD0000000 is the number of bytes, in hexadecimal format, equal to
thirteen 256 MB segments respectively. The value following the -bmaxdata flag
can also be specified in decimal or octal format.
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Enabling with environment variable

The very large address space model is used if the keyword DSA is in the value of
the LDR_CNTRL environment variable at exec time.

For example, to execute a program with the very large address space model
enabled and that will have the maximum 13 segments reserved to it, the
following command line could be used:

export LDR_CNTRL=MAXDATA=0xD0000000@DSA

The DSA keyword signals that the executable is to behave as a very large
program if the value of its maxdata field is non-zero.

This applies to 32-bit processes only. The DSA keyword for the LDR_CNTRL
environment variable and the extended maxdata option is ignored for 64-bit
processes.

2.3 Malloc enhancements

The following sections discuss new ways for applications to access memory.

2.3.1 Malloc multiheap

The multiheap malloc was introduced in AIX Version 4.3.3 as part of the service
stream and it may not be well known.

A single free memory pool (or heap) is provided, by default, by malloc. In AIX
Version 4.3.3, the capability to enable the use of multiple heaps of free memory
was introduced, which reduces thread contention for access to memory. This
feature may be enabled by setting the MALLOCMULTIHEAP environment
variable to the number of heaps. Setting MALLOCMULTIHEAP in this manner
enables malloc multiheap to use any of 32 heaps and the fast heap selection
algorithm. The applications that benefit the most by this setting are multithreaded
applications on multiprocessor systems.

2.3.2 Malloc buckets

14

Malloc buckets was introduced in AIX Version 4.3.3 as part of the service stream.

Malloc buckets provides an optional buckets-based extension of the default
allocator. It is intended to improve malloc performance for applications that issue
large numbers of small allocation requests. When malloc buckets is enabled,
allocation requests that fall within a predefined range of block sizes are
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processed by malloc buckets. All other requests are processed in the usual
manner by the default allocator.

Malloc buckets is not enabled by default. It is enabled and configured prior to
process startup by setting the MALLOCTYPE and MALLOCBUCKETS
environment variables.

The default configuration for malloc buckets should be sufficient to provide a
performance improvement for many applications that issue large numbers of
small allocation requests. However, it may be possible to achieve additional
gains by setting the MALLOCBUCKETS environment variable to modify the
default configuration. Developers who wish to modify the default configuration
should first become familiar with the application's memory requirements and
usage. Malloc buckets can then be enabled with the bucket_statistics option to
fine tune the buckets configuration.

2.3.3 Malloc enhancement (5.2.0)

A new optional malloc subsystem capability, malloc trace, enables users to use
the AIX trace command or the trcstart() subroutine to gather statistics on the
malloc subsystem. Malloc trace can be enabled through the MALLOCDEBUG
environment variable.

A new optional facility, malloc log, allows the user to obtain information about the
malloc subsystem showing the number of active allocations for a given size and
stack traceback of each malloc(), realloc(), and free() call. The malloc log can be
enabled through the MALLOCDEBUG environment variable.

Malloc error reporting provides an optional error reporting and detection

extension to the malloc subsystem. Error reporting can be enabled through the
MALLOCDEBUG environment variable.

2.4 pthread differences and enhancements
The following sections discuss the major changes in the area of pthreads.

Note that any calls ending in _np signify that a library routine is non-portable and
should not be used in code that will be ported to other UNIX-based systems.

2.4.1 Debug library

In AIX Version 4.3.3 and previous releases, dbx was the only debugger that
could access information about pthread library objects. In AIX 5L, the pthread
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debug library (libpthdebug.a) provides a set of functions that allows application
developers to examine and modify pthread library objects.

This library can be used for both 32-bit and 64-bit applications and is thread safe.
The pthread debug library provides applications with access to the pthread
library information. This includes information on pthreads, pthread attributes,
mutexes, mutex attributes, condition variables, condition variable attributes,
read/write locks, read/write lock attributes, and information about the state of the
pthread library.

2.4.2 Unregister atfork handler

The pthread API is enhanced to support unregistering atfork handlers. This is
needed for times when the module in which an atfork handler resides is unloaded
but the application continues and later calls fork.

A new pthread API function, pthread_atfork_unregister_np(), is provided to
unregister handlers installed with either of the pthread_atfork() and
pthread_atfork_np() calls.

2.4.3 atfork and cancellation cleanup handler support (5.1.0)

The pthread API library has been enhanced to support debugging for atfork
handlers and cancellation cleanup handlers. The new enhancements allow
debuggers to get information about all active atfork and cancellation cleanup
handlers in a process.

The following new functions make the debugging enhancements available:
» pthdb_atfork()

» pthdb_atfork_arg()

» pthdb_atfork_child()

» pthdb_atfork_parent()

» pthdb_atfork_prepare()

» pthdb_atfork_type()

» pthdb_cleanup()

» pthdb_cleanup_arg()

» pthdb_cleanup_func()

The definitions of the new functions are similar to the following:
int pthdb_atfork(pthdb_session_t session, pthdb_atfork_t *atforkp, int cmd);
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int pthdb_atfork_arg(pthdb_session_t session, pthdb_atfork_t atfork,
pthdb_addr_t *argp);

int pthdb_atfork_child(pthdb_session_t session, pthdb_atfork_t atfork,
pthdb_addr_t *funcp);

int pthdb_atfork_parent(pthdb_session_t session, pthdb_atfork_t atfork,
pthdb_addr_t *funcp);

int pthdb_atfork_prepare(pthdb_session_t session, pthdb_atfork_t atfork,
pthdb_addr_t *funcp);

int pthdb_atfork_type(pthdb_session_t session, pthdb_atfork_t atfork,
pthdb_atfork_type_t *typep);

int pthdb_cleanup(pthdb_session_t session, pthdb_pthread_t pthread,
pthdb_cleanup_t *cleanupp, int cmd);

int pthdb_cleanup_func(pthdb_session_t session, pthdb_pthread_t pthread,
pthdb_cleanup_t cleanup, pthdb_addr_t *funcp);

int pthdb_cleanup_arg(pthdb_session_t session, pthdb_pthread_t pthread,
pthdb_cleanup_t cleanup, pthdb_addr_t *argp);

2.4.4 Wait list and pthread state information enhancements (5.1.0)

This enhancement provides the ability of the pthread library to be debugged
using the pthread debug library. Using the new enhancement increases the
accuracy with which the pthread debug library can detect hangs and deadlocks
in pthreaded applications.

When a pthread must wait on a pthread object (mutex, condition variable,
read-write lock, and so forth), there are times when its wait/wakeup scheduling
responsibilities are handled completely within the kernel as opposed to in the
pthread library. In such cases, for performance reasons, the wait list associated
with the object and the state of the pthread are not always updated to accurately
reflect the pthread's true condition while it is waiting in the kernel. This feature
ensures that wait list and state information is accurate for pthreads waiting on
process private pthread objects.

2.4.5 Signal context support enhancements (5.1.0)

In AIX 5L Version 5.0, an extension of the pthread library function
pthread_getthrds_np() was introduced to support signal handler contexts on the
stack. In AIX 5L Version 5.1, the pthread library is enhanced with a new API to
support a similar function.
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Just like the pthread library feature, this feature enables debuggers to access the
signal stacks and initial stack of a given pthread. It returns either the current
context of the pthread or the pthread context at the time of a specific signal
delivery. This function also supplies the number of frames in the requested stack.

The new feature consists of one new pthread debug library API routine. This
routine requests the following input:

» pthread

» Request signal level

The output, based on your input, is as follows:

» Total number of signal levels on the pthreads stack
» Number of frames in the requested signal stack

» A context (only one of the following):

— The context at the time of signal delivery (if a signal level is different from
the current level that is requested and exists).

— The current context (if signal level zero is requested or the pthread has no
signal contexts).

» Return code indicating either success or failure

The new function in the pthread library has the following definition:
int
pthdb_pthread_sigcontext(pthdb_session_t session,

pthdb_pthread_t pthread,

int *siglevelp,

int *frame_countp,

pthdb_context_t *context);

2.4.6 Deadlock detection (5.1.0)

18

The pthread deadlock detection function has been added to the public interface
of the pthread debug library. This enables the debugger, such as dbx, to present
information to the user, which uniquely describes any deadlocks within the
debugged process, or debuggee.

The deadlock detection provides value to the debugger user by streamlining
debugging scenarios that call for computing when the debuggee is in a deadlock.
Without this new pthread debug library-level of support for deadlock detection,
the debugger visually presents the current state of lock objects and lets you
manually compute dependency relationships between all lock objects.
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The following are new lock objects types:
» spinlock_t

» pthread_mutex_t

» rec_mutex

» pthread_cond_t

» pthread_rwlock_t

New definitions that have been added to pthread debug library are as follows:

pthdb_hang_node(session_t, pthdb_hang _node_t *owner, int cmd);
phdb_hang_node_waiter(session_t, pthdb_hang_node_t, pthdb_pthread_t *);
phdb_hang_node_owner(session_t, pthdb_hang node_t, pthdb_pthread_t *);
pthdb_hang_node_resource(session_t, pthdb_hang_node_t, pthdb_resource_t *);
pthdb_hang_resource_type(session_t, pthdb_resource_t, pthdb_resource_type_t *);
pthdb_hang_resource(session_t, pthdb_resource_t, pthdb_handle_t *);
pthdb_hang_cycle(session_t, pthdb_hang_cycle_t *, int cmd);
pthdb_hang_cycle_node(session_t, pthdb_hang_cycle_t, pthdb_hang_node_t *, int
cmd) 5

2.4.7 Resource query support (5.1.0)

The pthread resource query support provides a pthread debug library interface to
query a pthread for the resource it owns or the resource it is waiting on.

Four new API functions have been added to the pthread debug library:

» pthdb_pthread_owner_resource()

» pthdb_pthread_waiter_resource()

» pthdb_resource_type()

» pthdb_resource_handle()

Upon the first call to pthdb_pthread_owner_resource(), since the pthread debug
library session has been updated, the mutex and rwlock debug lists will be
traversed and all locked resources will be stored in a list associated with the

pthread that owns the specific resource. The resource at the head of the list
corresponding to the pthread in the request will be returned.

Subsequent calls to pthdb_pthread_owner_resource() will result in the remainder
of owned resources being returned to the user. As long as the pthread debug
session is not updated, the information will be retrieved from the lists created on
the first call.
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2.4.8 Multiple read/write lock read owners

The X/Open Standard (XPG 5) read/write locks allow a single write owner or
multiple read owners of the lock. This improves critical section performance for
data, which is read much more often than it is written. AIX 5L enables the
pthread library to save multiple read owners for process-private read/write locks.
By default, the pthread library will save multiple read owners.

These read/write locks are made available through the pthread.h header file
using the pthread_rwlock_t data type and several pthread_rwlock_*() functions.

2.4.9 Thread level resource collection (5.1.0)

The Dynamic Probe Class Library (DPCL) tool is designed to collect a target
application’s performance data, including resource usage, hardware counter
information, and so forth. Previously, the getrusage() system call was used, but
this facilitates the entire process scope resource usage only, therefore it cannot
be used to query the resource usage per thread. Because it is also necessary to
monitor threaded applications, the DPCL tool will call the
pthread_getrusage_np() library call. This pthread library call supports both 32-bit
and 64-bit applications and 32-bit and 64-bit kernels. In the instance where old
binaries make use of this pthread library call, it will be necessary to recompile the
source code.

For additional information on DPCL, the following Web site is available.

http://www.cs.wisc.edu/~paradyn/DPCL

2.5 POSIX-compliant AIO (5.2.0)

20

With AIX 5L Version 5.2, two different asynchronous 1/0 (AlIO) kernel extensions
are available, the legacy AlO and the new POSIX-compliant AlO. The legacy AlO
was created before the POSIX standard was fully developed so it differs in how
parameters are passed and in some of the function definitions. The functions
defined by both have the same names because of backward compatibility for the
legacy AIO and for POSIX compliance for the new AlIO. Although the two
extensions have the same symbol names, redefinitions are done in aio.h so that
both extensions can use the libc.a interface. POSIX AlO can also be accessed
through the new real time library librt.a. The POSIX version will be the default
version for compiling, so a new _AIO_AIX_SOURCE macro is available to use in
compiling for the legacy version.

For example, to use the POSIX AlO extension load it is as follows:

mkdev -1 posix_aio0
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To compile the AlO application with the POSIX AlO function definition loaded,
include the aio.h file as follows:

#include sys/aio.h

To compile using the new real time library, do the following:

cCc ... -Irt posix_aio_program.c

To use the legacy AlO extension load it is as follows:

mkdev -1 aio0

To compile the AlO application with the legacy AlO function definition loaded add
the following definition to the source code:

#define _AIO_AIX_SOURCE
#include sys/aio.h

Or add the definition on the command line:
xTc ... -D_AIO_AIX_SOURCE ... legacy_aio_program.c

To have the POSIX AlO extension loaded at boot time enter smit chgposixaio,
change the state from defined to available, and press Enter. For the legacy AlQO,
run smit chgaio and change the state as described previously.

2.6 Context switch avoidance

For application programs that are using their own thread control or locking code,
it is helpful to signal to the dispatcher that the program is in a critical section and
should not to be preempted or stopped.

AIX 5L now allows an application to specify the beginning and ending of a critical
section. The prototypes for these functions are listed in
/usr/include/sys/thread_ctl.h. After an initial call of EnableCriticalSections(), a call
to BeginCriticalSection() increments a memory location in the process data
structure. The memory location is decremented again by a call to
EndCiriticalSection(). This location is checked by the dispatcher, and if it is
positive, the process receives another time slice (up to 10 ms). If the process
sleeps, calls yield(), or is checked by the dispatcher a second time, this behavior
is automatically disabled. If the process is preempted by a higher priority
process, it is again queued in the priority queue, but at the beginning instead of
the end of the queue.

If a thread is still in a critical section at the end of the extra time slice, it loses its
scheduling benefit for one time slice. At the end of that time slice, it is eligible
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again for another slice benefit. If a thread never leaves a critical section, it cannot
be stopped by a debugger or Ctrl+Z from the parent shell.

This feature works on a per-thread basis. In multithreaded applications, each
thread can declare critical sections and each thread doing so must call the
EnableCriticalSections() function. If a process, even a multithreaded process,
has one of its threads in a critical section, the process cannot be stopped.

2.7 Defunct process harvesting (5.2.0)

Version 5.2 introduces a new approach to handling child processes that are
orphaned when their associated parent process exits. This enhancement
improves the performance of this process, and provides better control of the way
defunct processes are handled.

2.7.1 Zombie harvesting

Zombie harvesting in Version 5.2 is no longer handled exclusively by the init
process if a childs’ parent process exits. The following sections describe how this
was handled prior to Version 5.2 and also in the new release.

2.7.2 Zombie harvesting in versions prior to Version 5.2

A zombie process is created when a process exits. A zombie process is
preserved by the kernel in order for the parent process to retrieve information
about that process, for example, its exit code. If the parent ignores the signal
generated by the process, this acts as a flag to the kernel that the zombie can be
terminated and its resources can be reclaimed. In this case, the swapper
harvests the zombie as it scans the process table, once every second. The
reaper thread is awakened by the swapper as necessary to perform the cleanup.

If the parent does not either relinquish its interest in its child’s exit value (by
ignoring SIGCHLD) or retrieve that value using one of the wait() system calls, its
child processes are reparented to the init process as the parent exits. The init
process is then responsible for using the use wait() system call to clean up the
orphaned child processes. Children that have already exited before the parent
exits are already zombies, and init can clean them up immediately. Other
children are cleaned up later, as they exit and become zombies.

2.7.3 Zombie harvesting in Version 5.2

Child processes that have already exited are harvested synchronously by the
parent as part of its own exit. Any remaining active processes are still reparented
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to init, but with a new flag so that they will not be visible to init. In particular, they
will not generate a SIGCHLD to init when they exit. Instead they will be harvested
by the swapper and reaper threads in the same way as a process that is being
ignored by its parent, even though in this case its parent, init, is handling
SIGCHLD. The init process is only responsible for handling its own child
processes and restarting them as necessary. In rare cases, a child may still be
reparented to init without being flagged. These child processes are handled by
init with the same method employed prior to Version 5.2.

2.8 Software-vital product data (5.1.0)

The vpdadd and vpddel commands in AlIX 5L Version 5.1 are executables,
whereas in earlier versions of AlX, they were shell scripts. The reason for this is
to improve the performance of the commands and also because they are now
APIs for the VPD. The vpdadd command is called to add entries to the product,
Ipp, history, and vendor databases of the ODM. vpdadd and vpddel are only
intended to be used to manipulate the SWVPD and not actually install or uninstall
objects. The vpdde1 command removes entries from the VPD and vendor
databases.

The syntax of the vpdadd command is:

Usage: vpdadd -c component | -p product | -f feature -v v.r.m.f
[-D destdir] [-U path_to_uninstaller] [-R prereq]
[-S msg_set] [-M msg_number] [-C msg_catalog]
[-1 description] [-P parent] [-u]

The descriptions of the flags are provided in Table 2-1.

Table 2-1 The vpdadd command flags

Flags Description

-c component The component name to add to the VPD. This entry
must be unique regarding the destination directory. If
the entry already exists, no new entry will be added and
no error will occur. This allows a force install.

-v v.r.m.f Version, release, modification, and fix level.

-D destination directory The prefix directory for the files being installed. The
default is /usr/opt.

-| description The description of the component being installed.

-R fileset name v.r.m.f Requisite software. Must be specified in quotes. This
flag can be used more than once.
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Flags

Description

-U uninstaller

The command to launch the uninstaller for this
component.

-C message catalogue

The message catalogue to search for a translated
description of the component.

-S message set

The message set if more than one in the catalog.

-M message number

The message number for the description.

-p product

The product name to be added to the VPD. The entry is
only added if it is unique insofar as v.r.m.f or destination
directory. If it is not unique, no error occurs. This allows
a force install.

-f feature

The feature name to add to the VPD. The entry is only
added if it is unique insofar as v.r.m.f and destination
directory. If it is not unique, no error occurs. This allows
a force install.

-u

Specifies that the entry to be added is an update. If a
base level fileset does not exist, then an error will occur.

-P parent

Specifies the parent software unit. For example, a
component would specify either a feature or a product
as its parent, depending on where it was in the tree.
This flag is optional and is used to allow tree listings in
Web-based System Manager.

The syntax of the vpddel command is:

vpddel -c component | -p product | -f feature -v v.r.m.f -D destdir

The descriptions of the flags are provided in Table 2-2.

Table 2-2 The vpddel command flags

Flags

Description

-c component

Removes the specified component.

-v v.r.m.f The version, release, modification, and fix levels of the
component to be deleted from the VPD or vendor
database.

-f feature The feature to be removed from the vendor database.

-p product The product to be removed from the vendor database.
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2.9 KornShell enhancements

In AIX 5L, the 1993 version of the ksh implementation of the KornShell command
and scripting language is provided in addition to the 1988 version. In addition, the
default value of the shell attribute for a user changed from /bin/ksh to
/usr/bin/ksh.

2.9.1 ksh93

In AIX 5L, the default shell is still /usr/bin/ksh, which is hardlinked to /usr/bin/psh,
/usr/bin/sh, and /usr/bin/tsh. This is an enhanced ksh implementation of the 1988
version of the KornShell, making it POSIX compliant. In addition to this shell, an
unmodified version of the 1993 version of ksh is supplied as /usr/bin/ksh93. This
version is also POSIX compliant.

With the exception of POSIX-specific items, the 93 version should be backward
compatible with the 88 version. Therefore, no changes to shell scripts should be
necessary. You should check your scripts for compatibility problems with this
release.

This new version of ksh has the following functional enhancements:

» Key binding

» Associative arrays

» Complete ANSI-C printf() function

» Name reference variables

» New expansion operators

» Dynamic loading of built-in commands

» Active variables

» Compound variables

For a detailed description of the new features, consult the official KornShell Web
site at:

http://www.kornshell.com

2.9.2 New value for shell attribute

The value of the shell attribute is changed to read /usr/bin/ksh. This is especially
important for the root user. In previous versions of AlX, the value reads /bin/ksh
and relies therefore on the existence of the link between /bin and /usr/bin. If this
link is accidentally removed, the system becomes unbootable because there is
no shell available for root and many of the system commands.
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2.10 Perl 5.6 (5.1.0)

Perl 5.5.3 was shipped in AlX Version 4.3.3. In an effort to ship the latest code,
Perl 5.6 is shipped in AIX 5L Version 5.1, as can be shown with the following
command:

# perl -v

This is perl, v5.6.0 built for aix

Copyright 1987-2000, Larry Wall

The Perl environment is packaged and shipped in two filesets: perl.rte and
perl.man.en_US.

Any changes made on the Perl source and how to compile it on AlIX 5L Version
5.1 are documented in the /usr/lpp/perl.rte/README.perl.aix file.

2.10.1 Installing more than one Perl version

Perl is installed in /usr/opt/perl5, with the accompanying man pages in
/usr/share/man. There is a link from /usr/bin/perl to the Perl executable
/usr/opt/perl5/bin/perl5.6.0. The Perl libraries are in /usr/opt/perl5/lib/5.6.0, with a
link to there from /usr/lib/perl. To support a different version of Perl (for example,
Perl 5.5.3) on the same system, do not use the installp command, because the
fileset name is not different and instal1p will only allow you to have one version
of the same fileset installed. Instead of using installp, you can put the Perl
executables and libraries on your system.

1. Mount the first AlX installation media and use the restore command to install
another Perl version:

# mount -r -vcdrfs /dev/cd# /mnt
# cd / restore -xvf /mnt/usr/sys/inst.images/perl.rte 5.5.3.0

2. Make sure you remember to set up the links to point to whichever version of
Perl you want to use.

Note: In the previous example, /dev/cd# is your CD drive (for example,
/dev/cd0). You could also NFS mount the images if you do not have them
available on CD.

2.10.2 Security considerations

26

Make sure that you do not have directories in the LIBPATH with write access to
non-root users.

If the /usr/opt/perl5/bin/perl executable has its LIBPATH set to
/usr/local/lib:/usr/lib:/lib, and if the /usr/local/lib directory exists on the system with
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write access for non-root users, then a non-root user could put a Trojan horse
copy of the libc.a or libbsd.a shared library into this directory. Then, if a system
administrator were to run a system management command that uses Perl 5.6,
the administrator would inadvertently execute the Trojan horse copy of the
shared library. This would cause the Trojan horse code to execute with the
system administrator's privileges.

2.11 Java currency

In AIX 5L, the default Java version installed is IBM AIX Developer Kit, Java2
Technology Edition, Version 1.3.0.

The default AIX Developer Kit is installed in /usr/java130. Please see the readme
for instructions on how to set up the PATH environment variable prior to using
the Developer Kit. When multiple versions of the Developer Kit are installed,
setting the PATH selects the version of the Developer Kit that runs.

Java installed on AIX 5L is, by default, the 32-bit Java 1.3.0.

The Web site specifically for Java on AlX is:

http://www.ibm.com/developerworks/java/jdk/aix/

2.12 Common Information Model

Common Information Model (CIM) is a common data model by which systems,
applications, networks, and devices are modeled in a common framework for use
by managing applications. A CIM Object Manager (CIMOM) is developed to
provide a mechanism for the exchange of information in order for systems
management applications to leverage CIM technology.

2.12.1 CIM base support (5.1.0)

In AIX 5L Version 5.1, a CIM Object Manager (CIMOM) is available. The CIM
Object Manager makes CIM objects available to Web-based Enterprise
Management (WBEM) applications.

The CIMOM follows an open source standard. For more information on the
CIMOM APIs, refer to:

http://www.snia.org

For more information about the Common Information Model, see:
http://www.dmtf.org
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See Chapter 11, “Linux affinity” on page 731, for more information.

AIX 5L Version 5.1 does not provide any CIM objects; it just provides the CIM
Object Manager service.

The CIM Schema

The CIM Schema provides the actual model descriptions. The CIM Schema
supplies a set of classes with properties and associations that provide a
well-understood conceptual framework within which it is possible to organize the
available information about the managed environment.

Managed Object Format

The management information is described in a language based on the Interface
Definition Language (IDL) called the Managed Object Format (MOF).

The following example illustrates MOF, the syntax of the CIM Schemas:

[Abstract, Description(
“An abstraction or emulation of a hardware entity, that may
“or may not be Realized in physical hardware. ... ) ]

class CIM_LogicalDevice : CIM_LogicalElement

{

[Key, MaxLen (64), Description (

“An address or other identifying information to uniquely *

“name the LogicalDevice.”) ]
string DevicelD;

[Description (

“Boolean indicating that the Device can power managed. ...”) ]
boolean PowerManagementSupported;

[Description (

“Requests that the LogicalDevice be enabled (\”Enabled\” *

“input parameter = TRUE) or disabled (= FALSE). ...)” ]
unit32 EnableDevice ([IN] boolean Enabled);

b

2.12.2 Common Information Model (5.2.0)
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AIX 5L Version 5.2 enables instrumentation using the Common Information
Model (CIM). This is a common data model for describing the overall
management data for network or an enterprise environment.

In Version 5.2, the open source CIMOM, called Pegasus, has been ported to
AlX. Pegasus, written in C++, is highly portable and contains the client APl and
the provider API, along with a CIMOM engine.
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Logical information flow
Figure 2-1 shows the information flow for the CIM model. This is discussed in

more detail in the text that follows the diagram.

Instance, Property, Method and
Association Providers are
respsonsible for provision

of MOF classes.

Instance and Property Providers
set management properties.
Method Providers execute a task
using direct AIX commands, or
with RMC Resource Monitors.

Management app.
Pegasus Client. RMC

XML over HTTP, using CIM client API ¢ T

Pegasus CIMOM

Pegasus Provider API ¢ T

CIM providers for AIX

A

Y

AIX (commands and
libraries)

MOF Classes

Object
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CIM &
AIX
extension
MOFs

MOFs are read in from AIX machine
and copied to the object repository

Figure 2-1 CIM logical flow diagram

The following are the main points regarding Figure 2-1.

» The CIM client API is used by the management application to request
Pegasus to obtain an entire object or a set of an object.

» Arequest is made using XML over HTTP.

» CIMOM checks to see if the requested information is in the object repository.
If it is there, CIMOM will give access to the management application.

» If the information is not in the repository, the MOF is used to determine the

name of the provider for that managed object.

» Either the entire object will be obtained using the instance provider, or a
specific dynamic property using the property provider.
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» The providers then use AIX commands and libraries to obtain the information
that they require and provide it to the CIMOM.

» CIMOM passes the information using XML over HTTP to the management
application. If a task needs to be performed, CIMOM calls the appropriate
method provider to call the required AIX commands and libraries. CIMOM
again receives the results and passes it to the management application.

Installing CIM

Check the CSM software listing for the AlX release. The file is called
/opt/csm/install/csmfilelist_aixV52. The software is included on the AIX CDs and
the AlX toolbox. The following is also a useful link for RPM packages:

http://www-1.ibm.com/servers/aix/products/aixos/1inux/download.html
There is a sample provider (AIX_OperatingSystem) included in this release that

demonstrates how the Pegasus CIMOM works. The instructions on how to use
this provider are contained in the readme files packaged with the RPM.

2.13 OpenGL 64-bit support in DWA mode (5.1.0)
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OpenGL 3D graphics calls can be passed to the graphics adapter using the
Direct Window Access (DWA) mode or the indirect mode. With DWA, OpenGL
calls are passed directly to the graphics adapter device driver and are rendered.
Indirect mode causes OpenGL calls to be passed to the GLX extension in the X
Window server using a protocol, and rendering is performed by the GLX
extension. The protocol-passing mechanism of indirect mode can result in much
slower graphics performance than with DWA (DWA performance has been
measured to be significantly faster than indirect for most operating scenarios).

Support for 64-bit indirect mode was first introduced in AIX Version 4.3.1. New
64-bit DWA support is introduced with AIX 5L Version 5.1.

The AIX 64-bit execution environment is important for certain data visualization
applications that may require a larger memory address space, or increased
precision for integer computations. It supports up to 232 shared data segments.
Note that 64-bit applications compiled for execution in the AIX Version 4.3 64-bit
environment will need to be recompiled for execution in the AIX 5L Version 5.1
64-bit environment.

Applications that use 64-bit DWA may experience some performance differences
compared to 32-bit DWA applications on POWER3-based systems.
Degradations can be avoided by compiling the application into a shared library
so that it resides in the same 4 GB region as the system's shared libraries.
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The following graphics adapters will be 64-bit enabled:
» GTX6000P
» GTX4000P

OpenGL is packaged in device-dependent and device-independent filesets. The
device-dependent software resides in separate filesets for 32-bit and 64-bit
libraries. The device-independent software resides in a combined 32/64-bit
library. Table 2-3 provides the adapters and their respective filesets that support
DWA.

Table 2-3 Supported adapters and required filesets

Supported adapter Required fileset
GTX4000P OpenGL.OpenGL_X.dev.pci.14106e01.PPC64
GTX6000P OpenGL.OpenGL_X.dev.pci.14107001.PPC64

Additional information about OpenGL support on AIX 5L Version 5.1 can be
found in /usr/Ipp/OpenGL/README.

OpenGL provides two new packages in order to fully support the 64-bit in DWA
mode, as shown in Table 2-4.

Table 2-4 New packaging information

Package name New fileset

OpenGL.OpenGL_X.dev OpenGL.OpenGL_X.dev.pci.14106e01.PPC64
OpenGL.OpenGL_X.dev.pci.14107001.PPC64

OpenGL.OpenGL_X.rte OpenGL.OpenGL_X.rte.pipe64++
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Resource management

In this chapter the following topics are discussed:
» Workload Manager

» Logical partitioning

» Capacity Upgrade on Demand

» Dynamic CPU sparing

» CPU Guard and UE-Gard

» Resource Monitoring and Control

» Memory and system affinity services

» Cluster management software
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3.1 Workload Manager (WLM)
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WLM is designed to give the system administrator greater control over how the
scheduler and Virtual Memory Manager (VMM) allocate CPU, physical memory,
and I/O resources to processes. It can be used to prevent different jobs from
interfering with each other and to allocate resources based on the requirements
of different groups of users.

The major use of WLM is for large SMP systems, and it is typically used for
server consolidation, where workloads from many different server systems,
(print, database, general user, transaction processing systems, and so on) are
combined. These workloads often compete for resources and have differing
goals and service level agreements. At the same time, WLM can be used in
uniprocessor workstations to improve responsiveness of interactive work by
reserving physical memory. WLM can also be used to manage individual SP
nodes.

WLM provides isolation between user communities with very different system
behaviors. This can prevent effective starvation of workloads with certain
characteristics, such as interactive or low CPU usage jobs, by workloads with
other characteristics, such as batch or high CPU usage.

WLM offers the system administrator the ability to create different classes of
service and specify attributes for those classes. The system administrator has
the ability to classify jobs automatically into classes, based upon the user, group,
or path name of the application.

WLM configuration is performed through the preferred interface, the Web-based
System Manager (Figure 3-1 on page 35), through a text editor and AIX
commands, or through the AIX administration tool SMIT.
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Figure 3-1 Web-based System Manager Overview and Tasks dialog

3.1.1 Workload Manager enhancements history

Since it was first released in AIX Version 4.3.3, Workload Manager (WLM) has
gained new features and architectural improvements.

AIX Version 4.3.3

In AIX Version 4.3.3, WLM was able to allocate CPU and physical memory
resources to classes of jobs and allowed processes to be assigned to classes
based on user, group, or application (Figure 3-2 on page 36).

Chapter 3. Resource management 35



Process attribute value
Tiers

Figure 3-2 Basic Workload Manager elements in AlX Version 4.3

AIX Version 4.3.3 with Maintenance Level 2

With AIX Maintenance Level 2 (APAR 1Y06844), additional features were added
to the first release of WLM, which were:

» Classification of existing processes to avoid stopping and starting
applications when stopping and starting WLM.

» Passive mode to allow before and after WLM comparisons.

» Management of application file names, which allowed WLM to start even if
some applications listed in the rules file could not be accessed.

AIX 5L

This section focuses on WLM functions that are available in AlX 5L, starting by
outlining the enhancements it presents over its earlier release. The
enhancements include:

» Management of disk I/O bandwidth, in addition to the already existing CPU
cycles and real memory.

» Graphic display of resource utilization.

» Performance Toolbox integration with WLM classes, enabling the toolbox to
display performance statistics.
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» Fully dynamic configuration, including setting up new classes without
restarting WLM.

» Application Programming Interface (API) to enable external applications to
modify the system’s behavior.

» Manual reclassification of processes, which provides the ability to have
multiple instances of the same application in different classes.

» More application isolation and control:

— New Subclasses add ten times the granularity of control (from 27 to 270
controllable classes).

— Administrators can delegate Subclass management to other users and
groups rather than root or system.

— Possibility of inheritance of classification from parent to child processes.

» Application path name wildcard flexibility extended to user name and group
name.

» Tier separation enforced for all resources, enabling a deeper prioritization of
applications.

Note: For more information on previous Workload Manager architecture and
features, refer to the following publications:

» AIX Version 4.3 Differences Guide, SG24-2014
» AIX 5L Workload Manager (WLM), SG24-5977

3.1.2 Concepts and architectural enhancements

The following sections outline the concepts provided with WLM on AIX 5L.

Classes

The central concept of WLM is the class. A class is a collection of processes
(jobs) that has a single set of resource limits applied to it. WLM assigns
processes to the various classes and controls the allocation of system resources
among the different classes. For this purpose, WLM uses class assignment rules
and per-class resource shares and limits set by the system administrator. The
resource entitlements and limits are enforced at the class level. This is a way of
defining classes of service and regulates the resource utilization of each class of
applications to prevent applications with very different resource utilization
patterns from interfering with each other when they are sharing a single server.
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Hierarchy of classes

WLM allows system administrators to set up a hierarchy of classes with two
levels by defining Superclasses and Subclasses. In other words, a class can
either be a Superclass or a Subclass. The main difference between Superclasses
and Subclasses is the resource control (shares and limits):

» At the Superclass level, the determination of resource entitlement (based on
the resource shares and limits) is based on the total amount of each resource
managed by WLM available on the machine.

» At the Subclass level, the resource shares and limits are based on the
amount of each resource allocated to the parent Superclass.

The system administrator (the root user) can delegate the administration of the
Subclasses of each Superclass to a Superclass administrator (a non-root user),
thus allocating a portion of the system resources to each Superclass and then
letting Superclass administrators distribute the allocated resources among the
users and applications they manage.

WLM supports 32 Superclasses (27 user defined plus five predefined). In turn,
each Superclass can have 12 Subclasses (10 user defined and two predefined,
as shown in Figure 3-3 on page 39). Depending on the needs of the
organization, a system administrator can decide to use only Superclasses or
both Superclasses and Subclasses. An administrator can also use Subclasses
only for some of the Superclasses.

Each class is given a name by the WLM administrator who creates it. A class
name can be up to 16 characters long and can only contain uppercase and
lowercase letters, numbers, and underscores (_). For a given WLM configuration,
the names of all the Superclasses must be different from one another, and the
names of the Subclasses of a given Superclass must be different from one
another. Subclasses of different Superclasses can have the same name. The
fully qualified name of a Subclass is (superclass_name.subclass_name).

In the remainder of this section, whenever the term class is used, it is applicable
to both Subclasses and Superclasses. The following subsections describe both
super- and Subclasses in greater detail, as well as the backward compatibility
WLM provides to configurations of its first release.

AIX 5L Differences Guide Version 5.2 Edition



Figure 3-3 Hierarchy of classes

Superclasses

A Superclass is a class with Subclasses associated with it. No process can
belong to the Superclass without also belonging to a Subclass, either predefined
or user defined. A Superclass has a set of class assignment rules that determine
which processes will be assigned to it. A Superclass also has a set of resource
limitation values and resource target shares that determine the amount of
resources that can be used by processes belonging to it. These resources will be
divided among the Subclasses based on the resource limitation values and
resource target shares of the Subclasses.

Up to 27 Superclasses can be defined by the system administrator. In addition,
five Superclasses are automatically created to deal with processes, memory, and
CPU allocation, as follows:

» Default Superclass: The default Superclass is named Default and is always
defined. All non-root processes that are not automatically assigned to a
specific Superclass will be assigned to the Default Superclass. Other
processes can also be assigned to the Default Superclass by providing
specific assignment rules.

» System Superclass: This Superclass has all privileged (root) processes
assigned to it if they are not assigned by rules to a specific class, plus the
pages belonging to all system memory segments, kernel processes, and
kernel threads. Other processes can also be assigned to the System
Superclass. This default is for this Superclass to have a memory minimum
limit of one percent.

» Shared Superclass: This Superclass receives all the memory pages that are
shared by processes in more than one Superclass. This includes pages in
shared memory regions and pages in files that are used by processes in more
than one Superclass (or in Subclasses of different Superclasses). Shared
memory and files used by multiple processes that belong to a single
Superclass (or Subclasses of the same Superclass) are associated with that
Superclass. The pages are placed in the Shared Superclass only when a
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process from a different Superclass accesses the shared memory region or
file. This Superclass can have only physical memory shares and limits
applied to it. It cannot have shares or limits for the other resource types,
Subclasses, or assignment rules specified. Whether a memory segment
shared by the processes in the different Superclasses is classified into the
Shared Superclass, or remains in the Superclass it was initially classified into,
depends on the value of the localshm attribute of the Superclass the segment
was initially classified into.

» Unclassified Superclass: The processes in existence at the time WLM is
started are classified according to the assignment rules of the WLM
configuration being loaded. During this initial classification, all the memory
pages attached to each process are charged either to the Superclass the
process belongs to (when not shared, or shared by processes in the same
Superclass) or to the Shared Superclass, when shared by processes in
different Superclasses. However, there are a few pages that cannot be
directly tied to any processes (and thus to any class) at the time of this
classification, and this memory is charged to the Unclassified Superclass; for
example, pages from a file that has been closed. The file pages will remain in
memory, but no process owns these pages; therefore, they cannot be
charged to a specific class. Most of this memory will end up being correctly
reclassified over time, when it is either accessed by a process, or freed and
reallocated to a process after WLM is started. There are a few kernel
processes, such as wait or Irud, in the Unclassified Superclass. Even though
this Superclass can have physical memory shares and limits applied to it,
WLM commands do not allow you to set shares and limits or specify
Subclasses or assignment rules on this Superclass.

» Unmanaged Superclass: A special Superclass named Unmanaged will
always be defined. No processes will be assigned to this class. This class will
be used to accumulate the memory usage for all pinned pages in the system
that are not managed by WLM. The CPU utilization for the waitprocs is not
accumulated in any class. This is deliberate; otherwise, the system would
always seem to be at 100 percent CPU utilization, which could be misleading
for users when looking at the WLM or system statistics. This Superclass
cannot have shares or limits for any other resource types, Subclasses, or
assignment rules specified.

Subclasses

A Subclass is a class associated with exactly one Superclass. Every process in
the Subclass is also a member of the Superclass. Subclasses only have access
to resources that are available to the Superclass. A Subclass has a set of class
assignment rules that determine which of the processes assigned to the
Superclass will belong to it. A Subclass also has a set of resource limitation
values and resource target shares that determine the resources that can be used
by processes in the Subclass. These resource limitation values and resource
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target shares indicate how much of the Superclass’s target (the resources
available to the Superclass) can be used by processes in the Subclass.

Up to 10 out of a total of 12 Subclasses can be defined by the system
administrator or by the Superclass administrator for each Superclass. In addition,
two special Subclasses, Default and Shared, are always defined in each
Superclass as follows:

» Default Subclass: The default Subclass is named Default and is always
defined. All processes that are not automatically assigned to a specific
Subclass of the Superclass will be assigned to the Default Subclass. You can
also assign other processes to the Default Subclass by providing specific
assignment rules.

» Shared Subclass: This Subclass receives all the memory pages used by
processes in more than one Subclass of the Superclass. This includes pages
in shared memory regions and pages in files that are used by processes in
more than one Subclass of the same Superclass. Shared memory and files
used by multiple processes that belong to a single Subclass are associated
with that Subclass. The pages are placed in the Shared Subclass of the
Superclass only when a process from a different Subclass of the same
Superclass accesses the shared memory region or file. There are no
processes in the Shared Subclass. This Subclass can only have physical
memory shares and limits applied to it. It cannot have shares or limits for the
other resource types or assignment rules specified.

Tiers

Tier configuration is based on the importance of a class relative to other classes
in WLM. There are 10 available tiers from 0 to 9. Tier value 0 is the most
important and value 9 is the least important. As a result, classes belonging to tier
0 will get resource allocation priority over classes in tier 1, classes in tier 1 will
have priority over classes in tier 2, and so on. The default tier number, if the
attribute is not specified, is 0.

The tier applies at both the Superclass and Subclass levels. Superclass tiers are
used to specify resource allocation priority between Superclasses, and Subclass
tiers are used to specify resource allocation priority between Subclasses of the
same Superclass. There is no relationship between tier numbers of Subclasses
of different Superclasses.

Tier separation, in terms of prioritization, is much more enforced in AIX 5L than in
the previous release. A process in tier 1 will never have priority over a process in
tier 0, since there is no overlapping of priorities in tiers. It is unlikely that classes
in tier 1 will acquire any resources if the processes in tier 0 are consuming all the
resources. This occurs because the control of leftover resources is much more
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restricted than in the AIX Version 4.3.3 release of WLM, as shown in Figure 3-4
on page 42.

Excess resources
cascade down
to next tier

Figure 3-4 Resources cascading through tiers

Class attributes

In order to create a class, there are different attributes that are needed to have
an accurate and well-organized group of classes. Figure 3-5 shows the SMIT
panel for Class attributes.
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General characteristics of a class

Type or select values in entry fields.
Press Enter AFTER making all desired changes.

[Entry Fields]

A Los5 nane) [
Description [1
Tier [o] +i#
Resource Set +
Inheritance [Nel +
User authorized to assign its processes to this cl [1] +
ass
Group authorized to assign its processes to this c [1 +
lass
User authorized to administrate this class L1 +
(Superclass only)
Group authorized to administrate this class [1 +

(Superclass only)

F1=Help F2=Refresh F3=Cancel F4=List
F5=Reset F6=Command F7=Edit F8=Image
F9=Shell F10=Exit Enter=Do

Figure 3-5 SMIT with the class creation attributes screen

The sequence of attributes within a class (as shown in Figure 3-5 on page 43) is
outlined below:

» Class name

A unique class name with up to 16 characters. It can contain uppercase and
lowercase letters, numbers, and underscores (_).

» Description
An optional brief description about this class.
» Tier

A number between 0 and 9, for class priority ranking. It will be the tier that this
class will belong to. An explanation about tiers can be found in “Tiers” on
page 41.

» Resource Set

This attribute is used to limit the set of resources a given class has access to
in terms of CPUs (processor set). The default, if unspecified, is system, which
gives access to all the CPU resources available on the system.

» Inheritance

The inheritance attribute indicates whether a child process should inherit its
parent’s class or get classified according to the automatic assignment rules
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up on exec. The possible values are yes or no; the default is no. This attribute
can be specified at both Superclass and Subclass level.

» User and Group authorized to assign its processes to this class

These attributes are valid for all the classes. They are used to specify the
user name and the group name of the user or group authorized to manually
assign processes to the class. When manually assigning a process (or a
group of processes) to a Superclass, the assignment rules for the Superclass
are used to determine which Subclass of the Superclass each process will be
assigned to.

» User and Group authorized to administer this class

These attributes are valid only for Superclasses. They are used to delegate
the Superclass administration to a user and group of users.

» Localchm

Specifies whether memory segments that are accessed by processes in
different classes remain local to the class they were initially assigned to, or if
they go to the Shared class.

Segment authorization to migrate to the Shared class (5.1.0)

With Workload Manager in earlier versions of AIX, whenever a memory segment
is accessed by processes from different classes, the segment is reclassified as
Shared. This occurs because one of the classes sharing the memory segment
would otherwise be penalized as the user of this resource while the others are
not. The consequence of the segment moving to Shared is that users partially
lose control of it. In AIX 5L Version 5.1, an attribute has been added at the class
level to avert the automatic reclassification of the class. This attribute, localshm,
if set to no, allows the segment to be reclassified to the Shared class. Ifitis set to
yes, then it is not reclassified. From the command line, the command will be
similar to that shown in the example below:

# mkclass -a tier=2 -a adminuser=wlmu6 -a Tocalshm=yes -c shares=2\
-m shares=3 -d new_config super3

From the SMIT panels, general characteristics of a class panel will have the
localshm option, as in the example shown in Figure 3-6.
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General characteristics of a class
Type or select values in entry fields.
Press Enter AFTER making all desired changes.
[Entry Fields]
Class name super3
Description [1
Tier [21 +#
Resource Set +
Inheritance [Nol +
User authorized to assign its processes to this cl L[] +
ass
Group authorized to assign its processes to this ¢ [1] +
lass
User authorized to administrate this class [wlmub] +
(Superclass only)
Group authorized to administrate this class [1 +
(Superclass only)
[ffes :
Fl=Help F2=Refresh F3=Cancel F4=List
F5=Reset F6=Command F7=Edit F8=Image
F9=Shell F10=Exit Enter=Do

Figure 3-6 SMIT panel shows the additional localshm attribute

Classification process
There are two ways to classify processes in WLM:

» Automatic assignment when a process calls the system call exec, using
assignment rules specified by a WLM administrator. This automatic
assignment is always in effect (cannot be turned off) when WLM is active.
This is the most common method of assigning processes to the different
classes.

» Manual assignment of a selected process or group of processes to a class by
a user with the required authority on both the process and the target class.
This manual assignment can be done either by a WLM command, which
could be invoked directly or through SMIT or Web-based System Manager, or
by an application, using a function of the WLM Application Programming
Interface. Manual assignment overrides automatic assignment.

3.1.3 Automatic assignment

The automatic assignment of processes to classes uses a set of class
assignment rules specified by a WLM administrator. There are two levels of
assignment rules:

» A set of assignment rules at the WLM configuration level used to determine
which Superclass a given process should be assigned to
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» A set of assignment rules at the Superclass level used to determine which
Subclass of the Superclass the process should be assigned to

The assignment rules at both levels have exactly the same format.

When a process is created by fork, it remains in the same class as its parent.
Usually, reclassification happens when the new process calls the system call
exec. In order to classify the process, WLM starts by examining the top level
rules list for the active configuration to find out which Superclass the process
should belong to. For this purpose, WLM takes the rules one at a time, in the
order they appear in the file, and checks the current values for the process
attributes against the values and lists of values specified in the rule. When a
match is found, the process will be assigned to the Superclass named in the first
field of the rule. Then the rules list for the Superclass is examined in the same
way to determine which Subclass of the Superclass the process should be
assigned to. For a process to match one of the rules, each of its attributes must
match the corresponding field in the rule. The rules to determine whether the
value of a process attribute matches the values in the field of the rules list are as
follows:

» If the field in the rule has a value of hyphen (-), any value of the
corresponding process attribute is a match.

» If the value of the process attribute (for all the attributes except fype) matches
one of the values in the list in a rule, and it is not excluded (prefaced by an
exclamation point (1)), it is considered a match.

» When one of the values for the #ype attribute in the rule is comprised of two or
more values separated by a plus sign (+), a process will be a match for this
value only if its characteristics match all the values mentioned above.

As previously mentioned, at both Superclass and Subclass levels, WLM goes
through the rules in the order in which they appear in the rules list, and classifies
the process in the class corresponding to the first rule for which the process is a
match. This means that the order of the rules in the rules list is extremely
important, and caution must be applied when modifying it in any way.

3.1.4 Manual assignment

46

Manual assignment is a feature introduced in AIX 5L WLM. It allows system
administrators and applications to override, at any time, the traditional WLM
automatic assignment (processes’ automatic classification based on class
assignment rules) and force a process to be classified in a specific class.

The manual assignment can be made or canceled separately at the Superclass
level, the Subclass level, or both. In order to manually assign processes to a
class or cancel an existing manual assignment, a user must have the right level
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of privilege (that is, must be the root user, adminuser, or admingroup for the
Superclass or authuser and authgroup for the Superclass or Subclass). A
process can be manually assigned to a Superclass only, a Subclass only, or to a
Superclass and a Subclass of the Superclass. In the latter case, the dual
assignment can be done simultaneously (with a single command or API call) or at
different times, possibly by different users.

A manual assignment will remain in effect (and a process will remain in its
manually assigned class) until:

» The process terminates.

» WLM is stopped. When WLM is restarted, the manual assignments in effect
when WLM was stopped are lost.

» The class the process has been assigned to is deleted.
» A new manual assignment overrides a prior one.

» The manual assignment for the process is canceled.

In order to assign a process to a class or cancel a prior manual assignment, the
user must have authority both on the process and on the target class. These
constraints translate into the following:

» The root user can assign any process to any class.

» A user with administration privileges on the Subclasses of a given Superclass
(that is, the user or group name matches the attributes adminuser or
admingroup of the Superclass) can manually reassign any process from one
of the Subclasses of this Superclass to another Subclass of the Superclass.

» A user can manually assign their own processes (same real or effective user
ID) to a Superclass or a Subclass for which he has manual assignment
privileges (that is, the user or group name matches the attributes authuser or
authgroup of the Superclass or Subclass).

This defines three levels of privilege among the persons who can manually
assign processes to classes, root being the highest. In order for a user to modify
or cancel a manual assignment, the user must be at the same or a higher level of
privilege as the person who issued the last manual assignment.

Class assignment rules

After the definition of a class, it is time to set up the class assignment rules so
that WLM can perform its automatic assignment. The assignment rules are used
by WLM to assign a process to a class based on the user, group, application path
name, type of process, and application tag, or a combination of these five
attributes.
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The next sections describe the attributes that constitute a class assignment rule.
All these attributes can contain a hyphen, which means that this field will not be
considered when assigning classes to a process.

Class name

This field must contain the name of a class which is defined in the class file
corresponding to the level of the rules file we are configuring (either Superclass
or Subclass). Class names can contain only uppercase and lowercase letters,
numbers, and underscores (_), and can be up to 16 characters in length. No
assignment rule can be specified for the system defined classes Unclassified,
Unmanaged, and Shared.

Reserved
Reserved for future use. Its value must be a hyphen, and it must be presentin
the rule.

User

The user name (as specified in the /etc/passwd file, LDAP, or in NIS) of the user
owning a process can be used to determine the class to which the process
belongs. This attribute is a list of one or more user names, separated by a
comma. Users can be excluded by using an exclamation point prefix. Patterns
can be specified to match a set of user names using full Korn shell pattern
matching syntax.

Applications that use the setuid permission to change the effective user ID they
run under are still classified according to the user that invoked them. The
processes are only reclassified if the change is done to the real user ID (UID).

Group

The group name (as specified in the /etc/group file, LDAP, or in NIS) of a process
can be used to determine the class to which the process belongs. This attribute
is a list composed of one or more groups, separated by a comma. Groups can be
excluded by using an exclamation point prefix. Patterns can be specified to
match a set of group names using full Korn shell pattern matching syntax.

Applications that use the setgid permission to change the effective group ID they
run under are still classified according to the group that invoked them. The
processes are only reclassified if the change is done to the real group ID (GID).

Application path names

The full path name of the application for a process can be used to determine the
class to which a process belongs. This attribute is a list composed of one or more
applications, separated by a comma. The application path names will be either
full path names or Korn shell patterns that match path names. Application path
names can be excluded by using an exclamation point prefix.
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Process type

In AIX 5L, the process type attribute is introduced as one of the ways to
determine the class to which a process belongs. This attribute consists of a
comma-separated list, with one or more combination of values, separated by a
plus sign (+). A plus sign provides a logical and function, and a comma provides
a logical or function. Table 3-1 provides a list of process types that can be used.
(Note: 32bit and 64bit are mutually exclusive.)

Table 3-1 List of process types

Attribute value | Process type

32bit The process is a 32-bit process.

64bit The process is a 64-bit process.

plock The process called plock() to pin memory.

fixed The process has a fixed priority (SCHED_FIFO or SCHED_RR).

Application tags

In AIX 5L, the application tag attribute is introduced as one of the forms of
determining the class to which a process belongs. This is an attribute meant to
be set by WLM’s API as a way to further extend the process classification
possibilities. This process was created to allow differentiated classification for
different instances of the same application. This attribute can have one or more
application tags, separated by commas. An application tag is a string of up to 30
alphanumeric characters.

The classification is done by comparing the value of the attributes of the process
at exec time against the lists of class assignment rules to determine which rule is
a match for the current value of the process attributes. The class assignment is
done by WLM:

» When WLM is started for all the processes existing at that time

» Every time a process calls the system calls exec, setuid (and related calls),
setgid (and related calls), setpri, and plock, once WLM is started

There are two default rules that are always defined (that is, hardwired in WLM).
These are the default rules that assign all processes started by the user root to
the System class, and all other processes to the Default class. If WLM does not
find a match in the assignment rules list for a process, these two rules will be
applied (the rule for System first), and the process will go to either System (UID
root) or Default. These default rules are the only assignment rules in the standard
configuration installed with AIX.
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Table 3-2 is an example of classes with their respective attributes for assignment
rules.

Table 3-2 Examples of class assignment rules

Class Reserved User Group | Application Type | Tag

System | - root - - - -

db1 - - - /usr/oracle/bin/db* - _db1

db2 - - - /usr/oracle/bin/db* - _db2

devlt - - dev - 32bit -

VPs - bob,!ted - - - -

acctg - - acct* - - -

In Table 3-2, the rule for Default class is omitted from display, though this class’s
rule is always present in the configuration. The rule for System is explicit, and
has been put first in the file. This is deliberate so that all processes started by
root will be assigned to the System Superclass. By moving the rule for the
System Superclass further down in the rules file, the system administrator could
have chosen to assign the root processes that would not be assigned to another
class (because of the application executed, for example) to System only. In
Table 3-2, with the rule for System on top, if root executes a program in
/usr/oracle/bin/db* set, the process will be classified as System. If the rule for the
System class was after the rule for the db2 class, the same process would be
classified as db1 or db2, depending on the tag.

These examples show that the order of the rules in the assignment rules file is
very important. The more specific assignment rules should appear first in the
rules file, and the more general rules should appear last. An extreme example
would be putting the default assignment rule for the Default class, for which every
process is a match, first in the rules file. That would cause every process to be
assigned to the Default class (the other rules would, in effect, be ignored).

You can define multiple assignment rules for any given class. You can also
define your own specific assignment rules for the System or Default classes. The
default rules mentioned previously for these classes would still be applied to
processes that would not be classified using any of the explicit rules.

Backward compatibility issues

As mentioned earlier, in the first release of WLM, the system default for the
resource shares was one share. In AIX 5L, it is -, which means that the resource
consumption of the class for this particular resource is not regulated by WLM.
This changes the semantics quite a bit, and it is advisable that system
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administrators review their existing configurations and consider if the new default
is good for their classes, or if they would be better off either setting up a default of
one share (going back to the previous behavior) or setting explicit values for
some of the classes.

In terms of limits, the first release of WLM only had one maximum, not two. This
maximum limit was in fact a soft limit for CPU and a hard limit for memory. Limits
specified for the old format, min percent-max percent, will have, in AIX 5L, the
max interpreted as a softmax for CPU and both values of hardmax and softmax
for memory. All interfaces (SMIT, AIX commands, and Web-based System
Manager) will convert all data existing from its old format to the new one.

The disk I/O resource is new for the current version, so when activating the AIX
5L WLM with the configuration files of the first WLM release, the values for the
shares and the limits will be the default ones for this resource. The system
defaults are:

» shares = -
» min = 0 percent, softmax = 100 percent, hardmax = 100 percent
For existing WLM configurations, the disk 1/0 resource will not be regulated by

WLM, which should lead to the same behavior for the class as with the first
version.

3.1.5 Resource sets

WLM uses the concept of resource sets (or rsets) to restrict the processes in a
given class to a subset of the system's physical resources. In AIX 5L, the
physical resources managed are the memory and the processors. A valid
resource set is composed of memory and at least one processor.

Figure 3-7 shows the SMIT panel where a resource set can be specified for a
specific class.
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General characteristics of a class

Type or select values in entry fields.
Press Enter AFTER making all desired changes.

[Entry Fields]

Class name Redbook

Deseription [Redbook examplel

Tier [0] +#
Bys/cpu.00003 .
Inheritance [Yes] +
User authorized to assign its processes to this ¢l [user_s] +
ass

Group authorized to assign its processes to this ¢ [systeml +
lass

User authorized to administrate this class Luser_s] +
(Superclass only)

Group authorized to administrate this class [system] +

(Superclass only)

Fl=Help F2=Refresh F3=Cancel Fd=List
F5=Reset F6=Command F7=Edit F8=Image
F9=5Shell F10=Exit Enter=Do

Figure 3-7 Resource set definition to a specific class

By default, the system creates one resource set for all physical memory, one for
all CPUs, and one separate set for each individual CPU in the system. The
1srset command lists all resource sets defined. A sample output for the 1srset
command follows:

# Tsrset -av

T Name Owner  Group  Mode CPU Memory Resources

r sys/sys0 root system r----- 4 511 sys/sys0
sys/node.00000 sys/mem.00000 sys/cpu.00003 sys/cpu.00002 sys/cpu.00001
sys/cpu.00000

r sys/node.00000 root system r----- 4 511 sys/sys0
sys/node.00000 sys/mem.00000 sys/cpu.00003 sys/cpu.00002 sys/cpu.00001
sys/cpu.00000

r sys/mem.00000 root system r----- 0 511 sys/mem.00000
r sys/cpu.00003 root system r----- 1 0 sys/cpu.00003
r sys/cpu.00002 root system r----- 1 0 sys/cpu.00002
r sys/cpu.00001 root system r----- 1 0 sys/cpu.00001
r sys/cpu.00000 root system r----- 1 0 sys/cpu.00000

rset registry

As mentioned previously, some resource sets in AIX 5L are created, by default,
for memory and CPU. It is possible to create different resource sets by grouping
two or more resource sets and storing the definition in the rset registry.
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The rset registry services enable system administrators to define and name
resource sets so that they can then be used by other users or applications. In
order to alleviate the risks of name collisions, the registry supports a two-level
naming scheme. The name of a resource set takes the form
name_space/rset_name. Both the name_space and rset_name may each be
255 characters in size, are case-sensitive, and may contain only upper and lower
case letters, numbers, underscores, and periods. The name space of sys is
reserved by the operating system and used for rset definitions that represent the
resources of the system.

The SMIT rset command has options to list, remove, or show a specific resource
set used by a process and the management tools, as shown in Figure 3-8.

Resource Set Management

Move cursor to desired item and press Enter.

List All Resource Sets

List All Resource Sets in a given namespace
List All System RADs

List Application—-defined Resource Sets
Remove Application-defined Resource Sets
Show a Process Partition

Manage Resource Set Database

F1=Help F2=Refresh F3=Cancel F8=Image
F9=Shell F10=Exit Enter=Do

Figure 3-8 SMIT main panel for resource set management

To create, delete, or change a resource set in the rset registry, you must select
the Manage Resource Set Database item in the SMIT panel. In this panel, it is
also possible to reload the rset registry definitions to make all changes available
to the system. Figure 3-9 on page 54 shows the SMIT panel for rset registry
management.
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Manage Resource Set Database

Move cursor to desired item and press Enter.

List All Resource Sets of the Database|

Add a Resource Set to the Database

Remove a Resource Set from the Database

Change / Show Characteristics of a Database Resource Set
Reload Resource Set Database

F1l=Help F2=Refresh F3=Cancel F8=Image
F9=Shell F10=Exit Enter=Do

Figure 3-9 SMIT panel for rset registry management

To add a new resource set, you must specify a name space, a resource set
name, and the list of resources. It is also possible to change the permissions for
the owner and group of this rset. In addition, permissions for the owner, groups,
and others can also be specified. Figure 3-10 on page 55 shows the SMIT panel
for this task.
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Aidd a Resource Set to the Database
Type or select values in entry fields.
Press Enter AFTER making all desired changes.

LEntry Fields]

% Name Space [IRedbook]] +
# Resource Set Name ICPUGand1fl +
# Owner root +
# Group system +
# Quner Permissions rw +
% Group Permissions r- +
# Others Permissions r- +
M sources s cou 00001, 5ys7cpu .
Fl=Help F2=Refresh F3=Cancel Fd=List
F5=Reset F6=Command F7=Edit F8=Image
F9=Shell F10=Exit Enter=Do

Figure 3-10 SMIT panel to add a new resource set

Whenever a new rset is created, deleted, or modified, a reload in the rset
database is needed in order to make the changes effective.

3.1.6 WLM configuration enhancements

In AIX 5L, both the SMIT-based and the Web-based System Manager versions
of WLM configuration are enhanced. Many new options are included because of
the new features presented earlier in this section.

Figure 3-11 on page 56 shows a SMIT character-based main panel for Workload
Manager.
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Workload Hanagement

Move cursor to desired item and press Enter.

Hork on alternate configurations|

Hork on a set of Subclasses
Show current focus (Configuration, Class Set)

List all classes

Add a class

Change / Show Characteristics of a class
Remove a class

Class assignment rules

Start/Stop/Update MWLM
Assign/Unassign processes to a class/subclass

F1=Help F2=Refresh F3=Cancel F8=Image
F9=Shell F10=Exit Enter=Do

Figure 3-11  SMIT main panel for Workload Manager configuration

It is also possible to view, modify, or create Workload Manager through the
Web-based System Manager, as shown on Figure 3-12 on page 57.
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Figure 3-12 Web-based System Manager options for Workload Manager

Work on alternate configurations

This option allows you to create specific sets of configurations, each one with its
own classes and rules. This is useful when different resources are needed for the
same classes, or to provide a way to switch among different behaviors (for
example, in a contingency situation).

When creating a new alternate configuration, WLM provides a sample
configuration, called template, that defines the predefined Superclasses: Default,
System, and Shared.

If this option is selected in the SMIT panel, it will open a new submenu with some
additional options, which are discussed in the following sections.

Show all configurations
This option will display a list of all alternate configurations defined in the system.
A sample output for this option is below:

COMMAND STATUS

Command: 0K stdout: yes stderr: no
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Before command completion, additional instructions may appear below.

redbook : Redbook Configuration
standard : Sample for Redbook
template : Template to create a new configuration -

test : Template to create a new configuration -

Copy a configuration

This option copies an entire configuration to a different configuration set. It will
preserve all definitions created or changed. It can be used, if you need to have
multiple configuration sets, with slight differences on the attributes with the same,
or almost the same, number and naming convention for Superclasses and
Subclasses.

Create a configuration

A new configuration set will be created, using the default sample, which will
create three basic classes: System, Default, and Shared. These classes are
defined in the sample configuration called Template within WLM.

Select a configuration
In this option, you can switch to an alternate configuration. Keep in mind that this
selection will be effective after the next WLM update or restart.

Enter configuration description
Each alternate configuration set has a label that can be modified to describe
goals, or any other information.

Remove a configuration
This option allows you to completely remove a configuration from the system.

Work on a set of Subclasses

This option allows you to change the class set. A class set is needed when you
need add, remove, or change attributes in Subclasses for a Superclass. If
hyphen is selected, then any add, remove, or change class operations will be
effective in the Superclass layer. On the other hand, if there is a Superclass
assigned in this option, all the class operations will occur in the Subclass layer for
this specific Superclass.

In Figure 3-13 on page 59, user in Superclasses was selected as the class set,
and the operation created a new Subclass named DB for Superclass user.
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Superclasses

SR A

select a superclass to change class set

add DB subclass

Figure 3-13 An example of adding a Subclass to a Superclass

Show current focus

This option provides output for two sets: The Configuration set and the Class set.
This option is necessary when you do not know which configuration or class set
you are pointing to.

COMMAND STATUS
Command: 0K stdout: yes stderr: no
Before command completion, additional instructions may appear below.

Configuration: redbook
Class set: Subclasses of user/

current -> redbook
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List all classes

This option shows a list of classes. If the class set is pointing to a specific
Superclass, then all Subclasses for this specific Superclass will be listed.
Otherwise, a list of Superclasses will be shown.

COMMAND STATUS
Command: 0K stdout: yes stderr: no
Before command completion, additional instructions may appear below.

Default
Shared
db

Add a class

This option can be used to add a new Superclass or Subclass. “Class attributes”
on page 42 gives a detailed description of all the fields for this panel.

Change/Show Characteristics of a class

This option allows you to change a class configuration. For example, tier,
resource set, or administration users. But it also lets you change resource
management characteristics for CPU, memory, and disk I/O. There is also a new
option for limit.

General characteristics of a class

It is possible to change all the characteristics of a class; see “Class attributes” on
page 42 for a list of attributes that can be modified with this option. Figure 3-5 on
page 43 shows the SMIT panel for this option.

CPU resource management

It is possible to change the percentage of minimum and maximum CPU
resources for a specific class. A new field introduced in this release is Absolute
maximum (%), which controls the enforced maximum CPU consumption for this
class, even if there are CPU resources in idle.

A sample CPU resource management SMIT input screen for db class follows:

CPU resource management

Type or select values in entry fields.
Press Enter AFTER making all desired changes.

[Entry Fields]
Class name db
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Shares [-1

#

Minimum (%) [0]
#

Maximum (%) [100]
#

Absolute Maximum (%) [100]
#

Memory resource management

The total amount of physical memory available for processes at any given time is
the total number of memory pages physically present on the system (minus the
number of pinned pages). The pinned pages are not managed by WLM, since
these pages cannot be stolen from a class and given to another class in order to
regulate memory utilization. The memory utilization of a class is simply the ratio
of the number of (non-pinned) memory pages being used by all the processes in
the class to the number of pages available on the system (as defined above,
expressed as a percentage). As in CPU resource management, there are
minimum and maximum percentages (%) as soft limits, and absolute maximum
as a hard limit.

A sample Memory resource management SMIT input screen for db class follows:

Memory resource management

Type or select values in entry fields.
Press Enter AFTER making all desired changes.

[Entry Fields]

Class name db
Shares [-]
Minimum (%) [0]
Maximum (%) [100]
Absolute Maximum (%) [100]

Disk I/O resource management

For the disk /O, the main difficulty is determining a meaningful available
bandwidth for a device. When a disk is 100 percent busy, its throughput (in
blocks per second) will be very different if one application is doing sequential I/Os
than if several applications are doing random I/Os. If the maximum throughput
measured for the sequential /O case was used as a value of the 1/0 bandwidth
available for the device to compute the percentage of utilization under random
I/Os, statistical errors would be created. It would lead you to think that the device
is, for example, 20 percent busy, when it is in fact at 100 percent utilization.

In order to get more accurate and reliable percentages of per class disk
utilization, WLM uses the data provided by the disk drivers (which are displayed
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with the iostat command), giving the percentage of the time the device has
been busy during the last second for each disk device. WLM knows how many
blocks in total have been read/written on a device during the last few seconds by
all the classes accessing the device, how many blocks have been read/written by
each class, and what was the percentage of utilization of the device, and can
easily calculate what percentage of the disk throughput was consumed by each
class. For example, if the total number of blocks read or written during the last
second was 1000 and the device had been 70 percent busy, this means that a
class reading or writing 100 blocks used 7 percent of the disk bandwidth.
Similarly, to the CPU time (another renewable resource), the values used by
WLM for its disk 1/0 regulation are also a decayed average over a few seconds of
these per second percentages.

For the disk 1/O resource, the shares and limits apply to each disk device
accessed by the class individually, and the regulation is done independently for
each device. Moreover, the same soft and hard limits apply to this resource.

A sample disk I/O resource management SMIT input screen for db class follows:

diskI0 resource management

Type or select values in entry fields.
Press Enter AFTER making all desired changes.

[Entry Fields]

Class name db
Shares -1
#
Minimum (%) [o]
#
Maximum (%) [100]
#
Absolute Maximum (%) [100] #

Remove a class
This option allows you to completely remove a class from the system.

Class assignment rules

After creating a class and setting the number of shares, soft and hard limits
percentage for CPU, and memory and disk I/O, it is necessary to create the
assignment rules. Class assignment rules will allow you to join all the class
characteristics together within a specific application, user, and other types.

List all Rules
This option will show an output with all defined assignment rules set in the
system with their specific characteristics, as in the following:
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COMMAND STATUS
Command: 0K stdout: yes stderr: no
Before command completion, additional instructions may appear below.

# Class User Group Application Type Tag
001 System root - -
002 Default - - -

By default, there are two predefined rules that will be available in any WLM class.
The first rule is for the System class that causes any application started by root
to be assigned to this rule. The second rule is for the Default class, and it defines
the rules for any application issued in the system by any user other than root.

Create a new Rule

To create an assignment Rule in WLM, you must keep in mind that the order of
the rule will be affected by or will affect other rules. WLM will follow the rules
beginning with Rule number one (001). Then, for example, if rule number one
states that all root user process will belong to System class, any root user
process will never be affect by rule number two or later.

Figure 3-14 shows the SMIT panel for creating a new rule.

Create a new Rule

Type or select values in entry fields.
Press Enter AFTER making all desired changes.

LEntry Fields]
Order of the rule [ #
Class name +
User

L
L
Application [-
L
L

*® ok ok X

Type
Tag

F1=Help F2=Refresh F3=Cancel F4=List
F5=Reset F6=Command F7=Edit F8=Image
F9=Shell F10=Exit Enter=Do

Figure 3-14 Example of SMIT panel for creating a new rule
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A discussion of the fields to fill out for Rule Order follows. Order of the Rules and
Class name are mandatory fields; all others are optional.

Order of the rule Defines the rule order among other rules. The rule
number one (001) is the first preferred order.

Class nhame Specifies which class will be affected by the rule.

User If specified, it will affect the user processes that match the

pattern provided.

Group If specified, it will affect the group processes that match
the pattern provided.

Application Affects a specific application, or you can use wildcards to
affect a certain range of applications. For example,
/tmp/wim/* will affect any application under the /tmp/wim

directory.
Type Only defined types of applications will be affected.
Tag Affects specific applications that have a tag that matches.

Note: “Classification process” on page 45 has a detailed architectural
approach about Assignment Rules.

Change/Show Characteristics of a Rule panel
It is possible to change all characteristics established for a Rule, including order
and class. Figure 3-15 on page 65 shows a SMIT panel used for this item.
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Change / Show Characteristics of a Rule

Type or select values in entry Tields.
Press Enter AFTER making all desired changes.

[Entry Fields]

Order of the rule 1
i '
% Class name user +
% User [root] +
# Group [system] +
fipplication L/tmp/ulm/sum.shl
Type [-1 +
Tag [-1
F1=Help F2=Refresh F3=Cancel F4=List
F5=Reset F6=Command F7=Edit F8=Image
F9=Shell F10=Exit Enter=Do

Figure 3-15 Fields that can be modified for a specific rule

Delete a Rule
This option allows you to completely remove a Rule from the system.

Note: Note that any creations, deletions, or modifications in any kind of
configuration within WLM will only be effective after you update WLM or restart
WLM.

Start, Stop, or Update WLM

In this option, it is possible to Start and Stop WLM. Or, if you modified, created, or
removed any component on WLM, you can update so that the changes take
effect. Another function of this option is to show the WLM status.

Update Workload Management panel

The update function (as shown in Figure 3-16 on page 66) allows you to create
classes, change assignment Rules, and perform many other functions that were
not updated in earlier releases.

In this release, any action performed to change the configuration can be updated
and be effective without needing to restart WLM.

Another enhancement for Update is the possibility of updating only a specific
Superclass instead of the entire WLM.
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Update Morkload Management

Type or select values in entry fields.
Press Enter AFTER making all desired changes.

[Entry Fields]

Superclass name (restricted update. (g +

applies only to “current” configuration)

Fl=Help F2=Refresh F3=Cancel F4=-List
F5=Reset F6=Command F7-Edit F8-Image
F9=5Shell F10=Exit Enter=Do

Figure 3-16 SMIT panel for Update Workload Management

Assign/Unassign processes to a class/Subclass

To assign or unassign processes to a class or Subclass, use the SMIT menu, as
shown in Figure 3-17 on page 67, or see “Manual assignment” on page 46 for a
description of the process from an architectural point of view.
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fissign/Unassign processes to a class/subclass
[ype or select values in entry fields.
’ress Enter AFTER making all desired changes.
[Entry Fields]
fissign/Unassign to/from Superclass/Subclass/Both fissign Superclass +
Class name (for assignment) ]| +
List of PIDs [1 +
List of PGIDs 1 +
-1=Help F2=Refresh F3=Cancel F4=List
“5=Reset F6=Command F7=Edit F8=Image
-9=Shell F10=Exit Enter=Do

Figure 3-17 SMIT panel for manual assignment of processes

Assign/Unassign to/from Superclass/Subclass/Both
This field is used to specify whether you are assigning or unassigning a process
and if it belongs to a Superclass, Subclass, or both.

All the options for this field and their respective descriptions are:

Assign Superclass All desired processes will be assigned to a specific
Superclass.

Assign Subclass All desired processes will be assigned to a specific
Subclass.

Assign Both All desired processes will be assigned to both

Superclass and Subclass levels.
Unassign Superclass All desired processes will be unassigned from a

Superclass.

Unassign Subclass All desired processes will be unassigned from a
Subclass.

Unassign Both All desired processes will be unassigned from both

Superclass and Subclass.
Class name

This field must contain the Superclass or Subclass that will affect the processes
listed to either Assign or Unassign.
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List of PIDs
It is possible to select multiple processes at once. A comma must be used as a
separator between each PID.

List of PGIDs
It is also possible to select a single PGID or a list of PGIDs instead of single
PIDs.

WLM for accounting (5.1.0)

Starting with AIX 5L Version 5.1, WLM provides kernel support per class
accounting, which means that accounting records can be gathered by WLM
class. This new feature implies the enhancement of two new flags for the
acctcom command: The -w and -c flags.

The accounting system utility allows you to collect and report on individual,
group, and Workload Manager (WLM) class use of various system resources.
This accounting information can be used to bill users for the system resources
they utilize, and to monitor selected aspects of the system operation. To assist
with billing, the accounting system provides the resource-usage totals defined by
members of the adm group, and, if the chargefee command is included, factors
in the billing fee.

The accounting system also provides data to assess the adequacy of current
resource assignments, set resource limits and quotas, forecast future needs, and
track supplies for printers and other devices.

The acctcom command displays selected process accounting record summaries.
Each record represents one completed process. The default display consists of
the command name, user name, TTY name, start time, end time, real seconds,
CPU seconds, and mean memory size (in kilobytes). These default items have
the following headings in the output:

COMMAND START ~ END REAL CPU MEAN
NAME USER TTYNAME TIME TIME  (SECS) (SECS) SIZE(K)

Running the acctcom command with the -w flag will show all processes and their
class name. Running the acctcom command with the -c flag displays all
processes belonging to the specified class. A mechanism has been introduced to
allow users to gather accounting information by class. A 64-bit key is generated
from the Superclass and Subclass names to achieve this function. When the
accounting records are processed, the signature of all the class names found in
/etc/wim is computed and stored in an internal table. For each record, the
signature is compared to this table, and the class name is retrieved. The
accounting command translates the key back into the class name.
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For example, run the following command:

# acctcom -w

COMMAND START END REAL CPU
MEAN

NAME USER CLASS TTYNAME  TIME TIME (SECS) (SECS)
SIZE(K)

#accton root System.Default ? 10:44:34 10:44:34 0.02
0.02 0.00

#bsh root System.Default ? 10:44:34 10:44:34 0.25
0.00 248.00

#setmaps  root System.Default ? 10:49:26 10:49:26 0.02
0.02 0.00

#1s root System.Default ? 10:49:27 10:49:27 0.03
0.02 80.00

#more root System.Default ? 10:49:34 10:49:34 0.81
0.09 60.00

termdef adm Default.Default ? 10:49:42 10:49:42 0.02
0.02 185.00

1s adm Default.Default ? 10:49:43 10:49:43 0.02
0.02 58.00

nfssync_k root System.Default ? 10:49:44 10:49:44 0.00
0.00 0.00

nfssync_k root System.Default ? 10:49:44 10:49:44 0.00
0.00 0.00

ps adm Default.Default ? 10:49:45 10:49:45 0.05
0.03 155.00

#tsm root System.Default ? 10:49:26 10:49:51 25.61
0.56 116.00

You can see two different classes: The System.Default class and the
Default.Default class. If you want to display all processes belonging to the
Default.Default class, the -c flag has to be used:

# acctcom -c Default.Default

COMMAND START END REAL CPU MEAN

NAME USER TTYNAME TIME TIME (SECS)  (SECS) SIZE(K)
termdef adm ? 10:49:42 10:49:42 0.02 0.02 185.00
1s adm ? 10:49:43 10:49:43 0.02 0.02 58.00
ps adm ? 10:49:45 10:49:45 0.05 0.03 155.00

Also, a combination of the these two flags can be used:

# acctcom -wc Default

COMMAND START END REAL CPU
MEAN

NAME USER CLASS TTYNAME TIME TIME (SECS)
(SECS) SIZE(K)

termdef adm Default.Default ? 10:49:42 10:49:42 0.02
0.02 185.00
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1s adm Default.Default ? 10:49:43 10:49:43 0.02

0.02 58.00
ps adm Default.Default ? 10:49:45 10:49:45 0.05
0.03 155.00

With the -c option, a Superclass name or a full class name can be passed. A
Superclass name will display the records for all the Subclasses:

# acctcom -w -c classl

COMMAND START END REAL
CPU MEAN

NAME USER CLASS TTYNAME TIME TIME (SECS)
(SECS) SIZE(K)

#date wimul classl.sub2 pts/0  05:26:05 05:26:05 0.09
0.09 95.00

date wimul classl.sub2 tty0 05:26:40 05:26:40 0.02
0.02 0.00

1s wimul classl.sub? tty0 05:26:43 05:26:43 0.02
0.02 0.00

vi wimul classl.sub? tty0 05:26:48 05:26:55 7.38
0.03 432.00

grep wimul classl.sub2 tty0 05:27:03 05:27:03 0.02
0.02 0.00

#ksh wimul classl.sub2 tty0 05:26:36 05:27:05 29.91
0.08 214.00

termdef wlmu2 classl.Default tty0 05:27:18 05:27:18 0.02
0.00 164.00

find wlmu2 classl.Default tty0 05:27:31 05:27:31 0.09
0.00 0.00

1s wlmu2 classl.Default tty0 05:27:39 05:27:39 0.02
0.02 213.00

sleep wlmu2 classl.Default tty0 05:27:47 05:27:50 3.02
0.02 180.00

#ksh wimu2 classl.Default ttyO 05:27:18 05:27:54 36.72
0.06 282.00

who wlmu0 classl.subl tty0 05:28:06 05:28:06 0.05
0.02 0.00

df wlmu0 classl.subl tty0 05:28:12 05:28:12 0.02
0.02 40.00

cat wimu0 classl.subl tty0 05:28:19 05:28:19 0.02
0.02 122.00

1s wlmu0 classl.subl tty0 05:28:31 05:28:31 0.02
0.00 86.00

cpio wlimu0 classl.subl tty0 05:28:31 05:28:31 0.02
0.02 0.00

#
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The following is the complete syntax of the acctcom command:

/usr/sbin/acct/acctcom [ [ -q | -o File] | [ -al [ -b 1 [ -c Classname ]
-f1[-h]1[-i1[-kJ[-m][-rJ[-t][-v][-w]lT[-C Seconds ]
[ -g Group ] [ -H Factor ] [ -I Number ] [ -1 Line ] [ -n Pattern ]

[ -0 Seconds ] [ -uUser ] [ -e Time ] [ -E Time ] [ -s Time ] [ -S Time ]

[ File ... ]

3.1.7 Monitoring WLM with wimmon and wimperf (5.1.0)

The new wimmon command in AlX 5L Version 5.1, and wimperf command,
available with PTX Version 3.0 for AIX 5L and AIX Version 4.3.3, provides
graphical views of Workload Manager (WLM) resource activities by class. While
the wimstat command provides a per-second fidelity view of WLM activity, it is
not suited for long-term analysis. The wimmon and wimperf tools were created to
supplement wimstat.

These tools provide reports of WLM activity over much longer time periods. The
wlmmon tool is a disabled version of the wimperf tool, and the primary difference
between the two tools is the period of WLM activity that may be analyzed. The
recordings of wimperf are limited to one year; on the other hand, wimmon is
limited to generating reports within the last 24 hour period. The recordings are
generated by associated daemons that have minimal impact on overall system
performance. In wlmmon, this daemon is called xmwIm, and ships with the base
AIX. For wimperf, the xmtrend daemon is used to collect and record WLM. These
daemons sample WLM and system statistics at a very high rate (measured in
seconds), but only record supersampled values at a low rate (measured in
minutes). These values represent the minimum, maximum, mean, and standard
deviation values for each collected statistic over the recording period. To execute
wimmon and wimperf, you can enter wimmon or wimperf without any options. This
section explains the execution of wimperf; any differences to wimmon are pointed
out in the relevant sections.

Daemon recording and configuration

Both the wimmon and wimperf daemons create recordings in the /etc/perf/wim
directory.

For wimperf, the xmtrend daemon is used, and will utilize a configuration file for
recording preferences. A sample of this configuration file for WLM-related
recordings is located in /usr/Ipp/perfagent.server/xmtrend_wIm.cf. Recording
customization, startup, and operation is briefly described in the following section.

For wimmon, the xmwIm daemon is used, and cannot be customized. For
recordings to be created, adequate disk allocations must be made for the
/etc/perf/wim directory, allowing at least 10 MB of disk space. Additionally, the
daemon should be started from an /etc/inittab entry so that recordings will
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automatically restart after system reboots. The daemon will operate whether the
WLM subsystem is in active, passive, or disabled (off) mode. However, recording
activity is limited when WLM is off.

In order to start the recording, the daemons have to be active. To start the
graphic monitoring tool, run the wimmon command (base AIX) or the wimperf
command (PTX).

Upon startup, a default Report Display is shown. To view recordings, use the
WLM_Console menu, as described in the next section.

The WLM_Console menu

The tab down menu WLM_Console, shown in Figure 3-18, displays the following
selections:

Open Log Allows browsing to and viewing recordings.
Reports Allows opening, copying, or deleting different reports (for
wimperf only).
Print Allows printing the current report.
Exit Exits the wimmon tool.
WLM_Caonsale
Open Log
Repons
Exit

Figure 3-18 WLM_Console tab-down menu

The WLM report browser

When selecting the Open Log menu, the report browser is displayed, as shown
in Figure 3-19 on page 73. The browser allows you to browse through the
different directories and displays a list of reports.
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Look in: I wim - @ @ @ | o

[ xmwlm. 0102 16
[ xmwlrm. 010315
[ xmwlm. 0103 18

File name: berriwlrn. 0103 15 | Open

Files af type: |AII Files ("7} v|| Cancel |

Figure 3-19 Report browser

Report displays
There are three types of report displays: Snapshot display, bar display, and
tabulation display. The bar display is opened by default.

These three displays have the following common elements:

WLM Console Tab-down menu that allow you to select open recordings
(log file), open reports (wimperf only), print reports, and
exit the tool.

Selected Tab-down menu that allows you to select the report
properties.

Tier column Displays the tier number associated with a class.

Class column Displays the class name.

Resource columns Displays the resource information (CPU, memory, and
disk 1/0O) based on the type of graphical report selection
chosen.

Status area Displays a set of global system performance metrics that
are also recorded to aid in analysis. The set displayed
may vary between AlX releases, but will include metrics
such as run, queue, swap queue, and CPU busy.
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Host Displays the host name of the system on which the
recording was made.

WLM State Displays the state of WLM. This can be Active or Passive.

Time period Displays the time period defined in the Times menu of the
Report Properties panel. For trend reports comparing two
time periods, two time displays are shown.

Bar display

As shown in Figure 3-20, the resource columns are displayed in bar-graph style,
along with the percentage of measured resource activity over the time period
specified. The percentage is calculated based on the total system resources
defined by the WLM subsystem. If the detailed display is trended, the later
(second) measurement is shown above the earlier (first) measurement interval.

WLM_Console Selected Help
Snapshot View [ Bar View [Table View |
Tier Class | CPU | MEM | DISK 1/0 |
0 System 4 " 4 " a |
0 Batch1 6 ‘l 6 ‘l 1|
0 Batch2 6 ‘l 6 ‘l 1|
0 Shared 4 ‘l 4 ‘l a |
0 Unmanaged 9 ‘. 1 [H 4 "
0 Default 4 ‘l 4 ‘l 4 ‘l
RunQ|0 | SwapQ|0 | CPU Busy%s(19 1/ O WaitSs|4 PagSp Used24(19
Host [wimhost WLM State [active || Periodd | | Period2 [1/1 12:00 - 1714 18:00 |

Figure 3-20 Bar view

74

Snapshot display

Figure 3-21 on page 75 shows the snapshot display, where it focuses on showing
class resource relationships based on user-specified variation from the defined
target shares. To select or adjust the variation parameters for this display, utilize
the Report Properties panel Advanced menu, as shown in Figure 3-28 on

page 80. If the Snapshot display is trended, the earlier (first) analysis period is
shown by an arrow pointing from the earlier measurement to the later (second)
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measurement. If there has been no change between the periods, no arrow is

shown.

WLM_Cansale Selected

Snapshaot rBar View rTabIe Yiew \

Help

Tier| Class | - CPU + | - MEM + |

Disk /O +

0/System

ODefault

OShared

lsuperA

OsuperA.sub2

OUnmanaged

OsuperA.Shared

OUnclassified

4

RunQ [0

| swapQ [0 | CPU busy%s [0 170 wait% [0 PagSp used% 5

Hast [mothral WLM State [Active |

Pariod1 | | Period2 [1/16 12:21 - 1/16 16:4 |

Figure 3-21 Snapshot view

Tabulation display

The third type of display report is shown in Figure 3-22 on page 76. In this report,
the following fields are provided:

Shares
Target

Min

SMax

HMax

Actual

Low

High

Standard Deviation

Defined shares in WLM configuration.

Computed share value target by WLM in percent. If the
share is undefined, the target displays 100.

Class minimum defined in WLM limits.
Class soft maximum defined in WLM limits.
Class hard maximum defined in WLM limits.
Calculated average over the sample period.
Actual observed min across time period.
Actual observed max across time period.

Computed standard deviation of Actual, High, and Low.
Indicates the variability of the Actual values during the
recording period. Higher standard deviation means more
variability; lower standard deviation means less variability.
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Samples

Number of recorded samples for this period.

WLM_Console Selected
[Snapshat View | Bar View | Table View |

Help

CPU -

Tier | Class | Shares | Target | Min | SMax | HMax | Actual | Low | High | StDev |Samples
0/System 4 4 50 48 48 4 o a o 637
0/Batchl 49 6 49 48 49 6 0 14 0 637
0lpatch2 48 3 47 48 49 3 o 14 o 637
0/Shared 49 4 49 49 49 4 0 9 0 637
0|Unmanaged 50 ] 48 47 40 ] o 19 o 637
0|Default 49 4 48 48 48 4 0 9 0 637
RunQ[o | swapa[o | CPUBusy26[19 | 1jOwait2+ | PagSpUsedZs[13 |
Host [wirnhost WLM State [active | Period1 | | Period2 [1/1 12:00 - 1/14 18:00 |

Figure 3-22 Table view

If the Table display is trended, the earlier (first) analysis is shown by the first
number between the brackets and the later (second) analysis is shown by the
second number between the brackets.

The report properties
The Report Properties panel allows the user to define the attributes that control
the actual graphical representation of the WLM data. The report properties are

displayed by selecting Selected at the top of the Report display, as shown in

Figure 3-23.

Selected

Times
Tier/Class
Advanced

Figure 3-23 Report properties
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Times menu

The first tabbed panel is displayed in Figure 3-24 on page 78. It allows the user
to edit the time properties of a display.

Note: wimmon does not allow selection of days, weeks, and months.

The fields are:
Trend box

Width of Interval

End of First Period

End of Last Period

When checked, indicates that a trend report of the
selected type will be generated. Trend reports allow the
comparison of two different time periods on the same
display. Selecting this box enables the End of first Period
field for editing.

Represents the period of time covered by any display
type, measuring from user-input time selections. Interval
widths are selected from this pull down menu. The
selections available vary depending upon the tool being
used. While wimmon only has selections for minutes and
hours, wimperf has selections for minutes, hours, days,
weeks, and months.

Represents the end time of a period of interest for
generating a trend report. The first period always
represents a time frame ending earlier than the last
period. This field can only be edited if the Trend box is
selected.

Represents the end time of a period of interest for trend
and non-trend reports.
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Time Periods:

Time Range in recarding: Jan 1, 12:00 PM - Jan 14, 1800 PM

Trend :[_]

Width of Interval:| 3 min -

End of First Period {DD:hh:mm}

End of Last Period (DD:hh:mm}

Januany

v[1 v [12am ~ |00 -

Figure 3-24 Times menu

Figure 3-25 is an example of a trend selection. The display shows different usage
of resources between the two time periods. The time periods are displayed in the
fields called Period 1 and Period 2.

WLM_Consale Selected Help
‘Snapshot View | Bar view | Table View|
Tier] Class | CPU | MEM | DISK 1/O |
4 4 3
0 System 5 h 2 H 1 r
6 9 2
0 Batchl . p ) r >
[ 8 2
0 Batch2 2 r 8 E 1
5 2 5
0 Shared 3 H 3 h 5 E|
8 7 2
0 Unmanaged o PI 20 b 2 h
6 3 5
0 Default 3 F 4 h 2 f
Run@.[0,0) | swapa[io,0) | CPU Busy?ei26,26) 170 Wait96(6,6) Pagsp Used(15,15)
Hast [wimhost | WM State [Acive | Periodd[1/2 1500 - 1/2 16:00 | Period2 [1/2 20:00 - 1/2 21:00 |

Figure 3-25 Example of trend display, Bar View

Figure 3-26 on page 79 also shows an example of a Snapshot display using the
trend option.
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WLM_Console  Selected

Table View | Bar View | Snapshot View

Help

Tier] Class |

- CPU + | - MEM + \ - DISK1I/O +

0OUnmanaged

0Shared

1superA

1superB

o
=

ODefault

0/System

OUnclassified

1 superC

<

AL AL I L X JRY%
®eee0eOS

Al

A

Run((45,45) | swapQ[(0,0)

| CPU Busy24[(47.47) 170 Wait4((0,0) PagSp Used24|(3,9)

Host [dreaming | WM State [active

| Periad1(3/20 20025 - 328 20:30 | Period2 [3/20 20:40 - 3729 2045

Figure 3-26 Example of trend display, Snapshot View

Tier/Class menu

The second tabbed pane is displayed in Figure 3-27. It allows users to define the
set of WLM tiers or classes to be included in a report.

The pull-down menu at the top allows the user to select whether Superclasses or
tiers are to be included or excluded in the Report display. The list on the bottom
then allows the user to select specific tiers or specific Superclasses.

Tier/Class Selectic

Superclasses

Superclasses
Tiers

SHared
Unclazsified
System
Default
Unmanaged

=

| Ok || Cancel |

Figure 3-27 Tier/Class menu
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Advanced menu (Snapshot option panel)

The third panel of the Report Properties panel is displayed, as shown in

Figure 3-23 on page 76. It provides advanced options for the Snapshot display.
For snapshots, exclusive methods for coloring the display are provided for user
selection. Option [ ignores the minimum and maximum settings defined in the
configuration of the WLM environment, while Option 2 utilizes the minimum and
maximum settings provided for user selection (Figure 3-28).

Snapshot Selections:

) Optian 1

lgnore user-defined min and max settings

Green Range falls within set 26of the target share

Red Range falls autside set 26af the target share

 Optian 2

Use 2of the difference between target
shares and specified minfmax settings

Green Range falls within set %of the difference
between target and minj max

Blue/Red Range falls outside set 26of the difference
between target and min,/ max

£ 8

E3 =l

ok || cancel |

Figure 3-28 Advanced menu

The following example describes the functions of the Advanced menu.
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. Total CPIJ Resource on 3ystem

o i

__ Target shares of Superclass

i Tgr?et Soft Max Hart? Maxe
1
Class I ' [ [
} ! } ! 1 } } } }
20 50 70 ao

Stdew within 80% of Target

Stdew within 505 of Target
blin Target Hagg' hlen

i
opiont [, TN

Stdew within 100% of distance between - Min and Target : Target and Max
-

¥

Stdew within 50% of distance between - Min and Target ¥ Targetand Max
- B
iy TarEget Hard Max
. [ |
opionz [N, D80T I

Figure 3-29 Example of the Advanced menu

Figure 3-29 shows a class definition with its soft and hard minimum and

maximum. The class has as a target (share value) of 50 percent, a minimum limit
(Min) of 20 percent, and maximum limit (Max) of 90 percent. The functions of the

two advanced options are:
» Option 1

Ignores the user-defined min and max settings. In this example, we selected
Option 1 with 50 percent as the green range percentage (green%) and 80
percent as the red range percentage (red%), as shown in Figure 3-28 on
page 80.

To define the green range, the following formula is used:
— Low green range = Target - (Target x green%) = 50 - (50 x 50%) = 25
— High green range = Target + (Target x green%) = 50 + (50 x 50%) = 75

Figure 3-29 shows the green range from 25 percent to 75 percent, on a scale

of 0 to 100 percent.
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The red range is calculated with the same formula but with the red range
percentage:

— Low red range = Target - (Target x red%) = 50 - (50 x 80%) = 10
— High red range = Target + (Target x red%) = 50 + (50 x 80%) = 90

The red range is shown in Figure 3-29 on page 81, Option 1, 0 to 10 percent
and from 90 to 100 percent. The area between the red and green range is
yellow.

» Option 2

takes in account the predefined minimum limit and maximum limit settings. If
we use the same advanced options as in Figure 3-28 on page 80, the red and
green range are interpreted between the target and the hard minimum and
hard maximum definitions (here 20 and 90 percent).

— Low green range = Target - ((Target - MIN) x green%)

=50 - ((50 - 20) x 50%) = 35 percent on the scale from 0 to 100 percent
— High green range = Target + ((MAX - Target) x green%)

=50 + ((90 - 50) x 50%) = 70 percent on the scale from 0 to 100 percent

— Low red range = Target - ((Target - MIN) x red%)
=50 - ((50 - 20) x 80%) = 26 percent on the scale from 0 to 100 percent

— High red range = Target + ((MAX - Target) x red%)
=50 + ((90 - 50) x 80%) = 82 percent on the scale from 0 to 100 percent

Files and filesets for wimmon and wimperf
The following files and filesets are needed to run wimmon or wimperf.

Files

The files are:

lusr/bin/wimmon Base AlX, located in perfagent.tools
lusr/bin/xmwim Base AlX, located in perfagent.tools
lusr/bin/wimperf Performance Toolbox

lusr/lpp/perfagent.server/xmtrend.cf  Performance Toolbox

Prerequisite filesets
The following filesets are prerequisites for wlmmon:

Java130.adt
Java130.ext
Java130.rte
Java130.samples
perfagent.tools

vVvyyvyyvyy
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3.1.8 Workload Manager enhancements (5.2.0)

Version 5.2 introduces new features to Workload Manager that improve its ease
of use and provide more control over resource usage. There are five new
enhancements in Version 5.2 for Workload Manager (WLM). they include
attribute value grouping, event notification, time-based configurations, limits on
total resources in a class and an increase in the limit to the number of
user-defined Superclasses and Subclasses.

Attribute value grouping

Attribute value groupings are essentially referenced lists whose names can be
specified in the rules files for a configuration in WLM. In the rules file, located in
/etc/wlm/config_name/rules, the attribute grouping name can be specified
instead of listing out all the values for a specific rule. When referenced in a rules
file, the grouping name must be preceded by a $ (U.S. dollar sign) symbol. The
grouping file by default is not defined, but once created it resides in
/etc/wim/config_name/groupings. Attribute value grouping is configuration
specific, although it is possible to copy groupings files to the subdirectory of
another configuration and then reference the same grouping names.

The format of an example grouping file is as follows:

adminusers=root,damo,edgy,marc,ralf,db2admin,db2instl
shel1=/bin/?sh,/bin/sh,/bin/tsh
admingroup=system,bin,sys,security,audit,cron
usergroup=staff,customer
appadminusers=appadm,appmaint

The grouping file has the following syntax rules and can be edited directly,
although the recommendation would be to use either SMIT (fast path
wimgroupings) or Web-based System Manager:

» Comments are preceded with a asterisk (*).

» Attribute values can be continued onto multiple lines by the use of a
backslash (\).

» A carriage return signifies the end of a list.
» An attribute name cannot have an empty string of values.

» An exclusion character (!) is not allowed, although wild cards are ([,],*,-,?,+]

Use of attribute value grouping

Once defined, the grouping names can be specified in the rules file for that
configuration. To show how this works, the following is an example of a rules file
that does not use attribute value groupings:

* class resvd user group application type tag
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app - appadm,appmaint - - - -

app --Istaff,!customer - - -

db - appadm,appmaint - - - -

dbp --Istaff,!customer - - -

monitor - - Istaff,!customer /bin/sh,/bin/csh,/bin/tsh
System - root - - - -

Default - - - - - -

Groupings enable the rules file to be easier to manage, both in terms of
maintenance and when referencing the file. Using the values that have been
input into the grouping file for this configuration, the rules file can be shown as

follows:

* class resvd user group application type tag

app - $appadminusers !$usergroup - - -
db - $adminusers 1$usergroup - - -
monitor - - 1$usergroup $shell - -

System - root - - - -

Default - - - - - -

The Web-based System Manager can be used to add, copy, edit, or delete
attribute value groups. Select Configurations/Classes in the WLM submenu, as
shown in the Figure 3-30.

Console Workload Selected ¥iew Window Help o“IFE
c=DHeocRe B0 DEE
Navigation Area : kload Canfi jons/Classes
% Backup and Restore ~| :| configuration - Class |Description | Current |Status |Tier |CPU |Memory |Diskio [Nb Processes
(1 File Systems | E [ night - Yes (Normal)  Active
[ volumes |8 [ standard
= processes 4@ [ emplare -
[ system Environment e O -
(2 subsysterns ‘E = Default 0
5 Custom Tools B 3 shared 0
5 Software H o Systern ]
B Netwark Installation Manager : H @ app Application superclass Q
= =2 workload Manager o o= db Database superclass ]
[ Overview and Tasks E £ monitor application monitor ... ]
mﬁ Configuration Sets o D barch -
[ Configurations/Classes  |¢
5 Resources 4
&Y printers (Systerm V) - E
% Performance ||
== lize
" [Ready 11 Objects shown 0 Hidden. [1Object selected.  |root- sarverl

Figure 3-30 Select the configuration to add the attribute value group to

Right-click the configuration name and a menu will appear. From there click the
Attribute Value Groups option, as shown in Figure 3-31 on page 85.
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Console Workload Selected View Window Help ¥ E
c=HedcRE v|EOD|EE

MNavigation Area : Warkload Manager: Configurations/Classes.

Backup and Restore |+ [Configuration - Class |Deseription |current | status [Tier [cpuU [Memory [Disklo |Nb Processes
P File Systerns [ night - Yes (Normal)  Active

[ standard

Froperties

& Delere Delete
Copy. Ctrl-C
Show Configurarion Details.

Class Assignment Rules. ..

Set as Current

Check Assignment...

Check Configuration

Attribute Value Groups...

[P volurnes
1= processes
@ Systemn Environment
Q Subsystems
£ Customn Tools
@ﬁ Software i
B Network Installation Manager|:
= =<2 Workload Manager
[ Overview and Tasks
[ Configuration Sets
D Configurations, Classes
?ﬂ@ Resources
& Printers (System V)
s Parformance

oo aoao

New Cenfiguratien...

Start Workload Manager

Refresh Running Configuration... Cirl-R
New »
Stop Workload Manager. ..

W Add or Remove Processes.

n WWS shawn 0 Hidden. |1 Object selected. W
Figure 3-31 Right-click the Attribute Value Groups option

This will take the user into the initial configuration screen. To add a group, just
click New Group, as shown in Figure 3-32.

You can create a group of attribute values, then when creating class assignment rules, you
can refer to entire group using the simple group name. To create a new group, either click
"Copy Group" to copy an existing group, o click "New Group" to create a completely new
group. Toview or change the members of a group, select the group and dick "Edit Group".
Select one or more groups and dlick "Delete Group" to delete the groups.
Group narme |Group members | | New Group
shell Shing?sh jhingsh fhinftcsh
admingroup systern hin sys security audit cron
usergroup staff customer
appadminusers appadm appmaint

| Ok | | Cancel | | Help

Figure 3-32 Attribute Value configuration screen

Type in the group name and also the group member and click OK, as shown in
Figure 3-33 on page 86.
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Specify the name of the new group in the top field, then list the values that you
want ta include in the group in the bottom field.
All members of this group must be the same type of object for example, users.

New group name: |adminusers

Group members: root,damo,edgy,marc,ralf

| oK | | Cancel | | Help

Figure 3-33 Adding an attribute value group

Once created, the attribute value group is ready to be used for that configuration.
If attribute value groups are to be used in more than one configuration, the most
simple method to achieve this is to copy the contents of the
/etc/wlm/configuration/groupings file to other configurations’ subdirectories.

Event notification

Event notification enables the system administrator to be notified of WLM
class-level related events based on configurable conditions. User-defined
conditions and responses can be registered with the resource monitoring and
control susbsystem (RMC). The RMC then performs the defined action when a
condition is met.

In previous versions, these alerts would be a on a system-wide basis. Version
5.2 provides an additional level of granularity and reports alerts at the class level
rather than at the host level.

Introduced with Version 5.2 is the WLM Resource Manager (WLMRM). WLMRM
has been developed to allow RMC clients to monitor resources at the WLM class
level and supports one resource class called IBM.WLM. Each WLM class is
represented by a resource instance in this class and each resource (WLM class)
can be monitored independently for one or more conditions.

WLMRM is contained in the bos.rte.control fileset.
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Command line interface

WLMRM runs as a subsystem named IBM.WLMRM and supports the command
line interface of the system resource controller. The following command can be
used to view the status of the IBM.WLMRM subsystem:

1ssrc -s IBM.WLMRM

WLMRM also supports the subset of the RMC command line interface that is
related to querying resources and resource classes. The following command can
be used to view resources in the IBM.WLM resource class:

Isrsrc IBM.WLM

Configuration

It is possible to define the new conditions to be monitored with the Web-based
System Manager. If monitoring is selected from the left-hand menu submenu
conditions, it is possible to select a new condition from the Conditions drop-down
menu, as shown in Figure 3-34.

Console |gund|t|un5 ‘ Selected View Window Help

& o= Y New Condition i ‘
Find in Conditions crrl-F !
Navigation Area ditions
EVREEST Monitor |Monitored ¥ |Resource Class |Event Expression |Rearrm Expression
=7 File Syst | EERHNIEXPIEs STONS

1 Ethernet transmit err... Yes Ethernet Device XmitErrorRate = 1 (XmitErrorRate == 1
|[E8] isk read rate Yes Physical Volume RdBlkRate < 50 RdElkRate > 100
= Processes =

-||E8| Disk percent busy Yes Physical Wolume (PctBusy == 30) && (Pct... (PctBusy < 80)
@ Systern Environment | P N

“||&| Ethernet receive error. _Yes Etherner Device RecErrorRate = 1 (RecErrorRate == 4

(2 Subsystems 1 e
o| |[E| Ethernet transmit dro... Yes Ethernet Device XmitDropRate = 10 XmitDropRate < §

[ volumes

Custom Tools &5 [var space used Yes File System PercentTotUsed = 90 PercentTotUsed < 7
B if::::: Inatallation 2 3 Disk write rate Yes Physical Volume WrBlkRate < 50 WrBlkRate = 100
o3 Workload Manager - ¢|[E8| Ethernet transmit over. Yes Ethernet Device XmitOverflowRate = 10 XmitOverflowRate <
s performance Ethernet receive drop... Yes Ethernet Device RecDropRate = 10 RecDropRate < §
& Printers Disk transfer rate Yes Physical Volume (XferRare = XferRate@p)
1 Cryptogranhy ‘H Jtmp space used Yes File System PercentTotlsed = 90 PercentTotUsed < 7
4 Manitaring | [ inetd daemon state No Prograrn Processes. CurPidCount .. Processes. CurPidCo

[ Overview and Tasks | [] File system space used No File System PercentTotUsed = 90 PercentTotUsed < 7

&) Conditions 1: [ processors idle time No Host PaToralTimeldle = 70 PaTotalTimeldle <

% Responses | |[E] page fautt rate No Host YMPgFauliRate = 500 VMPgFaultRare < 4¢

[ Events [] ATM receive drop rate No ATM Device RecDropRate > 10 RecDropRate < 5

i |4 ‘|[E] kernel protocol CBs - No Host KMemNumPratch » 1000CKMemNumProtch <
i1 CsM Cluster: servers =

B
1’ |Ready B4 Objects shawn 0 Hidden. F; Objacts selacted. roat - sanvers
Figure 3-34 New Condition menu option for monitoring

The condition can then be configured in the New Condition box, as shown in
Figure 3-35 on page 88.
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|/General rM@

MName: [Nurber of lagins in dass |
Managerment scope; | Local Machine - |
Resource class: | 1B I WL b

Manitared property: |NumLogins v| | Details. . | | Use defaults |
Event expressian: |NumLogins =20 |

Mumber of loging has exceeded 20
Event description:

Rearm expression: |NumLogins < 20

Number of loging has fallen below 20
Rearm description:

Severity: Warning -

| CK | | Cancel | | Help

Figure 3-35 New condition configuration box

Time-based configurations

Time based configurations provide the ability to assign a configuration to a time
range. Time-based configurations are referred to as configuration sets or
confsets. A confset is a collection of configurations, where each configuration is
assigned to a time range.

Confsets allow the configuration to be changed depending on the expected
system use at specific times of the day or days during a week. Essentially, each
configuration is assigned one of more time ranges when they are active.
Configurations created prior to Version 5.2 are compatible to be used within
confsets.

So that partial changes are not implemented during a switch, a snapshot of all
involved configurations of the set are written to /etc/wim/.running/.confset. A
directory for each configuration in the confset is created under this directory. The
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existence of this directory indicates that this is a confset and its contents will be
read by the WLM daemon. Only root users will be able to manage time ranges for
the currently active configuration.

A Superclass update is allowed assuming that the user has the appropriate
privileges to perform the change to the class. This will update the Superclass of
the configuration of the current confset in the /etc/wlm/.running directory and
refresh WLM if required. Once WLM is refreshed, and if the configuration is
active, the changes will be immediate. Otherwise the changes will take place
next time the configuration is active.

A confset includes a .times file, which details the time ranges and their
associated configurations, together with a description file. If the configuration
directory contains a .times file and no classes file, then the configuration is
treated as a confset when it is loaded. When loaded into the kernel the .times file
and all the configurations of the confset are also copied into the
/etc/wim/.running/.confset directory. These files are used for time range switches.
WLM keeps track of time and loads the required configuration into the kernel as
needed.

It is not mandatory to have time ranges to cover all times in the day, although a
default configuration must be specified. The default configuration will be active
during time ranges that have no other configuration specified.

New commands for time-based configurations
There are two new commands introduced to manage time based configurations,
mainly for SMIT and Web-based System Manger use. They are:

» 1swlmconf

The 1swimconf command shows current configuration, and lists regular WLM
configurations and confsets. The syntax of the command is:
Tswimconf [ -r | -s | -c | -d config ] [ -11

The 1swimconf command is shown in the following example:
# Tswimconf

standard

template

day

night

batch

Normal

» confsetcntrl

The confsetcntrl command is used to manage the confset file. The syntax of
the command follows.
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To create configuration set confset with defaultconfig configuration, with
default time range:

confsetentrl -C confset defaultconfig
To delete confset or remove from confset all configurations and time ranges:
confsetentrl { -D | -R } confset

To add or remove a time range for config to or from confset use the following.
Reports warning if time ranges are not coherent:

confsetentrl [ -d confset ] [ -a | -r ] config timerange

To lists and check all configurations and time ranges in the confset for their
existence, syntax, and time range coherence:

confsetentrl [ -d confset ] [ -1 | -c ]

Time-based configurations can be set up both through Web-based System
Manager and SMIT. For this example, Web-based System Manager has been
used.

The configurations must be created before it is possible to allocate them to a
confset. In the following example, an assumption has been made that the
configurations are already defined to WLM. Figure 3-36 shows where to start
from the drop-down menu, although the same options can be reached by
right-clicking the configuration class.

Console Wcr&luad\ﬁelected View Window Help ¥ E

& o New Configuration... @ @ “E @

Find in Configurations/Classes  Ctrl-F

Navigal|  start Workload Manager. .. d Manager: Configurations/Classes

© marg  Refresh Running Configuration... Cirl-R lion - Class |Description |Current |status |Tier [cPu [Memory [Diskio [
B[] s New 4 Yes (Normal)  Active

[ Stop Workload Manager... ndard

g| Add or Remove Processes...
&+ Network :
mﬁ Users
& eackup and Restore
(7 File Systems
[P volumes
= Processes
Eﬁ Systern Environment
S Subsystems
7 Custom Tools
T software
B Network Installation Manager
=] ‘?@Wurk\oad Manager
[E overview and Tasks
% Configuration Sets
[*] Configurations/Classes
}ﬂé Resources
H_1| Printers (System W)
& Performance

plate -
= [ night
[ barch

| [F] | e e e e el D

Reardy |1 Obijects shown 0 Hidden. |1 Obiject selected. root - serverl

Figure 3-36 Time-based configuration drop-down menu
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The configuration set must now be configured using the configuration classes
that are already defined or defined in the previous set, as shown in Figure 3-37.

Console Wurklcad|§e\ected Wiew Window Help

o“CfE

) New Configuration Set.
Find in Configuration Sets Ctrl-F
Mavigatj New 3

ih

d Manager: Configuration Sets

@ Mang  Start Workload Manager
=] D 5 Refresh Running Configuration... Crrl-R
Stop Workload Manager

lon Set

AlDescription

|Current

E%' Devices
B Network
fm Users
i packup and Restore
T File Systems
[P volumes
= Processes
@ Systern Environment
@ Subsystermns
7 Custom Tools
) sofrware =
B Network Installation Manager
B <2 Workload Manager -
Overview and Tasks
EE] Configuration Sets
|j Configurations/Classes
}ﬂ% Resources 1
&Prmters(ﬂvstemw “
M Performance

3
1+ [

L]

l@lkeady b Obijects shown 0 Hidden.

k) Obijects selected.

root - serverl

Figure 3-37 Drop-down to create the configuration set

The new configuration set is now defined and is ready for the configurations to be
added to the set, as shown in Figure 3-38 on page 92.
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General |

Specify the name of the new set of time-based configurations, and an optional description.
Then select the default configquration, which is the configuration in effect at any time not
specified by other configuration definitions. Then use the Add, Remove and Change buttons
to specify other configurations, and the days and times during which each configuration is

in effect.

New configuration set: |Normal

Description: This is the normal configuration set.

Default configuration: |day v|
Configuration |Da'_.r Range |Time Range |

| (04 | | Cancel | | Help |

Figure 3-38 Defining the configuration set

The configurations are added to the configuration set by clicking the Add button
on the right-hand side. This takes the user into the following screen where the
configuration and the times for the configuration to run are set, as shown in
Figure 3-39 on page 93.
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Modify the day and time range during which the selected configuration applies.
Configuration set; Naormal
Configuration: day
Day Range Tirme Range
1 All week ) All day
@ Selected days @ Selected hours
From: Mand 2y - Hour Minute
To: From: 08 |5 00|
Friday = To:
10 |5 00 |5
| oK | | Cancel | | Help

Figure 3-39 Selecting the configuration file and setting the times it is functional

After adding all the valid configurations a summary is provided. Note that
configurations do not have to apply for every hour or day of the week. If there is
no time range, the default configuration is used, as shown in Figure 3-40 on

page 94.
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General |

To modify a set of time-based configurations, use the Add, Remove and Change buttons
to specify other configurations, and the days and times during which each configuration is
in effect.

Configuration Set: Mormal

Cescription:

Default configuration:

|day v

Configuration |Da\_.r Range |Time Range | ‘ Add...
hight Monday-Thursday 19:00-24:00
night Tuesday-Friday 0:00-8:00
day Maond ay-Frid ay B:00-19:00
batch Saturday-Sunday All day
batch Friday-Friday 19:00-24:00
batch Mond ay-Mond ay 0:00-8:00

(04 | | Cancel | ‘ Help

Figure 3-40 Time-based configurations

All of these actions can be performed using the SMIT menus (fast path
wimconfset) assuming you are using already defined configurations. If the
classes need to be defined then SMIT can be used (fast path wimconfig).

Limits on total resources in a class

There are six new limits that can be specified at a class level. These are grouped
into process total resources and class total resources.

Process total resources
Process total resources give the ability to limit the total resource consumption of
a process. The process total resources include the following resource limits:

totalCPU Maximum CPU time limit
totalDisklO Total disk I/O for a process (expressed in KB, MB, TB,
PB, or EB)

totalConnectTime Time a login session in a class can remain active
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These limits are specified at the class level but apply to each process in the
class. When the limit is exceeded, the process is terminated with a SIGTERM
and then a SIGKILL. These limits should only be specified on processes that
should be killed when they consume excessive resource. The total limits, if used,
are specified in the existing limits file. Normally resource type limits at the
Subclass level are represented in percentage terms. The new resource types
specified have absolute limits.

Class total resources

Class total resources give the ability to limit the number of processes, threads
and login sessions at the class level. The class total resources include the
following resource limits:

totalProcesses Maximum number of processes allowed in the class
totalThreads Maximum number of threads allowed in the class
total Logins Total number of simultaneous logged-in user sessions

When class limits are reached for a resource, any attempt to create a new
resource of that type in the class will fail. The existing limits file can be used for
these new limits. These new resource types have absolute limits as opposed to
limits expressed in percentage terms.

Enhanced commands for class total limits
The following commands were enhanced in Version 5.2.

» wimstat

The wimstat command with the -T flag displays total resource consumption
values for a class. The syntax of the command is:

wimstat -T
» wimentrl

The wimentrl command controls the state of WLM and can enable or disable
it. Limits are enabled by default, if specified in the limits file, but can be
disabled together with accounting using the -T flag. This is an enhancement
to the wimentr1 command. The syntax of the command is:

wimentrl -T [class|proc]
Using WLM, first ensure that the Total Limits box for the new limits is not
checked. It is possible to configure this using the Web-based System Manager,

by accessing the WLM section, Overview and Tasks submenu. This is illustrated
in Figure 3-41 on page 96.

Chapter 3. Resource management 95



96

Start Options
® Start Workload Manager immediately.
7 Start Workload Manager at the next system startup.

{_ Start Workload Manager both now and at the next system startup.

Mode of Operation
i Active (Enable resource management)

r Passive (Collect statistics only)

Percentage-Based Regulation
® Enable for all resources
(_ Enable for CPU only

Total Limits

[_] Dizable toral limits per class |_] Dizable toral limits per process

Configuration: ‘Ij standard

X ‘

[ZI Ignore resource set bindings

| oK | | Cancel | | Help

Figure 3-41  WLM Overview and Tasks submenu, Total Limits section

The new limits on total resources in a class are split into two section: Class
member limits and process limits. In order to set these, select configuration
classes from the WLM menu and right-click the configuration class attribute to
access the pop-up menu, then select the Properties option, as shown in

Figure 3-42 on page 97.
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Console Workload Selected Wiew Window Help

¥

C=ae0(cRE Y ETHEE

Navigation Area

q
b

Warkload Manager: Canfigurations/Classes

= D serverl
Overview
E‘? Devices
EF Nerwork
GD:I Users
Backup and Restore
&7 File Systems
[ volumes
& Processes
E System Environment
S subsysterns
&7 Custom Tools
5 software

B =2 Workload Manager
Owverview and Tasks
EE Configuration Sets
D Configurations/Classes
3 Resources

& Printers (System V)

Performance

Q Management Environment 1|

5 Network Installation Manager) |

Configuration - Class |Descnpt\on |Current |Statu5 |T|er |CPU |Memcry |D\sk|0

[N

[«

12 B day - Yes (Normal)  Active

o Piafm e 0

Properties 0
Copy. Crrl-C 5
New 4

D New Configuration..

D Start Workload Manager. ..

Ij Refresh Running Configuration... Crrl-R
Stop Workload Manager
Add or Remove Protesses

F5_E8 Maniroring
1 [ 2 BT

77 M|

l@lkeady IS Obijects shown 0 Hidden. |1 Object selected. roat - serverl

Figure 3-42 Selecting the properties of a configuration

This starts the properties menu box and from here, both the process limits and
the class member limits configuration panels can be selected by clicking on the
tabs, as shown in the screens following.

Once configured, the right hand side of the configurations/classes shows figures
for the new limits of the classes and Subclasses that have just been configured.
This is shown by simply scrolling right as shown in Figure 3-43 on page 98.
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Figure 3-43 Process Limits configuration screen
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Authorized | Resource Set [[Class Member Limits | Process Limits |

General I LimitsfShares I Administrators

The limits below are related to classes. Leaving the field blank means you do not intend
to set up this limit for the class.

Hard Maximum

Number of Processes: [15 |
Number of Threads: EL |
Number of Logins: |3 |

O | | Cancel | | Help

Figure 3-44 Class member limits

Further changes
The Overview and Tasks screen show the status of the WLM and also the
current configuration.

Increase in the total limit on user-defined classes
There are two changes to user-defined class limits, one for Superclasses and
one for Subclasses.

» Superclasses can now total 64, where previously the limit was 27.

» Subclasses can total 61 per Superclass, where previously the limit was 10.
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3.2 Logical partitioning

LPAR stands for logical partitioning and is the ability to divide a physical server
into virtual logical servers, each running in its own private copy of the operating
system.

Though it may not seem practical, running a machine with a single LPAR,
compared to full system partition mode (non-LPAR), provides for a faster system
restart because the hypervisor has already provided some initialization, testing,
and building of device trees. In environments where restart time is critical, it we
recommend that you test the single LPAR scenario to see if it meets the system
recycle time objectives.

Depending on the software installed on the server, dynamic LPAR may be
available or unavailable:

Dynamic LPAR available With dynamic LPAR available, the resources
can be exchanged between partitions without
stopping and rebooting the affected partitions.
Dynamic LPAR requires AlIX 5L Version 5.2 for
all affected partitions, and the HMC recovery
software must be at Release 3 Version 1 (or
higher). In partitions running AIX 5L Version 5.1
or Linux, if available, the Dynamic Logical
Partitioning menu is not available.

Dynamic LPAR unavailable Without dynamic LPAR, the resources in the
partitions are static. Dynamic LPAR is
unavailable for partitions running AIX 5L Version
5.1 or Linux, when available. When you change
or reconfigure your resource without dynamic
LPAR, all the affected partitions must be
stopped and rebooted in order to make resource
changes effective.

A server can contain a mix of partitions that support dynamic LPAR along with
those that do not.

Note: Rebooting a running partition only restarts the operating system and
does not restart the LPAR. To restart an LPAR, the operating system should
be shut down without reboot and afterwards restarted again.
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3.2.1 Hardware Management Console (HMC)

With LPAR mode, an IBM Hardware Management Console for pSeries (HMC) is
necessary. Either a dedicated 7315-C01 or an existing HMC from a p670 or p690
installation (FC 7316) can be used. If a server is used in full system partition
mode (no LPARSs) outside a cluster, an HMC is not required.

The HMC is a dedicated desktop workstation that provides a graphical user
interface for configuring and operating pSeries servers functioning in either
non-partitioned, LPAR, or clustered environments. It is configured with a set of
hardware management applications for configuring and partitioning the server.
One HMC is capable of controlling multiple pSeries servers. At the time of
writing, a maximum of 16 non-clustered pSeries servers and a maximum of 64
LPARs are supported by one HMC.

The HMC is connected with special attachment cables to the HMC ports of the
hardware. Only one serial connection to a server is necessary despite the
number of LPARs.

With these cables, the maximum length from any server to the HMC is limited to
15 meters. To extend this distance, a number of possibilities are available:

» Another HMC could be used for remote access. This remote HMC must have
a network connection to the HMC that is connected to the servers.

» AIX 5L Web-based System Manager Client could be used to connect to the
HMC over the network or the Web-based System Manager PC client could be
used, which runs on a Windows operating system-based or Linux operating
system-based system.

» When a 128-Port Async Controller is used, the RS-422 cables connect to a
RAN breakout box, which can be up to 330 meters. The breakout box is
connected to the HMC port on the server using the attachment cable. When
the 15 meter cable is used, the maximum distance the HMC can be is 345
meters, providing the entire cable length can be used.

The HMC provides a set of functions that are necessary to manage LPAR
configurations. These functions include:

» Creating and storing LPAR profiles that define the processor, memory, and
I/O resources allocated to an individual partition.

» Starting, stopping, and resetting a system partition.
» Booting a partition or system by selecting a profile.
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» Displaying system and partition status.

In a non-partitionable system, the LED codes are displayed in the operator
panel. In a partitioned system, the operator panel shows the word LPAR
instead of any partition LED codes. Therefore all LED codes for system
partitions are displayed over the HMC.

» Virtual console for each partition or controlled system.

With this feature, every LPAR can be accessed over the serial HMC
connection to the server. This is a convenient feature when the LPAR is not
reachable across the network or a remote NIM installation should be
performed.

The HMC also provides a service focal point for the systems it controls. It is
connected to the service processor of the system using the dedicated serial link.
The HMC provides tools for problem determination and service support, such as
call-home and error log notification through an analog phone line.

3.2.2 LPAR minimum requirements

Each LPAR must have a set of resources available. The minimum resources that
are needed are the following:

» At least one processor per partition.

» Atleast 256 MB of main memory.

» At least one disk to store the operating system (for AlX, the rootvg).
» At least one disk adapter or integrated adapter to access the disk.
» Atleast one LAN adapter per partition to connect to the HMC.

» A partition must have an installation method, such as NIM, and a means of
running diagnostics, such as network diagnostics.

3.2.3 Memory guidelines for LPAR
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There are a few limitations that should be considered when planning for LPAR,
as discussed in the following.

Memory

Planning the memory for logical partitioning involves additional considerations.
These considerations are different when using AIX 5L Version 5.1, AIX 5L
Version 5.2, or Linux.

When a machine is in full system partition mode (no LPARs) all of the memory is
dedicated to AIX. When a machine is in LPAR mode, some of the memory used
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by AlX is relocated outside the AlX-defined memory range. In the case of a
single small partition on a p630 (256 MB), the first 256 MB of memory will be
allocated to the hypervisor, 256 MB is allocated to translation control entries
(TCEs) and to hypervisor per partition page tables, and 256 MB for the first page
table for the first partition. TCE memory is used to translate the I/O addresses to
system memory addresses. Additional small page tables for additional small
partitions will fit in the page table block. Therefore, the memory allocated
independently of AIX to create a single 256 MB partition is 768 MB (0.75 GB).

With the previous memory statements in mind, LPAR requires at least 2 GB of
memory for two or more LPARs on a p630. It is possible to create a single 256
MB LPAR partition on a 1 GB machine; however, this configuration should be
used for validation of minimum configuration environments for test purposes
only. Other systems have different memory requirements.

You must close any ISA or IDE device before any dynamic LPAR memory is
removed from the partition that owns the ISA or IDE 1/O. This includes the
diskette drive, serial ports, CD-ROM, or DVD-ROM, for example.

The following rules only apply for partitions with AIX 5L:

» The minimum memory for an LPAR is 256 MB. Additional memory can be
configured in increments of 256 MB.

» The memory consumed outside AIX is from 0.75 GB up to 2 GB, depending
on the amount of memory and the number of LPARs.

» For AIX 5L Version 5.1, the number of LPARs larger than 16 GB is limited to
two in a system with 64 GB of installed memory, because of the memory
alignment in AIX 5L Version 5.1.

LPARs that are larger than 16 GB are aligned on a 16 GB boundary. Because
the hypervisor memory resides on the lower end of the memory and TCE
resides on the upper end of the memory, there are only two 16 GB
boundaries available.

The organization of the memory in a server must also be taken into account.
Every processor card has its dedicated memory range. Processor card 1 has
the range 0-16 GB, processor card 2 has the range 16—32 GB, processor
card 3 32—-48, and processor card 4 48—-64 GB. If a processor card is not
equipped with the maximum possible memory, there will be holes and the
necessary 16 GB contiguous memory will not be present in the system. For
example, in a system with three processor cards and 36 GB of memory, the
memory is distributed into the ranges 0-12, 16-28, and 32-50. In this
configuration, the only available 16 GB boundary (at 16 GB) has only 12 GB
of memory, which is too small for a partition with more than 16 GB of memory
and AIX 5L Version 5.1.
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» With AIX 5L Version 5.2, there are no predefined limits concerning partitions
larger than 16 GB, but the total amount of memory and hypervisor overhead
remains a practical limit.

Note: To create LPARs running AIX 5L Version 5.2 or Linux larger than 16
GB, the checkbox Small Real Mode Address Region must be checked (on
the HMC, LPAR Profile, Memory Options dialog). Do not select this box if you
are running AlX 5L Version 5.1.

3.2.4 Dynamic LPAR (5.2.0)

With the availability of the IBM @server pSeries 690 server in

December 2001, static logical partitioning (LPAR) was introduced to the pSeries
platform. While LPAR provides a solution to logically remove and assign
resources from one partition to another, the operating system in all affected
partitions has to be rebooted, and the partitions have to be reset.

Dynamic LPAR (DLPAR) on IBM’s (@server pSeries servers enables

the movement of hardware resources (such as processors, memory, and I/O
slots) from one logical partition running an operating system instance to another
partition without requiring reboots and resets.

With DLPAR technology the following features are enabled: Dynamic
reconfiguration, Dynamic Capacity Upgrade on Demand (DCUoD), and CPU
sparing.

As shown in the system architecture in Figure 3-45 on page 105, a DLPAR
system is made up of several components. To provide the foundation for DLPAR,
the following components were made DLPAR aware:

» HMC

» Hypervisor

» Global-Firmware
» Local-Firmware
» AIX
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Figure 3-45 IBM eServer pSeries DLPAR system architecture

In this chapter, AlX as a component of the DLPAR environment and the
implications of DLPAR on applications are described.

“DLPAR architecture (5.2.0)” on page 105 an introduction of the DLPAR
architecture and how the components interact is given.

In “Introduction to AIX DLPAR Framework” on page 108 an introduction to the
DLPAR Framework of AIX is given. The process of a dynamic reconfiguration is
explained.

In 3.2.5, “Using the AIX DLPAR Framework” on page 113 the DLPAR application
framework is described. The application framework allows applications and
kernel extensions to be notified of DLPAR events so that they take appropriate
action. Furthermore, methods to monitor DLPAR events are described.

DLPAR architecture (5.2.0)

Figure 3-46 on page 107 shows how DLPAR-aware components interact in an
example where a user on the HMC initiates the movement of a resource from
one partition to another.
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A description of the involved components is provided as follows:

HMC

chhwres

DRM

RMC

RTAS

Global FW

The Hardware Management Console (HMC) is the
command center from which all decisions related to the
movement of resources are made.

The chwres HMC command is where commands are
issued to dynamically add and remove resources from
partitions as well as move resources between partitions.
This command can be issue using the HMC GUI or from
the command line.

The Dynamic Reconfiguration Manager (DRM) is an
agent that is designed to deal with DLPAR-specific
issues. DRM invokes AlIX commands to attach or detach
DLPAR capable resources.

The Remote Monitoring and Control (RMC) handles
monitoring and controlling distributed resource classes. It
is a distributed framework that is designed to handle all
security and connectivity issues related to networks. In
conjunction with DRM, it enables the remote execution of
commands to drive the configuration and unconfiguration
of DLPAR-enabled resources.

The Run-Time Abstraction Services (RTAS) is firmware
that is replicated in each partition. It operates on objects
in the Open Firmware Device Tree such as processors,
logical memory blocks (LMBs), I/O slots, date chips, and
NVRAM. Operations include query, allocate, electronically
isolate, and free resources.

One global firmware (FW) instance spanning the entire
system. The global firmware is also known as the
hypervisor. It contains the boot and partition manager,
manages memory and I/O mappings, and provides a
global name space for resources. It dictates the set of
DLPAR-enabled resources and contains the Open
Firmware device tree. AIX communicates with it through
the RTAS layer.
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Figure 3-46 DLPAR system architecture
The sequence of operations for the given example as provided in Figure 3-46 is
explained in the following:

1. The chhwres command on the HMC calls the RMC with the request to release
the given resource.

2. RMC establishes a connection through the Ethernet network to the RMC on
AlIX and passes the request to release the resource. The RMC connection to
the partition is established at boot time.

3. RMC then calls DRM with the request to release the resource.
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4. DRM initiates the appropriate AIX commands to release the resource from

the operating system (OS).

5. The AIX commands invoke the appropriate functions of the kernel. The OS

attempts to stop using the specified resource. If it cannot stop using the
resource, an error is returned to the user. If it can stop using the resource, the
OS isolates the resource, powers it off and sets the status to unusable.
Success is reported to the chhwres command on the HMC.

6. The chhwres command calls the global firmware and reclaims the resource.

7. The chhwres command calls the global firmware and assigns the resource to

the partition.
8. The chhwres command calls RMC with the request to configure the resource.

9. RMC establishes a connection using the network to the RMC on the partition
and passes on the request. The RMC connection is established at boot time.

10.RMC calls DRM with the configuration request.

11.The DRM calls the appropriate AIX commands with the request to add the
resource to the operating system.

12.The AIX command initiates the appropriate OS functions and the OS attempts
to make the specified resource usable using RTAS calls. If this operation is
unsuccessful, an error is returned to the user. If the operation is successful,
the OS takes ownership of the resource and firmware removes it from its
resource pool. Then the resource is powered on, unisolated, and finally
configured by the OS.

Introduction to AIX DLPAR Framework

This section describes the AIX DLPAR Framework support of the DLPAR
architecture.

The RMC architecture provides a common abstraction for every resource in the
system. This abstraction allows resources to be managed generically.
Resources are represented through the definition of resource classes and are
controlled through resource managers (the DRM). These are included in the
devices.chrp.base.dr fileset.

As described in the previous example, the RMC-DRM is able to invoke a remote
AIX command in a specific partition as a function of the HMC, and to receive the
return code from this command. AIX provides a single DLPAR command (drmgr),
through which all dynamic reconfiguration requests are funneled. The drmgr
command should not be invoked directly from the AIX operating system prompt
for DR operations. Doing this could result in inconsistent system behavior.
However, the drmgr command can be used by the system root to configure and
set up the DR framework for the applications as described in the next sections.
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Time considerations

Time is an important factor for DLPAR operations, because a DLPAR operation
could be quite lengthy. For example, it may take several minutes to reconfigure a
large database so that it uses less memory. The amount of time that the system
takes to perform a DLPAR operation depends on the size of the request and the
state of the affected resources in the partition. In general, a CPU can be removed
in time measured in seconds and 1 GB of memory can be removed in time
measured in minutes.

To control time overruns, two time-out values are provided, which have to be
considered in a DLPAR operation:

» The time limit for the overall operation
» The amount of time allotted for application reconfiguration

The overall timeout is set by the user at the HMC, which, by default, is setto a
value of zero. A value of zero means that the operating system should take as
long as it needs to complete the request without timing out. If a non-zero value is
specified by the user, then the operating system stops reconfiguring resources at
the appointed time; however, it may continue to call scripts and invoke signals to
maintain a consistent application and operating system state. If a request times
out, the resources are not automatically rolled back to the pre-request state and
the user is notified that the command was partially completed.

Considering the time-out value for applications, you must distinguish between
the two forms of application notification. The script-based mechanism (“DLPAR
scripts” on page 116) is invoked synchronously, so the drmgr command that calls
the scripts will wait either until the scripts have finished or up to the defined
time-out. The default time-out value is 10 seconds. However, this value can be
overwritten by the script vendor. This value can again be overwritten by the user
that installs the script using the -w flag with the drmgr command.

The API-based handlers are called asynchronously. The caller always waits until
the time of the time-out value is over, whether the handler has completed earlier
or not at all. The default of this time-out value is 10 seconds also and cannot be
explicitly overwritten. However, the time-out value scales with the overall
time-out value, so if the overall time-out value is increased, the time-out value of
the API-based handlers increases with it.

Note that the default time-out values are subject to change.

DLPAR flow for CPUs and memory

As described previously, the drmgr command handles all dynamic
reconfiguration operations by calling the appropriate commands, and controls
the process of the reconfiguration of resources.
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The flow of the dynamic reconfiguration is generic and is described as follows:

1. The ODM lock is taken to guarantee that the ODM, Open Firmware (OF)
device tree, and the kernel are atomically updated. This step can fail if the
ODM lock is held for a long time and the user indicates that the DLPAR
operation should have a time limit.

2. The dynamic reconfiguration command reads the OF device tree.

3. The dynamic reconfiguration command invokes the kernel to start the DR
operation. The following steps are taken:

a. Requesting validation
b. Locking DR operation—only one can proceed at a time

¢. Saving request in global kernel DR structure, which is used to pass
information to signal handlers, which runs asynchronously to the DR
command

d. Starting check phase
4. Check phase scripts are invoked.
5. Check phase signals are sent—conditional wait if signals were posted.

6. Check phase kernel extension callout. Callback routines of registered kernel
extensions are called.

Note: The operation may fail in steps 4, 5, or 6 if any check phase handler
signals an error. Once the check phase has passed without an error and
the LPAR operation is in the pre phase, all pre phase application handlers
will be called, even if they fail, and the dynamic reconfiguration is
attempted.

7. The kernel marks the start of the pre phase.
8. Pre phase scripts are invoked.
9. Pre phase signals are sent—conditional wait if signals were posted.

10.The kernel marks doit phase start. This is an internal phase where the
resource is either added or removed from the kernel.
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Note: Steps 11-13 may be repeated depending on the request.
Processor-based requests never loop; only one processor can be added or
removed at a time in one DLPAR operation. If more than one processor
needs to be added or removed, the HMC invokes AlX once for each
processor.

Memory-based requests loop at the logical memory block (LMB) level,
which represents 256 MB segments of memory, until the entire user
request has been satisfied. The HMC remotely invokes AIX once for the
complete memory request.

11.This step is only taken if adding a resource. The OF device tree is updated.
The resource allocated, unisolated, and the connector configured. When
unisolating the resource, it is assigned to the partition and ownership is
transferred from FW to AlX.

— For processors, the identity of the global and local interrupt server is
discovered.

— For memory, the physical address and size is discovered.
12.Invoke kernel to add or remove resource.

a. Callback functions of registered kernel extensions are called. Kernel
extensions are told the specific resource that is being removed or added.

b. Resources in kernel are removed or added.
c. Kernel extension in post or posterr phase are invoked.
If steps a or b fail, then the operation fails.
13.This step is only taken if removing a resource.
The OF is updated. Resources are isolated and unallocated for removal.

The OF device tree must be kept updated so that the config methods can
determine the set of resources that are actually configured and owned by the
0sS.

14.Kernel marks post (or posterror) phase start, depending on the success of the
previous steps.

15.Invoke configuration methods so that DR-aware applications and scripts will
see state change in the ODM.

16.The post scripts are invoked.

17.The post signals are sent to registered processes—conditional wait if signals
were posted.

18.The kernel clears the dynamic reconfiguration event.
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19.0DM locks are unlocked.

In the following section a description of the changes made to AIX 5L Version 5.2
to support dynamic removal and addition of I/O slots is provided.

Dynamic I/O removal and addition

Dynamic removal and addition of I/O adapters has been provided by AIX prior to
the dynamic reconfiguration support of processors and memory to utilize the hot
plug capability of IBM RS/6000 and IBM @server pSeries systems.

To allow for the addition and removal of PCI slots and of integrated 1/O devices of
DLPAR systems such as the p690, p670 and p630, enhancements to the 1sslot
command have been made.

PCI slots and integrated 1/0O devices can be listed using the new connector type
slot in the 1ssTot command, as shown in the following example:

I1sslot -c slot

The output of this command looks similar to the following:

# Slot Description Device(s)
Ul.5-P1-1I1 DLPAR slot pcil3 ent0
Ul.5-P1-12 DLPAR slot pcild entl
Ul.5-P1-13 DLPAR slot pcilb
Ul.5-P1-14 DLPAR slot pcilé
Ul.5-P1-15 DLPAR slot pcil7 ent2
U1.5-P1/Z1 DLPAR slot pcil8 scsi0

Before the slot can be removed though, the PCI device and all its children need
to be deleted. Given that ent2 in the slot U1.5-P1-15 in the previous example is
not used, the devices could be removed using the following command:

rmdev -1 pcil7 -d -R

After the devices has been removed from AIX as described previously, the slot
can be removed from the partition using the HMC GUI or command line
interface. The GUI is shown in Figure 3-47 on page 113. Note that the slot must
not be defined as required in the partition profile but only as desired, or the
option to remove this slot on the HMC will not be given.
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Choose a dynamic p artition task below, then specify the adapter(s) and
other required information for the specific task.

- Tasks

| Move resource to a partition.

Add resource to this partition.

@ Remove resource from this partition.

Current adapter usage:

Drawer Slat Type
| 7040-61D702445BA-P1
Detail level: o]
Timeout setting {mins): 0:;:1
| Ok | | Close | | Help ||7|

Figure 3-47 HMC slot removal

To add the previously removed slot to the system, it needs to be added to the
system using the HMC again first. Then the devices should be configured in the
slot using the cfgmgr command.

3.2.5 Using the AIX DLPAR Framework

Prior to DLPAR, applications considered CPU and memory to be constant
resources on a system. With DLPAR the number of CPUs and the amount of
memory can change during the runtime of the applications.

Most applications are not aware of the number of CPUs and the memory in the
system and are therefore are most likely not affected by DLPAR operations.
However, some applications are aware of the amount of these system resources,
and they need to handle changes to the system configuration.

There are two types of applications with respect to DLPAR operations:
DLPAR-safe and DLPAR-aware applications.
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A DLPAR-safe application is one that does not fail as a result of a DLPAR
operation. It may not be affected at all. Its performance may suffer or it may not
scale with the addition of new resources. It may even prevent a DLPAR
operation from succeeding, but it functions as expected.

A DLPAR-aware application is an application that adjusts its use of system
resources in order to facilitate DLPAR operations. To participate in DLPAR
operations, the application may either regularly poll the system topology to
discover changes or it can register with the DLPAR application framework to
receive notification of DLPAR events when they occur. The latter (registration)
should be the preferred choice. The polling model should not be used if the
application has a processor dependency, since it may need to unbind before the
operating system attempts to reconfigure the resource and the polling model only
provides notification after the DLPAR event.

Types of applications that should be made DLPAR aware are listed as follows:

» Enterprise level databases, because they scale with the system configuration.
They typically use large pinned buffer pools that scale with the physical
memory and the amount of threads scales with the number of CPUs.

» System tools (performance monitors, for example), because they report CPU
and memory statistics.

» Multi-system level job schedulers, because they schedule jobs based on the
number of CPUs and memory.

» License managers, because they license on a CPU basis.

DLPAR operations are non-destructive by design. That means DLPAR
operations will fail if the resource to be removed is locked by applications or the
kernel. A DLPAR CPU remove request will fail if an application is bound to the
CPU being removed. This could be a bindprocessor command or WLM rset type
binding. A DLPAR memory remove request will fail if most of the memory in the
system is pinned. AIX has the capability to dynamically migrate pinned memory
so that virtually any range of memory can be removed. However, if the system
cannot acquire a new pinned page, the operation will fail. AIX allows
approximately 80 percent of the system to be pinned. Therefore, programs that
consume lots of pinned memory should be made DLPAR aware so that the
system will have adequate resource to perform memory removal. Applications
pin memory through the plock() and shmget(SHM_PIN) system calls.

Two interfaces are available to make an application DLPAR aware, a
script-based and an API-based interface. Using the script-based approach, the
administrator or software vendor installs a set of scripts that are called by the
DLPAR application framework when a DLPAR event occurs. For the API-based
approach, the new signal SIGRECONFIG is defined, which is sent during DLPAR
events to all processes that are registered to catch this event.
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Note that the SIGRECONFIG signal is also sent (along with the SIGCPUFAIL
signal for backward compatibility) in the case of a CPU Guard event. Therefore
the DLPAR application framework can also be utilized by CPU Guard aware
applications.

In the first release of DLPAR support, the dynamic reconfiguration of I/O slots is
not integrated into the DLPAR Framework in the same way that CPUs and
memory is. The user cannot install DLPAR scripts or make their applications
DLPAR aware by registering for a signal.

DLPAR operation phases

The DLPAR operation phases are independent of whether the approach is script-
or API-based. Every DLPAR operation is divided into three phases:

» Check phase

» Pre phase

» Post phase

The check and pre phases occur before the actual dynamic reconfiguration is

performed, whereas the post phase occurs after the dynamic reconfiguration is
done. This process is shown in Figure 3-48.

check phase

no

success

yes

pre phase

v

dynamic
reconfiguration

v !

post phase return error

Figure 3-48 DLPAR operation phases
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In the check phase the handler (script or signal) is called and requested to
approve the DLPAR operation. If any handler declines this request, the operation
fails before any changes to the system are done. This would be the opportunity
for a non-DLPAR safe application to terminate the DLPAR operation, because it
would fail after the DLPAR operation. Or a license manager could decline a CPU
add request, because there are not enough CPU-based licenses purchased.

In the pre phase, the registered handlers are notified that the dynamic
reconfiguration is about to occur. This is where the appropriate actions should be
taken, to allow for a successful DLPAR operation. This will typically include tasks
such as unbinding from CPUs or releasing pinned memory. A handler may still
return an error, because he was not able to release the pinned memory for
example, but all application handlers will be called anyway and the dynamic
reconfiguration performed.

After the pre phase, the dynamic reconfiguration procedure is performed. The
dynamic reconfiguration could fail for one of the reasons given earlier.

In the post phase, the registered handlers are notified that the dynamic
reconfiguration has completed. Depending on whether the dynamic
reconfiguration was successful, the handler can undo the changes done in the
pre phase or adapt to the new system environment.

In the following an introduction to the script-based interface is given.

DLPAR scripts

As mentioned previously, DLPAR scripts are written by system administrators or
software vendors. Scripts can be implemented in any scripting language such as
Perl, shell, or it can be a compiled program. They are maintained by the system
administrator using the drmgr command. The syntax of the command is as
follows:

drmgr { -i script_name [-w minutes 1 [ -f 1 | -u script_name } [ -D hostname ]
drmgr [ -b ]

drmgr [ -R script_install_root_directory ]

drmgr [ -S syslog_ID ]

drmgr [ -1 1]

A description of the most important flags for the drmgr command are provided in
Table 3-3 on page 117. For a complete reference, refer to the man page or the
documentation.
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Table 3-3 The drmgr command flags

Flags Description

-i script_name This flag is used to install a script specified by the
script_name parameter. By default scripts are installed to the
/ust/lib/dr/scripts/all directory.

-w minutes This flag is used to override the time limit value specified by
the vendor for the script. The script will be ended if it exceeds
the specified time limit.

-f Using this flag forces an installed script to be overwritten.

-u script_name This flag is used to uninstall a script specified by the
script_name parameter.

-l This option will display the details regarding the DLPAR
scripts that are currently installed.

For example, to install the script /root/root_dlpar_test.sh in the default directory
the following command could be used:

drmgr -i /root/root_dlpar_test.sh
To list the details the drmgr -1 command is used. The output is similar to the
following:

DR Install Root Directory: /usr/lib/dr/scripts
Syslog ID: DRMGR

/usr/1ib/dr/scripts/all/root_lpar_test.sh DLPAR test script
Vendor: IBM, Version:1.0, Date:19092002
Script Timeout:10, Admin Override Timeout:0
Resources Supported:
Resource Name: cpu Resource Usage: root_dlpar_test.sh

command [parameter]

DLPAR scripts get notified at each of the DLPAR operation phases explained
previously. Notifying DLPAR scripts involves invoking the scripts in the
appropriate environment with the appropriate parameters.

The environment the script is executed in is as follows:

» Execution user ID and group ID are set to uid or gid of the script.

» The PATH environment is set to /usr/bin:/etc:/usr/sbin.

» The working directory is /tmp.

» Environment variables to describe the DLPAR event are set.
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DLPAR scripts can write any necessary output to stdout. The format of the output
should be name=value pair strings separated by newline characters to relay
specific information to the drmgr. For example, the output DR_VERSION=1.0
could be produced with the following ksh command:

echo “DR_VERSION=1.0%

Error and logging messages are provided by DLPAR scripts in the same way as
regular output by writing name=value pairs to stdout. The DR_ERROR=message
pair should be used to provide error descriptions. The name=value pairs in
Table 3-4 contain information to be used to provide error and debug output for the
syslog.

Table 3-4 DLPAR script error and logging

name=value pair Description

DR_LOG_ERR=message Logs the message with the syslog level of the
LOG_ERR environment variable.

DR_LOG_WARNING=message Logs the message with the syslog level of the
LOG_WARNING environment variable.

DR_LOG_INFO=message Logs the message with the syslog level of the
LOG_INFO environment variable.

DR_LOG_EMERG=message Logs the message with the syslog level of the
LOG_EMERG environment variable.

DR_LOG_DEBUG=message Logs the message with the syslog level of the
LOG_DEBUG environment variable

DLPAR scripts can also write additional information to stdout that will be reflected
to the HMC. The level of information that should be provided is based on the
detail level passed to the script in the DR_DETAIL_LEVEL=N environment
variable. N must be in the range of 0 to 5, where the default value of 0 signifies
no information. A value of 1 is reserved for the operating system and is used to
present the high-level flow. The remaining levels (2-5) can be used by the scripts
to provide information with the assumption that larger numbers provide greater
detail.

The syntax the DLPAR script is invoked with follows:

[ input_namel=valuel ... ] scriptname command [ input_parameterl ... ]

Input variables are set as environment variables on the command line, followed
by the script to be invoked that is provided with a command and with further
parameters. A description of the function the commands should perform is
provided in Table 3-5 on page 119. If the script is called with a command that is
not implemented it should exit with a return code of 10.
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Table 3-5 DLPAR script commands

Command and parameter Description

scriptinfo Identifies the version, date, and vendor of the
script. It is called when the script is installed.

register Identifies the resources managed by the script.
If the script returns the resource name (cpu or
mem), the script will be automatically invoked
when DLPAR attempts to reconfigure
processors and memory, respectively. The
register command is called when the script is
installed with the DLPAR subsystem.

usage resource_name Returns information describing how the
resource is being used by the application. The
description should be relevant so that the user
can determine whether to install or uninstall the
script. It should identify the software capabilities
of the application that are impacted. The usage
command is called for each resource that was
identified by the register command.

checkrelease resource_name Indicates whether the DLPAR subsystem
should continue with the removal of the named
resource. A script might indicate that the
resource should not be removed if the
application is not DLPAR aware and the
application is considered critical to the
operation of the system.

prerelease resource_name Reconfigures, suspends, or terminates the
application so that its hold on the named
resource is released.

postrelease resource_name Reconfigures, resumes, or restarts the
application.
undoprerelease resource_name Invoked if an error is encountered and the

resource is not released. Operations done in
the prerelease command should be undone.

checkacquire resource_name Indicates whether the DLPAR subsystem
should proceed with the resource addition. It
might be used by a license manager to prevent
the addition of a new resource, for example,
cpu, until the resource is licensed.

preacquire resource_name Used to prepare for a resource addition.
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Command and parameter Description

undopreacquire resource_name Invoked if an error is encountered in the
preacquire phase or when the event is acted
upon. Operations performed with the
preacquire command should be undone.

postacquire resource_name Reconfigure, resume, or start the application.

The input variables that are provided as environment variables are dependent on
the resource that is operated on. For memory add and remove operations, the
variables provided in Table 3-6 are provided (one frame is equal to 4 KB).

Table 3-6 Input variables for memory add/remove operations

Input variable Description

DR_FREE_FRAMES=0xFFFFFFFF The number of free frames currently in the
system, in hexadecimal format.

DR_MEM_SIZE_COMPLETED=n The number of megabytes that were
successfully added or removed, in
decimal format.

DR_MEM_SIZE_REQUEST=n The size of the memory request in
megabytes, in decimal format.

DR_PINNABLE_FRAMES=0xFFFFFFFF | The total number of pinnable frames
currently in the system, in hexadecimal
format. This parameter provides valuable
information when removing memory in
that it can be used to determine when the
system is approaching the limit of pinnable
memory, which is the primary cause of
failure for memory remove requests.

DR_TOTAL_FRAMES=0xFFFFFFFF The total number of frames currently in the
system, in hexadecimal format.

The environment variables provided in Table 3-7 on page 121 are set for
processor add and remove operations.
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Table 3-7 Input variables for processor add/remove operations

Input variable

Description

DR_BCPUID=N

The bind CPU ID of the processor that is
being added or removed in decimal
format. A bindprocessor attachment to this
processor does not necessarily mean that
the attachment has to be undone. This is
only true if it is the Nth processor in the
system, because the Nth processor
position is the one that is always removed
in a CPU remove operation. Bind IDs are
consecutive in nature, ranging from 0 to N
and are intended to identify only online
processors. Use the bindprocessor
command to determine the number of
online CPUs.

DR_LCPUID=N

The logical CPU ID of the processor thatis
being added or removed in decimal
format.

In the following, an example Korn shell script in given that can be installed. For
simplicity and demonstration purposes this script does not take any action. The
actions for the process to control would need to be included in the appropriate

command section:

#1/usr/bin/ksh

if [[ $# -eq 0]
then

]

echo "DR_ERROR= Script usage error"

exit 1
fi

ret_code=0
command=$1

case $command in

scriptinfo )

usage )

echo
echo
echo
echo

echo

register )

echo

checkacquire

"DR_VERSION=1.0"
"DR_DATE=19092002"
"DR_SCRIPTINFO=DLPAR test script"
"DR_VENDOR=IBM"; ;

"DR_USAGE=root_dlpar_test.sh command [parameter]";;

"DR_RESOURCE=cpu";;
)
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preacquire )

undoprea;;;re )

postacqu;;; )

checkre]ééée )

prerel ea;(;e;)

undoprer;;;ase )

postre]e;;; )

‘) HHH

ret_code=10;;

esac

exit $ret_code

In the following section, an introduction to signal APl based approach is given.

DLPAR signal API

As previously mentioned, two approaches are provided to make programs
DLPAR aware. The script-based approach described in the previous section, and
the API-based approach described in this section.

The SIGRECONFIG signal is sent to the applications at the various phases of
dynamic logical partitioning. The DLPAR subsystem defines check, pre and post
phases for a typical operation. Applications can watch for this signal and use the
DLPAR-supported system calls to learn more about the operation in progress
and to take any necessary actions.

Note that when using signals, the application might inadvertently block the
signal, or the load on the system might prevent the thread from running in a
timely fashion. In the case of signals, the system will wait a short period of time,
which is a function of the user-specified time-out, and proceed to the next phase.
It is not appropriate to wait indefinitely because a non-privileged rogue thread
could prevent all DLPAR operations from occurring.

The issue of timely signal delivery can be managed by the application by
controlling the signal mask and scheduling priority. The DLPAR-aware code can
be directly incorporated into the algorithm. Also, the signal handler can be
cascaded across multiple shared libraries so that notification can be incorporated
in a more modular way.

AIX 5L Differences Guide Version 5.2 Edition



To integrate the DLPAR event using APIs, complete the following:

1. Catch the SIGRECONFIG signal by using the sigaction system call. The
default action is to ignore the signal.

2. Control the signal mask in at least one of the threads so that the signal can be
delivered in real time.

3. Ensure that the scheduling priority for the thread that is to receive the signal is
sufficient so that it will run quickly after the signal has been sent.

4. Run the dr_reconfig system call to obtain the type of resource, type of action,
and phase of the event, as well as other information that is relevant to the
current request.

In the following section an introduction on how to make kernel extensions
DLPAR aware is provided.

DLPAR-aware kernel extensions

Like applications, most kernel extensions are DLPAR safe by default. However,
some are sensitive to the system configuration and might need to be registered
with the DLPAR subsystem. Some kernel extensions partition their data along
processor lines, create threads based on the number of online processors, or
provide large pinned memory buffer pools. These kernel extensions must be
notified when the system topology changes. The mechanism and the actions that
need to be taken parallel those of DLPAR-aware applications.

To register and unregister from the kernel to be notified in the case of dynamic
reconfiguration events, the following kernel services are available:

» reconfig_register

» reconfig_unregister

» reconfig_complete

In the following sections, programming implications of the dynamic
reconfiguration of CPUs and memory are provided.

Programming implications of dynamic CPU reconfiguration
At boot time, CPUs are configured in the kernel. In AIX 5L Version 5.2, a
processor is identified by three different identifications, namely:

» The physical CPU ID, which is derived from the open firmware device tree
and used to communicate with RTAS.

» The logical CPU ID, which is a ppda-based index of online and offline CPUs.
» The bind CPU ID, which is the index of online CPUs.
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The logical and bind CPU IDs are consecutive, and have no holes in the
numbering. No guarantee is given across boots that the CPUs will be configured
in the same order, or even that the same CPUs will be used in LPAR-enabled
environments at all.

Initially, bind CPU IDs coincide with logical CPU IDs; however, DLPAR can
remove a processor from the middle of the logical CPU list. The bind CPU IDs
remain consecutive since they refer only to online CPUs, so the kernel has to
explicitly map these IDs to logical CPU IDs (containing online and offline CPU
IDs).

The range of logical CPU IDs is defined to be 0 to M-1, where M is the maximum
number of CPUs that can be activated within the partition. M is derived from the
Open Firmware device tree. The logical CPU IDs name both online and offline
CPUs. The rset APIs are predicated on the use of logical CPU IDs.

Logical CPU numbers can be identified through the 1srset command. For
example, on a two-way system:

# lsrset -a
sys/sys0
sys/node.01.00000
sys/mem.00000
sys/cpu.00000
sys/cpu.00001

You can interpret each CPU line as sys/cpu.logic _cpu_number.

The following command would list all the online logical CPU IDs:

1srset -vor sys/sysO

The range of bind CPU IDs is defined to be 0 to N-1; however, N is the current
number of online CPUs. The value of N changes as processors are added and
removed from the system by either DLPAR or CPU Guard. In general, new
processors are always added to the Nth position. Bind CPU IDs are used by the
system call bindprocessor and by the kernel service switch_cpu.

The number of potential cpus can be determined by:

» _system_configuration.max_ncpus

» _system_configuration.original_ncpus

» var.v_ncpus_cfg

» sysconf(_SC_NPROCESSORS_CONF)

The number of online CPUs can be determined by:

» _system_configuration.ncpus
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» var.v_ncpus
» sysconf(_SC_NPROCESSORS_ONLN).

The number of online CPUs can also be determined from the command line. The
following commands are provided by AlX:

» bindprocessor -q

» 1lsrset -a

As mentioned earlier, AlX supports two programming models for CPUs. The
bindprocessor model, which is based on bind CPU IDs, and the rset API model,
which is based on logical CPU IDs. Whenever a program implements any of
these programming models it should be DLPAR aware.

A complete set of new subroutines is provided in AlIX 5L Version 5.2 to provide
access to the rset binding type kernel services. These subroutines are as follows:

krs_numrads
krs_getrad
krs_getinfo
krs_alloc
krs_free

krs_op
kra_creatp
kra_attachrset
kra_detachrset
kra_getrset
krs_init
krs_getpartition
krs_setpartition
krs_getassociativity

VYYYYYYVYVYVYVYVYYY

The following new interfaces (system calls and kernel services) are provided to
query bind and logical CPU IDs and the mapping between them:

v

mycpu(), returns bind CPU ID of the process.
my_lcpu(), returns bind logical CPU ID of the process.
b2lcpu(), returns the bind to logical CPU ID mapping
[2bcpu(), returns the logical to bind CPU ID mapping

vYyy

In the following section implications on programming with respect to dynamic
memory reconfiguration are described.

Programming dynamic memory reconfiguration

Whenever an application uses plock or pinned shared memory, it should
consider being DR aware.
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Paging space implications for memory in DLPAR environment
Special attention should be paid to paging space requirements since they are
closely related to the size of physical memory. A good rule of thumb is that the
system should be preconfigured to handle the worst case.

To do so, determine the amount of paging space that is required by applications
while under stress with the maximum amount of memory configured as defined in
the partition profile. To this number add the amount of paging space that would
be needed when reducing the memory down to the minimum as specified in the
partition profile. This is the difference between the maximum and the minimum of
memory. Summarized in a formula, the paging space should be set to:

(paging space required in worst case) + (memory max) - (memory min)

Partition profile parameters for memory

The setting for memory minimum should be no less than 1/64 of memory
maximum in the partition profile, in order to provide AIX with adequate memory.
The reason for this limitation is that AlX has to initialize some kernel structures to
the maximum that could potentially be available. It will not boot otherwise.

A new option Small Real Mode Address Region is provided in the Memory
section of the partition profile on the HMC, as shown in Figure 3-49:

(General [ Processor [ Memory [1f0 [Cther |

Select desired and minimum amounts of memeory for this prefile using a combination of the gigabytes and
megabytes fields below.

Total usable machine memory: 65536 ME
Desired amount of mermory for the 6 ::l GE 0 jl ME
partition:
Winimum amount of memory for the 5 ::l GE 0 il ME
partition:
Waxirmurm amount of memory for the 10 ::l GB 0 jl ME
partition:

[v] Small Real Mode Address Region

| K || Cancel || Help ||1'|

Figure 3-49 HMC memory profile

For AIX 5L Version 5.2, this option should always be used to give the system
greater flexibility when assigning memory. It should not be used in Version 5.1.
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Monitoring DLPAR events
There are many components involved in the successful completion of a DLPAR

event, including the Hardware Management Console (HMC), the system
firmware, and the partition's operating system. Because of the complexity and
the cooperative effort required of all of these components, it is difficult to
diagnose and correct problems that cause DLPAR operations to fail. Therefore,
several ways are provided to monitor DLPAR operations.

DLPAR operations can be monitored in the following ways:

» Operating panel LEDs

» Standard output of commands and scripts

» The AIX syslog facility

» An AlX trace

» The error log

Details of these options to monitor a DLPAR operation is given in the following
sections.

Operator panel LEDs

You can watch the operator panel LEDs displayed on the HMC. DLPAR event
LEDs are displayed while the operation occurs. The LEDs are provided in
Table 3-8.

Table 3-8 LED processor indicator codes

Progress indicator code | Text string Description

2000 CPUA Dynamic LPAR CPU addition

2001 CPUR Dynamic LPAR CPU removal

2002 MEMA Dynamic LPAR memory addition

2003 MEMR Dynamic LPAR memory removal
Standard output

Detailed data is written to standard output from components, such as the drmgr
command or the DLPAR scripts. The output is sent back to the HMC and
displayed for analysis purposes.

The syslog facility

The AIX syslog facility can be used to log the progress of a DLPAR event. The
drmgr -S command can be used to specify a channel ID string for the syslog
entries. Note that this string will be appended to every syslog entry made by the
DR Manager, which allows for you to easily search and grep the log file for only
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DLPAR events. The timestamps provided within the syslog help to provide a
definitive record of exactly when DLPAR events happened.

These timestamps can also be useful in determining time-out values to be used
on future DLPAR operations. The syslog facility is not enabled by default. To
configure the syslog facility to capture DLPAR (and other) syslog entries, you can
do the following as root:

1. Edit /etc/syslog.conf.

2. Add the following entry to the syslog configuration file to log all messages of
the priority debug:
*.debug /var/adm/syslog.log rotate size 100k

3. Touch the file to be used:
touch /var/adm/syslog.log

4. Reconfigure the syslog daemon by starting and stopping it:

stopsrc -s syslogd
startsrc -s syslogd

AlX trace

The AIX trace facility can be used to monitor DLPAR operations. When a trace is
taken, the AIX trace report will contain trace hook entries for CPU or memory
additions or removals. These trace hooks are not enabled by default. They can
be enabled using a normal AIX trace mechanism (such as trace or trcrpt). To
capture only the DR related traces (DR trace hook ID is 38F) and analyze them,
perform the following steps:

1. Start trace:
trace -a -j 38f
2. Invoke the desired DR operation on the HMC.
3. Stop trace after the operations have ended with the trcstop command.
4. Analyze the trace events by invoking the trcrpt command.

Error log

The AIX error log will contain error log entries in cases involving kernel, kernel
extension, or platform failures. These error log entries can be used for failure
analysis. The standard messages will indicate when the AIX error log should be
consulted. The DR-related error log entries are described in Table 3-9 on

page 129.
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Table 3-9 DR-related error log entries

Error log entry Description

DR_SCRIPT_MSG Application script error or related messages.
Entry includes failing script name and DR
phase.

DR_CPU_HANDLER_ERR Kernel extension reconfiguration handler error

for CPU add/removes. Entry includes failing
handler's registration name, the kernel
extension load module's path name, the DR
phase and operation (ADD or REMOVE), and
also the logical CPU number.

DR_MEM_HANDLER_ERR Kernel extension reconfiguration handler error
for LMB add/removes. Entry includes failing
handler's registration name, the kernel
extension load module's path name, the DR
phase and operation (ADD or REMOVE) and
the memory or LMB address range being
removed. In the CHECK-phase, the start
memory address will always be zero. The end
memory address will be the total size of the
memory that was to be removed. In the pre
phase, the address range is always the LMB
physical address range.

DR_APPS_ERR DR operation failure because an application
aborted it. Currently, this error is logged only
when a SIGRECONFIG signal handler of a
privileged process (root) calls dr_reconfig()
during the check phase passing a flag value of
DR_EVENT_FAIL. Entry contains the DR
phase (always check, for this case), the DR
operation (ADD or REMOVE), abort cause
(always 0x01, for this case) and abort data (the
process ID of the caller, in this case).

CPU_DEALLOC_ABORTED The DR CPU remove operation failed because
the CPU deallocation was aborted. Entry
contains the abort cause (a hex value) and
abort data (in hex).

Abort Cause and Meaning Abort Data
0x2 Bound User Thread Process ID
0x3 HA handler failed Name of handler
0x4 Last online CPU Logical CPU ID
0x7 Bound kernel Thread Process ID
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Error log entry

Description

DR_UNSAFE_PROCESS

A process has been detected that uses a
non-DR safe library. This error only occurs
when trying to add a CPU to a single-CPU
system. Examples of unsafe libraries are older
versions of libjava.a or libjvym.a, which are not
safe to use in the middle of moving from
uniprocessor to multiprocessor mode. They are,
however, safe if loaded after the second CPU
has been added. Entries include the process ID
and the path of the loaded unsafe library.

DR_MEM_UNSAFE_USE

Non-DR aware kernel extension's use of
physical memory. Results in the affected
memory not being available for DLPAR
removal. Entry contains affected logical
memory address and an address
corresponding to the kernel extension's load
module, as well as the kernel extension load
module's path name.

DR_DMA_MEM_MIGRATE_FAIL

Memory removal failure due to DMA activity.
The affected LMB had active DMA mappings,
which could not be migrated by the platform.
Entry includes the logical memory address
within the LMB, hypervisor migration return
code, logical bus number of the slot owning the
DMA mapping, and the DMA address.

DR_DMA_MEM_MAPPER_FAIL

Memory removal failure due to a kernel
extension responsible for controlling DMA
mappings error. Entry includes the DMA
mapper handler return code, an address
corresponding to the DMA mapper's kernel
extension load module, and the DMA mapper's
kernel extension load module's path name.

The AIX errlog can be displayed with the errpt command.

Corrective actions in failure conditions
When a processor deconfiguration fails, it could be because a process has been
bound to the upper processor logical number, with the bindprocessor command
or the bindprocessor() programming interface. To check if some processes are
bound to a processor you can use the ps -1emo THREAD command and check the
BND field of the output command. If the BND field is a dash (-) then the process
or thread is not bound to a processor. If the BND field contains a number, then
this number is the logical processor number from which the process has been
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bounded. Figure 3-50 shows that the script script.bound is bound on processor

3.
root@server2:/ #ps —lemo THRERAD Ipg
USER  PID PPID TID ST CP PRI SC WCHAN F TT BND COMMAND
root 1 V] - A ¢ 60 1 - 200003 - - Jetc/init
- - - 259 § 0 60 1 - 410410 - - -
root 3654 1 - A 0 60 1 1a0a84 40401 - — Jusr/lib/errdemon
- - - 11869 S 0 60 1 1a0a84 10400 - - -
root 4024 24676 - A 120 135 0 - 200001 pts/2 3 sh — ./script.bound
- - - 49621 R 120 135 0 - 0 - 3-
root 4324 9960 - A ¢ 60 1 - 240001 - — /usr/sbin/inetd
- - - 13841 S 0 60 1 - 18400 - - -
root 4818 - A ¢ 60 1 - 40001 - — Jusr/dt/binfdtlogin —daemon
- - - 6109 S 0 60 1 - 418410 - - -
root 4960 7246 - A ¢ 60 1 - 240001 - — Jusr/dt/bin/dtsession
- - - 8797 S 0 60 1 - 418410 - - -
root 6014 1 - A ¢ 6013 * 240001 - — /Jusr/sbin/syncd 60
- - - 5447 S 0 60 1 - 2400400 - - -
- - - 7033 S 0 60 1 31cd6b98 410410 - - -
- - - 8535 S 0 60 1 31cd6598 410410 - - -
- - - 9031 § 0 60 1 31a970d8 410410 - - -
- - - 9289 S 0 60 1 31cd9018 410410 - - -
- - - 9547 S 0 60 1 31cd9c58 410410 - - -
- - - 9805 S 0 60 1 31cd62d8 410410 - - -
- - - 10063 S 0 60 1 31a8a798 410410 - - -
- - - 10321 S 0 60 1 31a97258 410410 - - -
- - - 10579 S 0 60 1 3111acl8 410410 - - -
- - - 10837 S 0 60 1 31cd9798 410410 - - -
- - - 11095 S 0 60 1 31cd6b58 410410 - - -
- - - 11353 S 0 60 1 31a8a218 410410 - - -
root 6284 9960 -A 16 56 1 - 240001 - — /Jusr/sbin/ndpd-host
- - - 11637 5 16 56 1 - 18400 - - -
root@server2:/ #j

Figure 3-50 Output of the ps -lemo THREAD

To unbind the process you can use the bindprocessor -u command. The
following command shows how to unbind the script.bound script:

bindprocessor -u 4024

3.3 Capacity Upgrade on Demand

Capacity Upgrade on Demand (CUoD) is an existing feature on some IBM
@server pSeries and RS/6000 systems that allows for upgrading the

capacity of a system with CPU resources that were shipped with the system, but
which were part of an upgrade feature, providing reserve hardware capacity
when growth requires it. CUoD only enables the number of CPUs that the
customer is authorized to use. Additional CPUs can be enabled by invoking the
chcod CUoD command. This command can only be run by the super user or a
user with system group membership.
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3.3.1 The chcod command (5.1.0)

The following example shows the syntax of the chcod command:
chcod [-r ResourceType -n NbrResources] [-m MailAddr] [-c CustInfo] [-h]

To display the current configuration, type the chcod command without any
options. The output will appear as:

# chcod

Current MailAddr =

Current CustInfo =

Current Model and System ID =

Current number of authorized proc(s) out of 1 installed on system = 1

The flag options for the chcod command are shown in Table 3-10.

Table 3-10 The chcod command flags

Flags Description

-Cc customer _information This string of information will be used in the error log
and in the body of an e-mail message sent. It may not
contain a white space character. Characters supported
are alphanumeric, decimal point (.), comma (,), hyphen
(-), open parenthesis ((), and closed parenthesis ()).
This flag is optional and has a limit of 255 characters.

-h The command usage message.

-n number This value must be 0 or greater and specifies the
number of resource types to be authorized. The -r
option flag and the -n option flag must be used together.

-r resource type This flag specifies the resource type. The only
supported value for resource type in AIX 5L Version 5.1
is proc, for processor. The -r option flag and the -n
option flag must be used together.

3.3.2 Enhancement to the Isvpd command (5.2.0)

132

The 1svpd command lists all the VPD data. This command has been modified in
AIX 5L Version 5.2 to obtain the processor and memory CUoD capacity card
information system parameter from the firmware.

The 1svpd command prepends the system-wide keyword string, which is N5 for
the processor and N6 for the memory CUoD capacity card information, and
displays it along with the other VPD data that is being currently displayed. There
is no error checking on the format or contents of the cards' VPD data.
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The output from the 1svpd command is as follows:

*VC 5.0

*TM IBM,7038-6M2

*SE IBM,0110AABDD

*PI 00097493

*N5 703810-AABDD525B10-5555555D3C1C24040404040PRM10000000159
*N6 703810-AABDD525B10-5555555D3C1C24040404040MSM10000000164

3.4 Dynamic CPU sparing and CPU Guard (5.2.0)

Dynamic CPU sparing allows you to dynamically replace a CPU resource if a
CPU failure is reported by Open Firmware. This CPU replacement happens in
such a fashion that it is transparent to the user and to user-mode applications.

In AIX 5L Version 5.2, the CPU Guard implementation has been changed and
enhanced to work in the new DLPAR Framework. The actual deallocation of the
CPU resource is performed in the DLPAR Framework by the dynamic CPU
removal procedure.

The DLPAR mechanism allowing the dynamic processor removal is based on
leaving holes in the logical CPU ID’s sequence, unlike the former CPU Guard
implementation where holes in logical CPU IDs are not tolerated for compatibility
reasons. The DR strategy is to abstract the status of the CPUs by having CPU
bind IDs, which are a sequence of IDs 0 through N-1 representing only the
on-line CPUs. This strategy provides better MCM-level affinity, thus breaking the
assumption of uniform memory access from all CPUs by RPDP. With the DR
approach, the load from the failing CPU is moved to a CPU that corresponds to
the last CPU bind ID. Thus the failing CPU bind ID and the last CPU bind ID are
swapped, leaving a hole in the logical CPU ID sequence and making the last
on-line CPU the failing processor. Therefore, the bindprocessor system call
interface, the bindprocessor command, the bindintcpu command, and the
switch_cpu kernel service have been changed to work with the CPU bind ID
model instead of the logical CPU ID model.

CPU Guard dynamically removes a failing CPU, whereas CPU sparing replaces
a CPU with a spare one under the cover. During the reconfiguration no
notifications of any kind are sent to the user, kernel extensions, or to user-mode
applications that are CPU Guard- or DR-aware.

Dynamic CPU sparing is supported only on systems that are loaded with
appropriate CPU Guard and DLPAR-enabled firmware such as IBM
@server pSeries 690 and pSeries 670 running in LPAR mode with a
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CPU Capacity Card present. Spare CPUs are CUoD CPUs that are not activated
with a CUoD activation code.

Since CPU Guard operations are considered DR operations, they are serialized
with all other DR operations. In this new environment the second-to-last CPU can
be removed, which was a restriction to the prior CPU Guard implementation.
The dynamic CPU sparing process is as follows:

1. Open Firmware reports predictive CPU failure.

The event is logged to AIX error log and reported to the kernel.

The SIGCPUFAIL signal is sent to the init process.

The init process starts the ha_star command.

ok~ DN

The ha_star command determines from the ODM whether to perform CPU
sparing or CPU removal.

6. The drmgr command is called to perform CPU sparing or CPU removal.
7. The end of the CPU sparing procedure is logged into the AIX error log
indicating the change in the physical cpuid.

A new ODM attribute, CPU sparing, is introduced, which can be set to enable or
disable with SMIT using the fast path smit chgsys.

3.4.1 Change CPU Guard default (5.2.0)

134

The default feature of CPU Guard has been changed from disabled to enabled in
AIX 5L Version 5.2. This only applies if the feature is supported by the system.
To display the current status of CPU Guard, run the following command:

1sattr -E1 sysO -a cpuguard

To change the value of CPU Guard to disabled, run the following command:

chdev -1 sys0 -a cpuguard=disable

AIX 5L Differences Guide Version 5.2 Edition



HW | memory error |

FW | analyze error | ............................
k 4
| RTAS log
AIX | analyze log | -

error fully
recoverable ?

affected
process
critical?

yes

| terminate process |

4D| Resume | | STOP

Figure 3-51 UE-Gard logic

A process should be considered critical to the system if, in the case where the
process is terminated, the system itself should be terminated. These are all
kernel processes or processes being executed in kernel mode.

Furthermore, a process can register itself or another process as being critical to
the system. To register or unregister a process, two new system calls are
provided that can be called from the process environment:

» pid_t ue_proc_register (pid, arg)
» pid_t ue_proc_unregister (pid)

In some cases an application may want to take action before being terminated,
like create its own error log entry. To do so, the process should catch the
SIGBUS signal with a SA_SIGINFO type of handler.

A new AIX UE-Gard error log entry is used by the kernel when signalling a
process to terminate. This log entry contains the process ID and the signal value
that caused the termination. The LABEL and RESOURCE fields in the AIX log
indicate an UE-Gard event.
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3.5 UE-Gard (5.2.0)

The Uncorrectable Error Gard (UE-Gard) is a Reliability, Availability, and
Serviceability (RAS) feature that enables AlX in conjunction with hardware and
firmware support to isolate certain errors that would previously have resulted in a
condition where the system had to be stopped (checkstop condition). The
isolated error is being analyzed to determine if AIX can terminate the process
that suffers the hardware data error instead of terminating the entire system.

In the most likely case of intermittent errors, UE-Gard prevents the system from
terminating. However, in the unlikely case of a permanent memory error, the
system will checkstop eventually if the same memory is reused by a process that
cannot be terminated.

The following systems are supported at the time of writing:

@server pSeries 690
@server pSeries 670
@server pSeries 650
@server pSeries 630

vvyyy

UE-Gard is not to be confused with (dynamic) CPU Guard. CPU Guard takes a
CPU dynamically offline after a threshold of recoverable errors is exceeded, to
avoid system outages.

The logic for UE-Gard is shown in Figure 3-51 on page 135. On memory errors,
the firmware will analyze the severity and record it in a RTAS log. AlX will be
called from firmware with a pointer to the log. AlX will analyze the log to
determine if the error is recoverable or not. If the error is recoverable then AIX
will resume. If the error is not fully recoverable then AIX will determine if the
process with the error is critical or not. If the process is not critical, then it will be
terminated by issuing a SIGBUS signal with an UE siginfo indicator. In the case
where the process is a critical process, then the system will be terminated as a
machine check problem.

3.6 Resource set scheduling and affinity services

136

A resource set is a structure that identifies physical resources. The physical
resources supported by the AIX 5L Version 5.2 rsets are CPUs and memory
pools (for the moment only one memory pool is supported). A rset parameter is
used in many of the AlX resource set APIs or AIX commands to either get
information from the system regarding resources or to pass information about
requested resources to the system. Applications and job schedulers like Load
Leveler may attach a rset to a process. Attaching a rset to a process limits the
process to only use the resources contained in the rset. For example, assume a
system or partition has 16 CPUs online with IDs of 0—15. Attaching a rset
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containing CPUs 4-7 to a process limits that process to running only on CPUs
4-7.

The CPU and memory resources in a resource set are represented by bit maps.
In AIX 5L Version 5.2, the primary use of rsets is to perform CPU topology and
affinity operations. CPUs are identified in rsets by logical CPU IDs.

A logical CPU ID represents a constant mapping between the ID and a specific
CPU in the system topology. This mapping is maintained for the duration of the
system boot. A logical CPU ID by itself does not give any information about the
CPU's placement in the system topology. For example, a partition with two
MCMs of eight processors each may have their 16 logical CPU IDs assigned in
any order. Applications cannot assume that logical CPU IDs 0-7 are in one MCM
and IDs 8-15 are contained in the other MCM.

The set of logical CPU IDs available in a system may not be contiguous. There
may be gaps in logical CPU ID numbers. This can occur when CPUs are
dynamically reconfigured out of a partition. AIX 5L Version 5.2 allocates logical
CPU IDs for the online CPUs sequentially at boot time. However, this may
change in the future if AIX decides to preserve system topology information
across system boot. The main system-defined resource sets are the following:

» System RSET and sys/sys

A rset containing the available (online) CPU and memory pool resources in
the system or partition. On partitionable machines, this rset contains only
the resources that are in the operating system's partition. It does not contain
resources that are installed in the machine but not present in the operating
system's partition. A dynamic reconfiguration (DR) operation that adds or
removes a resource to a partition, adds or removes the resource to the
system rset and atomic rset.

» Node rsets, sys/node.mm.nnnnn, or sys/node.nnnnn

These rsets contain resources that are present at various system detail levels
(mm) and indexes (nnnnn) in the system. For example, if system detail level
04 represents the level in the system topology that corresponds to a Regatta
MCM, then rset sys/node.04.00000 contains the resources in an MCM. Rset
sys/node.04.00001 contains the resources in another MCM, and so on. The
rset topology functions allow applications to read various levels of the system
topology and to determine the hierarchical composition of the system.

Hardware systems that do not provide topology information contain only a
single node rset sys/node.00000.
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» Atomic rsets, sys/cpu.nnnnn, or sys/mem.nnnnn

These rsets contain a single resource, either a CPU or memory pool. There
are atomic resource sets for every available (online) resource contained in
the operating system's partition.

The following is an example of the topology of a partition with two processors and
5 GB of memory, displayed with the 1srset command.

root@lpar06:/ [912] # 1srset -v -a

T Name Owner  Group Mode CPU Memory
r sys/sys0 root system r-r-r- 2 5120
CPU: 0-1
MEM: 0

r sys/node.01.00000 root system r-r-r- 2 5120
CPU: 0-1
MEM: 0

r sys/mem.00000 root system r-r-r- 0 5120
CPU: <empty>
MEM: 0

r sys/cpu.00000 root system r-r-r- 1 0
CPU: 0
MEM: <empty>

r sys/cpu.00001 root system r-r-r- 1 0
CPU: 1
MEM: <empty>

a test/cpusOandl root system rwr-r- 2 0
CPU: 0-1
MEM: <empty>

root@lpar06:/ [913] #

There are two types of rset, the partition rset and the effective rset:

» The partition rset can only be attached, modified, or detached by a root user.
The AIX Workload Manager (WLM) attaches a partition rset when a process
is classified with a work class that contains a rset. There is only one partition
rset per process and it is updated by replacement. For example, a process is
started with a WLM class that attaches a partition rset that contains CPUs
0-3. Later a root user attaches a rset that contains CPUs 2—-7. The partition
rset attached by WLM is replaced by the new rset. The process now runs on
CPUs 2-7.

» The effective rset, generally used by applications, can be attached by root
users and non-root users with a CAP_NUMA_ATTACH. Effective rset limits a
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process to run only on the resources (CPUs, memory) contained in the rset.
This means that a process's effective rset cannot contain more resources
than the process's partition rset. For example, a process may have a partition
rset established by the WLM that limits the process to running only on CPUs
0-3. A user can attach an effective rset with CPUs 2—-3 and the process is
limited to running only on CPUs 2—-3. An attempt by the user to attach an
effective rset with CPUs 2—7 would be rejected because the user attempted to
use resources outside its partition rset.

Before AIX 5L Version 5.2, only partition rset exist. This means that WLM was
the only user using partition rset. In the future, some job schedulers like Load
Leveler may also use partition rset. With the effective rset, several users or
applications can use rset, so WLM has been enhanced to handle this new
situation. The following is the WLM behavior in a different kind of situation:

1.

A process classified with a WLM work class partition rset may fail if the
process uses bindprocessor. This prevents a process from using
bindprocessor to consume resources on all CPUs in a system after WLM
used the partition rset to limit the job to a subset of the CPUs.

In the absence of bindprocessor, a non-WLM partition rset, and effective rset
use, the AIX 5L Version 5.2 WLM work class rset support is the same as AlX
5L Version 5.1. WLM continues to set partition rsets on processes classified
with work classes containing a rset.

In the presence of bindprocessor, a non-WLM set partition rset, or an
incompatible effective rset, WLM does not set the partition rset on a process
when the process is classified. The explicitly set binding takes precedence
over the WLM work class rset. In this situation, WLM classifies the process
with the specified work class. However, the process's partition rset is not set
to the work class's rset. The process's partition rset is unchanged. When
WLM activity is initiated by a command such as wimentrl or wimassign, a
warning message is provided to advise the user that WLM was unable to set a
partition rset.

. WLM does not set the partition rset when classifying a process if the process

already has a partition rset established either by a root user or a job
scheduler.

If WLM is not able to set a partition rset when classifying a process, the WLM
class partition rset is set if the reason for the inability to set the partition rset is
removed. WLM is unable to set a WLM class partition rset due to
bindprocessor, conflicting effective rset, or non-WLM partition rset use in the
process. When the conflicting reason is removed, the WLM class partition rset
is established.

WLM removes a WLM set partition rset when WLM is stopped or when a
process is classified to a work class that does not have a rset. WLM does not
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remove non-WLM set partition rsets when stopping or assigning to a work
class without a rset.

rset commands

The rset commands provide an easy way for system administrators to use
system rsets. Commands are provided to make, display, and remove rsets from
the system registry. Other commands allow rsets to be attached to running
processes or to run a command attached to a rset.

The mkrset command

The mkrset command creates and places into the system registry a rset with the
specified set of CPUs and/or memory regions.

The user must have root authority or CAP_NUMA_ATTACH capability. The rset
name must not exist in the registry. The owner and group IDs of the rset is set to
the owner and group IDs of the command issuer.

The rset has read/write owner permissions and read permission for group and
other.

The following example shows how to create a rset named test/cpu0and1 with
CPU O and CPU 1.

root@lpar06:/ [949] # mkrset -c 0-1 test/cpuOandl
1480-353 rset test/cpulandl created.
root@lpar06:/ [950] #

The rmrset command

The rmrset command removes a rset from the system registry. The user must
have root authority or CAP_NUMA_ATTACH capability and write access
permission to specify rset.

The following example shows how to remove the above rset create with the
mkrset command:

root@lpar06:/ [947] # rmrset test/cpusOandl
1480-401 rset 'test/cpusOandl' deleted.

The attachrset command

The attachrset command attaches a rset to a process. The command causes
the specified process to be limited to running only on the processors or memory
regions contained in the rset.

An rset name in the system registry can be attached to the process, or a rset
containing the specified processors and memory regions can be attached to the
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process. The user must have root authority or have CAP_NUMA_ATTACH
capability and read access to the specified rset registry name (if the -r option
used) and the target process must have the same effective user ID as the
command issuer. The user must have root authority to set the partition rset on a
process.

The following example shows how to attach the process with PID 266398 to the
rset test/cpuOand1:

attachrset test/cpuOandl 266398
1480-206 rset test/cpuOandl attached to pid 266398.

The execrset command

The execrset command executes a command with an attachment to a rset. It
causes the specified command to be limited to running only on the processors or
memory regions contained in the rset. An rset name in the system registry can be
used to specify the processors and/or memory regions the command is allowed
to use, or a rset containing the specified processors and memory regions can be
attached to the process. The user must have root authority or have
CAP_NUMA_ATTACH capability. The user must have root authority to attach a
partition rset to the command's process.

The detachrset command

The detachrset command detaches a rset from a process. Detaching a rset from
a process allows the process to use any of the processors or memory regions in
the system. The user must have root authority or have CAP_NUMA_ATTACH
capability, and the target process must have the same effective user ID as the
command issuer. The user must have root authority to remove the partition rset
from a process.

The Isrset command
The 1srset command lists all the rsets that exist in the system. The 1srset

command already exists in AIX 5L Version 5.1. The syntax has been changed to
be consistent with the other rset commands. The -o flag that displays the online
resources contained in the rset has been added.

The following will list all the CPUs that are currently known to this partition:
1srset -vr sys/sys0

See the man pages for more details about the different flags of the rset

commands. To make a user, named username, CAP_NUMA_ATTACH capable,
run the following command:

chuser capabilities=CAP_NUMA_ATTACH username
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3.6.1 Memory affinity

142

IBM POWER4 processor SMP hardware systems consist of multiple multichip
modules (MCMs) connected by an interconnect fabric. The system memory is
attached to the MCMs. The interconnect fabric allows processors in one MCM to
access memory attached to a different MCM. One attribute of this system design
and interconnect fabric is that memory attached to the local MCM has faster
access and higher bandwidth than memory attached to a remote MCM.

The objective is to offer improved performance to high performance computing
applications by backing the application's data in memory that is attached to the
MCM where the application is running. The MCM local memory affinity is only
available in SMP mode and not in partition mode.

To determine if the hardware topology is available on your system for memory
affinity, enter the following command:

#1srset —n sys

If the answer of the command has several sys/node such as sys/node.01.00000,
sys/node.02.00001, then your system has the hardware topology for the memory
affinity. If the answer of the 1srset command just contains one system/node,
such as sys/node.01.00000, then your system does not have the hardware
topology to benefit from the memory affinity. In order to support MCM local
allocation for the memory affinity, the VMM creates multiple memory vmpools.
This decision is made at system boot time. If memory affinity is turned on, a
vmpool is created for each affinity domain reported by the firmware. Otherwise a
single vmpool is used to manage all of system memory.

In AIX 5L Version 5.1 ML 5100-02, the MCM memory affinity support had a
global all or nothing vmtune parameter to turn on or turn off the MCM local
memory affinity. If enabled, all process and kernel space memory allocations use
MCM local memory affinity allocation. In Version 5.2, a new shell environment
variable MEMORY_AFFINITY=MCM is provided to request MCM local memory
affinity allocation for selected applications. The vmo (or vmtune) commands
continue to be used to enable MCM local memory affinity allocation. However,
using this command only enables the ability for a process to request MCM local
memory allocation. The MCM local memory allocation is used only when the
MEMORY_AFFINITY=MCM environment variable is specified.

Enabling the memory affinity on a AIX 5L Version 5.2 is made in two steps, as
follows:

1. You need to make your system able to use the memory affinity. For that, run
the following sequence:

a. vmo -p -o memory_affinity=1
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b. Answer yes to the question Run bosboot now?.
c. Reboot the system.

2. Upon reboot, set the MEMORY _AFFINITY=MCM variable to the environment
of each process that uses the memory affinity. Putting this environment
variable in the /etc/environment file enable the memory affinity for all the
processes of the system.

For removing the memory affinity of a process, it is just necessary to unset the
MEMORY_AFFINITY variable. A reboot with vmo (or vmtune) changes is no
longer needed.

To benefit from the memory affinity, it is preferable that the processes running
are binded to the processors (it is possible to use wlm for that). With memory
affinity, the performance can be improved for applications that have processes or
threads that initialize a memory array. In this case, for a 32-processor machine,
for example, you could have 32 threads bound uniquely to the thirty-two
processors and each thread operates on a unique, contiguous part of its own
array.

3.6.2 Large page support

Large page support can improve performance or applications for several
reasons. For example, some applications that have a large amount of sequential
memory access, such as scientific applications, need to have the highest
memory bandwidth possible. Those applications are using memory prefetching
to minimize memory latencies. The prefetching starts every time a new page is
accessed and grows as the page continues to be sequentially accessed.
However, prefetching must be restarted at page boundaries. This kind of
application often accesses user data sequentially, and accesses span 4-KB page
boundaries. These applications can realize a significant performance
improvement if larger pages are used for their data because this minimizes the
number of prefetch startups. The large page performance improvements are also
attributable to reduced translation lookaside buffer (TLB) misses due to the TLB
being able to map a larger virtual memory range.

AIX supports large page by both 32- and 64-bit applications and both the 32- and
64-bit versions of the AIX kernel support large pages.

The large pages are hardware dependant. On a p690, it is possible to define a
memory area of 16 MB pages. The size of the 16 MB pool is fixed at boot time
and cannot be changed without rebooting the system. Large pages are only used
for applications that explicitly request them. There is no need for a large page
memory pool if your applications do not request them. AlX treats large pages as
pinned memory and does not provide paging support for them.
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To define 100 pages of 16 MB each, use the following command:

# vmo -p -olgpg_regions=100 -olgpg_size=16777216

Setting 1gpg_size to 16777216 in nextboot file

Warning: bosboot must be called and the system rebooted for the lgpg_size
change to take effect

Setting 1gpg_regions to 100 in nextboot file

Warning: bosboot must be called and the system rebooted for the 1gpg_regions
change to take effect

Run bosboot now? [y/n] y

bosboot: Boot image is 17172 512 byte blocks.
#

Then reboot the system.

It is also possible to use the large page for the shared memory. To do that with a
permanent change to the system tuning parameters, run the following command:

# vmo -pov_pinshm=1
Setting v_pinshm to 1 in nextboot file
Setting v_pinshm to 1

AIX provides a security mechanism to control use of large page physical memory
by non-root users. The security mechanism prevents unauthorized users from
using the large page pool and thus preventing its use by the intended users or
applications. Non-root user IDs must have a CAP_BYPASS_RAC_VMM
capability in order to use large pages. A system administrator can grant this
capability to a user ID by the chuser command. The following command grants
the ability to use large pages to user ID Ipguserid.

chuser capabilities=CAP_BYPASS_RAC_VMM,CAP_PROPAGATE 1pguserid

Both large page data and large page shared memory segments are controlled by
this capability.

The applications can run into two different modes:

» In advisory mode, an application may have some of its heap segments
backed by large pages and some of them backed by 4-KB pages. 4-KB pages
are used to back segments when there are not enough large pages available
to back the segment. Executable programs marked to use large pages use
large pages in advisory mode.

» In mandatory mode, an application is terminated if it requests a heap segment
and there are not enough large pages to satisfy the request. Customers who
use the mandatory mode must monitor the size of the large page pool and
ensure it does not run out of large pages. Otherwise, their mandatory large
page mode applications fail.
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There are two ways to request an application's data segments to be backed by
large pages:

1. The executable file can be marked to request large pages. The XCOFF
header in an executable file contains a new flag to indicate that the program
wants to use large pages to back its data and heap segments. This flag can
be set when the application is linked by specifying the -blpdata option on the
1d command. The flag can also be set or cleared using the 1dedit command.
The 1dedit -blpdata filename command sets the large page data flag in the
specified file. The 1dedit -bnolpdata filename clears the large page flag.

2. An environment variable can be set to request large pages. An environment
variable is provided to allow users to indicate that they want an application to
use large pages for data and heap segments. The environment variable takes
precedence over the executable large page flag. Large page usage is
provided as the LDR_CNTRL environment variable.

— LDR_CNTRL=LARGE_PAGE_DATA=Y

Specifies that the program uses large pages for its data and heap
segments. This is the same as marking the executable to use large pages.

— LDR_CNTRL=LARGE_PAGE_DATA=N

Specifies that the program does not use large pages for its data and heap
segments. This overrides the setting in a executable marked to use large
pages.

— LDR_CNTRL=LARGE_PAGE_DATA=M

Specifies that the program uses large pages in a mandatory mode for its
data and heap segments.

Important: Only some specific applications take advantage of the memory
affinity or large pages. For other applications, enabling the memory affinity or
large pages support can degrade the system performance.

3.7 Resource Monitoring and Control

In AIX 5L, a new Resource Monitoring and Control (RMC) subsystem is available
that originated as the Reliable Scalable Cluster Technology (RSCT) on the IBM
SP platform. The use of RSCT is growing and, therefore, it is now shipped with
AIX. RMC is a major component of RSCT and is automatically installed and
configured when AlX is installed.

This subsystem allows you to associate predefined responses with predefined
conditions for monitoring system resources. An example is to broadcast a
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message when the /tmp file system becomes 90 percent full to summon the
attention of a system administrator.

3.7.1 Packaging and installation

The RMC subsystem is installed by default and is delivered in one bundle named
rsct.core containing nine different filesets with the following names:

# 1slpp -L "*rsct*"

Fileset Level State Description

rsct.core.auditrm 2.2.0.0 C RSCT Audit Log Resource Manager

rsct.core.errm 2.2.0.0 C RSCT Event Response Resource
Manager

rsct.core.fsrm 2.2.0.0 C RSCT File System Resource
Manager

rsct.core.gui 2.2.0.0 C RSCT Graphical User Interface

rsct.core.hostrm 2.2.0.0 C RSCT Host Resource Manager

rsct.core.rmc 2.2.0.0 C RSCT Resource Monitoring and
Control

rsct.core.sec 2.2.0.0 C RSCT Security

rsct.core.sr 2.2.0.0 C RSCT Registry

rsct.core.utils 2.2.0.0 C RSCT Utilities

All executables and related items are installed into the /usr/sbin/rsct directory,
while the log files and other temporary data is located in /var/ct. The following
entry is located in /etc/inittab:

ctrmc:2:once:/usr/bin/startsrc -s ctrmc > /dev/console 2>&1

Due to this entry, the RMC subsystem is also automatically started. This
subsystem can be controlled using the SRC commands, but it also has its own
control command (/usr/sbin/rsct/bin/rmcctrl), which is the preferred way to
stop and start it. Due to the number of available options on this subsystem, it can
only be controlled through the Web-based System Manager. A SMIT interface is
not available at the time of this publication.

3.7.2 Concepts of RMC

The basic function of RMC is based on two concepts: Conditions and responses.
To provide you a ready-to-use system, 84 conditions and eight responses are
predefined for you. You can use them as they are, customize them, or use them
as templates to define your own conditions and responses. To monitor a
condition, simply associate one or more responses with the condition.

A condition monitors a specific property, such as total percentage used, in a
specific resource class, such as JFS. You can monitor the condition for one or
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more, or all the resources within the monitored property, such as /tmp, or /tmp
and /var, or all the file systems. Each condition contains an event expression to
define an event and an optional rearm expression to define a rearm event. The
event expression is a combination of the monitored property, mathematical
operators, and some numbers, such as PercentTotUsed > 90 in the case of a file
system. The rearm expression is a similar entity, for example, PercentTotUsed <
85.

The following figures provide an example of a condition property dialog with two
tabs: General (Figure 3-52) and Monitored Resources (Figure 3-53 on
page 148).

(General [
Name: |Itmp space uged |
Resource class: |J0urna|ed File Systemn (JFS or Jfs or jfs) » |
Monitored property: | PercentTotUsed -| | Details... | | Use defaults |

Event expression: |F'ercentTDtUsed =80 |

A event will he generated when more than 890 percent of the total space in the
Ewvent description: itmp directary is in use.

Rearm expression: |PercentTDtUsed =85 |

The event will he rearmed when the percent ofthe space used in the ftmp directary
Rearrm description:  [falls below 85 percent.

Severity: Informational -

Responses to the condition... |

| OK | | Cancel | | Help

Figure 3-52 Condition Properties dialog - General tab

Chapter 3. Resource management 147




[ Monitared Resources |

Resources selected below are monitored by this condition:
Mame |Mnunt Faoint |n-10unt Cirectory |De\rice Mame |Vir‘[ua| File System |L0g Crevice

i I i Idewthdd ifs fdewihd B
fharme Ihame tharme Idewrhd1 ifs fdevihd
mntirsctt  fmntrsct =] is idenwihdd @
Isoftware Jsofhware Isofbware fdewiwl3 ifs fdewiloghvO0)
it trmp ftrmp Idewrhd3 ifs fdevihdd
fusr fusr fusr Idewihd2 ifs fdewhdd
fear Mvar fear fdewihd9var ifs Idewihdd

1

[ »

Select Al || Deselect All |

0K | | Cancel | | Help

Figure 3-53 Condition Properties dialog - Monitored Resources tab

Each response can consist of one or more actions. Figure 3-54 on page 149
provides an example of a Response Properties dialog.
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General |

Name: [Myaction

—Actions:

Action name |when in effect Event Rearm

Add...

| (04 | | Cancel | | Help

Figure 3-54 Response Properties dialog - General tab
The Add and Modify buttons launch an Action Properties dialog.

To define an action, you can choose one of the three predefined commands,
Send mail, Log an entry to a file, or Broadcast a message, or you can specify an
arbitrary program or a script of your own by using the Run program option. The
action can be active for an event only, for a rearm event only, or for both. You
can also specify a time window in which the action is active, such as always, or
only during on-shift on weekdays.

The following figures provide an example of an Action Properties dialog with two

tabs: General (Figure 3-55 on page 150) and When in effect (Figure 3-56 on
page 151).

Chapter 3. Resource management 149




O O = E

Figure 3-55 Action Properties dialog - General tab
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@

Vhen in effact |

Feriods when the action should he taken

Time |Date

17:00-24:00 Monday, TuesdayWednesday, Thur... Add
00:00-0g:00 Monday, TuesdayWednesday, Thur.. ||

All day Sunday, Saturday 5

~Specify when the action should be taken

Tirme of Day Ciay ofWweek
) Al day
2 Time period

Frarm ij

o =

| 0K | | Cancel | | Help

Figure 3-56 Action Properties dialog - When in effect tab

The previously mentioned predefined commands are using the notifyevent,
wallevent, and logevent scripts, respectively, in the /usr/sbin/rsct/bin
subdirectory. These command scripts capture events through the Event
Response resource manager (ERRM) environment variables and notify you of
the events through e-mails, logs, and broadcast messages. Do not modify these
predefined command scripts. However, you can copy these predefined
commands as templates to create your own scripts and use them for the Run
program option.

Note that because the logevent script uses the alog command to log events to
the files you designate, the content of these files can be listed with the alog
command.

If the event expression of a condition is evaluated to be true, an event occurs and
the ERRM checks all responses associated with the condition and executes the
event actions defined in these responses. Only after the rearm expression
becomes true and the ERRM has executed the corresponding rearm event
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actions defined in the responses can the event and the event actions be
generated again.

For each of the event and rearm events, the actions taken in response to them
and the success or failure of any commands running in these actions are logged
by the Audit Log resource manager (AuditRM) to the audit log. The standard
error of a run command, if any, is always logged to the audit log. The standard
output of a run command is logged to the audit log only if the “Redirect
command’s standard output to audit log” option is selected for the command in
the Action Properties dialog. The audit log records can be listed with the
1saudrec command or removed from the log file with the rmaudrec command.

3.7.3 How to set up an efficient monitoring system

152

The following steps are provided to assist you with setting up an efficient
monitoring system:

1. Review the predefined conditions of your interests. Use them as they are,
customize them to fit your configurations, or use them as templates to create
your own.

2. Review the predefined responses. Customize them to suit your environment
and your working schedule. For example, the response Critical
notifications is predefined with three actions:

a. Log events to /tmp/criticalEvents.
b. E-mail to root.

c. Broadcast message to all logged-in users any time when an event or a
rearm event occurs.

You may modify the response, such as to log events to a different file any
time when events occur, e-mail you during non-working hours, and add a new
action to page you only during working hours. With such a setup, different
notification mechanisms can be automatically switched, based on your
working schedule.

3. Reuse the responses for conditions. For example, you can customize the
three severity responses (Critical notifications, Warning notifications, and
Informational notifications) to take actions in response to events of different
severities, and associate the responses to the conditions of respective
severities. With only three notification responses, you can be notified of all the
events with respective notification mechanisms based on their urgencies.
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4. Once the monitoring is set up, your system continues being monitored
whether your Web-based System Manager session is running or not. To
know the system status, you may bring up a Web-based System Manager
session and view the Events plug-in, or simply use the 1saudrec command
from the command line interface to view the audit log.

3.7.4 Web-based System Manager enhancements (5.1.0)

The single system monitoring application for Web-based System Manager that
was shipped with AlIX 5L Version 5.0 has been enhanced with some new
monitoring plug-ins.

Enhancements in AIX 5L Version 5.1 include:

» Host Overview plug-in enhancements

» Audit log dialog enhancements

» Conditions plug-in and dialog enhancements

Host Overview plug-in enhancements

As shown in Figure 3-57 on page 154, the Host Overview plug-in provides a
convenient summary of a minimal set of vital signs of a system, which are:

» Operating system level

» |P address

» Machine type

» Serial number

» Number of processors

» CPU cycles

» Memory

» Paging space

» File system utilization

The Host Overview plug-in is packaged as part of Web-based System Manager

base code. The dynamic status area on the Host Overview plug-in will be shown
only if RSCT is installed.
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1 vsers
& Backup and Restore
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Figure 3-57 Web-based System Manager, Host Overview plug-in

The Host menu, shown in Figure 3-58 on page 155, from the menu bar provides
an easy way to perform critical tasks, such as the following:

» List Top 10 Processes

» Delete a Process

» Expand a Journaled File System

» Increase Paging Space

» Shutdown

» Reconnect to RMC System

The menu choice Reconnect to RMC System is shown only if RSCT is installed.
It is enabled only when the Host Overview plug-in is disconnected from the RMC

monitoring subsystem. Use this menu choice to reconnect the session to the
RMC.
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Figure 3-58 Web-based System Manager, Host menu of the Overview plug-in

Events
The Events plug-in shows all the events, rearm events, and errors that occur
during the current Web-based System Manager session.

Audit log dialog enhancements

A new audit log plug-in, as shown in Figure 3-59 on page 156, has been added
to the Events plug-in. The audit log dialog can be launched from the Events
menu on the menu bar. The audit log records events, rearm events, and errors
that have occurred on the system once the monitoring function is started,
whether a Web-based System Manager session is running or not. In addition, it
also records the actions that take place in response to the events or the rearm
events, and it records errors on the underlying monitoring subsystems. It can be
a useful and informative tool for system administrators. You can also look at the
audit log at the command line by issuing the 1saudrec command, or remove
unwanted audit log entries using the audit log dialog or at the command line by
using the rmaudrec command.
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Specify a filter option below and press the "Refresh" button to apply the filter

®  View log records from [March [*]lzo |& 2001 |% 1t [March =]z |&[zo01 |4

0 ¥iew all log records [Total records: 3]

Time ]Categor\.r JDescr\ption ]
Mar 29, 2... Informatio... Monitoring of Condition jtmp space used is stopped sucessfully.
Mar 29, 2... Informatio... Monitoring of Condition jtmp space used is started successfully

Refresh t Find: | || Find Mext

Figure 3-59 Web-based System Manager, audit log panel

Conditions

The Conditions plug-in displays a rich set of predefined conditions (Figure 3-61
on page 157) for you to monitor your system, such as the memory, paging space,
adapters, file systems, physical volume, running programs, and so forth. You can
use the conditions as they are or customize them.

Conditions plug-in and dialog enhancements
Several changes have been made to the Conditions plug-in. The enhancements
are:

» In the Condition property dialog (shown in Figure 3-60 on page 157), a new
Monitored property field shows you if the condition is currently being
monitored or not.

» In the Conditions plug-in:

— A new column, Monitored, shows the details view of the Conditions
plug-in. Yes indicates that the condition is currently being monitored. Click
the column heading to sort the conditions into their monitored states.

— Additional icons are provided for the condition objects to indicate whether
a condition is being monitored.

— New icons and menu choices have been added so you can start and stop
monitoring right from the Conditions plug-in without going through the
monitoring dialog.
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General

Name: |rtmp space used

Monitored: Yes

Resource class: File System -

Manitared propery: |PercentTotUsed '| | Details. .. | | Use defaults |

Event expressian: |PercentTotUsed =80 |
i event will be generated when more than 90 percent of the total

Event description: space in the ftmp directory is in use.

Rearm expression: |PercentTotUsed < 75 |

The event will be rearmed when the percent of the space used in the
Rearm description: Jtmp directory falls below 75 percent.

Severity: Informational

Responses to Condition. .. |

| (04 | I Cancel | | Help

Figure 3-60 Web-based System Manager, condition property panel
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3.7.5 Resources

158

The resources that can be monitored are managed by two resource managers:
The File System Resource Manager (FSRM), and the Host Resource Manager
(HostRM).

The FSRM monitors all local JFSs on a machine and checks for the status
(offline, online), the total percentage used, and the percentage of inodes used in
the file system.

The HostRM supports nine different resource classes. The network adapter
resource classes (Ethernet Device, Token Ring Device, ATM Device and FDDI
Device) each monitor five different properties, such as receive error rates and
others. There is one resource class (physical volume) supporting the monitoring
of the hard disk. It checks for four different properties, for example, percentage of
time the device was busy between two consecutive observations. The
percentage of free paging space is currently the only supported property of the
resource class Paging Device. The processor resource class monitors processor
utilization by checking, for example, for the idle time property and others.

The host resource class supports 46 different properties that represent all
different areas, in order to get a system-wide status of your machine. This
includes, among others, properties such as the size of the system run queue,
sizes and change in size of various memory buffer pools in the kernel, and
overall utilization of all processors in the system.

The last resource class (program) checks if a specific program is running or if the
number of processes for a specific program is changing. The predefined
condition in this resource class checks to see if the sendmail daemon is running.
You can restrict this condition by specifying a filter expression, which can use the
various fields supported by the ps command. This allows, for example,
monitoring of only programs running with a specific user ID.

All resource classes support, in addition to their specific properties, a general
configuration change property. With this property, you can send a mail to root or
any other specified user whenever the configuration of a device changes. The
JFS, PagingDevice, and processor resource classes support the operational
state property.

The RMC subsystem is comprised of several multithreaded daemons, as shown
in the following output:

# ps -mo THREAD -p 5948,20388,21942,23792,25348

USER PID PPID TID ST CP PRI SC WCHAN F TT BND COMMAND
root 5948 6456 - A 0 60 3 e6004020 340001 - -
/Jusr/sbhin/rsct/bin/rmed -c
- - - 7497 S 0 60 1 - 418410 - - -
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- - - 29165

- - - 32771

root 20388 6456 -
Jusr/sbin/rsct/bin/IBM.ERrmd

- - - 29441

- - - 30481

- - - 31741

- - - 31761

- - - 32037

- - - 32513

- - - 33033

- - - 37155

- - - 37413

- - - 37671

- - - 41837

- - - 50319

- - - 51191

root 21942 6456 -
Jusr/sbin/rsct/bin/IBM.Audit

- - - 33809

- - - 34073

- - - 34595

- - - 34833

- - - 35091

- - - 36125

- - - 36381

- - - 36639

- - 36897

root 23792 6456 -
Jusr/sbin/rsct/bin/IBM.FSrmd

- - - 41677

- - - 43371

- - - 43641

- - - 44409

- - - 47101

- - - 50589

- - - 52393

- - - 52659

root 25348 6456 -
/usr/sbin/rsct/bin/IBM.HostR

- - - 42359

- - - 43031

- - - 48793

- - - 50879
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The main control daemon (rmcd), the event response daemon (IBM.ERrmd), and
the audit daemon (IBM.AuditRMd) run as soon as the RMC subsystem is
activated. The file system IBM.FSrmd and host daemon IBM.HostRMd are only
active if a file system or host condition, respectively, is monitored.

3.7.6 Command line interface (5.1.0)

160

This section describes the new Resource Monitoring and Control (RMC) and
Event Response Resource Manager (ERRM) command line interfaces (CLI).

The RMC CLI allows system administrators the ability to manage resources and
resource classes. A resource class defines a particular software or hardware
entity. For example, the IBM.Host resource class defines the system. A resource
is an instance of a resource class. The RMC CLI consists of the commands
shown in Table 3-11.

Table 3-11 RMC commands

Commands Description

mkrsrc Defines a new resource

rmrsrc Removes a defined resource

1srsrc Lists (displays) resources or a resource class

Isrsrcde Lists a resource or resource class definition

chrsrc Changes the persistent attribute values of a resource or resource
class

refrsrc Refreshes the resources within the specified resource class

1sactdef Lists (displays) action definitions of a resource or resource class

The ERRM CLI provides system administrators with a command line alternative
to the Web-based System Manager tool to control monitoring on your system.
These commands allow you to affect monitoring by creating conditions,
responses, and associations between them. The ERRM CLI consists of the
commands shown in Table 3-12.

Table 3-12 ERRM commands

Commands Description

mkcondition Creates a new condition definition that can be monitored
rmcondition Removes a condition

chcondition Changes any of the attributes of a defined condition

AIX 5L Differences Guide Version 5.2 Edition



Commands Description

1scondition Lists information about one or more conditions

mkresponse Creates a new response definition with one action

rmresponse Removes a response

chresponse Adds or deletes the actions of a response or renames a response

1sresponse Lists information about one or more responses

rmcondresp Deletes a link between a condition and one or more responses

mkcondresp Creates a link between a condition and one or more responses

stopcondresp Stops monitoring a condition that has one or more linked
responses

1scondresp Lists information about a condition and its linked responses, if any

The following example is an output generated from some of the ERRM
commands:

# startcondresp "/tmp space used" "Critical notifications" "E-mail root
anytime”

# 1scondition | more
Displaying condition information:

Name MonitorStatus
"Processes in swap queue" "Not monitored"
"Processes in run queue" "Not monitored"
"/var space used" "Not monitored"
"/tmp space used" "Monitored"
"File system space used" "Not monitored"

# 1scondresp "/tmp space used"
Displaying condition with response information:

condition-response link 1:
Condition = "/tmp space used"
Response = "E-mail root anytime"
State = "Active"

condition-response link 2:
Condition = "/tmp space used"
Response = "Critical notifications"
State = "Active"

For additional information, see Reliable Scalable Cluster Technology Version 2
Release 1 Resource Monitoring and Control Guide and Reference, SC23-4345.
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3.7.7 RSCT NLS enablement (5.2.0)

As was the case with Version 5.1, the rsct.basic.” filesets are shipped with
installation media but are not installed as default. The install of applications
including HACMP/ES and GPFS for AIX clusters results in the basic* filesets
being installed.

The key NLS enhancement is to topology and group services, which are now
NLS enabled. This means that debugging information from these services can be
displayed in all the current AlX-supported languages.

3.8 Cluster System Management

Cluster System Management in Version 5.2 provides the ability to manage a
loose cluster of AIX and Linux servers through a single point, called the cluster
manager. Source code is common to both AIX and Linux.

3.8.1 Overview

162

This section discusses cluster systems management (CSM) for AlX only. CSM
has been developed to provide equivalent functionality for Linux although this is
beyond the scope of this publication. CSM provides many functions and these
are discussed in the following section.

Domain management

The distributed management server resource manager resides on the cluster
manager node and contains the following resource classes:

» Managed Node
Contains persistent and dynamic attributes for each node
» Node Group

Contains node group definitions and provides events describing node group
changes

» Node Authenticate

Provides a mechanism for nodes to request to be added to the CSM domain
» Node Hardware Control and Hardware Control Point

Maintains attributes and actions needed for hardware control in the cluster
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EERM

Enables the administrator to define conditions to watch for in the cluster and
appropriate response scripts to invoke for these events. RMC is used to
communicate with resource classes to all the nodes. The nodes register for the
events and when the event occurs EERM runs the appropriate response script,
as defined by the administrator. Logging is made to the audit log.

Hardware control

The rpower command talks to the hardware control resource class to query
information and perform actions. The hardware control resource class
communicates with the service processor on each of the machines using the
hardware control point (HMC for AIX p690). The resource class can perform
operations on the client nodes.

Remote console

The rconsole communicates with the console server to open a console session
on a node. AIX p690 uses the HMC.

Distributed shell

The dsh command uses either rsh (default) or ssh (user configured) to run
commands on specified nodes. dsh calls 1snode and nodegroup to get node
information as required.

Probe manager

The diagnostic probes component constitutes a probe manager and a set of
probes. The probe manager is responsible for running the probes and returning
the result. The probes are run on each node to check for software problems.

CFM

Configuration file manger (CFM) can be used to place files in /cfmroot on the
management server. CFM used rdist to distribute the files to the managed
nodes. rdist uses rsh or ssh (if configured). The command runs whenever
/cfmroot is updated and also periodically. CFM places failed nodes in a group by
using the DMS RM and EERM.

Installation
For information on Cluster System Management installation, see:

http://rs6000.pok.ibm.com/afs/aix.kingston.ibm.com/project/csm/www/home.html
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Centralized logging

EERM conditions are configured to watch for log entries from each node using
the Log Watcher resource class. This is transferred to EERM on the cluster
manager using the RMC event response. EERM logs the events in the Audit log.

CSM database

The CSM database is an ODBC-compliant database that is used to store
information referring to the CSM cluster.

3.8.2 Hardware control and integration

CSM provides additional support capabilities of the Hardware Management
Console (HMC) for pSeries systems and Netfinity systems.

CSM Version 1.3, running on AIX 5L Version 5.2, provides the following
capabilities to HMC-attached systems:

» Multiple read consoles in addition to the previous implementation of a single
write console.

» ping test, using getadapters network discovery. This function returns the
MAC address, speed, and duplex information of the first or, if specified, all
network adapters that respond to the ping.

» Support for hardware control point event notification of power status changes,
where the HMC provides event notification when power status changes.

» Management server CIMOM client is now able to use the SSL protocol for
communications with the HMC if ssh is configured over rsh.

» Remote network boot of CSM client machines using the HMC. This is
particularly useful for NIM installations and general system administration.

3.8.3 AIX consumability
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Consumability concerns the ability to feed information from the CSM to an
Enterprise Management System such as Tivoli, as well as the ability to send
alerts to administrators. Simple Network Management Protocol (SNMP) is the
chosen enablement mechanism.

SNMP overview

SNMP is used by networked hosts to exchange information in the management
of these devices. Each host runs a SNMP daemon called SNMPd, which
maintains the management information base (MIB) for that host. The MIB is a
database containing all the information pertinent to a system.
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Use of SNMP

A manager is a client application that requests MIB information and processes
the responses. The management application may send a request to modify MIB
information and also process the raw MIB data into a user-friendly output.
Version 5.2 also ships the SNMPv3 with enhanced security.

SNMP traps are event reports or notifications of a system event, generated as
they happen. A trap can be generated by an event to the manager. The manager
can then respond by calling a program, which may report to an management tool
such as Tivoli, page support, or e-mail the administrator.

To allow enterprise management systems to react to defined events, ERRM
generates SNMP traps.

3.8.4 Interoperability between AIX and Linux

Interoperability refers to the ability to support both AIX and Linux in the same
CSM cluster. AIX 5L Version 5.2 supports this configuration, with one caveat,
that the cluster management server is installed with AIX. If the cluster
management server runs on Linux it is only possible to have Linux client nodes in
the cluster.

In a mixed cluster it will be possible to perform a CSM-only install on both AlX
and Linux nodes. However, it will only be possible to do a full installation,
including operating system and CSM installation, on AIX nodes.

It is possible to perform the following administrative functions with a combination
of AIX and Linux managed nodes, with an AIX cluster manager server:

» Distribute commands to nodes in the cluster.

» Use configuration file manager to synchronize files.

» Monitor conditions across nodes in the cluster and action responses.

» Remotely power on and off nodes in the cluster.

» Perform CSM install to all nodes in the cluster.

» Software diagnostics to all nodes in the cluster.

» Predefine responses to generated SNMP events.

» Common set of RMC, ERRM, and RSCT.
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Storage management

AIX 5L introduces several new features for the current and emerging storage
requirements. These enhancements include Multipath 1/0, improved disk
handling by the LVM, JFS2, NFS enhancements, and Veritas support. There is
also automatic mounting of CD-ROM material, and a new storage management
APL.
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4.1 Multipath /O (5.2.0)

AIX 5L Version 5.2 provides a new feature called Multipath 1/O (MPIO) that
allows for a single device (disk, lun) to have multiple paths through different
adapters. These paths must reside within a single machine or logical partition of
a machine. Multiple machines connected to the same device are considered as
clustering and not as MPIO.

There are three reasons for MPIO:

» Performance improvement

» Improved reliability and availability

» Easier administration

MPIO, part of the base kernel, and is described in the following.

4.1.1 MPIO device driver overview

168

The device driver and device methods have been modified to support detection,
configuration, and management of the device on these paths. The path
management functions consist of two modules, a kernel extension (PCMKE),
and a run-time loadable configuration module (PCMRTL). The PCMKE | supplies
path control management capabilities to a device driver that has been modified
to support a defined set of interfaces. The runtime loadable configuration module
will provide additional abilities to the device methods to access ODM attributes
that the PCMKE needs for initialization

In a multipath 1/0O subsystem, any device may have one or more paths to it.
PCMKE routing depends on device configuration to detect paths and
communicate that information to the device drivers. Each MPIO-capable device
driver adds the paths to a device from its immediate parent(s). When an 1/O
request is sent to a device, the device driver must decide which path should be
used for that request. The maintenance and scheduling of I/O across different
paths is provided by the PCMKE and is transparent to the MP1O-capable device
driver. The PCMKE module provides routing algorithms that are user selectable.
The PCMKE facilitates the collection of information useful for determining the
best path for any I/O request to be sent as well as actual selection of that path.
The PCMKE may select the best path based on a variety of criteria including load
balancing, connection speed, and connection failure, to name a few.

In general, it is the device driver's responsibility to manage the paths and to
select the path on which to queue commands. The design for MPIO support
allows for any device that can be uniquely identified to be an MPIO device.
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However, the initial release of MPIO only supports SCSI scsd. Additional devices
may be added in the future.

While it is the device driver's responsibility to perform path management, the
MPIO design allows for this functionality to be split from the driver such that it is
performed by the PCMKE. The device driver must be written in such a manner as
to allow for this separation. If the device driver is not written in this manner, it
must perform the path control management functionality internally.

The ability to have a separate PCMKE is being done to make it easier for third
party disk vendors, such as EMC or IBM Storage Group, to adopt the AIX MPIO
solution. These vendors make use of the AIX SCSI and Fibre Channel disk
device drivers, but have their own implementations for path management. The
respective AIX disk drivers are being modified to off load path management into
a separate PCMKE.

4.1.2 MPIO concepts

It is already possible, without MPIO, to have access to a single device through
different adapters using vendor modules. For example, the subsystem device
driver (SDD) for ESS (IBM storage). In this case an hdisk is created for each path
and SDD is in charge of handling the path management.

The disadvantages of the way that those subsystem drivers work are:

» They are sometimes firmware dependant.

» Each subsystem has to be administrated differently.

» Each path generates a logical device entry in the ODM.

» A dedicated command must be used to create and manipulate volume group.

Figure 4-1 on page 170 represents the behavior of AIX with a non-MPIO single
disk accessed by three adapters.
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Without MPIO the AlX logical view of this single device
deptrane Adepterto fmertree is the following:
With adapter one, AlX generates hdiski1
With adapter two, AIX generates hdisk2
With adapter three, AIX generates hdisk3

Single disk

Figure 4-1 Three adapters connected to a single device without MPIO facility

The main difference with MPIO is that one MPIO device or Adisk can have
multiple paths to its parents (adapter) with a single entry in the ODM. It is also
possible to use all the common AIX commands to administrate the volume group,
including MPIO devices. But to handle this new feature, changes have been
made in the AIX device driver.

Figure 4-2 represents the behavior of AIX with a MPIO single disk accessed by
three adapters.

With MPIO the AlX logical view of this single device
Adapier one Adaptertuo fosptertres is the following:
With adapter one, AIX generates pathO and hdisk1
With adapter two, AlX generates path1 to hdisk1
With adapter three, AIX generates path2 to hdisk1

Single MPIO disk capable

Figure 4-2 Three adapters connected to a single MPIO device

To understand clearly how MPIO works, we need to better understand the
following concepts, which are the topic of the following sections.

» The unique device identifier (UDID)

» The reservation policy of MPIO
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Unique device identifier

Every MPIO-capable device must provide a unique identifier that allows the
device to be distinguished from any other device in the system. This identifier is
called the unique device ID, or UDID for short. The UDID value for a particular
device is stored as an attribute of the device in the device configuration
database. A UDID is viewed by the system as a string of characters that have no
implicit meaning other than the one UDID can be compared against another.

UDIDs have different formats depending upon the device from which the UDID
was obtained.

When the cfgmgr command or when a parent device's configure method is
running, it requests the UDID for the child. The UDID is compared with the
UDIDs stored in ODM to determine the action to take:

» A newly discovered device needs to be defined into the system
» The device already exists and only a new path needs to be defined

For the first release of MPIO, only devices with a Subclass of scsi may be
supported for MPIO. Each of these device Subclasses has a different UDID
format.

Device reservation policy
For a single device, MPIO is able to handle four types of reservation policy.

NO_RESERVE In this mode the path algorithm of MPIO can support /O
on a single path (fail_over mode) or I/O distributed across
multiple paths (load balance mode). This setting would
best be used in an HACMP concurrent mode cluster or a
third-party product with similar locking capabilities. This
mode should not be used in a cluster without a clustering
software product, there is no reservation protection of the
target device provided, and in a multinode environment
there is a high potential for data corruption.

SINGLE_PATH In this mode the path algorithm of MPIO can support /O
on a single path (fail_over mode). This setting would best
be used in a cluster where the device is owned by only
one node in the cluster and would fail over to an alternate
node should the owning node fail. MPIO in this case will
provide improved reliability in the case of an adapter or
connectivity failure within the node owning the device.
MPIO will not provide any performance improvement.

PR_EXCLUSIVE In this mode the path algorithm of MPIO can support /O
on a single path (fail_over mode) or I/O distributed across
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multiple paths (load balance mode). This setting would
best be used in a cluster where the device is owned by
only one node in the cluster and would fail over to an
alternate node should the owning node fail. If the MPIO
path algorithm is set to a load balance mode, the 1/0O will
be spread across multiple paths, which may provide
higher performance. If the MPIO path algorithm is set to
fail_over mode then the I/O will only be processed down a
single path and the system will perform the same as the
previous case with reserve_policy.

PR_SHARED In this mode the path algorithm of MPIO can support /O
on a single path (fail_over mode) or I/O distributed across
multiple paths (load balance mode). This setting would
best be used in a cluster where the device is owned by
one or more nodes in the cluster. If the MPIO path
algorithm is set to a load balance mode the 1/O from the
host will be spread across multiple paths, which may
provide higher performance. If the MPIO path algorithm is
set to fail_over mode then the I/O will only be processed
down a single path and the system will perform the same
as the previous case with reserve_policy.

4.1.3 Detecting an MPIO-capable device
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In order for a SCSI device to be detected as an MPIO-capable device, additional
PdAt ODM attributes are added to a device’s predefines. The UDID ODM
attribute is required by all MPIO-capable devices (see “Unique device identifier”
on page 171).

In addition, a PCM ODM attribute needs to be added to the device PdAt ODM
predefines. The PCM ODM attribute points to a ODM fiiend, which will define the
PCMKE module that will provide the path control management capabilities for
the MPIO-capable device driver. The PCM ODM attribute may contain the name
of a vendor-provided PCMKE or the AIX-provided PCMKE.

An example of a SCSI disk that has only one path but it is considered as MPIO
capable is as follows:

# Tsattr -E1 hdiskb

pvid 0001810fd3838c5e0000000000000000 Physical volume identifier
False

queue_depth 3 Queue DEPTH

False

size_in_mb 9100 Size in Megabytes

False
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max_transfer  0x40000 Maximum TRANSFER Size
True

unique_id 2308ZD1GY3950CDPSS-309170M031BMscsi Unique device identifier
False

PR_key_value none Size in Megabytes
True

reserve_policy single_path Size in Megabytes
True

PCM pcm/aixdisk/scsd Target NAME

True

dvc_support Device Support

False

algorithm fail_over Algorithm

True

#

You can see in the above example the unique_id and the PCM field that point to
the /pcm/aixdisk/scsd AlX driver.

Important: Note that you can have multiple paths between one adapter and
one device. This will be the case, in the future, if a SAN switch is put between
the Fibre Channel adapter and a disk subsystem.

4.1.4 ODM changes for MPIO device

New ODM entries are needed to use MPIO. They are discussed in the following
sections.

New CuPath class

The CuPath ODM class is being added to hold definitions of paths. This class is
roughly analogous to the CuDv class; the CuPath class identifies paths while the
CuDv class identifies devices. The CuPath object contains all the information
needed to uniquely identify a path. This information includes the name of the
target (child) device, the name of the parent device, and the connection point on
the parent.

New PdPathAt class

The PdPathAt ODM class is being added to hold predefined attributes that apply
to paths. If a device or the friend of a device has attributes that pertain to paths,
there must be a PdPathAt attribute to define the attribute. A path-specific
attribute cannot be created if there is not a PdPathAt definition for the attribute.
This PdPathAt class is roughly analogous to the PdAt class.
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New CuPathAt class

The CuPathAt ODM class is being added to hold attributes that apply to specific
paths. This class is roughly analogous to the CuAt class. An object cannot be
created in the CuPathAt class if there is not a path object in the CuPath class to
which the CuPathAt attribute applies, just like the relationship between CuAt
objects and CuDv objects. Furthermore, a PdPathAt object must also exist to
provide default and other information about the attribute just like the relationship
between the CuAt and the PdAt attributes.

PdAt class change

There are three new PdAt attributes that will need to be added to all SCSI and
Fibre Channel devices that will be supported as MPIO-capable devices. These
attributes are unique_id, PCM, and reserve_policy. The PCM ODM attribute will
be a reference to the ODM friend, which contains the path to the PCMKE
module. It is expected that device vendors such as EMC, HDS, or LS| supply
modified ODM predefines as they convert their disk subsystems to be MPIO
capable.

4.1.5 Path management
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Four new AIX commands have been added to AIX 5L Version 5.2 to manage the
device path, as discussed in the following sections.

The mkpath command

When using the mkpath command to define a new path that does not exist, all
components of the path must be supplied: The target device, the parent device,
and the connection on the parent. Note that any device that cannot be manually
defined using the mkdev command will not be able to have paths manually
defined to using the mkpath command. These limitations are both due to the way
that path information is stored for these devices. Fibre Channel devices fall into
this category.

When using mkpath to configure already defined paths, all of the components of a
path are not required. Since the paths already exist, some of the components of
the path can be left out.

The syntax of the mkpath command is as following:

mkpath [ -1 Name ] [ -p Parent ] [ -w Connection ] [ -d ]

or
mkpath -h
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The commonly used mkpath command flags are provided in Table 4-1 on
page 175.

Table 4-1 The mkpath command flags

Flags Description

-l The name of the device

-p The name of the parent adapter

-W The connection information associated with the path to be
added

-d Defines a new path to the device by adding a path definition

to the system

-h Indicates the mkpath command syntax

In the following example the status of an existing path is changed from disabled
to enabled.

# > Tspath -1 hdisk9

Enabled hdisk9 scsil

Defined hdisk9 scsi2
[root@kenmore] /

# > mkpath -1 hdisk9 -pscsi2
paths Available
[root@kenmore] /

# > Tspath -1 hdisk9

Enabled hdisk9 scsil

Enabled hdisk9 scsi2

4.1.6 The rmpath command

The rmpath command unconfigures, undefines, or both unconfigures and
undefines one or more paths to a specific target device. Only the target device is
required by the rmpath command. Similar to the mkpath command, this capability
allows the rmpath command to operate on multiple paths in a single invocation.
For example, to unconfigure all paths between a specific target device and a
specific parent device, only the target device and the parent device need be
specified. It is not possible to attempt to unconfigure (undefine) the last path to a
target device using the rmpath command. The only way to unconfigure the last
path to a device is to unconfigure the device itself (for example, use the rmdev
command).

The syntax of the rmpath command is as follows
rmpath [ -1 Name ] [ -p Parent ] [ -w Connection ] [ -d] [ -p ]
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or

rmpath -h
The commonly used rmpath command flags are provided in Table 4-2.

Table 4-2 The rmpath command flags

Flags Description

- Is the name of the device.

-p The name of the parent adapter.

-wW Is the connection information associated with the path to be
added.

-d Delete the path from ODM.

-h Indicate the mkpath command syntax.

The following example shows the two paths of hdisk9 from its scsi1 and scsi2
parents.

#1spath -1 hdisk9
Enabled hdisk9 scsil
Enabled hdisk9 scsi?2
#

To delete the path from the scsi2 parent from the ODM, enter the following
command.

#rmpath -1 hdisk9 -p scsi2 -d
path deleted
#

Enter the 1spath command again to show that now hdisk9 has only one path:

#1spath -1 hdisk9
Enabled hdisk9 scsil
#

To recreate the path from the adapter scsi2 to hdsik3, enter the following
command.

#cfgmgr -1 scsi2
The device hdisk9 has recover its second path from the scsi2 parent, as in the
following.

#1spath -1 hdisk9
Enabled hdisk9 scsil
Enabled hdisk9 scsi2
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4.1.7 The Ispath command

The 1spath command displays one of two types of information about paths to an
MPIO capable device. It either displays the operational status for one or more
paths to a single device, or it displays one or more attributes for a single path to a
single MPIO capable device. The 1spath command syntax is the following:

1spath [ -F Format 1] [ -H ] [ -1 Name ] [ -p Parent ] [ -s Status ]
[ -w Connection ]

or

1spath -A -1 Name -p Parent [ -w Connection ] {-D [ -0]1 | -E[-0] | -F
[ ]

Format } [ -a Attribute ] ...[ -f File] [ -h ] [ -H

1spath -A -1 Name -p Parent [ -w Connection ] { -D [ -0 1 | -F Format }

[ -a Attribute ] ... [ -f File] [ -h ] [ -H ]

1spath -A -1 Name -p Parent [ -w Connection ] -R -a Attribute [ -f File ]
[-h]1[-H]

or

1spath -h

The commonly used 1spath command flags are provided in Table 4-3 on
page 178.
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Table 4-3 The Ispath command flags

Flags Description

-a Identifies the specific attribute to list

-A Lists the attributes for a specific path

-D Lists the default values, descriptions, and attribute names of
a path

-E Lists current values, descriptions, and attribute names of a
path

-F Displays the output of a path attribute in a user-specified
format, where the format parameter is a quoted list of column
names such as parent connection path_id separated by
non-alphanumeric characters or white space.

-H Displays headers above the column output

-0 Displays all attribute names separated by colons and, on the
second line, displays all the corresponding attribute values
separated by colons.

-R Displays the legal values for an attribute name

-f Reads the flags from File parameters

-l The name of the device

- The name of the parent adapter

p

-W The connection information associated with the path to be
added

With the 1spath command you can display the status of a path. This status can
take different values:

enabled

disabled

failed

defined

missing

Indicates that the path is configured and operational. The path is
selectable for I/O.

Indicates that the path is configured, but not currently operational. It
has been manually disabled and is not selectable for 1/0.

Indicates that the path is configured, but an 1/O failure occurs and the
path is no longer usable for I/O operations.

Indicates that the path is configured into the device driver.

Indicates that the path was defined in a previous boot, but it was not
detected in the most recent boot of the system.
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detected Indicates that the path was detected in the most recent boot of the
system, but for some reason it was not configured. A path should
only have this status during boot and so this status should never
appear as a result of the 1spath command.

An example of how to list all the paths defined on the system is as follows:
#1spath

An example to display all the defined paths is as follows:

# > Tspath -s defined
Defined hdisk8 scsi2
Defined hdisk9 scsi2

An example to display the priority of a device’s path, for example, hdisk9 with
scsi2 parent, is as follows:

# > 1spath -AEH -1 hdisk9 -p scsi2
attribute value description user_settable
priority 1 Priority True

An example to display the name of the device, the parent, the path_id, the
connection, and the status of a device path, is as follows:

# > 1spath -1 hdisk9 -H -p scsi2 -F "device parent path_id connection status"
device parent path_id connection status

hdisk9 scsi2 1 14,0 Enabled

An example of how to display the allowed value of a path attribute, in this case
the priority, is as follows:

# > 1spath -A -1 hdisk9 -p scsi2 -R -a priority
1...255 (+1)

4.1.8 The chpath command

The chpath command is used to perform two different change operations on a
specific path. It is used to change the operational status of a path and to change
tunable attributes associated with a path. The chpath command cannot perform
both types of operations in a single invocation.

The operational status of a path is basically a flag indicating whether the path
should be used when selecting a path for I/O. If the path is disabled, it is not used
in path selection. If it is enabled, it is used for path selection. A path is
automatically enabled when it is configured.

When changing path-specific tunable attributes, the chpath command is very
similar to the chdev command.
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The syntax is:
chpath -1 Name -s OpStatus [ -p Parent ] [ -w Connection ]

or

chpath -1 Name -p Parent [ -w Connection ] [ -P ] -a attribute=Value [ -a
attribute=Value ... ]

or
chpath -h

The commonly used chpath command flags are provided in Table 4-4.

Table 4-4 The chpath command flags

Flags Description

-h Indicates the chpath command syntax

-l The name of the device

-p The name of the parent adapter

-wW The connection information associated with the path to be
added

-S The status of the path

-a The attribute of the path

With the chpath command, you can enable or disable a path when this path is
already defined to the system.

You can also change the attribute of a path such as priority from 1 to 255. By
default, when the path is created the priority is set to 1, which is the highest
priority. If a device has several paths, the priority determines the way that the
system initiates the I/O to the device.

Consider two scenarios. In each scenario you have one device with three paths.
The path1 with priority 1, the path2 with priority 100, and the path3 with priority
10.

» If the device is set with the fail_over algorithm, then 1/O will be done through
path1 because it has the highest priority. If this path fails then the I/O will be
initiated to path3 because path3 has a higher priority than path2, and so on.

» The device with round_robin algorithm: The sum of the 1/O of path1 will be 10
times the sum of the I/O of path3 and 100 times of path2. If one path fails, the
system will compare the priority between the second-to-last one.
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The following example shows how to change the priority of a path:
chpath -1 hdisk9 -pscsi2 -a priority=10

4.1.9 Device management

MPIO-capable devices can be managed with two main attributes:
» The multipath I/O algorithm

» The reserve policy (see “Device reservation policy” on page 171).

The multipath algorithm handles how the I/O is directed to the paths of a device.
The fail_over algorithm directs I/O down a single path until the path fails, then an
alternate single path is selected for all I/O (see the priority chpath command in
4.1.8, “The chpath command” on page 179). The round_robin algorithm directs
all I/O down all paths depending on the priority of the path (see the priority of the
chpath command in 4.1.8, “The chpath command” on page 179). To list the
device attributes use the Isattr command.

The following example shows the attribute of hdisk9 with a round_robin algorithm
and a no_reserve policy:

# > lsattr -E1 hdisk9

pvid none Physical volume identifier
False

queue_depth 3 Queue DEPTH

False

size_in_mb 9100 Size in Megabytes

False

max_transfer  0x40000 Maximum TRANSFER Size
True

unique_id 23084DYET6800CDDYS-T09170MO3IBM scsi Unique device identifier
False

PR_key_value none Size in Megabytes

True

reserve_policy no_reserve Size in Megabytes

True

PCM pcm/aixdisk/scsd Target NAME

True

dvc_support Device Support

False

algorithm round_robin Algorithm True

# >

The following command shows how to set the algorithm to fail_over for hdisk9:

chdev -1 hdisk9 -a algorithm=fail_over
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A SMIT panel has been added to handle the MPIO devices, as shown in

Figure 4-3.
Aix SCSI/FCP Disk PCHM Change Device Characteristics
Type or select values in entry fields.
Press Enter AFTER making all desired changes.
[Entry Fields]

Device Name hdisk9

Device Type scsd

Path Control Module aixdisk

Algorithm ail_over +

Reservation Policy no_reserve +
F1=Help F2=Refresh F3=Cancel F4=List
F5=Reset F6=Command F7=Edit F8=Image
F9=5hell F10=Exit Enter=Do

Figure 4-3 This panel shows the device of hdisk9

To list all the devices under a parent, first select the parent sesi2 in the panel
(shown in Figure 4-4 on page 183).
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List HMPI0 Devices under a Parent

Type or select values in entry fields.
Press Enter AFTER making all desired changes.

[Entry Fields]

. [
F1=Help F2=Refresh F3=Cancel F4=List
F5=Reset F6=Command F7=Edit F8=Image
F9=5hell F10=Exit Enter=Do

Figure 4-4 Selection of a parent

Then display the devices under the parent, as shown in Figure 4-5.

COMMAND STATUS
Command: [{ stdout: yes stderr: no

Before command completion. additional instructions may appear belouw.

Bdiskl Available 10-70-00-1.0 16 Bit LYD SCSI Disk Drive

hdisk? Available 10-71-00-2.0 16 Bit LYD SCSI Disk Drive

hdisk4 Available 10-71-00-4_0 16 Bit LYD SCST Disk Drive

hdiskb Available 10-71-00-5.0 16 Bit LYD SCSI Disk Drive

hdisk6 Available 10-71-00-11,0 16 Bit LVYD SCSI Disk Drive

hdisk7 Available 10-71-00-12,0 16 Bit LYD SCSI Disk Drive

hdisk8 Available 10-71-00-13,0 16 Bit LYD SCSI Disk Drive

hdisk9 Available 10-71-00-14,0 16 Bit LV¥D SCST Disk Drive

F1=Help F2=Refresh F3=Cancel F6=Command
F8=Image F9=Shell F10=Exit /=Find

n=Find Next

Figure 4-5 List the all the devices under a parent
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To list all the parents of an MPIO device, first select the device hdisk9, as shown

in Figure 4-6.

List Parents for an MPI0 Device
Type or select values in entry fields.
Press Enter AFTER making all desired changes.

[Entry Fields]

. [ :
F1=Help F2=Refresh F3=Cancel F4=List
F5=Reset F6=Command F7=Edit F8=Image
F9=5hell F10=Exit Enter=Do

Figure 4-6 Selection of a device, hdisk9 in this example

Then list the parent of a device, as shown in Figure 4-7.

COMHMAND STATUS
Command: stdout: yes stderr: no
Before command completion, additional instructions may appear below.

Bcsil Available 10-70 Wide/Ultra-2 SCSI I/0 Controller
scsi2 Available 10-71 Wide/Ultra-2 SCSI I/0 Controller

F1=Help F2=Refresh F3=Cancel F6=Command
F8=Image F9=Shell F10=Exit /=Find
n=Find Next

Figure 4-7 Displays the parent of hdisk9
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Changes have also been made to existing AIX commands to support the MP1O
devices. For examples, the mkdev, rmdev, and bootlist commands have been
enhanced:

» When the mkdev command is configuring an MPIO-capable device, it requests
the associated device driver to configure all known paths to the device. If all
the paths are available, the output of the command is the same as before,
hdisk9 Available. But if all device paths cannot be configured, the output of
the command is hdisk9 Available; some paths are not available.

» When using the rmdev -R command to recursively unconfigure an MPI1O
device and other configured paths to the device that exist from another parent
device, the rmdev command will only unconfigure or undefine the path
between the device and the parent through which the recursion has occurred.
The entire device will not be unconfigured or undefined. In this case, the
output of the command is hdisk9 Available; some paths are not
available.

» The bootlist command allows AIX to save, in NVRAM, information about
what devices firmware should be use to boot the system. This information
typically includes firmware path information on how to get to the device,
starting from the system bus. This command is modified to have
MPIO-capable devices listed multiple times (for example, several hdisk0) in
the boot list area of NVRAM, once for each path to the device that is
configured and available when the boot1ist command is run. The order
taken to update the bootlist is the order of the ODM entries.

Note: As the boot1ist command is not run automatically, if a new path is
added to a boot device, the system administrator must run the boot1ist
command to have the new path added to the boot list.

The error log entries and the maintenance packages have been enhanced to
manage MPIO device problems.

4.1.10 The iostat command enhancements

The iostat command is enhanced with new parameters that provide a better
presentation of the generated reports.

The -s flag adds a new line to the header of each statistic’s data that reports the
sum of all activity on the system.

# iostat -s 1 3
System: serverl.itsc.austin.ibm.com
Kbps tps Kb_read  Kb_wrtn
9405.3 2351.3 28216 0

Chapter 4. Storage management 185



Disks: % tm_act Kbps tps Kb_read  Kb_wrtn

hdisk0 46.7 4693.3 1173.3 14080 0
hdiskl 24.0 2356.0 588.7 7068 0
hdisk2 0.0 0.0 0.0 0 0
hdisk3 24.3 2356.0 589.3 7068 0
hdisk4 0.0 0.0 0.0 0 0
cd0 0.0 0.0 0.0 0 0

The -a flag produces an output similar to the -s flag output, with the difference
that it provides an adapter basis sum of activities. After displaying the adapter
activity, it provides a per-disk basis set of statistics.

# iostat -a 1 3

tty: tin tout avg-cpu: % user % Sys % idle % iowait
0.0 923.7 13.2 41.6 30.9 14.2
Adapter: Kbps tps Kb_read  Kb_wrtn
scsi0 7030.4 1757.6 7048 0
Disks: % tm_act Kbps tps Kb_read  Kb_wrtn
hdisk0 43.9 4684.3 1171.1 4696 0
hdiskl 24.9 2346.1 586.5 2352 0
hdisk2 0.0 0.0 0.0 0 0
cdo 0.0 0.0 0.0 0 0
Adapter: Kbps tps Kb_read  Kb_wrtn
scsil 2346.1 585.5 2352 0
Disks: % tm_act Kbps tps Kb_read  Kb_wrtn
hdisk3 19.0 2346.1 585.5 2352 0
hdisk4 0.0 0.0 0.0 0 0

The iostat enhancement for MPIO

The -m option displays statistics about the path activities with the hdisk
associated to the path.

For hdisk1 in fail_over mode:

Disks: % tm_act Kbps tps Kb_read Kb_wrtn

hdiskl 0.4 3.7 0.5 212080 2041650
Paths: % tm_act Kbps tps Kb_read  Kb_wrtn

Path0 0.4 3.7 0.5 212080 2041650
Pathl 0.0 0.0 0.0 0 0

For hdisk1 in round_robin mode:

Disks: % tm_act Kbps tps Kb_read Kb_wrtn
hdiskl 0.4 3.7 0.5 202080 2041650
Paths: % tm_act Kbps tps Kb_read  Kb_wrtn
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Path0
Pathl

0.5 101040 1020825

0.4 3.7
0.4 3.7 0.5 101040 1020825

Note: Due to the migration of ESS machines from vpaths to MPIO, the -m flag
displays both the MPIO as well as vpath statistics.

The following example shows the iostat command output for vpath:

Disks: Kbps tps Kb_read  Kb_wrtn
vpathO 0.6 0.1 10405 35956

Paths: % tm_act Kbps tps Kb_read  Kb_wrtn
hdisk0 0.0 0.6 0.1 10405 35956
hdiskl 0.0 0.0 0.0 0 0

4.2 LVM enhancements

The following sections contain the enhancements pertaining to the LVM on AlX.

4.2.1 The redefinevg command

The redefinevg command is rewritten in C to improve performance.

4.2.2 Read-only varyonvg

The varyonvg command now supports an -r flag that allows a volume group to be
varied-on in read-only mode.

4.2.3 LVM hot spare disk in a volume group

The chpv and the chvg commands are enhanced with a new -h flag that allows
you to designate disks as hot spare disks in a volume group and to specify a
policy to be used in the case of failing disks. These commands are not
replacements for the sparing support available with SSA disks; they complement
it. You can also use them with SSA disks when you add one to your volume

group.

Note: These new options have an effect only if the volume group has mirrored
logical volumes.

There is a new -s flag for the chvg command that is used to specify
synchronization characteristics.
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The following command marks hdisk1 as a hot spare disk:
# chpv -hy hdiskl

This is only successful if there are not already allocated logical partitions on this
disk. Using n instead of y would remove the hot spare disk marker. If you add a
physical volume to a volume group (to mark it as a hot spare disk), the disk has
to have, at least, the same capacity as the smallest disk already in the volume

group.

After you have marked one or more disks as hot spare disks, you have to decide
which policy to use in case a disk is starting to fail. There are four different
policies you can specify with the -h flag, shown using the following syntax:

# chvg -hhotsparepolicy -ssyncpolicy VolumeGroup

The following four values are valid for the hotsparepolicy argument:

y This policy automatically migrates partitions from one failing disk to one
spare disk. From the pool of hot spare disks, the smallest one that is big
enough to substitute for the failing disk will be used.

Y This policy automatically migrates partitions from a failing disk, but might
use the complete pool of hot spare disks.

n No automatic migration will take place. This is the default value for a
volume group.

r This value removes all disks from the pool of hot spare disks for this
volume group.

The syncpolicy argument can only use the values y and n.

y This will automatically try to synchronize stale partitions.

n This will not automatically try to synchronize stale partitions.

The latter argument is also the default for a volume group.

After setting this up, Volume Group Status Area (VGSA) write failures and Mirror
Write Consistency (MWC) write failures will mark a physical volume missing and
start the migration of data to the hot spare disk.

Web-based System Manager allows for easy configuration of Hot Spare Disk
support as discussed in the following sections.

Enabling hot spare disk support in an existing volume group
Properties can be changed on the fly for an existing volume group in order to turn
on hot spare disk support for that volume group by enabling the appropriate
check box on the Volume Group Properties Dialog panel (Figure 4-8 on

page 189).
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Heot Spare Disk Support

Hat spare disk support is available only if one or more logical volumes within the volume group
are mirrored and one or more disks within the volume group are designated as hot spares.

Deselecting 'Enable hot spare disk support' suspends the hot spare function for the volume group.
Suspending the hot spare function does not remaove any hot spare disks from the hot spare disk
pool.

[ Enable hot spare disk support
[_] Automatically synchrenize stale partitions

[] Remove all disks from the hot spare pool for the volume group

~Migration Characteristic
Seledting 'Use only one spare disk' will migrate partitions from a failed disk to only one

spare disk. Selecting 'Use entire spare disk pool' will use the entire pool of spare disks
as potential migration points for partitions from a failed disk.

® Use only one spare disk

(0 Use entire spare disk pool

OK | | Cancel | | Help

Figure 4-8 Volume Group Properties dialog

After enabling hot spare disk support for a volume group, the Physical Volumes
notebook tab of the Volume Group Properties dialog (Figure 4-9 on page 190)

allows you to add available physical volumes to the volume group as hot spare
disks.
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Physical Volumes [

Physical ¥olumes in Wolume Croup Available Physical Wolumes
hdisk1 hdiskQ
=
=
Maxirum number of physical volumes:
Physical partition size:

Free physical space: 3016 | Megabytes -

Maxirmum number of physical partitions per physical volurme: 1016

Logical track rmaximum data transfer size; 755w

[] Designate disk as a hot spare

OK | | Cancel I | Help

Figure 4-9 Physical Volumes notebook tab

Enabling hot spare during creation of a new volume group

When creating a new volume group in the Web-based System Manager
application, the Advanced Method of volume group creation allows you to specify
hot spare disk support options (Figure 4-10 on page 191).
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Console

Selected  Wiew Window Help Debug

=] wvolume Group iwizard)...
Find in ¥olume Groups Curl-F Volume Group (Advanced Method).
MNavigat Increase Any Paging Space » Logical velurne (wizard).
| % E Import Volume Group Logigal Volurne (Advanced Method)...  [ywit  [Used (MB) [Free (ME)  [Total Size
EPF Restore Volume Group ... Paging Space (Wizard)... 1280 3016 4706
=] @Volumes B] bl Paging Space (Advanced Method)... hive g
[ overview and Ts 9 h...acive ooff 230 282 512
[y volurme Groups [ h_openfsyncd o g
0 Logical Volumes O h...open/fsyncd OnfAdive 9 15 24
B Paging Szace O h...open/syncd OnfActive 605 19 624
= Physical Volume O h...open/fsyncd OnfAdive 7 9 16
S Processes O h...openfsyncd OnfAdive 3 53 56
System Environmen O h._.openfsyned OnjActive 0 & ]
) subsystems O h...open/fsyned OnfAcive 2 g g
£ Custom Tools 9 ... inactive off o 16 16
3 sofware = ... aahve No 1280 3016 4296
B Network Installation
= workload Manager
& Printers (System V)
T system Manager Se
3 PC Services (Fast Cg
onment
1 -BE I
i@lﬂeaﬂy 12 Objects shown 0 Hidden. |1 Object selected. |root - WSmO1

Figure 4-10 Advanced Method of volume group creation

As in previous releases of Web-based System Manager, you assign physical
volumes to a volume group, along with a volume group name and any other
attributes, such as logical track maximum data transfer size (Figure 4-11 on

page 192).
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—

Physical volumes must be assigned to volurme groups before use. Every wolume group contain: one
or more physical volumes. To add new physical volurmes to this volume group, select the volume
to be added on the right and select '<' (add). Toremove a physical volurme, select the volume

on the left and select '=' {(remove).

Assign to Volume Group Unassigned Physical Wolumes
hdizkQ
BN
Volume group name: |\,rgOO |

Major number ({leave blank to have system generate a number): | |

Logical track maximum data transfer size: 256w

Walid values for the logical track maximum data transfer size for the disks you have chosen are
shown in the drop down menu. You should choose the largest yvalue that is valid for the volume
garoup you want to create. Once a volume group has been created with a maximum data transfer
size, that value cannot be decreased.

4 Next > | | Cancel | | Help

Figure 4-11 New Volume Group dialog

Subsequent panels in the sequential dialog allow configuration of large volume
groups (those volume groups as great as 128 physical disks) and allow for
support of big disks (those with more than 1016 partitions per physical disk), as
shown in Figure 4-12 on page 193.
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The suggested partition size is based on the largest physical disk that you selected on the
previous panel. Maximum disk size and Approimate total volurme group capacty are
estimates based on other values on this panel.

To create a volume group that accommodates either larger disks or a larger number of
disks than the default settings allow, of to use a partition zize smaller than the suggested
value, select either of the two checkboxes below.

Naote that checking either of these options will create a volume group that cannot be
imported into the operating systems version 4.3.0 or lower.

Partition size (Megabytes): 4 - | MB

Maxirurn disk size: 4064  MB
[Partition size x maximum number of partitions)
Approximate total volume group cap acity: 130048 MB

{Maximurm disk size x maximum number of disks)

[C] Create a volume group that can contain up to 128 physical disks

[_] Create a volume group with more than 1016 partitions per disk (in multiples of 1016)

Maximurm M aximurm
number of partitions nurmb er of disks
1018 )] 32
4 < Back | | Next > | | Cancel | | Help

Figure 4-12 New Volume Group, second panel in dialog

The third panel in the new volume group sequence allows you to enable the
support for hot spare disks (Figure 4-13 on page 194).
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Select the options that you want for the creation of the new volume group.

[_I lgnore current disk contents and force creation of volume group

[¥l Require more than half of disks o be on to keep the volume group on
[ Automaric varyon at system start

[ Make volume group concurrent capable

[] Activate the volurme group in concurrent mode at systerm start

Attention: Cnce 3 volume group has been made concurrent
capable, concurrent capable cannot be disabled.

[¥l Enable hot spare disk suppart

[ Automatically synchronize stale partitions

< Back ‘ | Next = ‘ | Cancel | | Help

Figure 4-13 New Volume Group, third panel in dialog

The fourth panel allows you to select any unused physical volumes that you may
have in your system and assign them to the volume group being created as hot
spares (Figure 4-14 on page 195).
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olume Group

B

Figure 4-14 New Volume Group, fourth panel in dialog

The fifth panel allows you to set the migration characteristics for the failover from
a bad disk to those assigned as hot spares in the hot spare disk pool
(Figure 4-15 on page 196).
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Select the specific options for hot spare disk support that you want.

Migration Characteristics
Selecting 'Use only one spare disk' will migrate partitions from a failed disk to only one

spare disk. Selecting 'Use entire spare disk pool' will use the entire poal of spare disks
as potential migration peints for partitions from a failed disk.

) Use only one spare disk

i) Use entire spare dizk pool

Figure 4-15 New Volume Group, fifth panel in dialog

4.2.4 Support for different logical track group sizes

196

AIX 5L now supports different logical track group (LTG) sizes. In previous
versions of AlX, the only supported LTG size was 128 KB. This is still the default
for the creation of new volume groups, even under AIX 5L. You can change this
value when you create a new volume group with the mkvg command, or later for
an existing volume group with the chvg command.

The LTG corresponds to the maximum allowed transfer size for disk /0 (many
disks today support sizes larger than 128 KB). To take advantage of these larger
transfer sizes and get a better disk 1/0 performance, AIX 5L now accepts values
of 128 KB, 256 KB, 512 KB, and 1024 KB for the LTG size, and possibly even
larger values in the future. The maximum allowed value is the smallest maximum
transfer size supported by all disks in a volume group. The mkvg SMIT screen
shows all four values in the selection dialog for the LTG. The chvg SMIT screen
shows only the values for the LTG supported by the disks. The supported sizes
are discovered using an ioctl(IOCINFO) call.

Since there may be several physical volumes existing in one volume group, and
LTG is an attribute of a volume group, you should specify minimum LTG size
among physical volumes, if they consist of different types of disk drives.
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The following command shows how to change the LTG size for testvg from the
default of 128 KB to 256 KB.

# chvg -L256 testvg

To ensure the integrity of the volume group, this command varies off the volume
group during the change. The mkvg command supports the same new -L flag.

To find out what the maximum supported LTG size of your hard disk is, you can
use the Tquerypv command with the -M flag. The output gives the maximum LTG
size in KB, as can be seen from the following lines:

# /usr/sbin/1querypv -M hdisk0
256

You can list the values for all the new options (LTG size, AUTO SYNC, and HOT
SPARE) with the 1svg command. Note that the volume group identifier has been
widened from 16 to 32 characters.

# 1svg rootvg

VOLUME GROUP: rootvg VG IDENTIFIER:
000bc6td00004c00000000e10fdd7 52

VG STATE: active PP SIZE: 16 megabyte(s)

VG PERMISSION: read/write TOTAL PPs: 1084 (17344 megabytes)
MAX LVs: 256 FREE PPs: 1032 (16512 megabytes)
LVs: 11 USED PPs: 52 (832 megabytes)
OPEN LVs: 10 QUORUM: 2

TOTAL PVs: 2 VG DESCRIPTORS: 3

STALE PVs: 0 STALE PPs: 0

ACTIVE PVs: 2 AUTO ON: yes

MAX PPs per PV: 1016 MAX PVs: 32

LTG size: 128 kilobyte(s) AUTO SYNC: yes

HOT SPARE: yes (one to one)

Logical track group size can be selected at volume group creation time or
changed from the Physical Volumes tab in the Volume Group Properties
Notebook. Web-based System Manager, in the Logical track maximum data
transfer size drop-down list, shows all data transfer sizes. Those that are not valid
for the selected volume group are grayed out and not selectable (Figure 4-16 on
page 198).
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Note: Because the physical volume and volume group identifiers have been
changed from 16 characters to 32 characters, you can only access a volume
group created on AIX 5L from an AIX Version 4.3.3 system after you have
applied the appropriate fixes from the Fall 2000 AlX Version 4.3.3 Update CD.
You can access a volume group created on AIX Version 4.3.3 on an AIX 5L
system, but using any of the new features, like setting a different logical track
group size, will change some of the volume group identification internal data
structures in a way so that the volume group becomes unusable on AIX
Version 4.3.3 or a previous release.

= =]
Hot Spot Reporting |/Logical Yolurne Map |/Ph\_.fsical Yolurme Map |
Ceneral |’ Hot Spare Disk Support r Physical wolumes |
Physical ¥olumes in Wolume Croup Available Physical Wolumes
hdisk1 hdizkO
=
=
Maxirmum number of physical volurmes: 32
Physical partition size: ]
Free physical space: 3016 | Megabytes -
Maxirnum number of physical partitions per physical volume: 1014
Logical track maximum data transfer size: 128 v|
128
256
A OK | | Cancel I | Help

Figure 4-16 Volume Group Properties dialog

4.2.5 LVM hot-spot management

198

Two new commands, 1vmstat and migratelp, help you to identify and remedy
hot-spot problems within your logical volumes. You have a hot-spot problem if
some of the logical partitions on your disk have so much disk 1/O that your

system performance noticeably suffers. By default, no statistics for the logical
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volumes are gathered. The gathering of statistics has to be enabled first with the
lvmstat command for either a logical volume or an entire volume group.

The complete command syntax for Tvmstat is as follows:

Tvmstat { -1 | -v } Name [ -e | -d 1 [ -F1 [ -C]1 [ -c Count ] [ -s ]
[ Interval [ Iterations ] ]

The meanings of the flags are provided in Table 4-5.

Table 4-5 The lvmstat command flags

Flag Description
-e Enables the gathering of statistics about the logical volume.
-d Disables the gathering of statistics.

-l Specifies the name of a logical volume to work on.

-V Specifies the name of a volume group to work on. You can also
enable, in the first step, a volume group and selectively disable
afterwards some logical volumes you are not working with.

-F Separates the output of the statistics by colons (to make it easier
for parsing by other scripts).

-C Specifies how many lines from the top you want to have listed.

-C Clears the counter for the specified logical volume or volume
group.

-s Suppresses the header lines for subsequent outputs if you are

using the interval and iteration arguments. In the case of interval
and iteration, only values for logical volumes for which there was
a change in the last interval will be listed. If there was no change
at all, only a period (.) will be printed to the console.

The first use of 1vmstat, after enabling, displays the counter values since system
reboot. Each usage thereafter displays the difference from the last call.

The following example is a session where data was copied from /unix to /tmp:

# lvmstat -v rootvg -e
# lvmstat -v rootvg -C
# lvmstat -v rootvg

Logical Volume iocnt  Kb_read  Kb_wrtn Kbps
hd8 4 0 16 0.00
paging01 0 0 0 0.00
1v01 0 0 0 0.00
hdl 0 0 0 0.00
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hd3 0 0 0 0.00
hd9var 0 0 0 0.00
hd2 0 0 0 0.00
hd4 0 0 0 0.00
hd6 0 0 0 0.00
hd5 0 0 0 0.00

The previous output shows that, basically, all counters have been reset to zero.
Before the following example, data was copied from /unix to /tmp:

# cp -p /unix /tmp
# lvmstat -v rootvg

Logical Volume iocnt  Kb_read  Kb_wrtn Kbps
hd3 296 0 6916 0.04
hd8 47 0 188 0.00
hd4 29 0 128 0.00
hd2 16 0 72 0.00
paging01 0 0 0 0.00
1v01 0 0 0 0.00
hdl 0 0 0 0.00
hd9var 0 0 0 0.00
hd6 0 0 0 0.00
hd5 0 0 0 0.00

As shown, there is activity on the hd3 logical volume, which is mounted on /tmp;
on hd8, which is the jfslog logical volume; on hd4, which is / (root); on hd2, which
is /usr; and on hd9var, which is /var. The following output provides details on hd3
and hd2:

# Tvmstat -1 hd3

Log_part mirror# diocnt Kb_read Kb_wrtn Kbps
1 1 299 0 6896 0.04
3 1 4 0 52 0.00
2 1 0 0 0 0.00
4 1 0 0 0 0.00

# Tvmstat -1 hd2

Log_part mirror# diocnt Kb_read Kb_wrtn Kbps
2 1 9 0 52 0.00

3 1 9 0 36 0.00

7 1 9 0 36 0.00

4 1 4 0 16 0.00

9 1 1 0 4 0.00

14 1 1 0 4 0.00

1 1 0 0 0 0.00
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The output for a volume group provides a summary for all the 1/O activity of a
logical volume. It is separated into the number of I/O requests (iocnt), the
kilobytes read and written (Kb_read and Kb_wrtn, respectively), and the
transferred data in KB/s (Kbps). If you request the information for a logical
volume, you receive the same information, but for each logical partition
separately. If you have mirrored logical volumes, you receive statistics for each of
the mirror volumes. In the previous sample output, several lines for logical
partitions without any activity were omitted. The output is always sorted in
decreasing order in the iocnt column.

Web-based System Manager allows for easy configuration of hot spot
management.

Enabling hot spot reporting at the volume group level, from the Hot Spot

Reporting tab of the Volume Group Properties tab (Figure 4-17), turns on the
reporting feature for all logical volumes within the volume group.

=] -

=

Hot Spot Reporting rLogicaI Yolurme Map rphysical Volume Map |
Ceneral r Hot Spare Disk Support r Physical ¥olumes |

Hat spot reporting at the volume aroup level produces adivity statistics for all logical
wolumes within a volurne group. Hot spot reporting can also be enabled at the logical
volume level withoutrequiring reporting at the volume aroup level.

staristics will begin to be collected after you enable hot spot reporting. In order for a
meaningful report to be generated, you should wait an appropriate amount of time for
disk usage statistics to be gathered.

[v] Enable hot spot reporting for: rootvg

[Z] Restart the statistics counters

4 | 0K | | Cancel | | Help 4

Figure 4-17 Volume Group Properties Hot Spot Reporting tab
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Hot spot reporting can also be enabled from the Hot Spot Reporting tab of the
Logical Volumes Property notebook (Figure 4-18) without having to enable the
feature for the entire volume group.

I ( volume
Hot Spot Reporting

Heot spot reporting at the logical volume level produces activity statistics for all
logical partitions within 2 logical velume. Hot spot reporting can also be enabled
at the volume group level without requiring reporting at the logical volume level.

Sratistics will be collected after you enable hot spot reporting. In order for a
meaningful report to be generated, you should wait an appropriate amount
of time for disk usage statistics to be gathered.

[¥l Enable hot spot reporting for: hd 2

[[] Restart the statistics counters

0K | | Cancel | | Help

Figure 4-18 Logical Volumes Properties notebook
Once the hot spot feature is enabled, either for a logical volume or a volume

group, you can select either entity and use the pull-down or pop-up menu to
access the Manage Hot Spots... Sequential dialog (Figure 4-19 on page 203).
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Figure 4-19 Manage Hot Spots sequential dialog

The first dialog in the series, once Manage Hot Spots... has been selected
(Figure 4-20 on page 204). It allows you to define your reporting and display

statistics.
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Figure 4-20 Hot Spot Management dialog

The second dialog displays information the user specified in the previous panel.
This includes logical partition number, number of mirrors, I/O count, KB read and
written, and data transfer rate (Figure 4-21 on page 205).
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This list contains the activity statistics for all logical partitions in the logical volume:hd2.
If wou want to migrate a partition, select that partition and dick next to proceed.

Logical Partition |Mirror Mumber |10 Count  [Kb Read  |Kb Written |Data Trans

3 1 5 0 20 0.00 -
7 1 4 o] 1a 0.00

22 1 4 0 1a 0.00

24 1 3 0 12 0.00

4 1 2 0 8 0.00

11 1 2 0 B 0.00

26 1 2 0 B 0.00

28 1 2 8 0 0.00

31 1 2 8 0 0.00

59 1 2 1a a 0.00

G 1 1 0 4 0.00

1 1 o] 0 a 0.00

2 1 o] 0 a 0.00 =

Figure 4-21 Hot Spot Management statistics

This list not only displays information, but also allows you to select (Figure 4-22
on page 206) the logical partition that the user may want to migrate to a disk with
less I/O activity. This feature allows the user to manage potential disk I/O
bottlenecks.
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ment — hd2 : wsmi1

This list contains the activity statistics for all logical partitions in the logical volume:hd 2.
If wou want to migrate a partition, select that partition and dick next to proceed.

Logical Partition |Mirror Number Data Trans
1 4 0
1 4 0

24 1 3 0 12 0.00

4 1 2 0 B Q.00

11 1 2 0 B 0.00

28 1 2 0 B Q.00

28 1 2 ] ol Q.00

31 1 2 3 4] Q.00

58 1 2 18 o] Q.00

a 1 1 o] 4 Q.00

1 1 o] 0 o] Q.00

2 1 4] 4] Q.00 =

| < Back | | Next = | | Cancel | | Help |

Figure 4-22 Hot Spot selection
The final dialog panel (Figure 4-23 on page 207) in the sequence allows the user

to specify the destination physical partition and check the information before
committing any changes to the system.
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Ensure that the following information is correct for the partition migration.
Click 'Finish' to complete the migration,

'Back' to select another partition,

of 'Cancel' to quit the task.

Logical partition: 3

Mirror copy: 1

Cestination physical partition: hdick1 w

L < Back || Finish || Cancel || Help

Figure 4-23 Physical destination partition

4.2.6 The migratelp command

With the output of the 1Tvmstat command described in the previous section, it is
easy to identify the logical partitions with the heaviest traffic. If you have several
logical partitions with heavy usage on one physical disk and want to balance
these across the available disks, you can use the new migratelp command to
move these logical partitions to other physical disks.

Note: The migratelp command will not work with partitions of striped logical
volumes.

The migratelp command uses the following syntax:

migratelp Tvname/Tpartnum[/copynum] destpv[/ppartnum]

This command uses, as parameters, the name of the logical volume, the number
of the logical partition (as it is displayed in the Tvmstat output), and an optional

number for a specific mirror copy. If information is omitted, the first mirror copy is
used. You have to specify the target physical volume for the move; in addition,
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you can specify a target physical partition number. If successful, the output will
appear similar to the following:

# migratelp hd3/1 hdisk1/109
migratelp: Mirror copy 1 of Togical partition 1 of Togical volume
hd3 migrated to physical partition 109 of hdiskl.

4.2.7 The recreatevg command

The recreatevg command is used when you have a disk-to-disk copy to perform
but you want to create a unique volume and not an exact mirror. A direct dd copy
would create a problem because all the information, such as VGDAs and LVs, in
one disk is copied to the other. Duplicate volume group, logical volume, and file
system mount points are prevented by using the recreatevg command.
Command options allow you to specify a logical volume name (a prefix label to
uniquely define the VG). Automatic name generation is the default.

The recreatevg command is also supported in AIX Version 4.3.3 maintenance
level 8 with APAR 1Y10456. To utilize this command, you have to issue the
following command sequence after the real duplication of the physical volume
contents using ESS's FlashCopy function or another resembled function. These
operations are mandatory to avoid potential collisions of LVM component names
(PVID, volume group name, logical volume name, file system name).

# chdev -1 hdiskX -a pv=clear
# recreatevg -y newvg_name -L /newfs -Y newlv -hdiskX

In the previous example, hdiskX is the duplicated target physical volume name,
newvg_name is the newly assigned volume group name, and /newfs and newlv
are used for prefixes of the newly assigned file systems and logical volumes
contained in this volume group.

4.2.8 The mkvg command (5.1.0)

208

In AIX 5L Version 5.1, the mkvg command has been enhanced to automatically
determine the correct PP size when creating a new volume group. If no PP size
is specified (-s flag), the mkvg command attempts to figure out the correct PP size
based on the disks you are trying to put into a volume group.The following
examples show how to use the new enhancements.

In the first example, a 2.2 GB disk is used to create a new volume group named
ds9vg. The PP size for the new volume group should be at least 4 MB.

# mkvg -y ds9vg hdisk2
ds9vg

AIX 5L Differences Guide Version 5.2 Edition



The output of the 1svg command shows that the volume group was created with
a PP size of 4 MB:

# 1svg ds9vg

VOLUME GROUP: ds9vg VG IDENTIFIER:
000bc6td00004c00000000e524747a95

VG STATE: active PP SIZE: 4 megabyte(s)

VG PERMISSION: read/write TOTAL PPs: 537 (2148 megabytes)
MAX LVs: 256 FREE PPs: 537 (2148 megabytes)
LVs: 0 USED PPs: 0 (0 megabytes)
OPEN LVs: 0 QUORUM: 2

TOTAL PVs: 1 VG DESCRIPTORS: 2

STALE PVs: 0 STALE PPs: 0

ACTIVE PVs: 1 AUTO ON: yes

MAX PPs per PV: 1016 MAX PVs: 32

LTG size: 128 kilobyte(s) AUTO SYNC: no

HOT SPARE: no

For the second example, two 8 GB disks and one 2.2 GB disk are used to create
a new volume group. Here, the PP size must be 16 MB or greater:

# mkvg -y bigvg hdisk3 hdisk4 hdisk5
bigvg

To verify the size chosen, use the 1svg command and have a look at the PP size

field:

# 1svg bigvg

VOLUME GROUP: bigvg VG IDENTIFIER:
000bc6td00004c00000000e524858625

VG STATE: active PP SIZE: 16 megabyte(s)

VG PERMISSION: read/write TOTAL PPs: 1218 (19488 megabytes)
MAX LVs: 256 FREE PPs: 1218 (19488 megabytes)
LVs: 0 USED PPs: 0 (0 megabytes)

OPEN LVs: 0 QUORUM: 2

TOTAL PVs: 3 VG DESCRIPTORS: 3

STALE PVs: 0 STALE PPs: 0

ACTIVE PVs: 3 AUTO ON: yes

MAX PPs per PV: 1016 MAX PVs: 32

LTG size: 128 kilobyte(s) AUTO SYNC: no

HOT SPARE: no

4.2.9 Passive mirror write consistency check

AIX 5L introduces a new passive mirror write consistency check (MWCC)
algorithm for mirrored logical volumes. This option only applies to big volume
groups.
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Previous versions of AIX used a single MWCC algorithm, which is now called the
active MWCC algorithm to distinguish it from the new algorithm. With active
MWCC, records of the last 62 distinct logical transfer groups (LTG) written to disk
are kept in memory and also written to a separate checkpoint area on disk.
Because only new writes are tracked, if new MWCC tracking tables have to be
written out to the disk checkpoint area, the disk performance can degrade if there
are a lot of random write requests issued. The purpose of the MWCC is to
guarantee the consistency of the mirrored logical volumes in case of a crash.
After a system crash, the logical volume manager will use the LTG tables in the
MWCC copies on disk to make sure that all mirror copies are consistent.

The new passive MWCC algorithm does not use an LTG tracking table, but sets
a dirty bit for the mirrored logical volume as soon as the volume is opened for
writes. This bit gets cleared only if the volume is successfully synced and is
closed. In the case of a system crash, the entire mirrored logical volume will
undergo a background resynchronization spawned during varyon of the volume
group, because the dirty bit has not been cleared. Once the background
resynchronization completes, the dirty bit is cleared, but can be reset at any time
if the mirrored logical volume is opened. It should be noted that the mirrored
logical volume can be used immediately after system reboot, even though it is
undergoing background resynchronization.

The trade-off for the new passive MWCC algorithm compared to the default
active MWCC algorithm is better performance during normal system operations.
However, there is additional I/0O that may slow system performance during the
automatic background resynchronization that occurs during recovery after a
crash.

The 1s1v and chlv commands have been changed accordingly. Instead of
outputting just an off or on in the MIRROR WRITE CONSISTENCY field, the
value now reads on/ACTIVE or on/PASSIVE, as shown in the following example:

# T1slv 1v00

LOGICAL VOLUME: 1v00 VOLUME GROUP:  software

LV IDENTIFIER: 000bc6fd00004c00000000e1b374aba8.2 PERMISSION:
read/write

VG STATE: active/complete LV STATE: opened/syncd
TYPE: jfs WRITE VERIFY: of f

MAX LPs: 512 PP SIZE: 8 megabyte(s)
COPIES: 1 SCHED POLICY: parallel
LPs: 62 PPs: 62

STALE PPs: 0 BB POLICY: relocatable
INTER-POLICY: minimum RELOCATABLE: yes
INTRA-POLICY: middle UPPER BOUND: 32

MOUNT POINT: /software LABEL: /software

MIRROR WRITE CONSISTENCY: on/ACTIVE
EACH LP COPY ON A SEPARATE PV ?: yes
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The -w flag for the ch1v command now accepts either an a or y option to turn on
active mirror write consistency checking, or a p option to use the new passive
MWCC algorithm. The n option turns off mirror write consistency checking.

The passive MWCC function is supported on big VG format volume groups only.

4.2.10 Thread-safe liblvm.a

In AIX 5L, the libraries implementing query functions of the logical volume
manager (LVM) functions (liblvm.a) are now thread-safe. Because LVM
commands must be able to run even when the system is booting or being
installed, the LVM library cannot rely on the availability of the pthread support
library. Therefore, the internal architecture of the liblvm.a library ensures that the
library is thread safe.

The following libraries are now thread safe:
» lvm_querylv
» lvm_querypv
» lvm_queryvg

» lvm_queryvgs

4.2.11 Advanced RAID support (5.2.0)

Today’s storage subsystems have the ability to increase the size of a Logical
Unit (LUN) or a RAID array, and therefore the size of the corresponding physical
volume (PV) that AIX uses grows. With AIX 5L Version 5.2, this space can be
used by dynamically adding physical partitions (PP) to that hdisk.

To accommodate this new capability, a new flag is added to the chvg command:

chvg -g vgname

The chvg -g command will examine all the disks in the volume group to see if
they have grown in size. If any disks have grown in size it attempts to add
additional PPs to the PVs. If necessary, the proper t-factor is applied or the
volume group (VG) is converted to a big VG.

Typically, before a disk device is aware that it has grown in size it needs to be
opened and closed. This is done by a varyoff then varyon cycle. Note that all file
systems in the affected volume group need to be unmounted before the volume
group can be varied off.
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For example, to increase the size of a LUN in a FAStT 500 storage subsystem
and make AIX aware of this change, the following steps need to be performed:

1. Change the size of the LUN in the FAStT 500 storage subsystem.

2. Unmount all file systems in the affected volume group for every file system
using the following command:

umount /filesystem
3. Vary off the volume group, using the following command:
varyoffvg vgname
4. Vary on the volume group, using the following command:
varyonvg vgname
5. Mount all the file systems unmounted in step 2, using the following command:
mount /filesystem
6. Add the new PPs to the volume group using the following command:
chvg -g vgname
The growing of disks in the rootvg and in activated concurrent VGs is not

supported. The change of the chvg command is reflected in Web-based System
Manager.

4.2.12 Bad block configuration

212

Another feature in AIX 5L Version 5.2 is the new -b flag that is added to the chvg
command. It allows you to turn bad block relocation on or off. If enabled, the
logical volume manager (LVM) will relocate a block when it receives notification
from the device that the block is bad. Bad block relocation is enabled by default.
The syntax of the chvg command with the -b flag is as follows:

chvg -b {y/n} vgname

The chvg -b y command will turn on the bad block relocation policy of a volume
group.

The chvg -b n command turns off the bad block relocation policy of a volume
group.

Bad block relocation policy should be turned off for RAID devices and storage
subsystems unless the manufacturer tells you otherwise.
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4.2.13 Snapshot support for mirrored VGs (5.2.0)

Snapshot support for a mirrored volume group is provided to split a mirrored
copy of a fully mirrored volume group into a snapshot volume group. To split a
volume group, all logical volumes in the volume group must have a mirror copy
and the mirror must exist on a disk or set of disks that contains only this set of
mirrors. The original volume group will stop using the disks that are now part of
the snapshot volume group. New logical volumes and mount points will be
created in the snapshot VG.

Both volume groups will keep track of changes in physical partitions (PPs) within
the volume group so that when the snapshot volume group is rejoined with the
original volume group, consistent data is maintained across the rejoined mirror
copies.

Consistency is maintained in the following way: When a write is issued to a PP in
the original VG, the corresponding PP in the snapshot VG is marked stale. And
when a write is issued to a PP in the snapshot VG, this PP is marked stale in the
snapshot VG also. The rejoin process will merge the split stale PP lists into the
volume group. The stale partitions will then be resyncronized by a background
process. Therefore, the user will see the same data in the rejoined VG as was in
the original VG before the rejoin.

To split a mirrored VG, the following restrictions apply:

» There is no support with classic concurrent mode.

» There is support under enhanced concurrent mode, but the snapshot volume
group will not be made enhanced concurrent mode capable.

» The snapshot volume cannot be made concurrent capable or enhanced
concurrent capable.

» The only allowable chvg options on the snapshot volume group are chvg -a
-R -S -u.

» The only allowable chvg options on the original volume group are chvg -a -R
-S -u -h.

» Partition allocation changes will not be allowed on the snapshot VG.

» A volume group cannot be split if a disk is already missing.

» A volume group cannot be split if the last non-stale partition would be on the
shapshot volume group.

The command syntax to split a mirrored volume group into a snapshot volume
group is the following and the most commonly used flags are provided in
Table 4-6 on page 214:

splitvg [ -y SnapVGname ] [ -c Copy 1 [ -f ] [ -i ] VGname
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Table 4-6 The splitvg command flags

Flag Description

-y SnapVGname Specifies the name of the snapshot volume group to use
instead of system-generated name.

-c Copy Specifies which mirror to split. Valid values are 1, 2, or 3. The
default is the second copy.

-f Will force the split even if the mirror copy specified to create
the snapshot volume group has stale partitions.

-i Will split the mirror copy of a volume group into a
independent volume group that cannot be rejoined into the
original.

The command syntax to rejoin the snapshot volume group with the original
volume group is the following:

joinvg [ -f ] VGname
Specify the -f flag to force the join when disks in the snapshot volume group are

not active. The mirror copy on the inactive disks will be removed from the original
volume group.

In the following example, the file system /data is a file system in the volume
group datavg mirrored from hdisk2 to hdisk3. To split the mirror in the snapshot
volume group, run the snapvg command and take an online backup of the data,
then run the following command sequence:

1. splitvg -y snapvg datavg

The VG datavg is split and the VG snapvg is created. Furthermore, the mount
point /fs/data is created.

2. backup -f /dev/rmt0 /fs/data

An inode based backup of the unmounted file system /fs/data is created on
tape.

3. joinvg datavg

The snapshot VG snapvg is rejoined with the original VG datavg and synced
in the background.

4.2.14 Performance improvement of LVM commands (5.2.0)

The execution time of mkvg, extendvg, mklv, and extend1v have been improved
for all volume group types. The execution time of some common 1s1v and 1svg
options have been improved for all volume group types. The improvements are
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more significant for volume groups created with the -B (Big volume group) option
of mkvg.

4.2.15 Unaligned I/O support in LVM (5.2.0)

In AIX 5L Version 5.2, file systems and kernel extensions have no LVM
restrictions to contend with for size and alignment of 1/0 requests from the LVM
strategy routine. A file system or kernel extension can now issue a single large
I/O to the LVM strategy layer instead of breaking this I/O up into many individual
smaller I/Os. This now allows LVM to issue a single iodone to the layer above
LVM when the 1/O is complete. The enhanced journal file system (JFS2) and AlO
I/O requests currently take advantage of this feature.

4.2.16 Logical Volume serialization (5.2.0)

The serialization feature for logical volumes (LVs) serializes parallel 1/Os to the
same block of an application. Since this behavior is very rare for an application
and activated serialization may degrade performance, this feature should
generally be disabled.

If an application specifically requires logical volume serialization, it can be
activated on closed LVs in one of the following ways:

» Using the chlv -0 y 1vname command.

» Using the SMIT fast path smit chlv command.

» Using the Logical Volume properties panel of the Web-based System
Manager (see Figure 4-24 on page 216).

» Changing the attribute SERIALIZE_IO in the LV stanza image.data or
vgname.data file would only take affect when restoring from a backup of a
volume group containing the changed image.data or vgname.data file. It
would not affect the logical volume on the current volume group.
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[General | Policies [ Hot Spot Reporting [ Partitions [ Map [ Advanced |

Logical ¥olurme Manager serialization of 1/0 s needed when an application
might overlap 1/0s on the same block. This behavior is rare for an application.
Logical Wolume Manager serialization:
1. May degrade the performance of your system if it is enabled when it is not needed.
2. Should not be enabled unless your application specifically requires it
2. Should not be used in conjunction with a file system or database, since
they petform their own serialization.
4. Should be used if your application is known o issue Two oF More writes
on the same set of blocks at the same time, or itissues 3 read and 3
write at the same time on the same set of blocks.

[_] Logical volume serialization

(0] 4 | | Cancel | | Help

Figure 4-24 Logical volume serialization

4.2.17 The mklv and extendlv commands (5.1.0)

In AIX 5L Version 5.1, to create or extend a logical volume, you can now specify
blocks, KB, MB, and GB, rather than number of partitions. The mk1v and
extendlv commands automatically determine the minimum number of partitions
needed to fill the request.

Size units that can be used are as follows:

b,B For blocks (512 byte)
k,K For KB
m,M For MB
9,.G For GB

In the following example, a logical volume that contains at least one block (512
byte) is created. Since the PP size of the bigvg volume group is 16 MB, the size
of the new logical volume will be 16 MB.

# mklv -y block_Tv bigvg 1b
block_Tv
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# 1sTv block_Tv
LOGICAL VOLUME:
LV IDENTIFIER:
read/write

VG STATE:

TYPE:

MAX LPs:
COPIES:

LPs:

STALE PPs:
INTER-POLICY:
INTRA-POLICY:
MOUNT POINT:

block_1v VOLUME GROUP:  bigvg
000bc6d00004c00000000e524858625.1 PERMISSION:

active/complete LV STATE: closed/syncd
jfs WRITE VERIFY: of f

512 PP SIZE: 16 megabyte(s)
1 SCHED POLICY: parallel

1 PPs: 1

0 BB POLICY: relocatable
minimum RELOCATABLE: yes

middle UPPER BOUND: 32

N/A LABEL: None

MIRROR WRITE CONSISTENCY: on/ACTIVE
EACH LP COPY ON A SEPARATE PV ?: yes

The next example shows how to create a logical volume that is at least 20000 KB

in size:

# mklv -y kb_1v bigvg 20000k

kb_1v

# 1slv kb_1v
LOGICAL VOLUME:
LV IDENTIFIER:
read/write

VG STATE:
TYPE:

MAX LPs:
COPIES:

LPs:

STALE PPs:
INTER-POLICY:
INTRA-POLICY:
MOUNT POINT:

kb_1v VOLUME GROUP:  bigvg
000bc6d00004c00000000e524858625.3 PERMISSION:

active/complete LV STATE: closed/syncd
jfs WRITE VERIFY: of f

512 PP SIZE: 16 megabyte(s)
1 SCHED POLICY: parallel

2 PPs: 2

0 BB POLICY: relocatable
minimum RELOCATABLE: yes

middle UPPER BOUND: 32

N/A LABEL: None

MIRROR WRITE CONSISTENCY: on/ACTIVE
EACH LP COPY ON A SEPARATE PV ?: yes

In the following example, an existing logical volume is extended by 50 MB:

# 1sTv mb_lv
LOGICAL VOLUME:
LV IDENTIFIER:
read/write

VG STATE:

TYPE:

MAX LPs:
COPIES:

LPs:

mb_1v VOLUME GROUP:  bigvg
000bc6d00004c00000000e524858625.4 PERMISSION:

active/complete LV STATE: closed/syncd
jfs WRITE VERIFY: of f

512 PP SIZE: 16 megabyte(s)
1 SCHED POLICY: parallel

309 PPs: 309
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STALE PPs: 0 BB POLICY: relocatable

INTER-POLICY: minimum RELOCATABLE: yes
INTRA-POLICY: middle UPPER BOUND: 32
MOUNT POINT: N/A LABEL: None

MIRROR WRITE CONSISTENCY: on/ACTIVE
EACH LP COPY ON A SEPARATE PV ?: yes

# 1svg -1 bigvg

bigvg:
LV NAME TYPE LPs PPs PVs LV STATE MOUNT POINT
mb_1v jfs 309 309 1 closed/syncd N/A

The mb_lv logical volume in the next example is extended by 50 MB. Since a PP
has 16 MB in size, the extended LV should at least have four more PPs.

# extendlv mb_Tv 50M

# 1svg -1 bigvg

bigvg:

LV NAME TYPE LPs PPs PVs LV STATE MOUNT POINT
block_1v jfs 1 1 1 closed/syncd N/A

k_Tv jfs 1 1 1 closed/syncd N/A

kb_Tv jfs 2 2 1 closed/syncd N/A

mb_Tv jfs 313 313 1 closed/syncd N/A

#

4.3 JFS enhancements

The following are enhancements that affect the JFS.

4.3.1 The root file system ownership (5.1.0)

In previous versions of AlX, the root file system (/) was owned by bin.bin. In AIX
5L Version 5.1, that ownership has changed to root.system to avoid the root
user’s dead letter from writing to the root file system.

4.3.2 Directory name lookup cache (5.2.0)

Version 5.2 unifies the directory name lookup cache for LFS, JFS, and JFS2.
This cache will now support long file names.

Directory name lookup cache (DNLC) looks up the inode of a file when given the
parent directory pointer, its file system, and file name. Version 5.2 replaces the
multiple implementations of DNLC for LFS, JFS, and JFS2 with one
implementation. Support for long file names, up to 255 characters, is also
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provided. Version 5.2 still makes the old LFS cache available as it is an exported
interface.

The long file name pointer references to memory have changed. There are a
number of reasons why the memory allocation has changed:

» To enable the memory requirement to change dynamically.
» File systems not using long file names will not take up any extra space.
» To avoid memory fragmentation.

» The file system will not continually grow as long as space is freed when short
file names are used.

4.3.3 The .indirect for JFS (5.1.0)

When a file is opened, an in-core inode is created by the operating system. The
in-core inode contains a copy of all the fields defined in the disk inode, plus
additional fields for tracking the in-core inode.

The JFS caches in-core inodes very aggressively. Once an in-core inode has
been bound to a virtual memory object, the indirect pages required to access all
of the file's indirect blocks are allocated. These indirect pages are not freed up
until the inode is pushed out of cache, the file system is unmounted, or the file is
deleted or truncated.

Failures due to .indirect exhaustion are increasing. The typical scenario is that
the customer is copying a large number of large files to a large file system.
Because the JFS caches the inode for each new target file, .indirect can fill up
fairly quickly and writes will start failing with the errno of ENOMEM.

In the previous versions of AlX, the default behavior of the .indirect is to use a
single segment, and the segment is used by the JFS to map in .indirect blocks.
For AIX 5L Version 5.1, the default behavior is to use multiple segments. In all
cases, the user is able to specify, using a mount option, whether or not multiple
segments are used, thus having the ability to override the default.

Additional file system-specific options for the mount command are as follows:

-0 Options mindSpecifies the use of multiple segment default for AIX
nomindSpecifies the use of single segment

Note: This enhancement is for JFS only. JES2 has a different design.
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4.3.4 Complex inode lock (5.1.0)

In AIX 5L Version 5.1, a complex inode lock has been added to allow multiple
simultaneous readers and exclusive writers. The inode locks have been changed
to reduce contention on multiuser workloads. The inode lock macros are shown
below:

>

IWRITE_LOCK()

The INODE_LOCK() macro from previous versions of AlX has been renamed
IWRITE_LOCK() in AIX 5L Version 5.1 and its function has changed to
acquire the complex lock i_rwlock in write mode.

IREAD_LOCK()

This is the new macro added to acquire the complex lock i_rwlock in read
mode.

INODE_UNLOCK()

The INODE_UNLOCK() macro of previous versions of AIX has been changed
to release the complex lock i_rwlock.

ISIMPLE_LOCK()

A new inode lock macro called ISIMPLE_LOCK() has been added and its
function is to acquire the simple lock i_nodelock.

ISIMPLE_UNLOCK