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6.4 VM2000 Virtual Machine System

A virtual infrastructure leads to reduced IT costs as a result of increased efficiency, flexibility and response capability. It enables
IT resources to be assigned quickly in response to changing business requirements, new services to be provided, and utilization
of the servers to be significantly increased.

Figure 4 Operation of several guest systems with VM2000

VM2000 supports the simultaneous operation of different, totally segregated system environments on one server. Depending on
the server type, up to fifteen BS2000/OSD systems (guest systems) can run on one server under VM2000.

VM2000-Linux extends the VM2000 virtual machine system of BS2000/0OSD so that Linux systems can also run on the servers.
Up to fourteen Linux systems can run simultaneously on selected BS2000/0OSD business servers of the S series. Alternatively,
several BS2000 systems and several Linux systems can run concurrently in parallel with and independently of one another
(max. 15 systems in total).

An advantage of using VM2000 as compared with the use of multiple servers is the possibility of consolidation with the aim of
providing more efficient use of hardware resources, human resources and infrastructure.

6.4.1 Usage scenarios

Parallel operation of production, development and testing

VM2000 allows a development system running untried, unstable applications to operate alongside the production system. When
multiple systems are operated on a single installation, system errors in one system have no impact on the other simultaneously
active systems.

Differentiated systems, e.g. for service providers

If a service data center requires different system environments for its customers, VM2000 allows the option of installing a single,
high-performance server. This enables savings to be achieved in terms of floor space and in the administrative area.

With VM2000, the same benefits can also be enjoyed by customers who require different production environments for their own
purposes, e.g. when applications have not yet been updated in line with current versions of BS2000/OSD or the system support
software.

The VM2000 “CPU utilization” function enables a service data center to allocate precisely the agreed (maximum) CPU
performance to its customer systems.
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Balancing of load peaks, use for backup concepts

VM2000 usage scenarios can be optimized even further with the VM2000 function “dynamic enlargement and reduction of the
main memory domain”. Without active VMs having to be terminated, this feature allows VM load peaks to be balanced even
more efficiently, temporary VMs to be set up, and backup VMs to be held in reserve with minimal consumption of resources.

Version migrations

With VM2000, the individual production applications can be migrated to the new system environment in stages (to the extent
that this is possible with mutually independent data resources). In this process, the execution of the individual application
complexes is tested in a second guest system until freedom from errors is established. They are then deployed in the production
system. Migration with VM2000 thus proceeds without time pressure. Arrangements that were previously necessary, such as
lights-out testing and weekend working, can be forgotten with VM2000. During the test activities, operating personnel can get to
know the new version at their leisure. Using VM2000 therefore also helps minimize subsequent operator errors in the production
system.

6.4.2 Functional enhancements in the new VM2000 versions

VM2000 version overview

Server line

S servers

SX servers

VM2000 version

V7.0

V8.0

V9.0

V7.5

V8.0

V9.0
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V7.0

+ V9.0

General release
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Mar 05 Mar 05
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V5.0
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OSD/XC
V1.x

OSD/XC
V1.x,
V2.x,
V3.0

OSD/XC
V2.x,
V3.0
V4.0

Guest systems

BS2000/0SD V4.0 X

BS2000/0SD V5.0

BS2000/0SD V6.0

X[ X[ X]| X

BS2000/0SD V7.0

OSD/XC V1.0, V1.1, V1.2 i i §

OSD/XC V2.0, V2.1,V2.2

OSD/XC V3.0

X | X[ X | X

OSD/XC V4.0
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Supported business servers
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S165, S200 (1) - - x 1 x x| X
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(1): guest systems as of OSD V5.0 (also with VM2000 V8.0)
(2): monitor system OSD/XC as of V2.x only
(3): monitor and guest systems OSD/XC as of V3.0 only
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VM2000 V9.0
VM2000 V9.0 provides a joint version serving business servers of both the S and the SX series.

VM2000 V9.0 and OSD/XC V3.0 (based on OSD V7.0) are the first versions to support the SX160 and SX100-D SX servers.
VM2000 V9.0 will support BS2000/0SD-BC V8.0 as monitor and as guest system.

The main new functions in VM2000 V9.0 are:

VM assignment of pubsets

Assignment of the devices of a pubset to a VM is greatly simplified. Pubset reconfigurations (e.g. expansion) are taken into
account automatically. Command procedures for setting up VMs are shorter and more clearly organized.

The explicit assignment of devices to VMs or the specification that implicit device assignment is possible for a pubset is effected
through specification of the pubres device or the catid of the pubset.

In a pubset reconfiguration, the VM assignment and the attributes of the implicit assignability for the devices affected are
adjusted automatically.

Fine granular assignment of privileges for implicit device assignments

Implicit assignment of devices to a VM (ATTACH for the device in the guest system) requires the VM to be assigned the
appropriate privileges and the device to be released for the function.

VM2000 V9.0 supports

B subdivision of devices into ASSIGNMENT sets for implicit assignment

B assignment of corresponding VM privileges.

This function opens up a wide range of usage scenarios:

B An exclusive set of devices/pubsets for implicit assignment can now be specified for a VM or VM group.

B VM assignment for pubsets from which the SPACEPRO product serves itself takes place implicitly. A pool pubset of this kind
can thus be released only for a selected set of VMs.

Support for snapsets

BS2000/0SD-BC as of V7.0 supports snapshot-oriented backup/restore scenarios in Symmetrix DMX configurations in the
context of so-called snapsets (based on the functions for TimeFinder/Snap control in SHC-OSD as of V6.0). VM2000 V9.0
supports the use of snapsets on guest systems running BS2000/0SD-BC V7.0 or higher.

Under VM2000 V9.0, the AUTO-SNAP-ASSIGNMENT privilege permits the guest system on a VM to assign itself snap units of
a snapset implicitly without VM and device being prepared for the implicit device assignment (i.e. no ASSIGN-BY-GUEST
privilege or attribute for VM and device).

A VM is granted the AUTO-SNAP-ASSIGNMENT privilege by default at /CREATE-VM time.

Enhanced support for the IOLVM function of IORM

The IORM subsystem comprises functions to control I/0 resources in an autonomous dynamic manner (devices, controllers,
channels, paths). The IOLVM function of IORM serves to limit the 1/0O consumption of particular VM2000 guest systems. So the
operator can ensure that low-priority, yet I/O-intensive guest systems cannot affect higher-priority guest systems. IOLVM is
available for guest systems as of BS2000/0OSD-BC V5.0C.

The VM 1/O limit controls for IOLVM can be set in VM2000 V9.0 via the VM2000 user interface. The /CREATE-VM and
/MODIFY-VM-ATTRIBUTES commands were extended appropriately. The control value is displayed by the VM2000 information
commands /SHOW-VM-ATTRIBUTES and /SHOW-VM-RESOURCES. It is also shown if the IOLVM function is activated in the
guest system.

Extended support for large configurations

Support for large configurations is optimized by the following measures:
B Support for large VM2000 main memory

B Move of VM coordinated by MSCF

m Very small VMs

B VM groups in all CPU pools

Support for large VM2000 main memory

In VM2000 V9.0, the VM main memory for VM1 is to be extended beyond the current limit of 2 GB, and the VM main memory
for the remaining VMs beyond the current limit of 32 GB. This makes allowance for the large main memory configurations of
present-day servers, and VM1, too, can optimally be used as a production system.

Move of VM coordinated by MSCF

While it is being moved in main memory, the VM is halted by VM2000. For VMs of the order of several gigabytes in size that are
members of an MSCF cluster, this means a critically long downtime. VM2000 V9.0 notifies its MSCF partners of this in advance,
thereby preempting an automatic reconfiguration due to partner failure.

Very small VMs

VM2000 V9.0 supports the operation of VMs with a performance allocation (CPU-QUOTA and MAX-CPU-UTILIZATION) in the
per mil range of server performance. Thus, VMs with single-digit RPF performance are also possible with very large S servers.
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VM scheduling for small VMs is also improved: Shorter time slices guarantee an albeit more strictly limited, but sufficiently
frequent CPU take-up for these systems.

Combinability of VM groups and CPU pools

A number of guest systems can be combined into a VM group for which CPU scheduling values (CPU-QUOTA and MAX-CPU-
UTILIZATION) can be specified globally. In this way a performance limit in particular can be set for the group as a whole.
VM2000 handles the primary allocation of the computing performance planned for a group within that group. This enables
service data centers to organize guaranteed computing performance for customers with multiple VMs.

VM2000 allows creating so-called CPU pools. These are disjoint sets of real CPUs, for which a set of VMs is specified that have
exclusive rights to use each particular pool. The subdivision of a server into CPU pools improves VM2000 performance for
servers with a higher MP level.

VM2000 V9.0 permits VM groups not only to be set up in precisely one designated CPU pool, but also to be combined without
restrictions.

Shutdown for individual VMs and coordinated shutdown for the entire VM2000

The VM2000 administrator is given the option to initiate a shutdown for individual VMs. A multi-tier execution with specifiable
“Quiet” phase is offered. As an additional function, a VM2000 shutdown coordinated between guest systems and monitor
system is possible. First, a shutdown is initiated automatically in all BS2000/0SD V7 guest systems. Upon termination of all
systems, a shutdown is initiated in VM1. This then also terminates VM2000.

Extensions to SHOW-VM-STATUS

The /[SHOW-VM-STATUS command is used to output current planning values and current measured values of active objects of
ongoing VM2000 operation at regular intervals. Active objects are attached normal and extra CPUs, running VMs, CPU pools
with attached real CPUs, and VM groups with running VMs.

The use of the SHOW-VM-STATUS command is being extended as follows:

B The command can be used by several administrators simultaneously.

B As an alternative to the present periodic output only, a one-time data output is also possible.

VM concept for SQ servers

VM2000 will enable multiple BS2000/OSD systems to run in parallel also on an SQ server. VM2000 will be made available with
a XEN-based architecture on SQ servers, while retaining the VM2000 user interfaces.

In this case the XEN Hypervisor handles the operation and virtualization of the hardware.

On the S and SX servers, VM2000 essentially consists of the components VM2000 Monitor and VM2000 Hypervisor. The
VM2000 Monitor component implements the user interface of VM2000, provides the internal accounting, logging and eventing
functions, manages the VM administrators, and implements the $VMCONS functionality (i.e. network access for the VM
administration and the virtual console).

On the SQ servers, the VM2000 Monitor continues to be available with a compatible command interface. The functions of the
VM2000 Hypervisor are handled by the XEN Hypervisor and a new VM2000 agent component in the privileged domain Dom0O.

—3 7 On SQ servers, the VM2000 command
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2SS |2> 25 administration functions.
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e
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Figure 5 VM concept for SQ servers



Summary | Issue: June 2008 | BS2000/0SD Scope Chapter 6 System Software | Use: External Page 18/18

VM2000 in the guest systems

Currently, each BS2000 guest system has communication interfaces to the VM2000 Hypervisor in order to obtain information
about VM2000 operation and initiate VM2000-specific actions in the guest system (e.g. implicit device assignment). On SQ
servers, too, the BS2000 guest systems can continue using VM2000 functionality by calling XEN interfaces instead of the
current Hypervisor Calls.

In VM2000 operation, each BS2000 domain has its own HAL and CISC firmware.
VM2000 will be released for SQ servers approx. one year after the general release of BS2000/0OSD-BC V8.0.

Running BS2000, Linux and Windows guest systems on SQ servers
As well as the parallel operation of multiple BS2000 guest systems supported by VM2000, it will also be possible at a later stage
to run Linux and Windows as additional guest systems based on the Xen architecture.

A web-based (state-of-the-art) user interface is provided for the combined administration of BS2000, Linux and Windows guest
systems.
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