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1.1 Introduction

Congratulations on your decision to upgrade to PBS Professional, the
trusted solution for workload management. This document will assist in
migrating to PBS Professional from OpenPBS. The OpenPBS product was
previously released under the following names:

NASA PBS

MRJ OpenPBS
Veridian OpenPBS
Altair OpenPBS

This document applies to upgrading from all previous versions of Open-
PBS.

With over five years of enhancements and bug fixes since the last release of
OpenPBS, the new PBS Professional workload management system is
quite a bit different. While all these features generate the various reasons
why you are upgrading today, they necessitate a more complicated migra-
tion process from the older versions. (For comparison, most PBS Profes-
sional upgrades involve three steps: shutdown PBS Professional; run new
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INSTALL command; restart PBS Professional. Once you have migrated to
PBS Professional, you will be able to use this simpler approach for future
upgrades.)

1.2 Preparing to Upgrade to PBS
Professional

There are two methods that you may choose between to upgrade to PBS
Professional: a clean install or a migration upgrade. 1f you do not wish to
save any jobs, queues, or configuration information, you can do a clean
install. This involves completely removing the old version of PBS, and
doing a clean installation of PBS Professional. This is the simplest
approach, but may not be appropriate in your environment. Alternatively,
you can preform a migration upgrade, which will allow you to preserve all
queued jobs and current Server configuration.

1.3 Clean Installation of PBS
Professional

Use the following procedures in order to do a clean installation of PBS Pro-
fessional.

For each PBS Server you have running:
1. Shut down all PBS daemons on all nodes managed by this PBS Server.

2. Shut down all PBS daemons on the server node (head node) for this
Server.

3. Uninstall PBS on all systems (including client hosts, if any)

4.Remove any left-over files and directories (such as Zusr/local/
PBS, Zusr/spool/PBS, /usr/pbs, etc.)

5.Remove any 1nittab entries for PBS (and any PBS startup scripts in
/etc/init.d/ if used).
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At this point, you should follow the normal installation procedures for PBS
Professional. For details, see:

PBS Professional Quick Start Guide
PBS Professional Installation & Upgrade Guide

1.4 Migration Upgrade to PBS
Professional

These procedures must be run as root. The gmgr and gmove commands
which follow need to be run by a user who is a PBS Administrator—typi-
cally this is going to be "root" unless you have removed root’s PBS Admin-
istrator privilege.

1. Save a copy of the Server and nodes configuration to files, as this infor-
mation will be necessary later on in the migration process. You should,
as a precaution, check that these saved files really exist and appear to
be correct in so far as size is concerned.

# cd /tmp
# gngr -c “print server” > server.out
# gngr -c “print node @default” > nodes.out

2. Next, disable the queues by setting each queue's "enabled" attribute to
false, and stop any further scheduling requests to the Scheduler by set-
ting the Server's "scheduling" attribute to false. This will prevent any
new jobs from being accepted or started by PBS.
# qmgr -c “set server scheduling = false”

# gqmgr -c “set queue queuename enabled = false”

(repeat above command for each queue)
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IMPORTANT:

All running jobs must be either complete or be terminated
and requeued prior to continuing with the Migration
Upgrade.

3. Shutdown PBS on all nodes and terminate the Scheduler. Then shut-
down the Server using the qterm command.

4. Backup the Server’s jobs directory, PBS_HOME/server_priv/
Jobs. Backup of the Server's jobs directory is only precautionary, but
an extremely prudent step in the event of operator or other error.

# cd PBS HOME/server_priv
# tar -cf /tmp/pbs_jobs_save.tar jobs

5. While OpenPBS does not include a system startup script (e.g. the
equivalent of /etc/init.d/pbs), many sites create such a script. If
such a start-up script exists, it should be moved aside (or removed com-
pletely) so as not to conflict with the PBS Professional version. For
example:

# mv /etc/init.d/pbs /etc/init.d/openpbs

Likewise, PBS Professional uses a system-wide configuration file
(/etc/pbs.conf). While this file is not included in OpenPBS,
many sites have created such a file often under the same name. If this
file exists under the name expected by PBS Professional, then move it
aside, or remove it completely. For example:

# mv /etc/pbs.conf /etc/openpbs.conf

6. Install the new version of pbs_mom on each execution-only nodes (by
selecting option #2 of the PBS Professional INSTALL program). At the
end of each installation, do not opt for restarting the MOM at this time,
wait until all jobs have been successfully moved over to the new
Server.

IMPORTANT:

If you only wish to preserve existing configuration informa-
tion, and do not have any jobs that must be migrated to PBS
Professional, you can safely skip Steps 7 through 10, and
Step 15.

7.0n the Server node, move the existing PBS _HOME and execution hier-
archies (PBS_EXEC) to a temporary location. For example, if
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PBS_HOME is /var/spool/PBS and PBS_EXEC is Zusr/pbs,
then type the following:
# mv /var/spool/PBS /var/spool/PBS.old
# mv /usr/pbs /usr/pbs.old

8. There is a bug in OpenPBS that causes the directory tree security check
to override the “-d alternate directory” option. Therefore we need to
make a temporary symbolic link from the old PBS_HOME to the new,

just until the Server preforms its security check. Continuing the exam-
ple given in Step 7 above, you would type:

# 1In -s /var/spool/PBS.old /var/spool/PBS

9. Next start the OpenPBS Server on different ports and direct it to take
for the location of its database the location that you specified in Step 7.

# /usr/pbs.old/sbin/pbs_server -p 13001 -M 13002 \ -R
13003 -S 13004 -d /var/spool/PBS.old

10.0Once the OpenPBS Server has started, delete the link created in Step 8
above:

# rm /var/spool/PBS

11.Install PBS Professional on the Server host using the INSTALL pro-
gram; do not start PBS on that host. (Be sure to select directory loca-
tions different from the relocated OpenPBS directories.

12.Start the PBS Professional Server in a way that it receives an empty
configuration. Do this as follows, substituting the correct values for
PBS_HOME and PBS_EXEC (corresponding to what you specified to
the INSTALL program):
# rm PBS HOME/server_priv/nodes
# PBS EXEC/sbin/pbs_server -t create

This command will prompt with a question "Create mode and Server
database?" which should be answered with a "yes".

13.Now give to the PBS Professional Server instance a duplicate of the
queues and Server parameters that got saved in Step 1 (this assumes
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you want the PBS Professional Server instance to have the same con-
figuration as the old OpenPBS instance).

# qmgr < /tmp/server.out

14.The saved nodes list (from Step 1 above) must be edited in order for it
to be read by PBS Professional. Edit the file, and remove the leading
comment symbol (“#”) from the #Ccreate node. . . lines. Then
read the file into qmgr as shown.

# gqmgr < /tmp/nodes.out

15.Now list the jobs at the OpenPBS Server and move the jobs one at a
time from the OpenPBS Server to the PBS Professional Server. Note
that the standard port number of the PBS Professional Server (15001)
needs to be part of the destination queue specification. The commands
need to be run out of the OpenPBS directory, which will be in Zusr/
pbs.old/bin (unless you specified otherwise in step 7). Call this
location Zoldpath/. This first step in the sequence is here to catch
the special case where your Server's host happens to be also running a
pbs_mom. The command will present a message about "no such node"
if the host is not in the Server's nodes set. This is not a problem.

# /oldpath/gmgr -c "d n serverhost" serverhost:13001

If the message "Cannot delete busy object" occurs, rerun the command
again, after you use grerun or gdel to remove job(s) currently using
the node.

# genable workq queuel queue2 ...
# /oldpath/qstat @host:13001
# /oldpath/qmove queue@host:15001 job_ idl@host:13001
# /oldpath/qmove queue@host:15001 job_ id2@host:13001
# /oldpath/qmove queue@host:15001 job_ idN@host:13001
# gstat
16.All of the jobs should now be under control of the PBS Professional
Server and located in the new Server’s home. The old OpenPBS Server

can now be shut down and the PBS Professional MOMs (pbs_mom)
started.

At this point, you should proceed with further configuration as described in
the PBS Professional Administrator’s Guide.
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Chapter 1

1.5 Deprecated Scheduler Configuration
Parameters

The table below shows which Scheduling parameters have been depre-
cated, and the new method of achieving the former functionality.

Table 1-1: Deprecated Scheduler Configuration Parameters

Deprecated
Parameter

PBS Professional Alternative

cpus_per_ssinode

See “Scheduler Support for SGI IRIX cpusets” in
the PBS Professional Administrator’s Guide

load balancing_rr

To duplicate this setting, enable
load_balancing and set
smp_cluster_distto round_robin

mem_per_ssinode

See “Scheduler Support for SGI IRIX cpusets” in
the PBS Professional Administrator’s Guide

key

Use Job_sort_key

preempt_checkpoint

Use preempt_order

preempt_fairshare

Use preempt_prio

preempt requeue

Add an “R” to preempt_order parameter

preempt_starving

Add "starving_jobs" preempt_prio parame-
ter

preempt_suspend

Add an “S” to preempt_order parameter

sort_by

Use Job_sort_key

assign_ssinodes

Such configuration now occurs automatically
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1.6 Internal Changes That May Affect
Users

The following differences between OpenPBS and PBS Professional may
cause difficulties for users and administrators: The reader is advised to
review these to determine if they apply to the local site. Most sites tend not
to be affected by these changes. Those that are can easily adapt to the new
method/feature available under PBS Professional.

* One noticeable difference between OpenPBS and PBS Professional is
that the PBS Professional accounting records enclose the Account
string (specified by the user) in double-quotes. This allows the Account
string to consist of more than a single word. This change may affect
locally developed accounting tools.

*  When a job is deleted in OpenPBS, there is an entry in the Server’s
accounting logfile (“D”) that specifies the job was deleted. In PBS Pro-
fessional, this record is written to the Server’s logfile in every case, but
to the Accounting logfile only when the delete request is for a non-run-
ning job.

* In PBS Professional, the exec_host string (visible via qstat)

appends to the execution hostname a *“/”” followed by the logical CPU
number. OpenPBS has only the execution hostname.

1.7 New Features of PBS Professional

This section is provided to quickly give you an overview of some of the
important new features in PBS Professional, compared to OpenPBS.
Descriptions and usage instructions for the following features are provided
in either the PBS Professional Administrator’s Guide or the PBS Profes-
sional User’s Guide.
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1.8 Fault Tolerance in PBS Professional

1.8.1  Server Redundancy and Failover

The PBS Professional Server can be deployed in an active/passive manner.
The passive (back-up) Server monitors the health of the active PBS Profes-
sional Server and can automatically assume its role in the event of a failure
of the active Server or associated hardware host. Such switching from pas-
sive to active occurs without interruption to users or jobs (running or
queued). See also "Configuring PBS Redundancy" in the PBS Profes-
sional Administrator’s Guide.

1.8.2 Automatic Job Recovery

"Automatic Job Recovery" provides the ability for any job which has been
interrupted due to a failure in the infrastructure (hardware, software, or net-
work failure) to automatically be requeued and re-scheduled without man-
ual intervention. For details see the Server parameter
"node_fTail_requeue".

1.8.3 Requeue or Delete Jobs Running on
Dead Nodes

Jobs which are running on a node that has crashed or is unreachable may be
deleted or requeued via the qdel and grerun commands. To be sure the
user means that this action should take place, the "-W Force" option
must be specified on the command.

1.8.4 Restarting MOM

On starting up, pbs_mom will send a Restart notice to the Server declared
by $cl1enthost directives in the config file. Thus the Server will not
have to wait for the next ping cycle, 5 minutes, to detect that a MOM is up.
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1.9 Usability Features of PBS
Professional

1.9.1 Desktop Cycle Harvesting

An advanced feature in PBS Professional is "cycle harvesting" from user
desktop workstations. If a system is configured for cycle harvesting, it
becomes available for batch usage by PBS if its keyboard and mouse
remain unused or idle for a certain period of time. The workstation will be
shown in state "free" when the status of the node is queried. If the keyboard
or mouse 18 used, the workstation becomes unavailable for batch work and
PBS will suspend any running jobs on that workstation and not attempt to
schedule any additional work on that workstation. The workstation will be
shown in state "busy", and any suspended jobs will be shown in state "U",
anew state. Cycle-harvesting support includes multi-node and MPI jobs, as
well as systems running the X11 Windowing System.

1.9.2 Floating Licenses

PBS can be enabled with floating licenses with which you may have more
CPUs configured online than the number of CPUs licensed. Nodes become
licensed as needed to run jobs up to the number of floating licenses. The
licenses are released from a node when no jobs remain running on the
node.
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1.10 Configuration and Administration
Features

1.10.1 Site-Specific Job Termination Action

"Site-Specific Job Termination Action" allows a site to specify a script (or
program) to be run by pbs_mom in place of the normal SIGTERM/
SIGKILL action when MOM is terminating a job (due to the job exceed-
ing a limit or when the job is deleted by the Server on shutdown or because
of a qdel command). See also the MOM "$action terminate"
parameter.

1.10.2  Site-Specific Job Checkpoint-Restart

"Site-Specific Job Checkpoint-Restart" allows an Administrator to replace
the built-in checkpoint facilities of PBS Professional with a site-defined
external command. This is most useful on computer systems that do not
have OS-level checkpointing. This feature is implemented by setting five
MOM configuration parameters. See also "Site-specific Job Checkpoint /
Restart" in the PBS Professional Administrator’s Guide.

1.10.3  /etc/pbs.conf file for Runtime
Configuration

Placement of PBS-related files is specified in the /etc/pbs.conf file.
This allows the installation of the binary files and PBS directories wher-
ever the site wishes. This file can be relocated, if needed. PBS will check
for the environment variable PBS_CONF_F I LE for the location of the
PBS configuration file. For the GUTISs, this can be set via the X resource,
*defConfFile.
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1.10.4 Sites can add resources without
recompiling PBS

It is possible for the Administrator to define, at run-time, new resources
within PBS. Once created, jobs may request these new resources and the
Standard Scheduler can be directed to consider the new resources in the
scheduling policy.

1.10.5 Nodes Associated with Queue

Nodes may be associated with a queue. A queue can have one node or mul-
tiple nodes associated with it. Jobs residing in the queue execute only on
the node or nodes associated with the queue. Jobs that are not in the queue
cannot execute on these nodes. Each node can only be associated with a
single queue, or not associated with any queue.

1.10.6 Node Attributes and Resources

Many new attributes have been added to nodes.

1.10.7  New Qterm Options to Shut Down
Mom and Scheduler

The gterm command has been enhanced with two new options. In addi-
tion to shutting down the Server process (pbs_server ), the Scheduler and
all the MOMs can also be shutdown using options to the qterm command.

1.10.8 Advance Reservation for Resources

The advance resources reservation capability (pbs_rsub, pbs_rdel,
pbs_rstat) is provides capabilities for accounting, access control,
advance resource reservation for an individual job, and the optional return
of identification and status (resevation_ID, confirmed/denied) upon sub-
mission of the pbs_ rsub command.
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1.10.9  Suspend/Resume on Multi-node Jobs

The PBS suspend/resume and checkpoint/restart capabilities support both
single- and multi-node jobs. With checkpoint of multi-node jobs, the sys-
tem must be able to save the complete session state in a file. This means
any open socket will cause the operation to fail. PBS normally sets up a
socket connection to a process (Pbs_demux) which collects stdio streams
from all tasks. If this is not turned off, the checkpoint cannot work. There-
fore, a new job attribute has been added: no_stdio_sockets. Sce the
pbs_job_attributes man page for more details.

1.10.10 New run limit

There are now "per user" resource run limits. Before an Administrator
could limit the number of jobs a user can run. Now they can limit the
amount of resources users can use. The new queue and Server attribute is
called max_user_res. You assign it in qmgr. This limit can be both
hard and soft.

1.10.11 New Per-resource Group Limit

A new per-resource group limit (hard and soft) for jobs has been added. For
details see the new Server parameter "max_group_res".

1.10.12 Enhanced Job Accounting and
Reporting Package

The job accounting capabilities of PBS Professional have been enhanced
through the addition of a new job statistics reporting tool, pbs-report.

PBS Professional 10.4 Migration Guide 13



1.10.13 Server - User Password Checking

Earlier versions of PBS required that the Owner of a job submitted to a
PBS Server have a valid password file entry on the host running the Server.
This requirement can be eliminated under certain conditions. See the
Administrator’s Guide for details.

1.10.14 Simplified User Authorization for Sites
with Common User Name Space

For sites where all users' login names and UIDs are the same on all hosts
within the PBS cluster and on all hosts from which the users may submit
jobs to the PBS cluster, a new pbs_server attribute provides for skip-
ping part of the user authorization. If the attribute "Flatuid" is set true,
the Server will accept for execution any job that will run on behalf of the
name / UID under which it was submitted.

1.10.15 Job "mem" limit enforcement

Enforcement of the "mem" (physical memory) resource usage is now avail-
able on all platforms. Enforcement is configurable by a entry in MOM's
config file.

1.10.16 Enforcement of ncpus

Enforcement of the "ncpus" (number of CPUs used) is now available on all
platforms. Enforcement is configurable by a set of entries in MOM's config

file.
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1.10.17 Logging via Syslog

Historically each PBS daemon logged various levels of information about
events in its own log file. While having the advantage of a concise location,
the disadvantage is that in a cluster the logged information is scattered
across many execution hosts. If your site uses the "syslog" subsystem,
PBS may now be configured to make full use of it.

1.10.18 Job Exit Status Passed to Prologue

Job exit status is now passed to the epilogue. See also "Prologue and Epi-
logue Arguments" in the Administrator’s Guide.

1.10.19 pbsnodes Command Changes

Changes have been made to the pbsnodes (1) command to make it safer
for the Administrator and more friendly for the user. The —d option is now
required to make the listed nodes down and clear "down" from the
unlisted nodes. This will require a change to any scripts that use this feature
of the command.

1.10.20 New "pbs_probe'" Command

A new administrator command "pbs_probe" has been added to print
post-installation diagnostic information. For details of use, see
"pbs_probe" manual page or the Administrator’s Guide.
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1.11 Scheduler Features In PBS
Professional

1.11.1 Network Topography Scheduling

"Network Topography Scheduling" facilitates the ability to group computa-
tion nodes to match the network topology. This information can then be uti-
lized to make scheduling decisions, such as ensuring that large MPI jobs
are scheduled to run on nodes within the same network switch. All the
nodes selected for a job should be on one high speed switches, but which
switch doesn't matter. For details, see the new Server parameter
"node_group_key".

1.11.2  Preemptive Job Scheduling

There is now the ability to preempt currently running jobs in order to run
higher priority work. If a high priority job can not run right away, the
Scheduler looks for jobs to preempt, in order to run the higher priority job.
A job can be preempted in several ways. The scheduler can suspend the
job, checkpoint the job (if supported by the underlying operating system),
or requeue the job. Jobs which are preempting are not preemptable, nor are
jobs utilizing advance reservations. This feature includes multiple preemp-
tion levels, as well as the ability to set the order in which the Scheduler will
attempt to preempt a job.

1.11.3  Fairshare Job Scheduling

PBS Professional provides full, hierarchal fairshare scheduling. In addi-
tion, the Administrator can set which PBS resource is collected for fair-
share usage (see the Scheduler parameter: Fairshare_usage_res), as
well as what the fairshare "entity" is, which can be any PBS job attribute
(i.e. euser, egroup, account etc). For details see the Scheduler parameter:
fairshare_entity
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1.12 Computational Grid Features

1.12.1  New Peer Scheduling Capability

PBS Professional provides the ability to dynamically distribute workload
across geographically separated areas, and have the jobs run according to
local policy. Customers define the "peer" systems or clusters with which
they wish to share jobs, and the PBS Scheduler will pull work from those
peer systems and run the jobs locally, according to local policy.

1.12.2  Bi-directional Support for Globus V.2

The PBS Professional provides bi-directional support for the Globus Grid
Toolkit.

1.12.3  Support for GridFTP via X.509

PBS Professional supports the GridFTP file transfer program using X.509
certificates.

1.13 SGI-Specific Features of PBS
Professional

1.13.1  Support for SGI Altix "cpusets"

SGI Altix "cpusets" are supported. See the Administrator’s Guide for
caveats and details.
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1.14 User-Specific Features of PBS
Professional

1.14.1  Support for OpenMP Jobs

To provide support for OpenMP jobs, the environment variable
OMP_NUM_THREADS is created for the job, with a value of the number of
CPUs allocated to the job. The environment variable NCPUS is also set to
this value.

1.14.2  New Node Specifications

There are a number of new features and capabilities associated with
requesting nodes and controlling where jobs are run. See the PBS Profes-
sional User’s Guide for details.

1.143 TMPDIR

Each job will have a scratch directory created when it is run. The environ-
ment variable TMPD IR will contain the name of the directory. It will be
removed when the job terminates.

1.144  New resource specification language

PBS now supports the ability to request resources and select characteristics
of a node on which to run jobs. It is called a resc_spec, and uses a C-
like expression language.
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1.14.5  Blocking Qsub

New "Blocking gsub" functionality, causes qsub to wait for job comple-
tion before returning. This is useful for batch processing of large software
compilations, etc. For details, see the qsub section of the PBS Professional
User’s Guide.
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Appendix A: License
Agreement

CAUTION!

PRIOR TO INSTALLATION OR USE OF THE SOFTWARE YOU
MUST CONSENT TO THE FOLLOWING SOFTWARE LICENSE
TERMS AND CONDITIONS BY CLICKING THE “I ACCEPT” BUT-
TON BELOW. YOUR ACCEPTANCE CREATES A BINDING LEGAL
AGREEMENT BETWEEN YOU AND ALTAIR. IF YOU DO NOT
HAVE THE AUTHORITY TO BIND YOUR ORGANIZATION TO
THESE TERMS AND CONDITIONS, YOU MUST CLICK “I DO NOT
ACCEPT” AND THEN HAVE AN AUTHORIZED PARTY IN THE
ORGANIZATION THAT YOU REPRESENT ACCEPT THESE TERMS.

IF YOU, OR THE ORGANIZATION THAT YOU REPRESENT, HAS A
MASTER SOFTWARE LICENSE AGREEMENT (“MASTER SLA”) ON
FILE AT THE CORPORATE HEADQUARTERS OF ALTAIR ENGI-

PBS Professional 10.4 Migration Guide 21



NEERING, INC. (“ALTAIR”), THE MASTER SLA TAKES PRECE-
DENCE OVER THESE TERMS AND SHALL GOVERN YOUR USE OF
THE SOFTWARE.

MODIFICATION(S) OF THESE SOFTWARE LICENSE TERMS IS
EXPRESSLY PROHIBITED. ANY ATTEMTED MODIFICATION(S)
WILL BE NONBINDING AND OF NO FORCE OR EFFECT UNLESS
EXPRESSLY AGREED TO IN WRITING BY AN AUTHORIZED COR-
PORATE OFFICER OF ALTAIR. ANY DISPUTE RELATING TO THE
VALIDITY OF AN ALLEGED MODIFICATION SHALL BE DETER-
MINED IN ALTAIR’S SOLE DISCRETION.

Altair Engineering, Inc. - Software License Agreement

THIS SOFTWARE LICENSE AGREEMENT, including any Additional
Terms (together with the “Agreement”), shall be effective as of the date of
YOUR acceptance of these software license terms and conditions (the
“Effective Date”) and is between ALTAIR ENGINEERING, INC., 1820 E.
Big Beaver Road, Troy, MI 48083-2031, USA, a Michigan corporation
(“Altair”), and YOU, or the organization on whose behalf you have author-
ity to accept these terms (the “Licensee™). Altair and Licensee, intending
to be legally bound, hereby agree as follows:

1. DEFINITIONS. In addition to terms defined elsewhere in this
Agreement, the following terms shall have the meanings defined below for
purposes of this Agreement:

Additional Terms. Additional Terms are those terms and conditions which
are determined by an Altair Subsidiary to meet local market conditions.

Documentation. Documentation provided by Altair or its resellers on any
media for use with the Products.

Execute. To load Software into a computer's RAM or other primary mem-
ory for execution by the computer.

Global Zone: Software is licensed based on three Global Zones: the Amer-
icas, Europe and Asia-Pacific. When Licensee has Licensed Workstations
located in multiple Global Zones, which are connected to a single License
(Network) Server, a premium is applied to the standard Software License
pricing for a single Global Zone.
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ISV/Independent Software Vendor. A software company providing its
products, (“ISV Software”) to Altair's Licensees through the Altair License
Management System using Altair License Units.

License Log File. A computer file providing usage information on the
Software as gathered by the Software.

License Management System. The license management system (LMS)
that accompanies the Software and limits its use in accordance with this
Agreement, and which includes a License Log File.

License (Network) Server. A network file server that Licensee owns or
leases located on Licensee's premises and identified by machine serial
number and/or HostID on the Order Form.

License Units. A parameter used by the LMS to determine usage of the
Software permitted under this Agreement at any one time.

Licensed Workstations. Single-user computers located in the same Glo-
bal Zone(s) that Licensee owns or leases that are connected to the License
(Network) Server via local area network or Licensee's private wide-area
network.

Maintenance Release. Any release of the Products made generally avail-
able by Altair to its Licensees with annual leases, or those with perpetual
licenses who have an active maintenance agreement in effect, that corrects
programming errors or makes other minor changes to the Software. The
fees for maintenance and support services are included in the annual
license fee but perpetual licenses require a separate fee.

Order Form. Altair's standard form in either hard copy or electronic for-
mat that contains the specific parameters (such as identifying Licensee's
contracting office, License Fees, Software, Support, and License (Net-
work) Servers) of the transaction governed by this Agreement.

Products. Products include Altair Software, ISV Software, and/or Suppli-
ers' software; and Documentation related to all of the forgoing.

Proprietary Rights Notices. Patent, copyright, trademark or other propri-
etary rights notices applied to the Products, packaging or media.

Software. The Altair software identified in the Order Form and any
Updates or Maintenance Releases.
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Subsidiary. Subsidiary means any partnership, joint venture, corporation
or other form of enterprise in which a party possesses, directly or indi-
rectly, an ownership interest of fifty percent (50%) or greater, or manage-
rial or operational control.

Suppliers. Any person, corporation or other legal entity which may pro-
vide software or documents which are included in the Software.

Support. The maintenance and support services provided by Altair pursu-
ant to this Agreement.

Templates. Human readable ASCII files containing machine-interpretable
commands for use with the Software.

Term. The term of licenses granted under this Agreement. Annual
licenses shall have a 12-month term of use unless stated otherwise on the
Order Form. Perpetual licenses shall have a term of twenty-five years.
Maintenance agreements for perpetual licenses have a 12-month term.

Update. A new version of the Products made generally available by Altair
to its Licensees that includes additional features or functionalities but is
substantially the same computer code as the existing Products.

2. LICENSE GRANT. Subject to the terms and conditions set forth
in this Agreement, Altair hereby grants Licensee, and Licensee hereby
accepts, a limited, non-exclusive, non-transferable license to: a) install the
Products on the License (Network) Server(s) identified on the Order Form
for use only at the sites identified on the Order Form; b) execute the Prod-
ucts on Licensed Workstations in accordance with the LMS for use solely
by Licensee's employees, or its onsite Contractors who have agreed to be
bound by the terms of this Agreement, for Licensee's internal business use
on Licensed Workstations within the Global Zone(s) as identified on the
Order Form and for the term identified on the Order Form; ¢) make backup
copies of the Products, provided that Altair's and its Suppliers' and ISV's
Proprietary Rights Notices are reproduced on each such backup copy; d)
freely modify and use Templates, and create interfaces to Licensee's propri-
etary software for internal use only using APIs provided that such modifi-
cations shall not be subject to Altair's warranties, indemnities, support or
other Altair obligations under this Agreement; and e) copy and distribute
Documentation inside Licensee's organization exclusively for use by Lic-
ensee's employees and its onsite Contractors who have agreed to be bound
by the terms of this Agreement. A copy of the License Log File shall be
made available to Altair automatically on no less than a monthly basis. In
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the event that Licensee uses a third party vendor for information technol-
ogy (IT) support, the IT company shall be permitted to access the Software
only upon its agreement to abide by the terms of this Agreement. Licensee
shall indemnify, defend and hold harmless Altair for the actions of its IT
vendor(s).

3. RESTRICTIONS ON USE. Notwithstanding the foregoing
license grant, Licensee shall not do (or allow others to do) any of the fol-
lowing: a) install, use, copy, modify, merge, or transfer copies of the Prod-
ucts, except as expressly authorized in this Agreement; b) use any back-up
copies of the Products for any purpose other than to replace the original
copy provided by Altair in the event it is destroyed or damaged; c¢) disas-
semble, decompile or “unlock”, reverse translate, reverse engineer, or in
any manner decode the Software or ISV Software for any reason; d) subli-
cense, sell, lend, assign, rent, distribute, publicly display or publicly per-
form the Products or Licensee's rights under this Agreement; ¢) allow use
outside the Global Zone(s) or User Sites identified on the Order Form; f)
allow third parties to access or use the Products such as through a service
bureau, wide area network, Internet location or time-sharing arrangement
except as expressly provided in Section 2(b); g) remove any Proprietary
Rights Notices from the Products; h) disable or circumvent the LMS pro-
vided with the Products; or (i) link any software developed, tested or sup-
ported by Licensee or third parties to the Products (except for Licensee's
own proprietary software solely for Licensee's internal use).

4. OWNERSHIP AND CONFIDENTIALITY. Licensee acknowl-
edges that all applicable rights in patents, copyrights, trademarks, service
marks, and trade secrets embodied in the Products are owned by Altair and/
or its Suppliers or ISVs. Licensee further acknowledges that the Products,
and all copies thereof, are and shall remain the sole and exclusive property
of Altair and/or its Suppliers and ISVs. This Agreement is a license and not
a sale of the Products. Altair retains all rights in the Products not expressly
granted to Licensee herein. Licensee acknowledges that the Products are
confidential and constitute valuable assets and trade secrets of Altair and/or
its Suppliers and ISVs. Licensee agrees to take the same precautions nec-
essary to protect and maintain the confidentiality of the Products as it does
to protect its own information of a confidential nature but in any event, no
less than a reasonable degree of care, and shall not disclose or make them
available to any person or entity except as expressly provided in this
Agreement. Licensee shall promptly notify Altair in the event any unau-
thorized person obtains access to the Products. If Licensee is required by
any governmental authority or court of law to disclose Altair's or its ISV's
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or its Suppliers' confidential information, then Licensee shall immediately
notify Altair before making such disclosure so that Altair may seek a pro-
tective order or other appropriate relief. Licensee's obligations set forth in
Section 3 and Section 4 of this Agreement shall survive termination of this
Agreement for any reason. Altair's Suppliers and ISVs, as third party bene-
ficiaries, shall be entitled to enforce the terms of this Agreement directly
against Licensee as necessary to protect Supplier's intellectual property or
other rights.

Altair and its resellers providing support and training to licensed end users
of the Products shall keep confidential all Licensee information provided to
Altair in order that Altair may provide Support and training to Licensee.
Licensee information shall be used only for the purpose of assisting Lic-
ensee in its use of the licensed Products. Altair agrees to take the same pre-
cautions necessary to protect and maintain the confidentiality of the
Licensee information as it does to protect its own information of a confi-
dential nature but in any event, no less than a reasonable degree of care,
and shall not disclose or make them available to any person or entity except
as expressly provided in this Agreement.

5. MAINTENANCE AND SUPPORT. Maintenance. Altair will
provide Licensee, at no additional charge for annual licenses and for a
maintenance fee for paid-up licenses, with Maintenance Releases and
Updates of the Products that are generally released by Altair during the
term of the licenses granted under this Agreement, except that this shall not
apply to any Term or Renewal Term for which full payment has not been
received. Altair does not promise that there will be a certain number of
Updates (or any Updates) during a particular year. If there is any question
or dispute as to whether a particular release is a Maintenance Release, an
Update or a new product, the categorization of the release as determined by
Altair shall be final. Licensee agrees to install Maintenance Releases and
Updates promptly after receipt from Altair. Maintenance Releases and
Updates are subject to this Agreement. Altair shall only be obligated to pro-
vide support and maintenance for the most current release of the Software
and the most recent prior release. Support. Altair will provide support via
telephone and email to Licensee at the fees, if any, as listed on the Order
Form. If Support has not been procured for any period of time for paid-up
licenses, a reinstatement fee shall apply. Support consists of responses to
questions from Licensee's personnel related to the use of the then-current
and most recent prior release version of the Software. Licensee agrees to
provide Altair with sufficient information to resolve technical issues as
may be reasonably requested by Altair. Licensee agrees to the best of its
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abilities to read, comprehend and follow operating instructions and proce-
dures as specified in, but not limited to, Altair's Documentation and other
correspondence related to the Software, and to follow procedures and rec-
ommendations provided by Altair in an effort to correct problems. Lic-
ensee also agrees to notify Altair of a programming error, malfunction and
other problems in accordance with Altair's then current problem reporting
procedure. If Altair believes that a problem reported by Licensee may not
be due to an error in the Software, Altair will so notify Licensee. Questions
must be directed to Altair's specially designated telephone support numbers
and email addresses. Support will also be available via email at Internet
addresses designated by Altair. Support is available Monday through Fri-
day (excluding holidays) from 8:00 a.m. to 5:00 p.m local time in the Glo-
bal Zone where licensed, unless stated otherwise on the Order Form.
Exclusions. Altair shall have no obligation to maintain or support (a)
altered, damaged or Licensee-modified Software, or any portion of the
Software incorporated with or into other software not provided by Altair;
(b) any version of the Software other than the current version of the Soft-
ware or the immediately prior release of the Software; (c) problems caused
by Licensee's negligence, abuse or misapplication of Software other than
as specified in the Documentation, or other causes beyond the reasonable
control of Altair; or (d) Software installed on any hardware, operating sys-
tem version or network environment that is not supported by Altair. Sup-
port also excludes configuration of hardware, non- Altair Software, and
networking services; consulting services; general solution provider related
services; and general computer system maintenance.

6. WARRANTY AND DISCLAIMER. Altair warrants for a period
of ninety (90) days after Licensee initially receives the Software that the
Software will perform under normal use substantially as described in then
current Documentation. Supplier software included in the Software and
ISV Software provided to Licensee shall be warranted as stated by the Sup-
plier or the ISV. Copies of the Suppliers' and ISV's terms and conditions of
warranty are available on the Altair Support website. Support services shall
be provided in a workmanlike and professional manner, in accordance with
the prevailing standard of care for consulting support engineers at the time
and place the services are performed.

ALTAIR DOES NOT REPRESENT OR WARRANT THAT THE
PRODUCTS WILL MEET LICENSEE'S REQUIREMENTS OR
THAT THEIR OPERATION WILL BE UNINTERRUPTED OR
ERROR-FREE, OR THAT IT WILL BE COMPATIBLE WITH ANY
PARTICULAR HARDWARE OR SOFTWARE. ALTAIR
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EXCLUDES AND DISCLAIMS ALL EXPRESS AND IMPLIED
WARRANTIES NOT STATED HEREIN, INCLUDING THE
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE AND NON-INFRINGEMENT.
THE ENTIRE RISK FOR THE PERFORMANCE, NON-PERFOR-
MANCE OR RESULTS OBTAINED FROM USE OF THE PROD-
UCTS RESTS WITH LICENSEE AND NOT ALTAIR. ALTAIR
MAKES NO WARRANTIES WITH RESPECT TO THE ACCU-
RACY, COMPLETENESS, FUNCTIONALITY, SAFETY, PERFOR-
MANCE, OR ANY OTHER ASPECT OF ANY DESIGN,
PROTOTYPE OR FINAL PRODUCT DEVELOPED BY LICENSEE
USING THE PRODUCTS.

7. INDEMNITY. Altair will defend and indemnify, at its expense,
any claim made against Licensee based on an allegation that the Software
infringes a patent or copyright (“Claim”); provided, however, that this
indemnification does not include claims which are based on Supplier soft-
ware or ISV software, and that Licensee has not materially breached the
terms of this Agreement, Licensee notifies Altair in writing within ten (10)
days after Licensee first learns of the Claim; and Licensee cooperates fully
in the defense of the claim. Altair shall have sole control over such
defense; provided, however, that it may not enter into any settlement bind-
ing upon Licensee without Licensee's consent, which shall not be unrea-
sonably withheld. If a Claim is made, Altair may modify the Software to
avoid the alleged infringement, provided however, that such modifications
do not materially diminish the Software's functionality. If such modifica-
tions are not commercially reasonable or technically possible, Altair may
terminate this Agreement and refund to Licensee the prorated license fee
that Licensee paid for the then current Term. Perpetual licenses shall be
pro-rated over a 36-month term. Altair shall have no obligation under this
Section 7, however, if the alleged infringement arises from Altair's compli-
ance with specifications or instructions prescribed by Licensee, modifica-
tion of the Software by Licensee, use of the Software in combination with
other software not provided by Altair and which use is not specifically
described in the Documentation, and if Licensee is not using the most cur-
rent version of the Software, if such alleged infringement would not have
occurred except for such exclusions listed here. This section 7 states
Altair's entire liability to Licensee in the event a Claim is made. No indem-
nification is made for Supplier and/or ISV Software.
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8. LIMITATION OF REMEDIES AND LIABILITY. Licensee's
exclusive remedy (and Altair's sole liability) for Software that does not
meet the warranty set forth in Section 6 shall be, at Altair's option, either (i)
to correct the nonconforming Software within a reasonable time so that it
conforms to the warranty; or (i1) to terminate this Agreement and refund to
Licensee the license fees that Licensee has paid for the then current Term
for the nonconforming Software; provided, however that Licensee notifies
Altair of the problem in writing within the applicable Warranty Period
when the problem first occurs. Any corrected Software shall be warranted
in accordance with Section 6 for ninety (90) days after delivery to Lic-
ensee. The warranties hereunder are void if the Software has been improp-
erly installed, misused, or if Licensee has violated the terms of this
Agreement.

Altair's entire liability for all claims arising under or related in any way
to this Agreement (regardless of legal theory), shall be limited to direct
damages, and shall not exceed, in the aggregate for all claims, the license
and maintenance fees paid under this Agreement by Licensee in the 12
months prior to the claim on a prorated basis, except for claims under Sec-
tion 7. ALTAIR AND ITS SUPPLIERS AND ISVS SHALL NOT BE
LIABLE TO LICENSEE OR ANYONE ELSE FOR INDIRECT, SPE-
CIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES ARISING
HEREUNDER (INCLUDING LOSS OF PROFITS OR DATA, DEFECTS
IN DESIGN OR PRODUCTS CREATED USING THE SOFTWARE, OR
ANY INJURY OR DAMAGE RESULTING FROM SUCH DEFECTS,
SUFFERED BY LICENSEE OR ANY THIRD PARTY) EVEN IF
ALTAIR OR ITS SUPPLIERS OR ITS ISVS HAVE BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES. Licensee acknowledges that
it is solely responsible for the adequacy and accuracy of the input of data,
including the output generated from such data, and agrees to defend,
indemnify, and hold harmless Altair and its Suppliers and ISVs from any
and all claims, including reasonable attorney's fees, resulting from, or in
connection with Licensee's use of the Software. No action, regardless of
form, arising out of the transactions under this Agreement may be brought
by either party against the other more than two (2) years after the cause of
action has accrued, except for actions related to unpaid fees.

9. UNITED STATES GOVERNMENT RESTRICTED RIGHTS.
This section applies to all acquisitions of the Products by or for the United
States government. By accepting delivery of the Products except as pro-
vided below, the government or the party procuring the Products under
government funding, hereby agrees that the Products qualify as “commer-
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cial” computer software as that term is used in the acquisition regulations
applicable to this procurement and that the government's use and disclosure
of the Products is controlled by the terms and conditions of this Agreement
to the maximum extent possible. This Agreement supersedes any contrary
terms or conditions in any statement of work, contract, or other document
that are not required by statute or regulation. If any provision of this
Agreement is unacceptable to the government, Vendor may be contacted at
Altair Engineering, Inc., 1820 E. Big Beaver Road, Troy, MI 48083-2031;
telephone (248) 614-2400. If any provision of this Agreement violates
applicable federal law or does not meet the government's actual, minimum
needs, the government agrees to return the Products for a full refund.

For procurements governed by DFARS Part 227.72 (OCT 1998), the
Software, except as described below, is provided with only those rights
specified in this Agreement in accordance with the Rights in Commercial
Computer Software or Commercial Computer Software Documentation
policy at DFARS 227.7202-3(a) (OCT 1998). For procurements other than
for the Department of Defense, use, reproduction, or disclosure of the Soft-
ware is subject to the restrictions set forth in this Agreement and in the
Commercial Computer Software - Restricted Rights FAR clause 52.227-19
(June 1987) and any restrictions in successor regulations thereto.

Portions of Altair's PBS Professional Software and Documentation are pro-
vided with RESTRICTED RIGHTS. Use, duplication, or disclosure by the
Government is subject to restrictions as set forth in subdivision(c)(1)(ii) of
the rights in the Technical Data and Computer Software clause in DFARS
252.227-7013, or in subdivision (c)(1) and (2) of the Commercial Com-
puter Software-Restricted Rights clause at 48 CFR52.227-19, as applica-
ble.

10. CHOICE OF LAW AND VENUE. This Agreement shall be gov-
erned by and construed under the laws of the state of Michigan, without
regard to that state's conflict of laws principles except if the state of Michi-
gan adopts the Uniform Computer Information Transactions Act drafted by
the National Conference of Commissioners of Uniform State Laws as
revised or amended as of June 30, 2002 (“UCITA”) which is specifically
excluded. This Agreement shall not be governed by the United Nations
Convention on Contracts for the International Sale of Goods, the applica-
tion of which is expressly excluded. Each Party waives its right to a jury
trial in the event of any dispute arising under or relating to this Agreement.
Each party agrees that money damages may not be an adequate remedy for
breach of the provisions of this Agreement, and in the event of such breach,
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the aggrieved party shall be entitled to seek specific performance and/or
injunctive relief (without posting a bond or other security) in order to
enforce or prevent any violation of this Agreement.

11. [RESERVED]

12.  Notice. All notices given by one party to the other under the Agree-
ment or these Additional Terms shall be sent by certified mail, return
receipt requested, or by overnight courier, to the respective addresses set
forth in this Agreement or to such other address either party has specified
in writing to the other. All notices shall be deemed given upon actual
receipt.

Written notice shall be made to:

Altair: Licensee Name & Address:
Altair Engineering, Inc.
1820 E. Big Beaver Rd
Troy, MI 48083

Attn: Tom M. PerringAttn:

13. TERM. For annual licenses, or Support provided for perpetual
licenses, renewal shall be automatic for each successive year (“Renewal
Term”), upon mutual written execution of a new Order Form. All charges
and fees for each Renewal Term shall be set forth in the Order Form exe-
cuted for each Renewal Term. All Software licenses procured by Licensee
may be made coterminous at the written request of Licensee and the con-
sent of Altair.

14. TERMINATION. Either party may terminate this Agreement
upon thirty (30) days prior written notice upon the occurrence of a default
or material breach by the other party of its obligations under this Agree-
ment (except for a breach by Altair of the warranty set forth in Section 8 for
which a remedy is provided under Section 10; or a breach by Licensee of
Section 5 or Section 6 for which no cure period is provided and Altair may
terminate this Agreement immediately) if such default or breach continues
for more than thirty (30) days after receipt of such notice. Upon termina-
tion of this Agreement, Licensee must cease using the Software and, at
Altair's option, return all copies to Altair, or certify it has destroyed all such
copies of the Software and Documentation.
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15. GENERAL PROVISIONS. Export Controls. Licensee acknowl-
edges that the Products may be subject to the export control laws and regu-
lations of the United States and other countries, and any amendments
thereof. Licensee agrees that Licensee will not directly or indirectly export
the Products into any country or use the Products in any manner except in
compliance with all applicable U.S. and other countries export laws and
regulations. Notice. All notices given by one party to the other under this
Agreement shall be sent by certified mail, return receipt requested, or by
overnight courier, to the respective addresses set forth in this Agreement or
to such other address either party has specified in writing to the other. All
notices shall be deemed given upon actual receipt. Assignment. Neither
party shall assign this Agreement without the prior written consent of other
party, which shall not be unreasonably withheld. All terms and conditions
of this Agreement shall be binding upon and inure to the benefit of the par-
ties hereto and their respective successors and permitted assigns. Waiver.
The failure of a party to enforce at any time any of the provisions of this
Agreement shall not be construed to be a waiver of the right of the party
thereafter to enforce any such provisions. Severability. If any provision of
this Agreement is found void and unenforceable, such provision shall be
interpreted so as to best accomplish the intent of the parties within the lim-
its of applicable law, and all remaining provisions shall continue to be valid
and enforceable. Headings. The section headings contained in this Agree-
ment are for convenience only and shall not be of any effect in constructing
the meanings of the Sections. Modification. No change or modification
of this Agreement will be valid unless it is in writing and is signed by a
duly authorized representative of each party. Conflict. In the event of any
conflict between the terms of this Agreement and any terms and conditions
on a Licensee Purchase Order or comparable document, the terms of this
Agreement shall prevail. Moreover, each party agrees any additional terms
on any Purchase Order or comparable document other than the transaction
items of (a) item(s) ordered; (b) pricing; (c) quantity; (d) delivery instruc-
tions and (e) invoicing directions, are not binding on the parties. In the
event of a conflict between the terms of this Agreement, and the Additional
Terms, the Agreement shall take precedence. Entire Agreement. This
Agreement, the Additional Terms, and the Order Form(s) attached hereto
constitute the entire understanding between the parties related to the sub-
ject matter hereto, and supersedes all proposals or prior agreements,
whether written or oral, and all other communications between the parties
with respect to such subject matter. This Agreement may be executed in
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one or more counterparts, all of which together shall constitute one and the
same instrument. Execution. Copies of this Agreement executed via origi-
nal signatures, facsimile or email shall be deemed binding on the parties.
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