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About This Manual

This manual offers an introduction to setting up and managing virtualization with
KVM (Kernel-based Virtual Machine) on . The first part introduces KVM by describ-
ing it's requirements and Novell's support status. The second part deals with managing
KVM with 1ibvirt, while the last part covers management with QEMU.

Many chapters in this manual contain links to additional documentation resources.
This includes additional documentation that is available on the system as well as docu-
mentation available on the Internet.

For an overview of the documentation available for your product and the latest docu-
mentation updates, refer to http://www.novell.com/documentation.

1 JocTtynHasa ooKyMeHTauus

Ms! npepocrasisseM HTML u PDF-Bepcuu Hamumx KHUT Ha pasHbIX s3bikax. g
JAHHOTO AWCTPHOYTHBA JOCTYITHHI CIIeAYIOIINe PYKOBOJCTBA IS MOJIb30BaTeNel 1
aIMMHUCTPATOPOB:

Berymuenue (TBerymuienue)
PykoBojcTBO 11ar 3a marom rnpossejer Bac yepes ycranosky ¢ DVD umu u3 ISO-
o0pa3za, 1acT KpaTkoe BBelieHre B oKpyxeHus padouero crona GNOME u KDE,
BKJII0Yasl HEKOTOPBIE KJoueBble NpuiioxeHus. Takxe nosHakomut ¢ LibreOffice
¥ €r0 MOJYJIIMH JUIA CO3JaHHS TEKCTa CO CIOKHBIM (hOPMAaTHPOBAHUEM, PAOOTHI C
JIEKTPOHHBIMH TAOIMIIAMU WM CO3/IaHUS rpadMKY U Tpe3eHTalHH.

Conepxanue (TConepxanue)
Jaét obiree MOHUMaHKe paGOTH , 3aTPAruBast 3a1aUk TIPOJBUHYTOTO
CHCTEMHOIO aJIMMHUCTPUPOBaHus. Ero Matepuai npeHasHaueH B IEPBYIO
odepenpb IS CHCTEMHBIX aIMAHICTPATOPOB W JOMAIITHKX TIOJI30BaTENEH,
0061a1a0IKMX GAa30BBIMU HABBIKAMU aIMUHUCTpHpOBaHust. COIEPKUT AETATBHYIO
UHGOPMAIMIO O TIPOJIBUHYTHIX BAPHAHTAX Pa3BEPTHIBAHMUSA, aIMIUHUCTPHPOBAHNS,
B3aMMOJENCTBHS KITIOUYEBBIX KOMIIOHEHTOB M HACTPONKE Pa3/IMYHBIX CETEBBIX U
(halinoBBIX CITYXKO .

PykoBozcTBo 110 6e3onacHocty (TPyKOBOICTBO 110 6€301aCHOCTH)
OnuChIBAIOTCA OCHOBHBIE ITOHATUA CUCTEMBI OE30IIACHOCTH, OXBATHIBAIOILEA KaK
JIOKAJIbHBIE, TaK U CETEBBIE acHeKTHI. [ToKa3bpIBaeTCs1, KaK UCIOJIb30BATh TAKHUE


http://www.novell.com/documentation
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YTHIMTHI 1J151 0OeCTieueHns1 CeTeBOi Oe30MacHOCTH, Kak AppArmor (KoTopas
MIO3BOJISIET OIPE/IENUTh K KaKuM (pafiyiaM 3alaHHasI IIporpaMmma 6yJeT IMeTh
JOCTYI Ha 3aIKCh, YTEHUE WM BBITIOJHEHNE) WM CUCTEMa ayuTa, KoTopas
TINATENILHO COOMpaeT MH(MOPMALIUIO O COOBITHSIX, TAK WIN HHAYE CBSI3AHHBIX C
obecreueHreM HaJIexKAIero ypoBHs 0€30IMaCHOCTH CUCTEMBI.

System Analysis and Tuning Guide (TSystem Analysis and Tuning Guide)
PyKoBOACTBO aqMUHHCTpATOPa IO OOHAPYKEHHIO [TPOOIEM, UX pa3pelleHue u
orrruMu3anys paboTel. B Hem HafineTcst mH(pOpMAaIus O TOM, Kak MPOBEPUTH U
ONTUMU3UPOBATH PAOOTY CUCTEMBI C TIOMOIIIBIO CIIEIMATBHBIX MHCTPYMEHTOB,
3(peKTUBHO YIIPaBIATh ee pecypcamu. Takxke B HEM COIepKUTCST 0030p 0OIIUX
mpo6JIeM U UX PelieHuH, a TakKe JOTOJIHUTEIIbHBIE CIIPABOYHbIE MAaTEPUAIbI U
0030p JOCTYIHBIX PECYPCOB.

Bupryanuzanusa ¢ KVM (page 1)
JlaHHOE pyKOBOJCTBO IpeJJlaraeT KpaTkoe ONucaHue HaCTPOMKHU M yIIpaBJIeHUS
cuctemont Buptyanusanuu Ha 6aze KVM (Kernel-based Virtual Machine) B .
Taxxe nokasbiBaeTcs, Kak ynpasisate VM Guest ¢ momouipio 1ibvirt u QE-
MU.

BonpmmacTBo HTML-Bepcuii pyKOBOACTB B yCTAaHOBJIEHHOM CUCTEMe MOKHO HalTh
o agpecy /usr/share/doc/manual UM B CIPAaBOYHOM LIEHTPE UCIIOJIb3YEMOI0
OKpyXeHHsI pabouero croia. [locienHre 0OHOBIEHNS TOKYMEHTALINH JOCTYITHBI IO
agpecy http://www.novell.com/documentation, IJie MOXHO 3arpy3UTh B
PDF nnu HTML-Bepcun pyKOBOJACTB IUIs1 KOHKPETHOTO MPOAYKTA.

2 ObpaTtHas cBA3b

HekoTtopble U3 JOCTYIHBIX KaHAJIOB OOPATHO# CBSI3H:

OmmOKy 1 3aIPOCH 00 YITyUIIeHUSIX
YToOBI COOOIIUTH 00 OMIMOKE MIIM OTIIPABUTH 3aIpocC 00 YIIy4IlIeHHUH,
MoXaNyHcTa, ICHoNp3yiTe https://bugzilla.novell.com/. YToOH
COOOIIMTH O HAWIEHHOMW OIUOKE B JOKYMEHTAIIUK OTIPABbTE OTYET IS
koMmrItoHeHTa Documentation (JJokyMeHTaIysi) COOTBETCTBYIOIIETO MPOIYKTa.

Ecnu BBl itoxo 3Hakomsl ¢ Bugzilla, To 17151 Bac MOTYT OKa3aThCs OJE3HBIMU 3TH
CTaThU:

e http://ru.opensuse.orqg/
openSUSE : CoobmuTh_06_omubke
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http://www.novell.com/documentation
https://bugzilla.novell.com/
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e http://ru.opensuse.orqg/
openSUSE :CoobumuTs_06_oumurbxe_FAQ

KommenTapun nonb3osareneit
MBbI XOTHM YCITBIIIATH BaIllll KOMMEHTapUH U MPEIIOKEeHUsT 00 3TOM pyKOBOJICTBE
U JpYyrou JTOKyMEHTAIUH, OCTaBIIsIeMOH ¢ JaHHBIM MPOAYKTOM. Mcronb3yiite
T0JIe BBOZIA B HIDKHEH YacTH HA KaK[IOW CTPAHUIIBI OHJIAHH-JOKyMEHTALIUN
WK IepeluTe 1o ceblike http: //www.novell.com/documenta-
tion/feedback.html 1 ocraBbTe CBOIl KOMMEHTAPUI.

3 YcnoBHble 0603HayeHUs

B naHHOM pyKOBOACTBE UCIIOIB3YIOTCS ClIEAYIOIIME TUIOrpa)CKUe COTIalleHus :
* /etc/passwd: UMeHa Kataioros u ¢aiyion

* 3amOMHHTEIb: 3aMeHa 3aI0MHHK Te1b Ha (PAKTUYECKOe 3HaUEHHe

* PATH: nepemeHHas okpyxenuss PATH

¢ 1ls, ——help: KOMaHIbl, OMIHUU U [TAPAMETPEI

* User: N0Jb30BATEIN WX I'PYIIIBI

o Alt, Alt + F1: kyaBuina uiu KjiaBuaTypHas KOMOUHAITUS; HA3BaHUS KIIABUIII
MOKa3aHbl B BEPXHEM PErucTpe, Kak Ha KJaBuaType

* @Daiin, Daiin > Coxpanumsv Kak: MyHKTbl MEHIO, KHOIIKU

o Tanuyrouwgue nunzeunvt (I'naba IMunzeunvt, TJIpyroe pykoBOJACTBO): 9TO CChUIKA Ha
IJaBy B JPyroM pPyKOBOJCTBE.

4 O co3pgaHun 3TOro pykoBoAcCTBa

Dra kHMra ObuIa co3nana B Novdoc, ocHoBan Ha DocBook (cmotpure http://
www . docbook . org). Ucxognsie XML-daiiibl mpoBepsIoTcs: MporpaMMoi
xmllint, obpaboranBaioTcs xsltproc u npeodpasoBeBaTcs B XSL-FO ¢
WCIIOJIb30BAHMEM CIEIMATM3NPOBAHHON Bepcun Tadnui ctiiieit Hopmana Yomma
(Norman Walsh). Koneunsiii PDF-aiin oropmatuposan uepe3 XEP ot RenderX.
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MHCTpyMEHTBI ¢ OTKPHITHIM UCXOJHBIM KOJIOM U Cpefia, UCTIONIb3yeMast ISl CO3/IaHus
9TOTO PYKOBOJICTBA, JOCTYIHHI B MakeTe susedoc, MOCTAaBJISIEMOM B COCTaBe .

5 UcxopoHbin KoL

Ucxoaubiil KO HAXOAUTCS B OTKPBHITOM JocTyre. [1o cienyomemy aapecy
JOCTYITHBI CCBUIKM Ha 3arpy3Ky U JOTIOJHUTENIbHAS nHpopMarms http: //
ru.opensuse.org/HUCcxXOOHBIE_KOI.

6 bnaropapHocTu

PazpaboTunku Linux cOTpyIHUYAIOT C OTPOMHBIM YHCJIOM I0OPOBOJIBLIEB 10 BCEMY
MHPY, YTOOBI CIIOCOOCTBOBATH pa3BUTHIO Linux. MBI 61aroqaHsl UM 3a IPIIOKEHHBIE
YCUJIUSL — 3TOT TUCTPUOYTUB He CyIliecTBoBall Obl 6e3 HuX. Kpome Toro, mbl
6maropapum Ppsnka 3amma (Frank Zappa) u [1aBap (Pawar). Ocob6as 61aronapHocCTb,
KOHEYHO ke, Beipaxkaercs JIunycy Topsanbacy (Linus Torvalds).

Crmacu6o BCeM KTO MPUHAJ Y4aCTUE B IIOATOTOBKE II€PEBOAA JAHHOI'O PYKOBOACTBA!

Anexcannp VBaHoB
hrafn@hrafn.me

Anexcannp Haymos
alexander_naumov@opensuse.org

Amnpnpeii Kapenun
egdfree@opensuse.org

AmnToH YepkacoB
linux-oid@opensuse.org

Bopuc Baccepman
natabor2004 @gmail.com

Bukrop [JyouHiok
victor.dubiniuk@gmail.com

Hunap Banees
kOda@opensuse.org
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[TaBen AcraxoB
pastakhov@yandex.ru

Have a lot of fun!
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Part I. Requirements,
Limitations, and
Support Status






KVM Installation and
Requirements

KVM is a full virtualization solution for x86 processors supporting hardware virtual-
ization (Intel VT or AMD-V). It consists of two main components: A set of Kernel
modules (kvm. ko, kvm-intel.ko, and kvm—amd. ko) providing the core virtu-
alization infrastructure and processor specific drivers and a userspace program (ge—
mu-kvm) that provides emulation for virtual devices and control mechanisms to man-
age VM Guests (virtual machines). The term KVM more properly refers to the Kernel
level virtualization functionality, but is in practice more commonly used to reference
the userspace component.

VM Guests (virtual machines), virtual storage and networks can be managed with
libvirt-based and QEMU tools. 1ibvirt is a library that provides an API to
manage VM Guests based on different virtualization solutions, among them KVM and
Xen. It offers a graphical user interface as well as a command line program. The QE-
MU tools are KVM/QEMU specific and are only available for the command line.

1.1 Hardware Requirements

Currently, Novell only supports KVM full virtualization on x86_64 hosts. KVM is de-
signed around hardware virtualization features included in AMD (AMD-V) and In-
tel (VT-x) CPUs. It supports virtualization features of chipsets, and PCI devices, such
as an I/O Memory Mapping Unit (IOMMU) and Single Root I/O Virtualization (SR-
10V)).

You can test whether your CPU supports hardware virtualization with the following
command:

KVM Installation and Requirements
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egrep ' (vmx|svm)' /proc/cpuinfo

If this command returns no output, your processor either does not support hardware
virtualization, or this feature has been disabled in the BIOS.

The following websites identify processors which support hardware virtualization:
http://wiki.xensource.com/xenwi-

ki/HVM_Compatible_Processors
http://en.wikipedia.org/wiki/X86_virtualization

NOTE

The KVM Kernel modules will not load if the CPU does not support hardware
virtualization or if this feature is not enabled in the BIOS.

The general minimum hardware requirements for the VM Host Server are the same as
outlined in . However, additional RAM for each virtualized guest is needed. It should
at least be the same amount that is needed for a physical installation. It is also strong-
ly recommended to have at least one processor core or hyper-thread for each running
guest.

1.2 Supported Guest Operating
Systems

The following table lists guest operating systems tested and their support status of -
fered by Novell. All operating systems listed are supported in both 32 and 64-bit x86
versions. Para-virtualized drivers (PV drivers) are listed where available.
Para-virtualized drivers for KVM

* virtio-net: Virtual network driver.

* virtio-blk: Virtual block device driver for para-virtualized block devices.

* virtio-balloon: Memory driver for dynamic memory allocation. Allows to
dynamically change the amount of memory allocated to a guest.

Buptyannzauus ¢ KVM
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* kvm-clock: Clock synchronization driver.

Supported KVM Guest Operating Systems on

Virtualization Fully virtualized
Type:
PV drivers: kvm-clock, virtio-net, virtio-blk, virtio-balloon
Support Status: Fully Supported
10 SP3
Virtualization Fully virtualized
Type:
PV drivers: kvm-clock, virtio-net, virtio-blk, virtio-balloon
Support Status: Fully Supported
9 SP4
Virtualization Fully virtualized
Type:
Support Status: Fully Supported
Note: » 32-bit Kernel: specify clock=pmtmr on Linux
boot line
* 64-bit Kernel: specify ignore_lost_ticks on
Linux boot line
SUSE Linux Enterprise Desktop 11 SP1
Virtualization Fully virtualized
Type:
PV drivers: kvm-clock, virtio-net, virtio-blk, virtio-balloon

KVM Installation and Requirements



Support Status: Tech Preview
RedHat Enterprise Linux 4.x / 5.x
Virtualization Fully Virtualized
Type:
PV drivers: See http://www.redhat.com/
Support Status: Best Effort
Note: Refer to the RHEL Virtualization guide for more in-
formation.

Windows XP SP3+ / Windows Server 2003 SP2+ / Windows Server 2008+ /
Windows Vista SP1+ / Windows 7

Virtualization Best Effort
Type:
PV drivers: virtio-net, virtio-blk, virtio-balloon
Support Status: Best Effort
IMPORTANT

Guest images created under a previous SUSE Linux Enterprise version are
not supported.

1.2.1 Availability of para-virtualized
Drivers

To improve the performance of the guest operating system, para-virtualized drivers
are provided when available. Although they are not required, it is strongly recom-
mended to use them. The para-virtualized drivers are available as follows:

SUSE Linux Enterprise Server 11 SP1
included in Kernel

6 Bwuptyanusaumsa c KVM
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SUSE Linux Enterprise Server 10 SP3
Available from http://drivers.suse.com/novell/Novell-vir-
tio-drivers-2.6.27/slel0-sp3/install-readme.html.
Refer to Section 5.3.1, “Adding para-virtualized Drivers During the
Installation” (page 34) or Section A.1.1, “Installing Para-Virtualized Drivers
for SUSE Linux Enterprise Server 10 SP3” (page 139) for installation instruc-
tions.

SUSE Linux Enterprise Server 9 SP4
not available

RedHat
available in RedHat Enterprise Linux 5.4 and newer

Windows
Available from /usr/share/gemu-kvm/win-virtio-drivers.iso.
Refer to Section A.1.2, “Installing virtio Drivers for Microsoft
Windows*” (page 140) for installation instructions.

1.3 The kvm package

The kvm package provides gemu—kvm, the program that performs the actual emula-
tion. In addition to the gemu-kvm program, the kvm package also comes with a mon-
itoring utility (kvm—-stat), firmware components, key-mapping files, scripts, and
Windows drivers (/usr/share/gemu-kvm/win-virtio-drivers.iso).

Originally, the kvm package also provided the KVM Kernel modules. Now, these
modules are included with the Kernel and only userspace components are included in
the current kvm package.

Using the 1ibvirt-based tools is the recommended way of managing VM Guests.
Interoperability with other virtualization tools has been tested and is an essential part
of Novell's support stance. All tools are provided by packages carrying the tool's
name.

* libvirt: A toolkit that provides management of VM Guests, virtual networks,
and storage. 1ibvirt provides an API, a daemon, and a shell (virsh).

* Virtual Machine Manager: A graphical management tool for VM Guests.

KVM Installation and Requirements
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e vm—install: Define a VM Guest and install its operating system.

* virt-viewer: An X viewer client for VM Guests which supports TLS/SSL en-
cryption of x509 certificate authentication and SASL authentication.

Support for creating and manipulating file-based virtual disk images is provided by
gemu-img. gemu-img is provided by the package virt-utils.

1.4 Installing KVM

KVM is not installed by default. To install KVM and all virtualization tools, proceed
as follows:

1 Start YaST and choose Virtualization > Installing Hypervisor and Tools.
2 Select KVM and confirm with Accept.
3 Confirm the list of packages that is to be installed with Install.

4 Agree to set up a network bridge by clicking Yes. It is recommended using a bridge
on a VM Host Server (virtual machine host). If you prefer to manually configure a
different network setup, you can safely skip this step by clicking No.

5 After the setup has been finished reboot the machine as YaST suggests. Alterna-
tively load the required kernel modules and start 1ibvirtd to avoid a reboot:

modprobe kvm-intel # on Intel machines only
modprobe kvm-amd # on AMD machines only
rclibvirtd start
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KVM Limitations

Although virtualized machines behave almost like physical machines, some limita-
tions apply. These affect both, the VM Guest as well as the VM Host Server system.

2.1 General Limitations

The following general restrictions apply when using KVM:

Overcommits
KVM allows for both memory and disk space overcommit. It is up to the user to
understand the implications of doing so. However, hard errors resulting from ex-
ceeding available resources will result in guest failures. CPU overcommit is also
supported but carries performance implications.

Time Synchronization
Most guests require some additional support for accurate time keeping. Where
available, kvm—clock is to be used. NTP or similar network based time keep-
ing protocols are also highly recommended (for VM Host Server and VM
Guest) to help maintain a stable time. Running NTP inside the guest is not
recommended when using the kvm—clock . Refer to Section 9.4, “Clock
Settings” (page 78) for details.

MAC addresses
If no MAC address is specified for a NIC, a default MAC address will be as-
signed. This may result in network problems when more than one NIC receives

KVM Limitations
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the same MAC address. It is recommended to always assure a unique MAC ad-
dress has been assigned for each NIC.

Live Migration
Live Migration is only possible between VM Host Servers with a processor from
the same vendor. Guest storage has to be accessible from both VM Host Servers.

User Permissions
The management tools (Virtual Machine Manager, virsh, vm—in-
stall) need to authenticate with 1ibvirt—see Chapter 7, Connecting and
Authorizing (page 45) for details. In order to invoke gemu—kvm from the
command line, a user has to be a member of the group kvm.

Suspending/Hibernating the VM Host Server
Suspending or hibernating the VM Host Server system while guests are running is
not supported.

2.2 Hardware Limitations

The following virtual hardware limits for guests have been tested:

max. Guest RAM size 512 GB

max. Virtual CPUs per guest 16

max. NICs per guest 8

max. Block devices per guest 4 emulated, 20 para-virtual (using vir-
tio-blk)

max, number of guests no more than 8 times the number of CPU
cores in the VM Host Server

2.3 Performance Limitations

Basically, workloads designed for physical installations can be virtualized and there-
fore inherit the benefits of modern virtualization techniques. However, virtualization
comes at the cost of a slight to moderate performance impact. You should always test
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your workload with the maximum anticipated CPU and I/O load to verify if it is suit-
ed for being virtualized. Although every reasonable effort is made to provide a broad
virtualization solution to meet disparate needs, there will be cases where the workload

itself is unsuited for KVM virtualization.

We therefore propose the following performance expectations for guests performance
to be used as a guideline. The given percentage values are a comparison of perfor-

mance achieved with the same workload under non-virtualized conditions. The values
are rough approximations and cannot be guaranteed.

Category Fully Virtual- Paravirtual- Host-
ized ized Passthrough

CPU, MMU 7% not applicable 97% (Hard-
ware Virtual-
ization with Ex-
tended Page
Tables(Intel) or
Nested Page Ta-
bles (AMD)
85% (Hardware
Virtualization
with shadow
page tables)

Network 1/0 20% (Realtek 75% (vir- 95%

(1IGB LAN) emulated NIC) tio-net)

Disk 1/0 40% (IDE emu- 85% (vir-— 95%

lation) tio-blk)

Graphics (non- 50% (VGA or not applicable not applicable

accelerated) Cirrus)

Time accuracy 95% - 105% 100% (kvm— not applicable

(worst case, us- (where 100% = clock)

ing recommend- accurate)

ed settings with-
out NTP)

KVM Limitations
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KVM Support Status

The following list contains features and tools as supported by Novell—this does not
necessarily reflect the support status of the software itself. For a list of gemu-kvm
command switches supported by Novell, refer to Section A.3, “QEMU Command
Line Options” (page 146).

3.1 Supported Features and Tools

vm—-install
Define and install VM Guests via vim—install including specifying RAM, disk
type and location, video type, keyboard mapping, NIC type, binding, MAC ad-
dress, and boot method.

Restrictions: Currently only the raw disk format is supported. NIC creation is re-
stricted to using Realtek or Virtio NICs.

Virtual Machine Manager
Manage guests via Virtual Machine Manager using the following functions: au-
tostart, start, stop, restart, pause, unpause, save, restore, clone, migrate, special
key sequence insertion, guest console viewers, performance monitoring, and CPU
pinning. Furthermore, static modifications of CPU, RAM, boot method, disk,
NIC, mouse, display, video and host PCI assignments are supported.

Restrictions: The following features are currently not supported: sound devices,
vmvga (vmware), Xen video, and adding physical USB devices.

KVM Support Status
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virsh
Manage guests via the command line.

Restrictions: Requires XML descriptions as created by vm—install or virt-
manager. Altering these descriptions via virsh edit is not supported. The
supported virsh functionality is restricted to life cycle functions.

gemu—kvm
Manage guests via the command line. Although managing via Virtual Ma-
chine Manager should be the preferred option, gemu-kvm may be used for
greater flexibility. See Section A.3.1, “Supported gemu—kvm Command Line
Options” (page 146) for a list of supported options.

Restrictions: See Section A.3.2, “Unsupported gemu-kvm Command Line
Options” (page 148) for a list of not supported options.

kvm_stat
Debugging and monitoring tool.

Restrictions: none.

Kernel Samepage Merging (KSM)
When enabled on the VM Host Server Kernel, KSM allows for automatic sharing
of identical memory pages between guests to save host memory.

Restrictions: none.

PCI Passthrough
PCI Passthrough improves performance of PCI devices. It requires a AMD CPU
with [IOMMU (I/0 Memory Mapping Unit) or an Intel CPU with VT-d (Vir-
tualization Technology for Directed I/0). VT-d requires the Kernel parameter
"intel_iommu=on". Many PCle cards from major vendors should be supportable.
Refer to system level certifications for specific details, or contact the vendor for
support statements.

Non-Uniform Memory Access (NUMA)

NUMA machines are supported. Using numactl to pin gemu—kvm processes to
specific nodes is recommended.
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3.2 Unsupported Features and
Tools

CPU hotplugging
Dynamically changing the number of virtual CPUs assigned to the guest is cur-
rently not supported.

Device hotplugging
Dynamically adding or removing devices in the guest is currently not supported.

KVM Kernel Module Parameters
Specifying parameters for the KVM Kernel modules is currently not supported
unless done under the direction of Novell support personnel.

Using QEMU without KVM
gemu-kvm can be invoked with the —no-kvm parameter. In this case guest
CPU instructions are emulated instead of being executed directly by the proces-
sor. This mode is not supported, but may be useful for problem resolution.

KVM Support Status
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Part Il. Managing Virtual
Machines with 1ibvirt






Overview

libvirt is alibrary that provides a common API for managing popular virtualiza-
tion solutions, among them KVM and Xen. The library provides a normalized man-
agement API for these virtualization solutions, allowing a stable, cross-hypervisor in-
terface for higher-level management tools. The library also provides APIs for man-
agement of virtual networks and storage on the VM Host Server. The configuration of
each VM Guest is stored in an XML file.

With 1ibvirt you can also manage your VM Guests remotely. It supports TLS en-
cryption and x509 certificates as well as authentication with SASL.

The communication between the virtualization solutions and 1ibvirt is managed by
the daemon 1ibvirtd. Itis also used by the management tools. 1ibvirtd needs
to run on the VM Host Server and on any remote machine on which the 1ibvirt-
based tools are started. Use the following commands to start, stop it or check its sta-
tus:

~ # rclibvirtd start

Starting libvirtd done
~ # rclibvirtd status

Checking status of libvirtd running
~ # rclibvirtd stop

Shutting down libvirtd done
~ # rclibvirtd status

Checking status of libvirtd unused

To automatically start 1ibvirtd at boot time, either activate it using the YaST Sys-
tem Services (Runlevel) module or by entering the following command:

insserv libvirtd

Overview
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The following 1ibvirt-based tools are available on :

Virtual Machine Manager (virt-manager)

The Virtual Machine Manager is a desktop tool for managing VM Guests. It pro-
vides the ability to control the life cycle of existing machines (bootup/shutdown,
pause/resume, suspend/restore). It lets you create new VM Guests and various
types of storage, and manage virtual networks. Access the graphical console of
VM Guests with the built-in VNC viewer, and view performance statistics, all
done locally or remotely.

File Edit View Help
[ . open m (g v
Name v CPU usage Disk O Network /O
~ localhost (QEMU)Y
opensusell
SRt

sled1l
Shutoff

R " N |

The Virtual Machine Manager does not need to run on the VM Host Server, it al-
so lets you control VM Guests via remote connections. This enables you to man-
age VM Guests centrally from a single workstation without having to log in on the
VM Host Server.

To start the Virtual Machine Manager, enter virt-manager at the command
prompt.

virt-viewer

A viewer for the graphical console of a VM Guest. It uses the VNC protocol and
supports TLS and x509 certificates. VM Guests can be accessed by name, ID, or
UUID. If the guest is not already running, the viewer can be told to wait until the
guest starts, before attempting to connect to the console.
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vm—-install
A tool to set up a VM Guest, configure its devices and start the operating sys-
tem installation. Starts a GUI wizard when called from a graphical user interface.
When invoked on a terminal, starts the wizard in command-line mode. vm—in-—
stall is also started when creating a new virtual machine in the Virtual Ma-
chine Manager.

virsh
A command line tool to manage VM Guests with similar functionality as the Vir-
tual Machine Manager. Allows you to change a VM Guest's status (start, stop,
pause, etc.) to set up new guests and devices and to edit existing configurations.
virsh is also useful to script VM Guest management operations.

virsh basically works like Subversion's svn command or zypper: it takes the
first arguments as a command and further arguments as options to this command:

virsh [-c URI] command domain-id [OPTIONS]
Just like zypper, virsh can also be called without a command. In this case it

starts a shell waiting for your commands. This mode is useful when having to run
subsequent commands:

~> virsh -c gemu+ssh://root@mercury.example.com/system
Enter passphrase for key '/home/wilber/.ssh/id_rsa':
Welcome to virsh, the virtualization interactive terminal.

Type: 'help' for help with commands
'quit' to quit

virsh # hostname

Overview
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Guest Installation

A VM Guest is comprised of an image containing an operating system and data files
and a configuration file describing the VM Guest's virtual hardware resources. VM
Guests are hosted on and controlled by the VM Host Server.

5.1 Guest Installation with Virtual
Machine Manager

Clicking New in the Virtual Machine Manager launches vm—install. It provides
the graphical Create Virtual Machine Wizard that guides you through the guest instal-
lation. vm—install can also be run directly from the command-line or from YaST
by choosing Virtualization > Create Virtual Machine.

1 Start the Create Virtual Machine Wizard as described above and click Forward.
2 Choose whether to install an operation system or an already existing image or disk.

3 Select the operating system you want to install from the list. Each entry provides
reasonable defaults for the chosen operating system.

4 The Summary page shows the default configuration for the chosen operating sys-
tem. Edit the configuration by clicking on a headline. When having chosen to in-
stall a system, you at least have to specify either an image or a CD/DVD device
from which to boot or choose PXE boot. When accepting the configuration with
OK, the guest system boots to start the installation.

Guest Installation
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5.1.1 Customizing the Default Settings

Change the proposed configuration by clicking on a headline in the Summary page of
the Create Virtual Machine Wizard:

Click any headline to make changes. When
the settings are correct, click OK to create the
.

MName of Virtual Machine
sles1l

Hardware
Initial Memory: 512 MB
Maximum Memory: 512 MB
Virtual Processors: 2

Graphics and Keyboard
Cirrus Logic GDE5446 VGA

Disks
1: 8.0 GB Hard Disk (file:svar/libdom/images/sles1/diskO. raw)

Network Adapters
1. QEMU Virtualized NIC Card; Randomly generated MAC address

Operating System Installation
Operating System: SUSE Linux Enterprise Server 11
Installation Source:

@Qancel ‘ & Eack| Cﬂgl(‘

5.1.1.1 Name of Virtual Machine

Specify a Name and an optional Description for the guest. The Name must contain on-
ly alphanumeric and _~. : + characters. It must be unique among all VM Guests on
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the VM Host Server. It is used to create and name the guest’s configuration file and
you will be able to access the guest with this name from virsh.

5.1.1.2 Hardware

Change memory and CPU assignments in this screen. It is recommended not to spec-
ify values larger than the resources the VM Host Server can provide (overcommit),
since it may result in fatal errors or performance penalties.

The Advanced Settings let you activate or deactivate ACPI, APIC, and PAE. It is rec-
ommended not to change the default settings. You can also enable or disable para-vir-
tualization with virtio here.

IMPORTANT: Enabling virtio (Para-Virtualization)

If you enable para-virtualization by activating virtio, all hard disks you create
will be configured as virtio disks. If your operating system does not have
appropriate drivers, the installation will fail. A Windows operating system in-
stallation even fails if providing a driver. By default, this feature is only acti-
vated for operating systems known to ship with virtio drivers.

Overwriting the default by activating para-virtualization for non-supported
operating system currently only makes sense for SUSE Linux Enterprise
Server SP3, if you plan to add the para-virtualized drivers during the in-
stallation (see Section 5.3.1, “Adding para-virtualized Drivers During the
Installation” (page 34) for installation instructions).

5.1.1.3 Graphics and Keyboard
Configure the type of virtualized graphics hardware and the keymap in this dialog. If

you disable the graphics card support, the machine is only accessible via network ser-
vices (ssh) or serial port.

5.1.1.4 Disks

Disks: Manage virtual hard disks and CD/DVD drives in this dialog. A VM Guest
must have at least one virtual disk—either an existing one or a newly created disk.
Virtual disks can be:

Guest Installation
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* asingle file with a fixed size

* asingle file that grows on demand (Sparse Image File)

IMPORTANT: Sufficient Space for Sparse Image Files

When creating sparse image files, the partition on which you create them
always needs sufficient free space. The VM Guest has no means to check
the VM Host Server disk space. Having no space left on the host partition
causes write errors and loss of data on the guest system.

* a block device, such as an entire disk, partition, or a network volume.

For best performance, create each virtual disk from an entire disk or a partition. For
the next best performance, create an image file but do not create it as a sparse image
file. A virtual disk based on a sparse image file delivers the most disk space flexibility
but slows installation and disk access speeds.

TIP: Live Migration

If you need to be able to migrate your VM Guest to another host without shut-
ting it down (live migration), all disks must reside on a network resource (net-
work file system or iSCSI volume) that is accessible from both hosts.

By default, a single, file-backed virtual disk is created as a sparse image file in /
var/lib/kvm/images/VM_NAME/ where VM_NAME is the name of the virtual
machine.

NOTE: Supported Disk format

Currently, only the raw disk format is supported by Novell.

Procedure 5.1: Creating a Virtual Disk

1 Click Hard disk.

2 Enter a Source. If creating a file-backed disk, either enter the path directly or click
New. When creating a disk from a device, enter the device node, for example /
dev/disk/by-path/path. It is strongly recommended not to use the sim-
ple device paths such as /dev/sdb or /dev/sdab5, since they may change (by
adding a disk or by changing the disk order in the BIOS).
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3 Specify the Protocol. Choose file for file-backed virtual disks and phy for de-
vice-backed disks. Choosing those protocols will create the disk in raw format.

4 Enter a Size in GB. This option is only available for file-backed disks.

5 Choose whether to create a Sparse Image File. This option is only available for file-
backed disks. If you want to disable write-access to the disk, choose Read-Only Ac-
cess.

If you want to install from DVD or CD-ROM, add the drive to the list of available
hard disks. To learn about device nodes of the available optical drives, run:

hwinfo --cdrom | egrep " (Device File:|Model:)"

Instead of the real DVD or CD-ROM drive, you can also add the ISO image of an in-
stallation medium. Note that each CD-Rom drive or ISO image can only be used by
one guest at the same time.

To add a CD/DVD-ROM device or an ISO image, proceed as follows:

1 Click CD-ROM.

2 Enter a Source. If adding a device, enter its node. If adding an ISO image, either
enter the path directly or click Browse to open a file browser.

3 Specify the Protocol. Choose file for an ISO image and phy for a device.

The disks are listed in the order in which they have been created. This order also rep-
resents the boot order. Use the Up and Down arrows to change the disk order.

5.1.1.5 Network Adapters

By default, a single virtual network card is created for the virtual machine. It has a
randomly generated MAC address that you can change to fit your desired configura-
tion. The virtual network card will be attached to a default bridge configured on the
VM Host Server. You can adjust the configuration in this dialog or create additional
virtual network cards.

To add a new network adapter or edit an existing one, proceed as follows:

1 Click New to add a card or Edit to change the configuration of the selected card.

2 Choose a Type from the drop-down list.

Guest Installation
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NOTE: Supported Virtual Network Adapter Types

Currently, only Fully Virtualized Realtek 8139 or the paravirtualized QEMU
Virtualized NIC Card (virtio-net) are supported by Novell.

3 Choose a Source from the drop-down list.

4 Choose whether to assign a randomly generated MAC address or manually specify
an address.

NOTE: MAC addresses need to be unique

When choosing to manually specify a MAC address, make sure it is not al-
ready used in your network. If so, it may result in network problems, espe-
cially when using DHCP. Therefore avoid specifying MAC addresses such
as 52:54:00:12:34:56 or 52:54:00:11:22:33. It is strongly recommended to
always use a randomly generated MAC address for each adapter.

5.1.1.6 Operating System Installation

This dialog is only available when having chosen to install an operating system. The
installation can be booted from a virtual disk, from a CD/DVD device, from an ISO
image or via PXE boot over the network— use this dialog to configure the boot de-
vice.

Also use this dialog to configure the behavior of the VM Guest when the operating
system is powered off, rebooted or if it crashes. The following options are available

destroy
normal cleanup

restart
anew VM Guest is started in place of the old one

preserve
no cleanup, do not delete temporary, configuration and image files

rename-restart
the VM Guest is not cleaned up but is renamed and a new domain started in its

place
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coredump-destroy
a crashed machine's core is dumped before a normal cleanup is performed

coredump-restart
a crashed machine's core is dumped before a normal restart is performed

5.2 Installing from the Command
Line with vm-install

If SDISPLAY is not set (for example, when operating on a console or on an ssh shell
with no X-forwarding), vm—install offers a command-line wizard to interactive-
ly set up a VM Guest for installation. Once the setup is completed, the newly created
guest boots into the installation system which can be connected via VNC.

IMPORTANT: Graphical User Interface needed for Installation

Once the VM Guest boots into the installation, you need to connect to the
graphical console via VNC to attend the installation. Therefore, you need to
start the viewer from a graphical user interface.

If you are working from a console with no access to a graphical user inter-
face, you can set up the VM Guest configuration and start the installation at a
later time. Refer to Section 5.2.1, “Defining a VM Guest without Starting the
Installation” (page 33) for instructions.

To start the wizard, just type vm—install to start. For a lot of parameters, the in-
stallation wizard already provides reasonable defaults which you can confirm by just
pressing Enter. Here is a log of an interactive setup for a SUSE Linux Enterprise
Server 11 installation:

Example 5.1: Interactive Setup on the Command Line Using vm-install

~ # vm-install
Gathering settings...

Please specify the type of operating system that will run within the virtual
machine. This defines many defaults, and helps decide how to start
paravirtualized operating systems.
Press 'g' or the Escape key to exit.

1: Novell Open Enterprise Server 2 (Linux)

2: Novell Open Enterprise Server 2 (NetWare)

3: Other operating system
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4: PXE

5: RedHat (other)

6: RedHat Enterprise Linux 3

7: RedHat Enterprise Linux 4

8: RedHat Enterprise Linux 5

9: SUSE (other)

10: SUSE Linux Enterprise Desktop 10
11: SUSE Linux Enterprise Desktop 11
12: SUSE Linux Enterprise Server 8
13: SUSE Linux Enterprise Server 9
14: SUSE Linux Enterprise Server 10
15: SUSE Linux Enterprise Server 11
16: Solaris 9 and older

17: Solaris 10

18: Windows (other)

19: Windows (other, x64)
20: Windows NT
21: Windows Server 2008
22: Windows Server 2008 (x64)
23: Windows Vista, Windows 7
24: Windows Vista, Windows 7 (x64)
25: Windows XP, 2000, 2003
26: Windows XP, 2003 (x64)

27: openSUSE
28: openSUSE 11

[15]1 >
PXE Boot
(Y / N) [N] >

Please choose a name for the virtual machine.
[slesll] >

Description > SLES 11 SP1

Specify the amount of memory and number of processors to allocate for the
VM.

Initial Memory [512] >

Maximum Memory [512] > 768

Warning: Setting the maximum memory greater than the initial memory requires
the VM operating system to have a memory balloon driver.

Virtual Processors [2] >

Please specify the type of virtualized graphics hardware.
1: Cirrus Logic GD5446 VGA
2: No Graphics Support
3: VESA VGA

[11 >

Virtual Disks:

(None)
Do you want to add another virtual disk?
(Y / N) [Y] >
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Create a virtual disk based on a device (CD or other block device), an
existing
image file (ISO), or a new file. Specify a device by its device node, such
as
/dev/cdrom, not its mount point.
What type of virtual disk do you want to add?
1: CD-ROM or DVD

2: Floppy
3: Hard Disk
[3] > 3

Where will the virtual disk physically reside?
[/var/lib/kvm/images/slesll/hda] >

Size (GB) [4.0] > 8.0

Create a sparse image file for the virtual disk?
(Y / N) [Y] >

Virtual Disks:

8.0 GB Hard Disk (file:/var/lib/kvm/images/slesll/hda)
Do you want to add another virtual disk?
(Y / N) [N] >y

Create a virtual disk based on a device (CD or other block device), an
existing
image file (ISO), or a new file. Specify a device by its device node, such
as
/dev/cdrom, not its mount point.
What type of virtual disk do you want to add?
1: CD-ROM or DVD

2: Floppy
3: Hard Disk
[3] > 1

Where will the virtual disk physically reside?
[/var/lib/kvm/images/slesll/hdb] > /isos/SLES-11-SP1-CD-i386-GM-CD1l.iso

Virtual Disks:

8.0 GB Hard Disk (file:/var/lib/kvm/images/slesll/hda)

2.9 GB CD-ROM or DVD (file:/isos/SLES-11-SP1-DVD-x86_64-GM-DVD1.1is0)
Do you want to add another virtual disk?
(Y / N) [N] >

Network Adapters
(None)
Do you want to add another virtual network adapter?
(Y / N) [Y] >
What type of virtual network adapter do you want to add?
1: Fully Virtualized AMD PCnet 32
2: Fully Virtualized Intel e100
3: Fully Virtualized Intel 1000
4: Fully Virtualized NE2000 (ISA Bus)
5: Fully Virtualized NE2000 (PCI Bus)
6: Fully Virtualized Realtek 8139
7: Paravirtualized
]

[6] > 7
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Network Adapters

Paravirtualized; Randomly generated MAC address
Do you want to add another virtual network adapter?
(Y / N) [N] >

Preparing to start the installation...

Installing...

You may also provide parameters on the command line. The wizard will then prompt
you for any missing parameters. In the following all parameters from Example 5.1,
“Interactive Setup on the Command Line Using vm—install” (page 29) for

which a command line switch exists, are specified. See man 8 vm-install fora
full list of parameters.

Example 5.2: vm-install command line switches

vmm—-install --os-type sles11@ —-name "slesll_test"@® \

—-—vcpus 20 ——memory 5120 ——max-memory 7680 \

—--disk /var/lib/kvm/images/slesll/hda,0,disk,w,8000, sparse=1 0\
——disk /iso/SLEsfll*SPl*DVD7x86_647GM7DVD1.iso,l,cdromo \

--nic mac=52:54:OO:O5:11:11,model:virtioe \

——graphics cirrus® --config-dir "/etc/libvirt/gemu"®

Specifies the guest operating system to define suitable defaults. A list of valid

values can be obtained with vim—install -O.

Name of the VM Guest. This name must be unique.

Number of virtual processors.

Initial amount of memory.

Maximum amount of memory. Requires an operating system with a para-virtual-

ized virtio-balloon driver.

Defines a virtual hard disk. The file is located at /var/1ib/kvm/im-

ages/slesll/hda. Itis configured as the first (0) hard disk (disk). Itis

writable (w) with a size of 8 GB (8000). The file on the VM Host Server is a

sparse file (sparse=1).

@  Defines an ISO image for a CD-ROM as the second (1) block device.

O  Configures a para-virtualized network device with the MAC address
52:54:00:05:11:11.

©  Specifies the graphics card.

®  The directory in which the XML configuration file for the virtual machine will

be stored. It is strongly recommended to use the default directory /etc/1ib—

virt/gemu.

9000

©
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IMPORTANT: No Automated and Non-Interactive Setup

An automated installation in the background utilizing, for example, AutoYaST
or a NetWare Response File with vm—install --os-settings is cur-
rently not supported with KVM (it only works for Xen PV guests).

The non-interactive setup of a VM Guest with vim—install --vm-set-
tings is currently not supported with KVM, as well.

5.2.1 Defining a VM Guest without
Starting the Installation

vm-install provides the ——no-install parameter. With this parameter the
XML configuration file defining the VM Guest is created, but the guest does not
booted automatically. You may use it regardless whether you start vm—install in
wizard mode or whether you specify all other options in the command line.

WARNING: No Virtual Disk Creation

When using the ——no-install parameter with vm—-install, no virtual
disks will be created. Therefore, you have to create the disks in advance us-
ing either gemu—img or virsh.

Once the VM Guest XML configuration file is successfully created, you need to “reg-
ister” it so it is recognized by Virtual Machine Manager or virsh. Do so by running:

virsh -c gemu:///system define PATH_TO_XMLFILE

5.3 Advanced Guest Installation
Scenarios

This section provides instructions for operations exceeding the scope of a normal in-
stallation, such as adding para-virtualized drivers during the installation or including
add-on packages.
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5.3.1 Adding para-virtualized Drivers
During the Installation

Installing an operating system out of the box on machines with para-virtualized de-
vices is currently only possible with SUSE Linux Enterprise Server 11 SP1 or Red-
Hat Enterprise Linux 5.4 and newer. Novell offers para-virtualized drivers for SUSE
Linux Enterprise Server 10 SP3 and Windows operating systems, that can be installed
manually.

In case of SUSE Linux Enterprise Server 10 SP3 these drivers can be added at the
start of the installation. Thus it is possible to install on a virtual machine with para-
virtualized devices (hard disk, network adapter and memory ballooning). See Sec-
tion 5.1.1.2, “Hardware” (page 25) on how to activate para-virtualization when

setting up a virtual machine. Windows operating systems refuse to install on para-vir-
tualized drives, even if adding the drivers during the installation. Therefore para-virtu-
alization for Windows can only be activated in an already installed system.

See Section A.1, “Installing Para-Virtualized Drivers” (page 139) for instructions
on installing para-virtualized drivers in an already installed system.

5.3.1.1 SUSE Linux Enterprise Server 10 SP3

SUSE Linux Enterprise Server 10 SP3 does not support para-virtualized devices out
of the box, because the drivers are not included. In order to use such devices, add the
missing drivers during the installation. Proceed as follows:

1 Download the ISO image containing the para-virtualized drivers
from http://drivers.suse.com/novell/Novell-vir—
tio-drivers-2.6.27/slel0-sp3/novell-virtio-dri-
vers—2.6.27-slel0sp3.iso.

2 When setting up the VM Guest, specify the ISO image containing the para-virtu-
alized drivers as CDROM device. If you are installing from CDROM or from an
ISO image, make sure to configure the para-virtualized driver image as the second
CDROM device.

3 Finish the guest setup and start the installation. Enter

dud=1
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at the boot prompt and boot into the installation.

4 After the installation system has loaded, a pop-up window opens and asks for the
device from which to install the drivers. Choose the CDROM device containing the
drivers.

5.3.2 Including Add-On Products in the
Installation

Some operating systems such as SUSE Linux Enterprise Server offer to include add-
on products in the installation process. In case the add-on product installation source
is provided via network, no special VM Guest configuration is needed. If it is provid-
ed via CD/DVD or ISO image, it is necessary to provide the VM Guest installation
system with both, the standard installation images and the image for the add-on prod-
uct.

First add the standard installation image, and second the physical CD/DVD-ROM or
add-on image. The image or device added first is automatically chosen as the boot im-
age. In case you install SUSE Linux Enterprise Server, it will be configured as /dev/
sr0, while the add-on product source will be configured as /dev/srl.
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Basic VM Guest
Management

Basic management tasks such as starting or stopping a VM Guest, can either be done
using the graphical application Virtual Machine Manager or on the command line
using virsh. Connecting to the graphical console via VNC is only possible from a
graphical user interface.

6.1 Listing VM Guests

In order to be able to list VM Guests, you need to connect to a VM Host Server first.
If you start the management tool on the VM Host Server itself, you are automatically
connected. When operating from remote, refer to Section 7.3, “Connecting to a VM

Host Server” (page 62) for instructions.

6.1.1 Listing VM Guests with Virtual
Machine Manager

The main Window of the Virtual Machine Manager shows a list of all VM Guests for
each VM Host Server it is connected to. Each VM Guest entry contains the machine's

name, its status (Running, Paused, or Shutoff) displayed as icon and literal, and a CPU
usage bar.

6.1.2 Listing VM Guests with virsh

Use the command virsh list to geta list of VM Guests:
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# list running guests on localhost

virsh -c gemu:///system list

# list running + inactive guests on mercury over TLS connection
virsh -c gemu+tls://mercury.example.com/system list --all

# list running + inactive guests on mercury over SSH connection
virsh -c gemu+ssh://tux@mercury.example.com/system list --inactive

6.2 Opening a Graphical Console

Opening a Graphical Console to a VM Guest lets you interact with the machine like a
physical host via a VNC connection. If accessing the VNC server requires authentica-
tion, you are prompted to enter a user name (if applicable) and a password.

Once you click into the VNC console, the cursor is “grabbed” and cannot be used out-
side the console anymore. To release it, press Alt + Ctrl.

TIP: Absolute Cursor Movement

In order to prevent the console from grabbing the cursor and to enable ab-
solute (seamless) cursor movement, add a tablet input device to the VM
Guest.

Certain key combinations such as Ctrl + Alt + Del are interpreted by the host system
and are not passed to the VM Guest.

To pass such key combinations to a VM Guest, open the Send Key menu from the
VNC window and choose the desired key combination entry.

NOTE: Supported VNC Viewer

Principally all VNC viewers are able to connect to the console of a VM Guest.
However, if you are using SASL authentication and/or TLS/SSL connection
to access the guest, the options become limited. Common VNC viewers such
as tightvnc or tigervnc support neither SASL authentication or TSL/
SSL. The only supported alternative to Virtual Machine Manager and virt-
viewer iS vinagre.
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6.2.1 Opening a Graphical Console with
Virtual Machine Manager

1 In the Virtual Machine Manager, right-click on a VM Guest entry.

2 Choose Open from the pop-up menu.

6.2.2 Opening a Graphical Console with
virt-viewer

virt-viewer is a simple VNC viewer with added functionality for displaying VM
Guest consoles. It can, for example, be started in “wait” mode, where it waits for a
VM Guest to start before it connects. It also supports automatically reconnecting to a
VM Guest that is rebooted.

virt-viewer addresses VM Guests by name, by ID or by UUID. Use virsh
list —-all to get this data.

To connect to a guest that is running or paused, either use the ID, UUID, or name.
VM Guests that are shut off do not have an ID—you can only connect by UUID or
name.

# local connect to guest with ID 8
virt-viewer —-c gemu:///system 8

# local connect to the inactive guest slesll; will connect once
# the guest starts
virt-viewer --wait slesll

virt-viewer -c gemu:///system --wait slesll

# remote connect via ssh
viewer -c gemu+ssh://tux@mercury.example.com/system 8

# remote connect via ssh wait / reconnect mode:
virt-viewer -c gemu+ssh://root@mercury.example.com/system -w slesll

For more information, see virt-viewer —-helporman 1 virt-viewer.
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6.3 Changing a VM Guest's State:
Start, Stop, Pause

Starting, stopping or pausing a VM Guest can either be done with Virtual Machine
Manager or virsh. You can also configure a VM Guest to be automatically started
when booting the VM Host Server.

When shutting down a VM Guest, you may either shut it down gracefully, or force
the shutdown. The latter is equivalent to pulling the power plug on a physical host and
is only recommended if there are no alternatives. Forcing a shutdown may cause file
system corruption and loss of data on the VM Guest.

TIP: Graceful Shutdown

In order to be able to perform a graceful shutdown, the VM Guest must be
configured to support ACPI. If you have created the guest with vm—install
or with Virtual Machine Manager, ACPI should be available. Use the following
procedure in Virtual Machine Manager to check:

Double-click the VM Guest entry in Virtual Machine Manager. Choose View >
Details and then Overview > Machine Settings. ACPI should be checked.

Depending on the guest operating system, enabling ACPI may not be suffi-
cient. It is strongly recommended to test shutting down and rebooting a guest
before releasing it to production. openSUSE or SUSE Linux Enterprise Desk-
top, for example, may require PolicyKit authorization for shutdown and re-
boot. Make sure this policy is turned off on all VM Guests.

If ACPI was enabled during a Windows XP/Server 2003 guest installation,
turning it on in the VM Guest configuration alone is not sufficient. See the fol-
lowing articles for more information:

http://support.microsoft.com/kb/314088/EN-US/
http://support.microsoft.com/?kbid=309283

A graceful shutdown is of course always possible from within the guest oper-
ating system, regardless of the VM Guest's configuration.
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6.3.1 Changing a VM Guest's State with
Virtual Machine Manager

Changing a VM Guest's state can either be done from Virtual Machine Manager's
main window, or from a VNC window.

Procedure 6.1: State Change from the Virtual Machine Manager Window
1 Right-click on a VM Guest entry.

2 Choose Run, Pause, or one of the Shutdown options from the pop-up menu.
Procedure 6.2: State change from the VNC Window

1 Open a VNC Window as described in Section 6.2.1, “Opening a Graphical Console
with Virtual Machine Manager” (page 39).

2 Choose Run, Pause, or one of the Shut Down options either from the toolbar or
from the Virtual Machine menu.

6.3.1.1 Autostarting a VM Guest

Automatically starting a guest when the VM Host Server boots is not enabled by de-
fault. This feature needs to be turned on for each VM Guest individually. There is no
way to activate it globally.

1 Double-click the VM Guest entry in Virtual Machine Manager to open its console.
2 Choose View > Details to open the VM Guest configuration window.
3 Choose Boot Options and check Start virtual machine on host boot up.

4 Save the new configuration with Apply.

6.3.2 Changing a VM Guest's State with
virsh

In the following examples the state of a VM Guest named “sles11” is changed. All
commands are run directly on the VM Host Server.
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virsh -c gemu:///system start slesll start

#
virsh -c gemu:///system suspend slesll # pause

virsh -c gemu:///system reboot slesll # reboot

virsh -c gemu:///system shutdown slesll # graceful shutdown
virsh -c gemu:///system destroy slesll # force shutdown
virsh -c gemu:///system autostart slesll # turn on autostart
virsh -c gemu:///system autostart --disable slesll # turn off autostart

6.4 Saving and Restoring VM
Guests

Saving a VM Guest preserves the exact state of the guest’s memory. The operation is
slightly similar to hibernating a computer. A saved VM Guest can be quickly restored
to its previously saved running condition.

When saved, the VM Guest is paused, its current memory state saved to disk, and then
the guest is stopped. The operation does not make a copy of any portion of the VM
Guest’s virtual disk. The amount of time to save the virtual machine depends on the
amount of memory allocated. When saved, a VM Guest’s memory is returned to the
pool of memory available on the VM Host Server.

The restore operation loads a VM Guest’s previously saved memory state file and
starts it. The guest is not booted but rather resumes at the point where it was previous-
ly saved. The operation is slightly similar to coming out of hibernation.

The VM Guest is saved to a state file. Make sure there is enough space on the parti-
tion you are going to save to. Issue the following command on the guest to get a rough
estimation of the file size in megabytes to be expected:

free -m | awk '/"Mem:/ {print $3}'

WARNING

After using the save operation, do not boot, start, or run the saved VM Guest.
Doing so would cause the machine's virtual disk and the saved memory state
getting out of sync and can result in critical errors when restoring the guest.
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6.4.1 Saving / Restoring with Virtual
Machine Manager

Procedure 6.3: Saving a VM Guest

1 Open a VNC connection window to a VM Guest. Make sure the guest is running.
2 Choose Virtual Machine > Save
3 Choose a location and a file name.

4 Click Save. Saving the guest's state may take some time. After the operation has
finished, the VM Guest will automatically shut down.

Procedure 6.4: Restoring a VM Guest

1 Start the Virtual Machine Manager.
2 Type Alt + R or choose File > Restore Saved Machine.

3 Choose the file you want to restore and proceed with Open. Once the file has been
successfully loaded, the VM Guest is up and running.

6.4.2 Saving / Restoring with virsh

Save a running VM Guest with the command virsh save:

# save the guest named opensusell
virsh save opensusell /virtual/saves/opensusell.vmsave

# save the guest with Id 37
virsh save 37 /virtual/saves/opensusell.vmsave

To restore it, use virsh restore:

virsh restore /virtual/saves/opensusell.vmsave

6.5 Deleting a VM Guest

Deleting a VM Guest removes its XML configuration by default. Since the attached
storage is not deleted, you will be able to use it with another VM Guest. With Virtu-
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al Machine Manager you may also delete a guest's storage files as well—this will com-
pletely erase the guest.

In order to delete a VM Guest, it has to be shut down first (refer to Section 6.3,
“Changing a VM Guest's State: Start, Stop, Pause” (page 40) for instructions). It is
not possible to delete a running guest.

6.5.1 Deleting a VM Guest with Virtual
Machine Manager

1 In the Virtual Machine Manager, right-click on a VM Guest entry.
2 Choose Delete from the pop-up menu.

3 A confirmation window opens. Clicking Delete will permanently erase the VM
Guest. The deletion is not recoverable.

You may also choose to permanently delete the guest's virtual disk by ticking
Delete Associated Storage Files. The deletion is not recoverable either.

6.5.2 Deleting a VM Guest with virsh

To delete a VM Guest with virsh run virsh undefine VM_NAME. There is no
option to automatically delete the attached storage files.
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Connecting and Authorizing

Having to manage several VM Host Servers, each hosting a couple of VM Guests,
quickly becomes difficult to handle. One of the major benefits of 1ibvirt is the
ability to connect to several VM Host Servers at once, providing a single interface to
manage all VM Guests and to connect to their graphical console.

In order to ensure only authorized users can connect, 1 ibvirt offers several con-
nection types that can be combined with different authorization mechanisms.

7.1 Authentication

The power to manage VM Guests and to access their graphical console obviously is
something that should be restricted to a well defined circle of persons. In order to
achieve this goal, you can use the following authentication techniques on the VM Host
Server:

* Access control for UNIX sockets with permissions and group ownership. This
method is available for 1 ibvirtd connections only.

* Access control for UNIX sockets with PolicyKit. This method is available for local
libvirtd connections only.

* Username and password authentication with SASL (Simple Authentication and Se-
curity Layer). This method is available for both, 1ibvirtd and VNC connec-
tions. Using SASL does not require real user accounts on the server, since it uses its
own database to store usernames and passwords.
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¢ Kerberos authentication. This method, available for 1 ibvirtd connections on-
ly, is not covered in this manual. Please refer to http://libvirt.org/
auth.html#ACL_server_kerberos for details.

* Single password authentication. This method is available for VNC connections on-
ly.

IMPORTANT: Authentication for 1ibvirtd and VNC need to be
configured separately

Access to the VM Guest management functions (via 1ibvirtd) on the one
hand and to their graphical console on the other hand, always needs to be
configured separately. When restricting the access to the management tools,
these restrictions do not automatically apply to VNC connections!

When accessing VM Guests from remote via TLS/SSL connections, access can be in-
directly controlled on each client by restricting read permissions to the certificate's
key file to a certain group. See Section 7.2.2.5, “Restricting Access (Security
Considerations)” (page 59) for details.

7.1.1 1libvirtd Authentication

libvirtd authentication is configured in /etc/libvirt/libvirtd.conf.
The configuration made here applies to all 1 ibvirt tools such as the Virtual Ma-
chine Manager or virsh.

libvirt offers two sockets: a read-only socket for monitoring purposes and a read-
write socket to be used for management operations. Access to both sockets can be
configured independently. By default, both sockets are owned by root . root. De-
fault access permissions on the read-write socket are restricted to the user root
(0700) and fully open on the read-only socket (0777).

In the following instructions you learn how to configure access permissions for the
read-write socket. The same instructions also apply to the read-only socket. All con-
figuration steps have to be carried out on the VM Host Server.

NOTE: Default Authentication Settings on

The default authorization method on is access control for UNIX sockets with
PolicyKit. Every user accessing the read-write socket, has to provide the
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root password once and is granted access for the current and for future
sessions.

Recommended Authorization Methods
Local Connections

Section 7.1.1.2, “Access Control for UNIX Sockets with PolicyKit” (page 48)
Section 7.1.1.1, “Access Control for UNIX Sockets with Permissions and Group
Ownership” (page 47)

Remote Tunnel over SSH

Section 7.1.1.1, “Access Control for UNIX Sockets with Permissions and Group
Ownership” (page 47)

Remote TLS/SSL Connection

Section 7.1.1.3, “Username and Password Authentication with
SASL” (page 49)
none (access controlled on the client side by restricting access to the certificates)

7.1.1.1 Access Control for UNIX Sockets with
Permissions and Group Ownership
In order to grant access for non-root accounts, configure the sockets to be owned

and accessible by a certain group (Libvirt in the following example). This authen-
tication method can be used for local and remote SSH connections.

1 In case it does not exist, create the group which should own the socket:
groupadd libvirt

IMPORTANT: Group Needs to Exist

The group must exist prior to restarting 1 ibvirtd. If not, the restart will
fail.

2 Add the desired users to the group:

usermod -A libvirt tux

3 Change the configuration in /etc/libvirt/libvirtd.conf as follows:
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unix_sock_group = "libvirt"@
unix_sock_rw_perms = "0770"@
auth_unix_rw = "none "®

©  Group ownership will be set to group 1ibvirt.

®  Sets the access permissions for the socket (Srwxrwx---).

®  Disables other authentication methods (PolicyKit or SASL). Access is solely
controlled by the socket permissions.

4 Restart 1ibvirtd:

rclibvirtd restart

7.1.1.2 Access Control for UNIX Sockets with
PolicyKit

Access control for UNIX sockets with PolicyKit is the default authentication method
on . Therefore, no 1ibvirt configuration changes are needed. With PolicyKit au-
thorization enabled, permissions on both sockets default to 0777 and each applica-

tion trying to access a socket needs to authenticate via PolicyKit. currently supports
this method for local connections only.

Two policies for accessing 1ibvirt's sockets exist:
* org.libvirt.unix.monitor: accessing the read-only socket
* org.libvirt.unix.manage: accessing the read-write socket

By default, the policy for accessing the read-write socket is to authenticate with
root password once and grant the privilege for the current and for future sessions
(auth_admin_keep_always).

In order to grant users access to the read-write socket without having to provide the
root password, there are two possibilities:

1. Using the polkit—-auth command, you can grant the privilege without any re-
strictions:

polkit—-auth --user tux —--grant org.libvirt.unix.manage # grant
privilege
polkit-auth --user tux --revoke org.libvirt.unix.manage # revoke
privilege
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2. Editing /etc/PolicyKit/PolicyKit.conf offers more advanced op-
tions. Add the following XML snippet in between the existing <config ver-—
sion="0.1">and </config> tags:
<match action="org.libvirt.unix.manage">@

<match user="tux">@
<return result="yes"/>©

</match>
</match>

O  The name of the policy; org.libvirt.unix.manage stands for access-
ing the read-write socket.

®  The username(s) which to grant the privilege. Use the | symbol to separate
entries (user="tux|wilber").

©  The privilege that is granted. The following options exist: yes
(no restrictions), no (block access completely), auth_self or
auth_admin (authenticate with own password/root password every
time the privilege is requested), auth_self_keep_session or
auth_admin_keep_session (authenticate with own password/root
password once per session) and auth_self_keep_always or
auth_admin_keep_always (authenticate only once with own pass-
word/root password).

7.1.1.3 Username and Password Authentication
with SASL

SASL provides username and password authentication as well as data encryption (di-
gest-md5, by default). Since SASL maintains its own user database, the users do not
need to exist on the VM Host Server. SASL is required by TCP connections and on
top of TLS/SSL connections.

IMPORTANT: Plain TCP and SASL with digest-md5 Encryption

Using digest-md>5 encryption on an otherwise unencrypted TCP connection
does not provide enough security for production environments. It is recom-
mended to only use it in testing environments.

TIP: SASL Authentication on Top of TLS/SSL

Access from remote TLS/SSL connections can be indirectly controlled on
the client side by restricting access to the certificate's key file. However, this
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might prove error-prone when dealing with a large number of clients. Utilizing
SASL with TLS adds security by additionally controlling access on the server
side.

To configure SASL authentication, proceed as follows:
1 Change the configurationin /etc/libvirt/libvirtd.conf as follows:

1a To enable SASL for TCP connections:

auth_tcp = "sasl"

1b To enable SASL for TLS/SSL connections:

auth_tls = "sasl"

2 Restart 1ibvirtd:

rclibvirtd restart

3 The libvirt SASL configuration file is located at /etc/sas12/
libvirtd.conf. Normally, there is no need to change the defaults. However,
if using SASL on top of TLS, you may turn off session encryption to avoid addi-
tional overhead— TLS connections are already encrypted— by commenting the
mech_1list. For TCP connections this parameter must be set to digest-md5:

mech_list: digest-md5 # mandatory for TCP connections
#mech_list: digest-md5 # apply default (username+password) TLS/SSL
only!

4 By default, no SASL users are configured, so no logins are possible. Use the fol-
lowing commands to add, list, and delete users:

mercury:~ # saslpasswd2 -a libvirt tux # add user tux
Password:

Again (for verification):

mercury:~ # sasldblistusers2 -f /etc/libvirt/passwd.db # list users
tux@mercury.example.com: userPassword

mercury:~ # saslpasswd2 -a libvirt -d tux # delete user tux

TIP: virsh and SASL Authentication

When using SASL authentication you will be prompted for a username and
password every time you issue a virsh command. Avoid this by using
virsh in shell mode.
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7.1.2 VNC Authentication

Since access to the graphical console of a VM Guest is not controlled by 1ibvirt,
but rather by QEMU, it is always necessary to additionally configure VNC authentica-
tion. The main configuration file is /etc/libvirt/gemu. conf.

Two authentication types are available: SASL and single password authentication. If
you are using SASL for 1ibvirt authentication, it is strongly recommended to use
it for VNC authentication as well—it is possible to share the same database.

A third method to restrict access to the VM Guest is to enable the use of TLS en-
cryption on the VNC server. This requires the VNC clients to have access to x509
client certificates. By restricting access to these certificates, access can indirect-
ly be controlled on the client side. Refer to Section “VNC over TLS/SSL: Client
Configuration” (page 58) for details.

7.1.2.1 Username and Password Authentication
with SASL

SASL provides username and password authentication as well as data encryption.
Since SASL maintains its own user database, the users do not need to exist on the
VM Host Server. As with SASL authentication for 1ibvirt, you may use SASL
on top of TLS/SSL connections. Refer to Section “VNC over TLS/SSL: Client
Configuration” (page 58) for details on configuring these connections.

To configure SASL authentication for VNC, proceed as follows:

1 Create a SASL configuration file. It is recommended to use the existing 1ibvirt
file. If you have already configured SASL for 1ibvirt and are planning to use
the same settings including the same username/password database, a simple link is
suitable:

In -s /etc/sasl2/libvirt.conf /etc/sasl2/gemu.conf

In case you are setting up SASL for VNC only or planning to use a different con-
figuration than for 1ibvirt, copy the existing file to use as a template and edit it
according to your needs:

cp /etc/sasl2/libvirt.conf /etc/sasl2/gemu.conf

2 By default, no SASL users are configured, so no logins are possible. Use the fol-
lowing commands to add, list, and delete users:
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mercury:~ # saslpasswd2 -a libvirt tux # add user tux
Password:

Again (for verification):

mercury:~ # sasldblistusers2 -f /etc/libvirt/passwd.db # list users
tux@mercury.example.com: userPassword

mercury:~ # saslpasswd2 -a libvirt -d tux # delete user tux

3 Change the configuration in /etc/libvirt/gemu.conf as follows:
vnc_listen = "0.0.0.0"

vnc_sasl = 1

The first parameter enables VNC to listen on all public interfaces (rather than to
the local host only), and the second parameter enables SASL authentication.

4 Restart l1ibvirtd:

rclibvirtd restart

5 Restart all VM Guests that have been running prior to changing the configuration.
VM Guests that have not been restarted will not use SASL authentication for VNC
connects.

NOTE: Supported VNC Viewers

Currently only the same VNC viewers that also support TLS/SSL connec-
tions, support SASL authentication, namely Virtual Machine Manager,
virt-viewer, and vinagre.

7.1.2.2 Single Password Authentication

Access to the VNC server may also be controlled by setting a VNC password. You
can either set a global password for all VM Guests or set individual passwords for
each guest. The latter requires to edit the VM Guest's config files.

NOTE: Always Set a Global Password

If you are using the single password authentication, it is good practice to set

a global password even if setting passwords for each VM Guest. This will al-
ways leave your virtual machines protected with a “fallback” password if you
forget to set a per-machine password. The global password will only be used
if no other password is set for the machine.
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Procedure 7.1: Setting a Global VNC Password

1 Change the configurationin /etc/libvirt/gemu.conf as follows:
vnc_listen = "0.0.0.0"
vnc_password = "PASSWORD"

The first parameter enables VNC to listen on all public interfaces (rather than to
the local host only), and the second parameter sets the password. The maximum
length of the password is eight characters.

2 Restart 1ibvirtd:

rclibvirtd restart

3 Restart all VM Guests that have been running prior to changing the configuration.
VM Guests that have not been restarted will not use password authentication for
VNC connects.

Procedure 7.2: Setting a VM Guest Specific VNC Password

1 Change the configuration in /etc/libvirt/gemu. conft as follows to enable
VNC to listen on all public interfaces (rather than to the local host only).

vnc_listen = "0.0.0.0"

2 Open the VM Guest's XML configuration file in an editor. Replace VM NAME in
the following example with the name of the VM Guest. The editor that is used de-

faults to SEDITOR. If that variable is not set, v1i is used.
virsh edit VM NAME

3 Search for the element <graphics> with the attribute t ype="vnc"', for exam-
ple:

<graphics type='vnc' port='-1' autoport='yes'/>

4 Add the passwd=PASSWORD attribute, save the file and leave the editor. The

maximum length of the password is eight characters.
<graphics type='vnc' port='-1' autoport='yes' passwd='PASSWORD'/>

5 Restart 1ibvirtd:

rclibvirtd restart

6 Restart all VM Guests that have been running prior to changing the configuration.
VM Guests that have not been restarted will not use password authentication for
VNC connects.
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WARNING: Security

The VNC protocol is not considered to be safe. Although the password is
sent encrypted, it might be vulnerable, when an attacker is able to sniff both,
the encrypted password and the encryption key. Therefore, it is recommend-
ed to use VNC with TLS/SSL or tunneled over SSH. virt-viewer, as well
as the Virtual Machine Manager and vinagre from version 2.30 on, support
both methods.

7.2 Configuring Remote
Connections

A major benefit of 1ibvirt is the ability to manage VM Guests on different remote
hosts from a central location. This section gives detailed instructions on how to con-
figure server and client to allow remote connections.

7.2.1 Remote Tunnel over SSH

Enabling a remote connection that is tunneled over SSH on the VM Host Server only
requires the ability to accept SSH connections. Make sure the SSH daemon is started
(rcsshd status) and that the ports for service SSH are opened in the firewall.

User authentication for SSH connections can be done using traditional file user/group
ownership and permissions as described in Section 7.1.1.1, “Access Control for UNIX
Sockets with Permissions and Group Ownership” (page 47).

7.2.2 Remote TLS/SSL Connection with
x509 Certificate

Using TCP connections with TLS/SSL encryption and authentication via x509 certifi-
cates is much more complicated to set up than SSH, but it is a lot more scalable. Use
this method if you have to manage several VM Host Servers with a varying number of
administrators.

Buptyannsauus ¢ KVM



7.2.2.1 Basic concept

Basically, TLS (Transport Layer Security) encrypts the communication between two
computers by using certificates. The computer starting the connection is always con-
sidered as the “client” using a “client certificate”, while the receiving computer is al-
ways considered as the “server”, using a “server certificate”. This scenario applies, for
example, if you manage your VM Host Servers from a central desktop.

If connections are initiated from both computers, each needs to have a client and a
server certificate. This is the case, for example, if you migrate a VM Guest from one
host to another.

Each x5009 certificate has a matching private key file. Only the combination of cer-
tificate and private key file is able to identify itself correctly. In order to assure that a
certificate was issued by the assumed owner, it is signed and issued by a central cer-
tificate called certification authority (CA). Both the client and the server certificates
must be issued by the same CA.

IMPORTANT: User Authentication

Using a remote TLS/SSL connection basically only ensures that two comput-
ers are allowed to communicate in a certain direction. Restricting access to
certain users can indirectly be achieved on the client side by restricting ac-
cess to the certificates. Refer to Section 7.2.2.5, “Restricting Access (Securi-
ty Considerations)” (page 59) for details. 1ibvirt also supports user au-
thentication on the server with SASL. Read more in Section 7.2.2.6, “Central
User Authentication with SASL for TLS Sockets” (page 61).

7.2.2.2 Configuring the VM Host Server

The VM Host Server is the machine receiving connections. Therefore, the server cer-
tificates have to be installed. The CA certificate needs to be installed, as well. Once
the certificates are in place, TLS support can be turned on for 1ibvirt.

1 Create the server certificate and export it together with the CA certificate as de-
scribed in Section A.2, “Generating x509 Client/Server Certificates” (page 145).

2 Create the following directories on the VM Host Server:

mkdir -p /etc/pki/CA/ /etc/pki/libvirt/private/
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Install the certificates as follows:

/etc/pki/CA/cacert.pem
/etc/pki/libvirt/servercert.pem
/etc/pki/libvirt/private/serverkey.pem

IMPORTANT: Restrict Access to Certificates

Make sure to restrict access to certificates as explained in Section 7.2.2.5,
“Restricting Access (Security Considerations)” (page 59).

3 Enable TLS support by editing /etc/libvirt/libvirtd.conf and setting
listen_tls = 1.Restart libvirtd:

rclibvirtd restart

4 By default, 1ibvirt uses the TCP port 16514 for accepting secure TLS connec-
tions. Open this port in the firewall.

IMPORTANT: Restarting 1ibvirtd with TLS enabled

If you enable TLS for 1ibvirt, the server certificates need to be in place,
otherwise restarting 1ibvirtd will fail. You also need to restart 1ibvirtd
in case you change the certificates.

7.2.2.3 Configuring the Client and Testing the
Setup

The client is the machine initiating connections. Therefore the client certificates have
to be installed. The CA certificate needs to be installed, as well.

1 Create the client certificate and export it together with the CA certificate as de-
scribed in Section A.2, “Generating x509 Client/Server Certificates” (page 145).

2 Create the following directories on the client:

mkdir -p /etc/pki/CA/ /etc/pki/libvirt/private/

Install the certificates as follows:

/etc/pki/CA/cacert.pem
/etc/pki/libvirt/clientcert.pem
/etc/pki/libvirt/private/clientkey.pem
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IMPORTANT: Restrict Access to Certificates

Make sure to restrict access to certificates as explained in Section 7.2.2.5,
“Restricting Access (Security Considerations)” (page 59).

3 Test the client/server setup by issuing the following command. Replace
mercury.example.com with the name of your VM Host Server. Specify the
same full qualified hostname as used when creating the server certificate.

virsh -c gemu+tls://mercury.example.com/system list --all

If your setup is correct, you will see a list of all VM Guests registered with 1ib—
virt on the VM Host Server.

7.2.2.4 Enabling VNC for TLS/SSL connections

Currently, VNC communication over TLS is only supported by few tools. The wide-
spread t ightvnc or tigervnc viewer, for example, do not support TLS. Known
to work are the Virtual Machine Manager (virt-manager), virt-viewer and
the GNOME VNC viewer vinagre.

VNC over TLS/SSL: VM Host Server Configuration

In order to access the graphical console via VNC over TLS/SSL, you need to config-
ure the VM Host Server as follows:

1 Open ports for the service VNC in your firewall.

2 Create a directory /etc/pki/libvirt-vnc and link the certificates into this
directory as follows:
mkdir -p /etc/pki/libvirt-vnc && cd /etc/pki/libvirt-vnc
In -s /etc/pki/CA/cacert.pem ca-cert.pem

In -s /etc/pki/libvirt/servercert.pem server-cert.pem
In -s /etc/pki/libvirt/private/serverkey.pem server-key.pem

3 Edit /etc/libvirt/gemu.conf and set the following parameters:

vnc_listen = "0.0.0.0"
vnc_tls = 1
vnc_tls_x509_verify = 1

4 Restartthe libvirtd:
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rclibvirtd restart

IMPORTANT: VM Guests Need to be Restarted

The VNC TLS setting is only set when starting a VM Guest. Therefore, you
need to restart all machines that have been running prior to making the
configuration change.

VNC over TLS/SSL.: Client Configuration

The only action needed on the client side is to place the x509 client certificates in a
location recognized by the client of choice. Unfortunately, each supported client—
Virtual Machine Manager, virt-viewer, and vinagre—expects the certificates
in a different location. However, Virtual Machine Manager and vinagre can either
read from a system wide location applying to all users, or from a per user location.

Virtual Machine Manager (virt-manager)
In order to connect to the remote host, Virtual Machine Manager requires the
setup explained in Section 7.2.2.3, “Configuring the Client and Testing the
Setup” (page 56). In order to be able to connect via VNC the client certifi-
cates also need to be placed in the following locations:

System wide location
/etc/pki/CA/cacert.pem
/etc/pki/libvirt-vnc/clientcert.pem
/etc/pki/libvirt-vnc/private/clientkey.pem
Per user location
/etc/pki/CA/cacert.pem
~/.pki/libvirt-vnc/clientcert.pem

~/.pki/libvirt-vnc/private/clientkey.pem

virt-viewer
virt-viewer only accepts certificates from a system wide location:

/etc/pki/CA/cacert.pem

/etc/pki/libvirt-vnc/clientcert.pem
/etc/pki/libvirt-vnc/private/clientkey.pem
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vinagre
System wide location
/etc/pki/CA/cacert.pem
/etc/pki/vinagre/clientcert.pem
/etc/pki/vinagre/private/clientkey.pem
Per user location
SHOME/ .pki/CA/cacert .pem

~/.pki/vinagre/clientcert.pem
~/.pki/vinagre/private/clientkey.pem

IMPORTANT: Restrict Access to Certificates

Make sure to restrict access to certificates as explained in Section 7.2.2.5,
“Restricting Access (Security Considerations)” (page 59).

7.2.2.5 Restricting Access (Security
Considerations)

Each x5009 certificate consists of two pieces: the public certificate and a private key.
A client can only authenticate using both pieces. Therefore, any user that has read ac-
cess to the client certificate and its private key can access your VM Host Server. On
the other hand, an arbitrary machine equipped with the full server certificate can pre-
tend to be the VM Host Server. Since this is probably not desirable, access to at least
the private key files needs to be restricted as much as possible. The easiest way to
control access to a key file is to use access permissions.

Server Certificates
Server certificates need to be readable for QEMU processes. On QEMU process-
es started from 1ibvirt tools are owned by root, so it is sufficient if root is
able to read them certificates:

chmod 700 /etc/pki/libvirt/private/
chmod 600 /etc/pki/libvirt/private/serverkey.pem

If you change the ownership for QEMU processes in /etc/1lib-
virt/gemu.conf, you also need to adjust the ownership of the key file.
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System Wide Client Certificates
To control access to a key file that is available system wide, restrict read access
a certain group, so that only members of that group can read the key file. In the
following example, a group 1ibvirt is created and the group ownership of the
clientkey.pem and its parent directory is set to Libvirt. Afterwards, the
access permissions are restricted to owner and group. Finally the user tux is added
to the group 1ibvirt, so he will be able to access the key file.

CERTPATH="/etc/pki/libvirt/"

# create group libvirt

groupadd libvirt

# change ownership to user root and group libvirt

chown root.libvirt $CERTPATH/private $CERTPATH/clientkey.pem
# restrict permissions

chmod 750 S$CERTPATH/private

chmod 640 $CERTPATH/private/clientkey.pem

# add user tux to group libvirt

usermod -A libvirt tux

Per User Certificates
User specific client certificates for accessing the graphical console of a VM
Guest via VNC need to be placed in the users home directory in ~/ . pki. Con-
trary to, for example, the VNC viewer using these certificates do not check the
access permissions of the private key file. Therefore, it is solely on the user's re-
sponsibility to make sure the key file is not readable by others.

Restricting Access from the Server Side

By default, every client that is equipped with appropriate client certificates may con-
nect to a VM Host Server accepting TLS connections. Therefore, it is possible to

use additional server side authentication with SASL as described in Section 7.1.1.3,
“Username and Password Authentication with SASL” (page 49).

It is also possible to restrict access with a whitelist of DNs (distinguished names), so
only clients with a certificate matching a DN from the list can connect.

Add a list of allowed DNstot1s_allowed_dn_listin /etc/lib-
virt/libvirtd.conf. This list may contain wildcards. Do not specify an empty
list, since that would result in refusing all connections.

tls_allowed_dn_list = [
"C=US, L=Provo, O=SUSE Linux Products
GmbH, OU=*, CN=venus.example.com, EMAIL=*",
"C=DE, L=Nuremberg, O=SUSE Linux Products GmbH,OU=Documentation, CN=*"]

Get the distinguished name of a certificate with the following command:
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certtool -i —--infile /etc/pki/libvirt/clientcert.pem | grep "Subject:"

Restart 1 ibvirtd after having changed the configuration:

rclibvirtd restart

7.2.2.6 Central User Authentication with SASL for
TLS Sockets

A direct user authentication via TLS is not possible - this is handled indirectly on each
client via the read permissions for the certificates as explained in Section 7.2.2.5,
“Restricting Access (Security Considerations)” (page 59). However, if a central,
server based user authentication is needed 1ibvirt also allows to use SASL (Simple
Authentication and Security Layer) on top of TLS for direct user authentication. See
Section 7.1.1.3, “Username and Password Authentication with SASL” (page 49)

for configuration details.

7.2.2.7 Troubleshooting

Virtual Machine Manager/virsh Cannot Connect to Server
Check the following in the given order:

Is it a firewall issue (TCP port 16514 needs to be open on the server)?

Is the client certificate (certificate and key) readable by the user that has started Vir-
tual Machine Manager/virsh?

Has the same full qualified hostname as in the server certificate been specified with
the connection?

Is TLS enabled on the server (1isten_tls = 1)?

Has 1ibvirtd been restarted on the server?

VNC Connection fails

Ensure that you can basically connect to the remote server using Virtual Machine
Manager. If so, check whether the virtual machine on the server has been started with
TLS support. The virtual machine's name in the following example is “sles11”.

ps ax | grep gemu | grep "\-name slesll" | awk -F" -vnc " '{ print FS $2 }'

If the output does not begin with a string similar to the following, the machine has not
been started with TLS support and must be restarted.
-vnc 0.0.0.0:0,tls,x509verify=/etc/pki/libvirt
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7.3 Connecting to a VM Host Server

In order to connect to a hypervisor with 1ibvirt, you need to specify a uniform re-
source identifier (URI). This URI is needed with virsh and virt-viewer (ex-
cept when working as root on the VM Host Server) and is optional for the Virtual
Machine Manager. Although the latter can be called with a connection parameter (for
example, virt—-manager -c gemu:///system), italso offers a graphical in-
terface to create connection URIs. See Section 7.3.1, “Managing Connections with
Virtual Machine Manager” (page 63) for details.

HYPERVISOR@+PROTOCOL®: / / USERCREMOTE® / CONNECTION_TYPEQD

©  Specify the hypervisor. currently supports the following hypervisors: test
(dummy for testing), gemu (KVM), and xen (Xen). This parameter is mandato-
ry.

®  When connecting to a remote host, specify the protocol here. Can be one of:
ssh (connection via SSH tunnel), t cp (TCP connection with SASL/Kerberos
authentication), t 1s (TLS/SSL encrypted connection with authentication via
x509 certificates).

©  When connecting to a remote host, specify the user and the remote hostname. If
no user is specified, the username that has called the command ($USER) is used.
Please see below for more information. For TLS connections the hostname has
to be specified exactly as in the x509 certificate.

O  When connecting to QEMU hypervisor, two connections types are accepted:
system for full access rights, or session for restricted access. Since ses—
sion access is not supported on , this documentation focuses on sy stem ac-
cess.

Example Hypervisor Connection URIs

test:///default
Connect to the local dummy hypervisor. Useful for testing.

gemu:///system
Connect to the QEMU hypervisor on the local host having full access (type sys-
tem). This usually requires that the command is issued by the user root.

gemu+ssh://tux@mercury.example.com/system
Connect to the QEMU hypervisor on the remote host mercury.example.com. The
connection is established via an SSH tunnel.
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gemu+tls://saturn.example.com/system
Connect to the QEMU hypervisor on the remote host mercury.example.com. The
connection is established TLS/SSL.

For more details and examples, refer to the 1ibvirt documentation at http://
libvirt.org/uri.html.

NOTE: Usernames in URIs

A username needs to be specified when using Unix socket authentication (re-
gardless whether using the username/password authentication scheme or
PolicyKit). This applies to all SSH and local connections.

There is no need to specify a username when using SASL authentication (for
TCP or TLS connections) or when doing no additional server side authenti-
cation for TLS connections. With SASL the username will not be evaluated—
you will be prompted for a SASL user/password combination in any case.

7.3.1 Managing Connections with Virtual
Machine Manager

The Virtual Machine Manager uses a Connect ion for every VM Host Server it
manages. Each connection contains all VM Guests on the respective host. By default,
a connection to the localhost is already configured and connected.

All configured connections are displayed in the Virtual Machine Manager main win-
dow. Active connections are marked with a small triangle which you can click in or-
der to fold or unfold the list of VM Guests for this connection.

Inactive connections are listed gray and are marked with Not Connected. Either
double-click or right-click it and choose Connect from the context menu. You can also
Delete an existing connection from this menu.

NOTE: Editing Existing Connections

It is not possible to edit an existing connection. In order to change a connec-
tion, create a new one with the desired parameters and delete the “old” one.

To add a new connection in the Virtual Machine Manager, proceed as follows:
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1 Choose File > Add Connection
2 Choose the host's Hypervisor (Xen or QEMU/KVM)

3 Choose a Connection type—either Local for connecting to the host the Virtual Ma-
chine Manager was started on, or one of the remote connections (see Section 7.2,
“Configuring Remote Connections” (page 54) for more information).

4 1In case of a remote connection, enter the Hosmame of the remote machine as
USERNAME@REMOTE_HOST. Usernames must be specified for local connections
as well as for SSH

IMPORTANT: Specifying a Username

There is no need to specify a username for TCP and TLS connections; it
will not be evaluated anyway. A username must be specified for local con-
nections as well as for SSH connections—if not, the default user root will
be used.

5 If you do not want the connection to be automatically activated when starting the
Virtual Machine Manager, remove the tick from Autoconnect.

6 Finish the configuration by clicking Connect.
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Managing Storage

When managing a VM Guest on the VM Host Server itself, it is possible to access the
complete file system of the VM Host Server in order to attach disks or images to the
VM Guest. However, this is not possible when managing VM Guests from a remote
host. For this reason, 1 ibvirt supports so called “Storage Pools” which can be ac-
cessed from remote machines. 1ibvirt knows two different types of storage: vol-
umes and pools.

Storage Volume
A storage volume is a storage device that can be assigned to a guest—a virtual
disk or a CD/DVD/floppy image. Physically (on the VM Host Server) it can be a
block device (a partition, a logical volume, etc.) or a file.

Storage Pool
A storage pool basically is a storage resource on the VM Host Server that can be
used for storing volumes, similar to network storage for a desktop machine. Phys-
ically it can be one of the following types:

File System Directory (dir)
A directory for hosting image files. The files can be fully allocated raw files,
sparsely allocated raw files, or ISO images.

Physical Disk Device (disk)
Use a complete physical disk as storage. A partition is created for each vol-
ume that is added to the pool. It is recommended to use a device name from
/dev/disk/by—* rather than the simple /dev/sdX, since the latter may
change.
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Pre-Formatted Block Device (fs)

Specify a partition to be used in the same way as a file system directory pool
(a directory for hosting image files). The only difference to using a file sys-
tem directory is the fact that 1ibvirt takes care of mounting the device.

1SCSI Target (iscsi)

Set up a pool on an iSCSI target. You need to have been logged into the vol-
ume once before, in order to use it with 1ibvirt (use the YaST iSCSI Ini-
tiator to detect and log into a volume. It is recommended to use a device
name from /dev/disk/by-id rather than the simple /dev/sdX, since
the latter may change. Volume creation on iSCSI pools is not supported, in-
stead each existing Logical Unit Number (LUN) represents a volume. Each
volume/LUN also needs a valid (empty) partition table or disk label before
you can use it. If missing, use for example, £disk to add it:

~ # fdisk -cu /dev/disk/by-path/ip-192.168.2.100:3260-iscsi-
ign.2010-10.com.example: [...]-1lun-2

Device contains neither a valid DOS partition table, nor Sun, SGI
or OSF disklabel

Building a new DOS disklabel with disk identifier Oxclbcdcée.

Changes will remain in memory only, until you decide to write them.
After that, of course, the previous content won't be recoverable.

Warning: invalid flag 0x0000 of partition table 4 will be corrected
by w(rite)

Command (m for help): w
The partition table has been altered!

Calling ioctl() to re-read partition table.
Syncing disks.

LVM Volume Group (logical)

Use a LVM volume group as a pool. You may either use a pre-defined vol-
ume group, or create a group by specifying the devices to use. Storage vol-
umes are created as partitions on the volume.

WARNING: Deleting the LVM Based Pool

When the LVM based pool is deleted in the Storage Manager, the
volume group is deleted as well. This results in a non-recoverable
loss of all data stored on the pool!
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Network Exported Directory (netfs)
Specify a network directory to be used in the same way as a file system direc-
tory pool (a directory for hosting image files). The only difference to using a
file system directory is the fact that 1ibvirt takes care of mounting the di-
rectory. Supported protocols are NFS and glusterfs.

SCSI Host Adapter (scsi)
Use an SCSI host adapter in almost the same way a an iSCSI target. It is rec-
ommended to use a device name from /dev/disk/by-1id rather than the
simple /dev/sdX, since the latter may change. Volume creation on iSCSI
pools is not supported, instead each existing LUN (Logical Unit Number)
represents a volume.

WARNING: Security Considerations

In order to avoid data loss or data corruption, do not attempt to use resources
such as LVM volume groups, iSCSI targets, etc. that are used to build stor-
age pools on the VM Host Server, as well. There is no need to connect to
these resources from the VM Host Server or to mount them on the VM Host
Server—1ibvirt takes care of this.

Do not mount partitions on the VM Host Server by label. Under certain cir-
cumstances it is possible that a partition is labeled from within a VM Guest
with a name already existing on the VM Host Server.

When managing VM Guests from remote, a volume can only be accessed if it is locat-
ed in a storage pool. On the other hand, creating new volumes is only possible within
an existing storage pool. Although remote installation of a guest is currently not sup-
ported on , there are other use cases for storage pools, such as adding an additional
virtual disk. If VM Guests should be able to access CDROM or DVDROM images,
they also need to be in a storage pool.

8.1 Managing Storage with Virtual
Machine Manager

The Virtual Machine Manager provides a graphical interface—the Storage Manag-
er— to manage storage volumes and pools. To access it, either right-click on a con-
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nection and choose Details, or highlight a connection and choose Edit > Connection
Details. Select the Storage tab.

Overview | Virtual Networks | Storage | Network Interfaces

qaq, default kvm_images: 88 72 GE Free /29 40 GB In Use
* Fitesystem dirsctory Paol Type:  Filesystem Directory
ISCSI_on_bourbaki .
100w SRR Location: |wirtualliomimages
State: 3 Active
24%
Autostart O On Boot

Velumes | =

Valumes v | size Farmat
opensuse114_diskO.raw 15.00 GB raw
sles11_diskO.raw 800GB raw
win_vista_isk0.raw 15.00 GB raw

& (%] [ | New volume

8.1.1 Adding a Storage Pool

To add a storage pool, proceed as follows:

1 Click the plus symbol in the bottom left corner to open the Add a New Storage Pool
Window.

2 Provide a Name for the pool (consisting of alphanumeric characters plus _-.) and
select a Type. Proceed with Forward.

| | Add Storage Pool Step 1 of 2

Specify a storage location to be later split into virtual machine storage

Name: H Name: Name for the
storage object

Type: | dir: Filesystem Directory v

@Qanc&\ B Forward

3 Specify the needed details in the following window. The data that needs to be en-
tered depends on the type of pool you are creating.
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[ Add Storage Pool Step 2 of 2

Specify a starage lacation ta be later split into virtual machine starage

Target Path: |Avar/lib/libvirtimages/my_in Browse | Format: Type of

network filesystem.

Format: | auto S

Host Name: |

Source Path:

Build Poal:

Type dir:

Type disk:

Type fs:

@Qancel 43 Back BEinish

Target Path: Specify an existing directory.

Target Path: The directory which hosts the devices. It is recommended
to use a directory from /dev/disk/by—* rather than from /dev,
since device names in the latter directory may change.

Format: Format of the device's partition table. Using aufo should work
in most cases. If not, get the needed format by running parted -1.

Source Path: The device, for example sda.

Build Pool: Activating this option formats the device. Use with care—
all data on the device will be lost!

target Path: Mount point on the VM Host Server file system.

Format: File system format of the device. the default value auto
should work.

Source Path: Path to the device file. It is recommended to use a device

name from /dev/disk/by—* rather than the simple /dev/sdX,
since the latter may change.
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Type iscsi:
Get the necessary data by running the following command on the VM Host
Server:

iscsiadm --mode node

It will return a list of iSCSI volumes with the following format. The elements
highlighted with a bold font are the ones needed:

IP_ADDRESS:PORT, TPGT TARGET_NAME_ (IQN)

e Target Path: The directory containing the device file. Do not change
the default /dev/disk/by-path.

* Host Name: Host name or IP address of the iSCSI server.
» Source Path: The iSCSI target name (IQN).
Type logical:
» Target Path: In case you use an existing volume group, specify the ex-
isting device path. In case of building a new LVM volume group, speci-

fy a device name in the /dev directory that does not already exist.

* Source Path: Leave empty when using an existing volume group. When
creating a new one, specify its devices here.

* Build Pool: Only activate when creating a new volume group.
Type netfs:

* target Path: Mount point on the VM Host Server file system.

* Format: Network file system protocol

* Host Name: 1P address or hostname of the server exporting the network
file system.

* Source Path: Directory on the server that is being exported.
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Type scsi:

e Target Path: The directory containing the device file. Do not change
the default /dev/disk/by-path.

* Source Path: Name of the SCSI adapter.

NOTE: File Browsing

Using the file browser by clicking on Browse is not possible when operat-
ing from remote.

4 Click Finish to add the storage pool.

8.1.2 Managing Storage Pools

Virtual Machine Manager's Storage Manager lets you create or delete volumes in a
pool. You may also temporarily deactivate or permanently delete existing storage
pools. Changing the basic configuration of a pool is not supported.

8.1.2.1 Starting, Stopping and Deleting Pools

The purpose of storage pools is to provide block devices located on the VM Host
Server, that can be added to a VM Guest when managing it from remote. In order to
make a pool temporarily inaccessible from remote, you may Stop it by clicking on

the stop symbol in the bottom left corner of the Storage Manager. Stopped pools are
marked with State: Inactive and are grayed out in the list pane. By default, a newly cre-
ated pool will be automatically started On Boot of the VM Host Server.

To Start an inactive pool and make it available from remote again click on the play
symbol in the bottom left corner of the Storage Manager.

NOTE: A Pool's State Does not Affect Attached Volumes

Volumes from a pool attached to VM Guests are always available, regardless
of the pool's state (Active or Inactive). The state of the pool solely affects the
ability to attach volumes to a VM Guest via remote management.
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To permanently make a pool inaccessible, you can Delete it by clicking on the shred-
der symbol in the bottom left corner of the Storage Manager. You may only delete in-
active pools. Deleting a pool does not physically erase its contents on VM Host Serv-
er—it only deletes the pool configuration. However, you need to be extra careful
when deleting pools, especially when deleting LVM volume group-based tools:

WARNING: Deleting Storage Pools

Deleting storage pools based on local file system directories, local partitions
or disks has no effect on the availability of volumes from these pools currently
attached to VM Guests.

Volumes located in pools of type iISCSI, SCSI, LVM group or Network Ex-
ported Directory will become inaccessible from the VM Guest in case the
pool will be deleted. Although the volumes themselves will not be deleted, the
VM Host Server will no longer have access to the resources.

Volumes on iSCSI/SCSI targets or Network Exported Directory will be acces-
sible again when creating an adequate new pool or when mounting/access-
ing these resources directly from the host system.

When deleting an LVM group-based storage pool, the LVM group definition
will be erased and the LVM group will no longer exist on the host system. The
configuration is not recoverable and all volumes from this pool are lost.

8.1.2.2 Adding Volumes to a Storage Pool

Virtual Machine Manager lets you create volumes in all storage pools, except in pools
of types iSCSI or SCSI. A volume in these pools is equivalent to a LUN and cannot be
changed from within 1ibvirt.

1 A new volume can either be created using the Storage Manager or while adding
a new storage device to a VM Guest. In both cases, select a Storage Pool and then
click New Volume.

2 Specify a Name for the image and choose an image format (note that Novell cur-
rently only supports raw images). The latter option is not available on LVM group-
based pools.

Specify a Max Capacity and the amount of space that should initially be allocated.
If both values differ, a sparse image file, growing on demand, will be created.

Buptyannsauus ¢ KVM



3 Start the volume creation by clicking Finish.

8.1.2.3 Deleting Volumes From a Storage Pool

Deleting a volume can only be done from the Storage Manager, by selecting a volume
and clicking Delete Volume. Confirm with Yes. Use this function with extreme care!

WARNING: No Checks Upon Volume Deletion

A volume will be deleted in any case, regardless whether it is currently used
in an active or inactive VM Guest. There is no way to recover a deleted vol-
ume.

At the moment 1ibvirt offers no tools to list all volumes currently being used in
VM Guest definitions. This makes it even more dangerous to delete volumes with the
Storage Manager. The following procedure describes a way to create such a list by
processing the VM Guest XML definitions with XSLT:

Procedure 8.1: Listing all Storage Volumes Currently Used on a VM Host Server

1 Create an XSLT style sheet by saving the following content to a file, for example,
~/libvirt/guest_storage_list.xsl:

<?xml version="1.0" encoding="UTF-8"?>
<xsl:stylesheet version="1.0"
xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform">
<xsl:output method="text"/>
<xsl:template match="text ()"/>
<xsl:strip-space elements="*"/>
<xsl:template match="disk">
<xsl:text> </xsl:text>
<xsl:value-of select="(source/@file]|source/@dev|source/@dir) [1])"/>
<xsl:text>&#10;</xsl:text>
</xsl:template>
</xsl:stylesheet>

2 Run the following commands in a shell. It is assumed that the guest's XML defini-
tions are all stored in the default location (/etc/libvirt/gemu). xsltproc
is provided by the package 1ibxslt.
SSHEET="S$HOME/libvirt/guest_storage_list.xsl"
cd /etc/libvirt/gemu
for FILE in *.xml; do

basename S$FILE .xml
xsltproc $SSHEET S$FILE
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Configuring Virtual
Machines

9.1 Adding a CD/DVD-ROM Device
with Virtual Machine Manager

KVM supports CD or DVD-ROMs in VM Guest either by directly accessing a physi-
cal drive on the VM Host Server or by accessing ISO images. To create an ISO image
from an existing CD or DVD, use dd:

dd if=/dev/cd_dvd_device of=my_distro.iso bs=2048
To add a CD/DVD-ROM device to your VM Guest proceed as follows:

1 Double-click a VM Guest entry in the Virtual Machine Manager to open its console
and switch to the configuration screen with View > Details.

2 Click Add Hardware and choose Storage in the pop-up window. Proceed with For-
ward.

3 Change the Device Type to IDE CDROM.
4 Select Select Managed or Other Existing Storage.
4a To assign the device to a physical medium, enter the path to the VM Host

Server's CD/DVD-ROM device (for example, /dev/cdrom) next to the
Browse button. Alternatively you may use the Browse button to open a file
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browser and then click Browse Local to select the device. Assigning the de-
vice to a physical medium is only possible, when the Virtual Machine Man-
ager was started on the VM Host Server.

4b To assign the device to an existing image, click Browse to choose an image
from a storage pool. If the Virtual Machine Manager was started on the VM
Host Server, you may alternatively choose an image from another location
on the file system by clicking Browse Local. Select an image and close the
file browser with Choose Volume.

5 Proceed with Forward to review the settings. Apply them with Finish, Yes, and Ap-
ply.

6 Reboot the VM Guest to make the new device available. For further information
also see Section 9.3, “Ejecting and Changing Floppy or CD/DVD-ROM Media
with Virtual Machine Manager” (page 77).

9.2 Adding a Floppy Device with
Virtual Machine Manager

Currently KVM only supports the use of floppy disk images—using a physical floppy
drive is not supported. Create a floppy disk image from an existing floppy using dd:

dd if=/dev/£fd0 of=/var/lib/libvirt/images/floppy.img

To create an empty floppy disk image use one of the following commands:

# raw image
dd if=/dev/zero of=/var/lib/libvirt/images/floppy.img bs=512 count=2880

# FAT formatted image
mkfs.msdos -C /var/lib/libvirt/images/floppy.img 1440

To add a floppy device to your VM Guest proceed as follows:

1 Double-click a VM Guest entry in the Virtual Machine Manager to open its console
and switch to the configuration screen with View > Details.

2 Click Add Hardware and choose Storage in the pop-up window. Proceed with For-
ward.

3 Change the Device Type to Floppy Disk.
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4 Choose Select Managed or Other Existing Storage and click Browse to choose an ex-
isting image from a storage pool. If Virtual Machine Manager was started on the
VM Host Server, you may alternatively choose an image from another location on
the file system by clicking Browse Local. Select an image and close the file brows-
er with Choose Volume.

5 Proceed with Forward to review the settings. Apply them with Finish, Yes, and Ap-
ply.

6 Reboot the VM Guest to make the new device available. For further information
also see Section 9.3, “Ejecting and Changing Floppy or CD/DVD-ROM Media
with Virtual Machine Manager” (page 77).

9.3 Ejecting and Changing Floppy
or CD/DVD-ROM Media with Virtual
Machine Manager

Regardless whether you are using the VM Host Server's physical CD/DVD-ROM de-
vice or an ISO image: before you can change the media or image of an existing device
in the VM Guest, you first need to disconnect the media from the guest.

1 Double-click a VM Guest entry in the Virtual Machine Manager to open its console
and switch to the configuration screen with View > Details.

2 Choose the Floppy or CD/DVD-ROM device and “eject” the media by clicking
Disconnect.

3 To “insert” a new media, click Connect.

3a If using the VM Host Server's physical CD/DVD-ROM device, first change
the media in the device (this may require to unmount it before it can be
ejected). Then choose CD-ROM or DVD and select the device from the
drop-down list.

3b If using an ISO image, choose ISO image Location and select an image

by clicking Browse. When connecting from a remote host, you may only
choose images from existing storage pools.
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4 Click OK to finish. The new media can now be accessed in the VM Guest.

9.4 Clock Settings

Keeping the correct time in a VM Guest is one of the more difficult aspects of virtu-
alization. Keeping the correct time is especially important for network applications
and is also a prerequisite to do a live migration of a VM Guest.

TIP: Time Keeping on the VM Host Server

It is strongly recommended to ensure the VM Host Server keeps the correct
time as well, for example, by utilizing NTP (see [Nnasa 13, Time Synchroniza-
tion with NTP (TConepxanue) for more information).

9.4.1 Using kvm_clock

KVM provides a para-virtualized clock which is currently supported by SUSE Linux

Enterprise Server 10 SP3 and newer and RedHat Enterprise Linux 5.4 and newer via

the kvm_clock driver. It is strongly recommended to use kvm_clock when avail-
able.

Use the following command inside a VM Guest running Linux to check whether the
driver kvm_clock has been loaded:

~ # dmesg | grep kvm-clock

0.000000] kvm-clock: cpu 0, msr 0:7d3a81, boot clock

0.000000] kvm-clock: cpu 0, msr 0:1206a81, primary cpu clock

1
0.012000] kvm-clock: cpu 1, msr 0:1306a81, secondary cpu clock
1

[
[
[
[ 0.160082] Switching to clocksource kvm-clock

To check which clock source is currently used, run the following command in the VM
Guest. It should output kvm-clock:

echo /sys/devices/system/clocksource/clocksource(O/current_clocksource

IMPORTANT: kvm-clock and NTP

When using kvm—-clock, it is not recommended to use NTP in the VM
Guest, as well. Using NTP on the VM Host Server, however, is still recom-
mended.
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9.4.2 Other Time Keeping Methods

The para-virtualized kvm—clock is currently not available for SUSE
Linux Enterprise Server 9 and Windows operating systems. For Win-
dows, use the Windows Time Service Tools for time synchro-
nization (see http://technet.microsoft.com/en-us/1li—
brary/cc773263%28WS.10%29.aspx for more information).

Correct time keeping in SUSE Linux Enterprise Server 9 SP4 can be achieved by us-
ing special boot parameters:

32-bit Kernel:clock=pmtmr
64-bit Kernel:ignore_lost_ticks
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Administrating VM Guests

10.1 Migrating VM Guests

One of the major advantages of virtualization is the fact that VM Guests are portable.
When a VM Host Server needs to go down for maintenance, or when the host gets
overloaded, the guests can easily be moved to another VM Host Server. KVM and
Xen even support “live” migrations during which the VM Guest is constantly available
(live migrations).

In order to successfully migrate a VM Guest to another VM Host Server, the follow-
ing requirements need to be met:

* Host and target must have same processor manufacturer (Intel or AMD).

* VM Guests running a 64-bit operating system can only be migrated to a 64-bit host
(whereas 32-bit VM Guests can be moved to a 64 or 32-bit host).

*» Storage devices must be accessible from both machines (for example, via NFS or
iSCSI) and must be configured as a storage pool on both machines (see Chapter 8,
Managing Storage (page 65) for more information). This is also true for CD-ROM
or floppy images that are connected during the move (however, you may disconnect
them prior to the move as described in Section 9.3, “Ejecting and Changing Floppy
or CD/DVD-ROM Media with Virtual Machine Manager” (page 77)).
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e libvirtd needs to run on both VM Host Servers and you must be able to open a
remote 1ibvirt connection between the target and the source host (or vice ver-
sa). Refer to Section 7.2, “Configuring Remote Connections” (page 54) for details.

* If a firewall is running on the target host ports need to be opened to allow the mi-
gration. If you do not specify a port during the migration process, 1ibvirt choos-
es one from the range 49152:49215. Make sure that either this range (recommend-
ed) or a dedicated port of your choice is opened in the firewall on the farget host.

* Host and target machine should be in the same subnet on the network, otherwise
networking will not work after the migration.

* No running or paused VM Guest with the same name must exist on the target host.
If a shut down machine with the same name exists, its configuration will be over-
written.

10.1.1 Migrating with virt-manager

When using the Virtual Machine Manager to migrate VM Guests, it does not matter
on which machine it is started. You can start Virtual Machine Manager on the source
or the target host or even on a third host. In the latter case you need to be able to open
remote connections to both the target and the source host.

1 Start Virtual Machine Manager and establish a connection to the target or the
source host. If the Virtual Machine Manager was started neither on the target nor
the source host, connections to both hosts need to be opened.

2 Right-click on the VM Guest that is to be migrated and choose Migrate. Make sure
the guest is running or paused - it is not possible to migrate guests that are shut off.

3 Choose a New Host for the VM Guest. If the desired target host does not show up,
make sure a connection to this host has been established.

By default, a “live” migration is performed. If you prefer an “offline” migration
where the VM Guest is paused during the migration, tick Migrate of fline.

4 Click Migrate to start a migration with the default port and bandwidth.

In order to change these defaults, make the advanced options available by clicking
the triangle at Advanced Options. Here you can enter the target host's Address (IP
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address or hostname), a port and the bandwidth in megabit per second (Mbps). If
you specify a Port, you must also specify an Address; the Bandwidth is optional.

5 Once the migration is complete, the Migrate window closes and the VM Guest is
now listed on the new host in the Virtual Machine Manager Window. The original
VM Guest will still be available on the target host (in state shut off).

10.1.2 Migrating with virsh

To migrate a VM Guest with virsh migrate, you need to have direct or remote
shell access to the VM Host Server, because the command needs to be run on the host.
Basically the migration command looks like this

virsh migrate [OPTIONS] VM _ID_or NAME CONNECTION URI [--migrateuri
tcp://REMOTE_HOST:PORT]

The most important options are listed below. See virsh help migrate for a full
list.

-—live
Does a live migration. If not specified, an offline migration where the VM Guest
is paused during the migration, will be performed.

——suspend
Does an offline migration and does not restart the VM Guest on the target host.

—-—persistent
By default a migrated VM Guest will be migrated transient, so its configuration is
automatically deleted on the target host if it is shut down. Use this switch to make
the migration persistent.

——undefinesource
When specified, the VM Guest definition on the source host will be deleted after
a successful migration.

WARNING

It is recommended to use ——persistent when specifying ——unde—
finesource, otherwise the VM Guest configuration will be lost on both
hosts when the guest is shut down on the target host.
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The following examples use mercury.example.com as the source system and
jupiter.example.com as the target system, the VM Guest's name is opensusell
with Id 37.

# offline migration with default parameters
virsh migrate 37 gemu+ssh://root@jupiter.example.com/system

# transient live migration with default parameters
virsh migrate --live opensusell gemu+ssh://root@jupiter.example.com/system

# persistent live migration; delete VM definition on source
virsh migrate --live —--persistent --undefinesource 37 \
gemu+tls://root@jupiter.example.com/system

# offline migration using port 49152
virsh migrate opensusell gemu+ssh://rootQ@jupiter.example.com/system \
—--migrateuri tcp://@jupiter.example.com:49152

10.2 Monitoring

10.2.1 Monitoring with Virtual Machine
Manager

After starting Virtual Machine Manager and connecting to the VM Host Server, a
CPU usage graph of all the running guests is displayed.

It is also possible to get information about disk and network usage with this tool, how-
ever, you must first activate this in the Preferences:

1 Run virt-manager.

2 Select Edit > Preferences.

3 Change the tab from General to Stats.

4 Activate the check boxes for Disk 1/0 and Network 1/0.

5 If desired, also change the update interval or the number of samples that are kept in
the history.

6 Close the Preferences dialog.
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7 Activate the graphs that should be displayed under View > Graph.

Afterwards, the disk and network statistics are also displayed in the main window of
the Virtual Machine Manager.

More precise data is available from the VNC window. Open a VNC window as de-

scribed in Section 6.2, “Opening a Graphical Console” (page 38). Choose Details from
the toolbar or the View menu. The statistics are displayed from the Performance entry
of the left-hand tree menu.

10.2.2 Monitoring with kvm_ stat

kvm_stat can be used to trace KVM performance events. It monitors /sys/ker-—
nel/debug/kvm, so it needs the debugfs to be mounted. On it should be mounted

by default. In case it is not mounted, use the following command:

mount -t debugfs none /sys/kernel/debug

kvm_stat can be used in three different modes:

kvm_stat
kvm_stat -1

kvm_stat -1 > kvmstats.log

Example 10.1: Typical Output of kvm_stat

kvm statistics

efer_reload

exits

fpu_reload
halt_exits
halt_wakeup
host_state_reload
hypercalls
insn_emulation
insn_emulation_fail
invlpg

io_exits

irg exits
irg_injections
irg_window
largepages
mmio_exits
mmu_cache_miss
mmu_ flooded
mmu_pde_zapped

# update in 1 second intervals
# 1 second snapshot
# update in 1 second intervals in log format

# can be imported to a spreadsheet

0
11378946
62144
414866
260358
539650
0
6227331
0
227281
113148
168474
482804
51270

0

6925
71820
35420
64763

0
218130
152
100

50

249

0
173067
0

47

18

127
123

18

0

0

19

9

20
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mmu_pte_updated 0 0

mmu_pte_write 213782 29
mmu_recycled 0 0
mmu_shadow_zapped 128690 17
mmu_unsync 46 -1
nmi_injections 0 0
nmi_window 0 0
pf_fixed 1553821 857
pf_guest 1018832 562
remote_tlb_flush 174007 37
request_irqg 0 0
signal_exits 0 0
tlb_flush 394182 148

See http://clalance.blogspot.com/2009/01/kvm-perfor-
mance-tools.html for further information on how to interpret these values.
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Part lll. Managing Virtual
Machines with QEMU






Overview

QEMU is a fast, cross-platform Open Source machine emulator which can emulate a
huge number of hardware architectures for you. QEMU supports two basic operation
modes: with a full system virtualization you can run a complete unmodified operating
system (VM Guest) on top of your existing system (VM Host Server), while user mode
emulation lets you run a single Linux process compiled for a certain CPU on another
CPU.

You can also use QEMU for debugging purposes - you can easily stop your running
virtual machine, inspect its state and save and restore it later.

QEMU consists of the following parts:

* processor emulator (x86, PowerPC, Sparc ...)

» emulated devices (graphic card, network card, hard drives, mice ...)

* generic devices used to connect the emulated devices to the related host devices
¢ descriptions of the emulated machines (PC, Power Mac ...)

* debugger

* user interface used to interact with the emulator

As a virtualization solution, QEMU can be run together with the KVM kernel module.
If the VM Guest hardware architecture is the same as the architecture of VM Host
Server, QEMU can take advantage of the KVM acceleration.
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Guest Installation

A virtual machine is comprised of data and operating system files that define the vir-
tual environment. Virtual machines are hosted and controlled by the VM Host Server.
This chapter provides generalized instructions for installing virtual machines.

Before creating a virtual machine, consider the following:

¢ If you want to use an automated installation file (AutoYaST, NetWare® Response
File, or RedHat Kickstart), you should create and download it to a directory on the
host machine server or make it available on the network.

* When creating sparse image files, make sure the partition on which you create them
always has sufficient free space. The guest system has no means to check the host's
disk space. Having no space left on the host partition causes write errors and loss of
data on the guest system.

¢ NetWare and OES Linux virtual machines need a static IP address for each virtual
machine you create.

* If you are installing Open Enterprise Server (OES) 2 Linux, you need a network in-
stallation source for OES 2 Linux software.

For further prerequisites, consult the manuals of the respective operating system to in-
stall.
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12.1 Basic Installation with gemu-
kvm

The 1ibvirt-based tools such as virt—-manager or vm—install offer conve-
nient interfaces to set up and manage virtual machines. They act as a kind of wrapper
for gemu-kvm. However, it is also possible to utilize gemu-kvm directly without
using 1ibvirt-based tools at all.

WARNING

Virtual machines created with gemu—kvm are not "visible" for the 1ibvirt-
based tools.

In the following example, a virtual machine with the same parameters as in Exam-
ple 5.1, “Interactive Setup on the Command Line Using vm—install” (page 29)
will be set up using gemu-kvm. For detailed information on the commands, refer to
the respective man pages.

If you do not already have an image of a system which you want to run in a virtual-
ized environment, you need to create one from the installation media. In such case,
you need to prepare a hard disk image, and obtain an image of the installation media
or the media itself.

Create a hard disk with gemu—img.

gemu-img create@ -f raw® /images/sles11/hda® 8cO

©  The subcommand create tells gemu—img to create a new image.

®  Specify the disk's format with the — £ parameter. Currently, only the raw disk
format is supported by Novell.

©  The full path to the image file.

O  The size of the image—8 GB in this case. The image is created as a sparse file
that grows when the disk is filled with data. The specified size defines the maxi-
mum size to which the image file can grow.

After at least one hard disk image is created, you can set up a virtual machine with
gemu-kvm that will boot into the installation system:
gemu—-kvm —-name "slesll "Q@ M pc-0. 120 -m 768O \

—smp 2@ -boot dO \
-drive file:/images/slesll/hda,if:virtio,index:O,media:disk,format:raw@ \
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—-drive file=/isos/SLESfllfSPlfDVDfXB6_647GM7DVD1.iso,indele,mediazcdrom‘i \
-net nic,model=virtio,macaddr=52:54:00:05:11:11() \
-vga cirrus® -balloon virtio®

O Name of the virtual machine that will be displayed in the window caption and al-
so used for the VNC server. This name must be unique.

®  Specifies the machine type (Standard PC, ISA-only PC, or Intel-Mac). Use gqe—

mu-kvm —-M ? to display a list of valid parameters. pc—0 .12 is the default

Standard PC.

Maximum amount of memory for the virtual machine.

Defines an SMP system with two processors.

Specifies the boot order. Valid values are a, b (floppy 1 and 2), c (first hard-

disk), d (first CDROM), or n to p (Ether-boot from network adapter 1-3). De-

faults to c.

O  Defines the first (1ndex=0) hard disk. It will be accessed as a paravirtualized
(if=virtio)drive in raw format.

@ The second (index=1) image drive will act as a CD-ROM.

O  Defines a paravirtualized (model=virtio) network adapter with the MAC
address 52:54:00:05:11:11. Be sure to specify a unique MAC address,
otherwise a network conflict may occur.

O  Specifies the graphic card. If you specify none, the graphic card will be dis-
abled and it is then possible to connect and view the graphical output through
VNC.

®  Defines the paravirtualized balloon device that allows to dynamically change the
amount of memory (up to the maximum value specified with the parameter —m).

00

After the installation of the guest operating system finishes, you can easily start the
related virtual machine without the need to specify the CD-ROM device:

gemu—-kvm -name "slesll" -M pc-0.12 -m 768 \

-smp 2 -boot c \

—drive file=/images/slesll/hda,if=virtio, index=0,media=disk, format=raw \
—net nic,model=virtio,macaddr=52:54:00:05:11:11 \

-vga cirrus -balloon virtio

12.2 Managing Disk Images with
gemu-img

In the previous section (see Section 12.1, “Basic Installation with ge—
mu-kvm” (page 92), we used the gemu—1mg command to create an image of a
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hard disk. You can, however, use gemu—img for a general disk image manipulation.
This section introduces useful gemu-img subcommands to help manage the disk im-
ages flexibly.

12.2.1 General Information on gemu-img
Invocation

gemu-img uses subcommands (like zypper does) to do specific tasks. Each sub-
command understands a different set of options. Some of these options are general
and used by more of these subcommands, while some of them are unique to the relat-
ed subcommand. See the gemu-img manual page (man 1 gemu-img) for a com-
plete list of all supported options. gemu—img uses the following general syntax:

gemu—-img subcommand [options]
and supports the following subcommands:

create
Creates a new disk image on the filesystem.

check
Checks an existing disk image for errors.

convert
Converts an existing disk image to a new one in a different format.

info
Displays information about the relevant disk image.

snapshot
Manages snapshots of an existing disk images.

commit
Applies changes made to an existing disk image.

rebase
Creates a new base image based on an existing image.
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12.2.2 Creating, Converting and Checking
Disk Images

This section describes how to create disk images, check their condition, convert a disk
image from one format to another, and get detailed information about a particular
disk image.

12.2.2.1 gemu-img create

Use gemu—-img create to create a new disk image for your VM Guest operating
system. The command uses the following syntax:

gemu—-img create -f fmt@ -o optionse fname® size@

©  The format of the target image. To get a complete list of image formats support-
ed by QEMU, run gemu—-1img -h and look at the last line of the output. Cur-
rently, Novell only supports the raw image format. It is a plain binary image
with no advanced features, and, therefore, very portable from and to other em-
ulators. Moreover, if your filesystem supports sparse files (most UNIX modern
filesystems or NTFS do), the image occupies only the space actually used by its
data.

®  Some of the image formats support additional options to be passed on the com-
mand line. You can specify them here with the —o option. The raw image for-
mat supports only the size option, so it is possible to insert ~o size=8G in-
stead of adding the size option at the end of the command.

©  Path to the target disk image to be created.

O  Size of the target disk image (if not already specified with the —o
size=<image_size> option. Optional suffixes for the image size are K
(kilobyte), M (megabyte), G (gigabyte), or T (terabyte).

To create a new disk image slesl11spl. raw in the directory /images growing
up to a maximum size of 4 GB, run the following command:

tux@venus:~> gemu-img create -f raw -o size=4G /images/slesllspl.raw
Formatting '/images/slesllspl.raw', fmt=raw size=4294967296

tux@venus:~> 1ls -1 /images/slesllspl.raw
-rw-r——r—— 1 tux users 4294967296 Nov 15 15:56 /images/slesllspl.raw

tux@venus:~> gemu-img info /images/slesllspl.raw
image: /images/slesllspl.raw

file format: raw

virtual size: 4.0G (4294967296 bytes)
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disk size: O

As you can see, the virtual size of the newly created image is 4 GB, but the actual re-
ported disk size is O as no data has been written to the image yet.

12.2.2.2 gemu-img convert

Use gemu—-img convert to convert disk images to another format. To get a com-
plete list of image formats supported by QEMU, run gemu-img -h and look at the
last line of the output. Currently, Novell only supports the raw image format. The
command uses the following syntax:

gemu—-img convert -c@® -f fmt® -0 outffmte -0 optionse fname® outifnamee

©  Applies compression on the target disk image. Only gcow and gcow?2 formats
support compression.

®  The format of the source disk image. It is autodetected in most cases and can
therefore be omitted.

©  The format of the target disk image.

O  Specify additional options relevant for the target image format. Use —o ? to
view the list of options supported by the target image format:

©  Path to the source disk image to be converted.

O  Path to the converted target disk image.

tux@venus:~> gemu-img convert -0 vmdk /images/slesllspl.raw \
/images/slesllspl.vmdk

tux@venus:~> 1ls -1 /images/
-rw-r—-—-r—— 1 tux users 4294967296 16. lis 10.50 slesllspl.raw
—rw-r——-r—— 1 tux users 2574450688 16. lis 14.18 slesllspl.vmdk

To see a list of options relevant for the selected target image format, run the following
command (replace with your image fomrmat):

tux@venus:~> gemu-img convert -O vmdk /images/slesllspl.raw \
/images/slesllspl.vmdk -o ?
Supported options:

size Virtual disk size
backing_file File name of a base image
compat 6 VMDK version 6 image

12.2.2.3 gemu-img check

Use gemu-img check to check the existing disk image for errors. Not all disk im-
age formats support this feature. The command uses the following syntax:
gemu—-img check -f fmt@ fname®
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©  The format of the source disk image. It is autodetected in most cases and can
therefore be omitted.
®  Path to the source disk image to be converted.

If no error is found, the command returns no output. Otherwise, the type and number
of errors found is shown.

tux@venus:~> gemu-img check -f gcow2 /images/slesllspl.gcow2

ERROR: invalid cluster offset=0x2af0000

[...]

ERROR: invalid cluster offset=0x34ab0000
378 errors were found on the image.

12.2.2.4 Increasing the Size of an Existing Disk
Image

When creating a new image, you must specify its maximum size before the image is
created (see Section 12.2.2.1, “gemu-img create” (page 95)). After you install and
run VM Guest for some time, the initial size of the image may no longer be sufficient
and you need to add more space to it.

To increase the size of an existing disk image, follow these steps:

1 Create a new additional disk image with the raw format. It must be as big as the
size by which you decided to increase your existing disk image (2 GB in our exam-
ple).

tux@venus:~> gemu-img create —-f raw /images/additional.raw 2G
Formatting '/images/additional.raw', fmt=raw size=2147483648

2 Convert your existing disk image from your native format into the raw one. If
your disk image format already is raw, skip this step.
tux@venus:~> gemu-img convert -f vmdk -O raw /images/slesllspl.vmdk \

/images/original.raw

3 Append the newly created disk image /images/additional.raw to your
converted existing one /images/original.raw.

tux@venus:~> cat /images/additional.raw >> /images/original.raw

4 If the format of your existing image was not raw, convert it back to its original
format.

tux@venus:~> gemu-img convert -f raw /images/original.raw -O vmdk \
/images/expanded.vmdk
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5 View information about the new disk image.

tux@venus:~> gemu-img info /images/expanded.vmdk
image: /images/expanded.vmdk

file format: vmdk

virtual size: 6.0G (6442450944 bytes)

disk size: 2.4G

The /images/expanded.vmdk image now contains an empty space of 2 GB af-
ter the final partition. You can resize the existing partitions or add new ones.

Figure 12.1: New 2GB Partition in Guest YaST Partitioner
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12.2.3 Managing Snapshots of Virtual
Machines with gemu-img Snapshot

Virtual machine snapshots are snapshots of the complete environment in which VM
Guest is running. The snapshot includes the state of the processor (CPU), memory
(RAM), devices, and all writable disks.

Snapshots are helpful when you need to save your virtual machine in a particular state.
For example, after you configured network services on a virtualized server and want

to quickly start the virtual machine in the same state you last saved it. Or you can cre-
ate a snapshot after the virtual machine has been powered off to create a backup state
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before you try something experimental and possibly make VM Guest unstable. This
section introduces the latter case, while the former is described in Chapter 14, Admin-
istrating Virtual Machines with QEMU Monitor (page 129).

To use snapshots, your VM Guest must contain at least one writable hard disk image
in gcow?2 format. This device is usually the first virtual hard disk.

NOTE

Currently, only the raw disk image format is supported by Novell.

Virtual machine snapshots are created with the savevm command in the interactive
QEMU monitor. You can assign a 'tag' to each snapshot which makes its identifica-
tion easier. For more information on QEMU monitor, see Chapter 14, Administrating
Virtual Machines with QEMU Monitor (page 129).

Once your gcow?2 disk image contains saved snapshots, you can inspect them with
the gemu-img snapshot command.

WARNING

Do not create or delete virtual machine snapshots with the gemu-img
snapshot command while the virtual machine is running. Otherwise, you
can damage the disk image with the state of the virtual machine saved.

12.2.3.1 Listing Existing Snapshots

Use gemu—-img snapshot -1 disk_image to view a list of all existing snap-
shots saved in the disk_image image. You can get the list even while the VM
Guest is running.

tux@venus:~> gemu-img snapshot -1 /images/slesllspl.gcow2
Snapshot list:

100 TAGO vM SIZEO pATED VM CLOCK®

1 booting 4.4M 2010-11-22 10:51:10  00:00:20.476

2 booted 184M 2010-11-22 10:53:03  00:02:05.394

3 logged_in 273M 2010-11-22 11:00:25  00:04:34.843

4 ff_and_term_running 372M 2010-11-22 11:12:27 00:08:44.965
©  Unique identification number of the snapshot. Usually auto-incremented.

®  Unique description string of the snapshot. It is meant as a human readable ver-

sion of the ID.
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®  The disk space occupied by the snapshot. Note that the more memory is con-
sumed by running applications, the bigger the snapshot is.

O Time and date the snapshot was created.

©  The current state of the virtual machine's clock.

12.2.3.2 Creating Snapshots of a Powered-Off
Virtual Machine

Use gemu—img snapshot —-c snapshot_title disk_image to create a
snapshot of the current state of a virtual machine which was previously powered off.

tux@venus:~> gemu-img snapshot -c backup_snapshot /images/slesllspl.qgcow?2

tux@venus:~> gemu-img snapshot -1 /images/slesllspl.gcow2
Snapshot list:

ID TAG VM SIZE DATE VM CLOCK
1 booting 4.4M 2010-11-22 10:51:10 00:00:20.476
2 booted 184M 2010-11-22 10:53:03 00:02:05.394
3 logged_in 273M 2010-11-22 11:00:25 00:04:34.843
4 ff_and_term_running 372M 2010-11-22 11:12:27 00:08:44.965
5 backup_snapshot 0 2010-11-22 14:14:00 00:00:00.000

Once something breaks in your VM Guest and you need to restore the state of the
saved snapshot (id 5 in our example), power off your VM Guest and do the following:

tux@venus:~> gemu-img snapshot -a 5 /images/slesllspl.gcow?2

Next time you run the virtual machine with gemu-kvm, it will be in the state of snap-
shot number 5.

NOTE

The gemu-img snapshot -c command is not related to the savevm com-
mand of QEMU monitor (see Chapter 14, Administrating Virtual Machines
with QEMU Monitor (page 129). For example, you cannot apply a snap-

shot with gemu-img snapshot -a on a snapshot created with savevm in
QEMU's monitor.

12.2.3.3 Deleting Snapshots

Use gemu—-img snapshot -d snapshot_id disk_image to delete old
or unneeded snapshots of a virtual machine. This saves some disk space inside the
gcow?2 disk image as the space occupied by the snapshot data is restored:
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tux@venus:~> gemu-img snapshot -d 2 /images/slesllspl.gcow?2

12.2.4 Disk Images Effectively

Imagine the following real-life situation: you are a server administrator who runs and
manages a number of virtualized operating systems. One group of these systems are
based on one specific distribution, while another group (or groups) is based on differ-
ent versions of the distribution or even on a different (and maybe non-Unix) platform.
And to make the case even more complex, individual virtual guest systems based on
the same distribution usually differ according to the department and deployment: a
file server typically uses different setup and services than a Web server does, while
both may still be based on SUSE® Linux Enterprise Server 11 SP1.

With QEMU it is possible to create a 'base' disk images. You can use them as tem-
plate virtual machines. These base images will save you plenty of time because you
will never need to install the same operation system more than once.

12.2.4.1 Base and Derived Images

First, build a disk image as usual and install the target system on it. For more infor-
mation, see Section 12.1, “Basic Installation with gemu—kvm” (page 92) and Sec-
tion 12.2.2, “Creating, Converting and Checking Disk Images” (page 95). Then

build a new image while using the first one as a base image. The base image is also
called a 'backing' file. After your new 'derived' image is built, never boot the base im-
age again, but boot the derived image instead. Several derived images may depend on
one base image at the same time. Therefore, changing the base image can damage the
dependencies. While using your derived image, QEMU writes changes to it and uses
the base image only for reading.

It is a good practice to create a base image from a freshly installed (and, if needed,
registered) operating system with no patches applied and no additional applications in
stalled or removed. Later on, you can create another base image with the latest patch-
es applied and based on the original base image.

12.2.4.2 Creating Derived Images

NOTE

Currently, Novell supports only the raw image format.
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While you can use the raw format for base images, you cannot use it for de-
rived images because the raw format does not support the backing_file
option. Use the gcow2 format for the derived images.

For example, /images/slesllspl_base. raw is the base image holding a
freshly installed system.

tux@venus:~> gemu-img info /images/slesllspl_base.raw
image: /images/slesllspl_base.raw

file format: raw

virtual size: 4.0G (4294967296 bytes)

disk size: 2.4G

The image's reserved size is 4 GB, the actual size is 2.4 GB, and its format is raw.
Create an image derived from the /images/slesllspl_base.raw base image
with:

tux@venus:~> gemu-img create -f gcow2 /images/slesllspl_derived.gcow2 \

-0 backing_file=/images/slesllspl_base.raw

Formatting '/images/slesllspl_derived.qgcow2', fmt=qcow2 size=4294967296 \
backing_file='/images/slesllspl_base.raw' encryption=off cluster_size=0

Look at the derived image details:

tux@venus:~> gemu-img info /images/slesllspl_derived.qgcow2
image: /images/slesllspl_derived.gcow2

file format: gcow2

virtual size: 4.0G (4294967296 bytes)

disk size: 140K

cluster_size: 65536

backing file: /images/slesllspl_base.raw \

(actual path: /images/slesllspl_base.raw)

Although the reserved size of the derived image is the same as the size of the base im-
age (4 GB), the actual size is 140 kB only. The reason is that only changes made to the
system inside the derived image are saved and the new image is in fact empty. Run
the derived virtual machine, register it if needed, and apply the latest patches. Do any
other changes in the system such as removing unneeded or installing new software
packages. Then shut the VM Guest down and examine its details once more:

tux@venus:~> gemu-img info /images/slesllspl_derived.qgcow2
image: /images/slesllspl_derived.gcow2

file format: gcow2

virtual size: 4.0G (4294967296 bytes)

disk size: 1.1G

cluster_size: 65536

backing file: /images/slesllspl_base.raw \

(actual path: /images/slesllspl_base.raw)

The disk size value has grown to 1.1 GB, which is the disk space occupied by the
changes on the filesystem compared to the base image.
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12.2.4.3 Rebasing Derived Images

Once you modify the derived image (apply patches, install specific applications, or
change the environment settings etc.) into a satisfactory shape, at some point you
probably want to create a new base image 'merged’ from the base image and the de-
rived one. Your first base image (/images/slesllspl_base.raw) holds a
freshly installed system and can be a template for new modified base images, while
the new one can contain the same system as the first one plus all security and update
patches applied, for example. After you created this new base image, you can use it
as a template for more specialized derived images as well. The new base image be-
comes independent of the original one. The process of creating base images from de-
rived ones is called 'rebasing':

tux@venus:~> gemu-img convert /images/slesllspl_derived.gcow2 \
-0 raw /images/slesllspl_base2.raw

This command created the new base image /images/slesllspl_base2.raw
using the raw format.

tux@venus:~> gemu-img info /images/slesllspl_base2.raw

image: /images/slesllspl_base2.raw

file format: raw

virtual size: 4.0G (4294967296 bytes)
disk size: 2.8G

The new image is 0.4 gigabytes bigger than the original base image. It uses no backing
file, which means it is independent and therefore a base image. You can create new
derived images based upon it. This lets you create a sophisticated hierarchy of virtual
disk images for your organization, saving a lot of time and work.

12.2.4.4 Mounting an Image on VM Host Server

Sometimes it is useful to mount a virtual disk image under the host system. For exam-
ple, if VM Host Server does not have a network support, this can be the only way to
transfer files in and out of VM Guest.

Linux systems can mount an internal partition of a raw disk image using a 'loopback’
device. The first example procedure is more complex but more illustrative, while the
second one is straightforward:

Procedure 12.1: Mounting Disk Image by Calculating Partition Offset

1 Set a loop device on the disk image whose partition you want to mount.
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tux@venus:~> losetup /dev/loopO /images/slesllspl_base.raw

2 Find the sector size and the starting sector number of the partition you want to
mount.

tux@venus:~> fdisk —-lu /dev/loopO

Disk /dev/loop0O: 4294 MB, 4294967296 bytes

255 heads, 63 sectors/track, 522 cylinders, total 8388608 sectors
Units = sectors of 1 * 512 = 512@ bytes

Disk identifier: 0x000ceca8

Device Boot Start End Blocks Id System
/dev/loopOpl 63 1542239 771088+ 82 Linux swap
/dev/loopOp2 * 15422400 8385929 3421845 83 Linux

©  The disk sector size.
®  The starting sector of the partition.

3 Calculate the partition start offset:
sector_size * sector_start = 512 * 1542240 = 789626880

4 Delete the loop and mount the partition inside the disk image with the calculated
offset on a prepared directory.

tux@venus:~> losetup -d /dev/loopO

tux@venus:~> mount —-o loop,offset=789626880 \
/images/slesllspl_base.raw /mnt/slesllspl/
tux@venus:~> ls -1 /mnt/slesllspl/

total 112

drwxr-xr—x 2 root root 4096 Nov 16 10:02 bin
drwxr-xr-x 3 root root 4096 Nov 16 10:27 boot
drwxr-xr—-x 5 root root 4096 Nov 16 09:11 dev
[...]

drwxrwxrwt 14 root root 4096 Nov 24 09:50 tmp
drwxr-xr-x 12 root root 4096 Nov 16 09:16 usr
drwxr-xr-x 15 root root 4096 Nov 16 09:22 var

5 Copy a file or files on the mounted partition and unmount it when finished.
tux@venus:~> cp /etc/X1ll/xorg.conf /mnt/slesllspl/root/tmp
tux@venus:~> 1ls -1 /mnt/slesllspl/root/tmp
tux@venus:~> umount /mnt/slesllspl/

Procedure 12.2: Mounting Disk Image while Utilizing kpartx

1 Set a loop device on the disk image whose partition you want to mount.

tux@venus:~> losetup /dev/loopO /images/slesllspl_base.raw
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2 Create a device map from the disk image's partitions.

tux@venus:~> kpartx —a /dev/loop0

3 Mount any partition of the disk image on a prepared mount point.
tux@venus:~> mount /dev/mapper/loopOpl /mnt/pl

You can replace 10op0pl with the number of the partition you want to mount,
for example 1oopOp3 to mount the third partition on the disk image.

4 Copy or move files or directories to and from the mounted partition as you like.
Once you finish, unmount the partition and delete the loop.

tux@venus:~> umount /mnt/pl

tux@venus:~> losetup —-d /dev/loopO

WARNING

Never mount a partition of an image of a running virtual machine. This could
corrupt the partition and break the whole VM Guest.
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Running Virtual Machines
with gemu-kvm

Once you have a virtual disk image ready (for more information on disk images,

see Section 12.2, “Managing Disk Images with gemu—img” (page 93)), it is time

to start the related virtual machine. Section 12.1, “Basic Installation with ge—
mu-kvm” (page 92) introduced simple commands to install and run VM Guest. This
chapter focuses on a more detailed explanation of gemu-kvm usage, and shows solu-
tions of more specific tasks. For a complete list of gemu—kwvm's options, see its man-
ual page (man 1 gemu-kvm).

13.1 Basic gqemu-kvm Invocation

The gemu—-kvm command uses the following syntax:

gemu—-kvm optionso diskfimge

© gemu-kvm understands a large number of options. Most of them define para-
meters of the emulated hardware, while others affect more general emulator be-
havior. If you do not supply any options, default values are used, and you need
to supply the path to a disk image to be run.

®  Path to the disk image holding the guest system you want to virtualize. ge—
mu-kvm supports a large number of image formats. Use gemu—img —--help
to list them. If you do not supply the path to a disk image as a separate argu-
ment, you have to use the ~drive file= option.
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13.2 General gemu-kvm Options

This section introduces general gemu—kvm options and options related to the basic
emulated hardware, such as virtual machine's processor, memory, model type, or time
processing methods.

—name name_of_guest
Specifies the name of the running guest system. The name is displayed in the win-
dow caption and also used for the VNC server.

-boot options
Specifies the order in which the defined drives will be booted. Drives are repre-
sented by letters, where 'a' and 'b' stands for the floppy drives 1 and 2, 'c' stands
for the first hard disk, 'd' stands for the first CD-ROM drive, and 'n' to 'p' stand
for Ether-boot network adapters.

For example, gemu-kvm [...] -boot order=ndc first tries to boot
from network, then from the first CD-ROM drive, and finally from the first hard
disk.

-pidfile fname
Stores the QEMU's process identification number (PID) in a file. This is useful if
you run QEMU from a script.

—nodefaults
By default QEMU creates basic virtual devices even if you do not specify them
on the command line. This option turns this feature off, and you must specify
every single device manually, including graphical and network cards, parallel or
serial ports, or virtual consoles. Even QEMU monitor is not attached by default.

—daemonize
'‘Daemonizes' the QEMU process after it is started. QEMU will detach from the
standard input and standard output after it is ready to receive connections on any
of its devices.

13.2.1 Basic Virtual Hardware

-M machine_type
Specifies the type of the emulated machine. Run gemu—-kvm —-M ? to view a

list of supported machine types.
tux@venus:~> gemu-kvm -M ?
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Supported machines are:

pc Standard PC (alias of pc-0.12)
pc-0.12 Standard PC (default)
pc-0.11 Standard PC, gemu 0.11
pc-0.10 Standard PC, gemu 0.10
isapc ISA-only PC
mac Intel-Mac

NOTE

Currently, Novell supports only the default pc—0. 12 machine type.

-m megabytes
Specifies how many megabytes are used for the virtual RAM size. Default is 128

MB.

-balloon virtio
Specifies a paravirtualized device to dynamically change the amount of virtual
RAM memory assigned to VM Guest. The top limit is the amount of memory
specified with —m.

—cpu cpu_model
Specifies the type of the processor (CPU) model. Run gemu-kvm -cpu 2 to
view a list of supported CPU models.

tux@venus:~> gemu-kvm —-cpu ?

%86 gemu64
x86 phenom
%86 core2duo
x86 kvm64
x86 gemu32
%86 coreduo
x86 486
%86 pentium
%86 pentium?2
x86 pentium3
%86 athlon
x86 n270
NOTE

Currently, Novell supports only the kvmé64 CPU model.

—smp number_of_cpus
Specifies how many CPUs will be emulated. QEMU supports up to 255 CPUs on
the PC platform. This option also takes other CPU-related parameters, such as
number of sockets, number of cores per socket, or number of threads per core.
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Following is an example of a working gemu—-kvm command line:

gemu-kvm -name "SLES 11 SP1" -M pc-0.12 -m 512 -cpu kvm64 \
—-smp 2 /images/slesllspl.raw

Figure 13.1: QEMU Window with SLES 11 SPI as VM Guest
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-no-acpi
Disables ACPI support. Try to use it if VM Guest reports problems with ACPI
interface.

-S

QEMU starts with CPU stopped. To start CPU, enter ¢ in QEMU monitor. For
more information, see Chapter 14, Administrating Virtual Machines with QEMU
Monitor (page 129).

13.2.2 Storing and Reading Configuration
of Virtual Devices

—-readconfig cfg_file
Instead of entering the devices configuration options on the command line each
time you want to run VM Guest, gemu—kvm can read it from a file which was ei-
ther previously saved with ~-writeconfig or edited manually.
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-writeconfig cfg file
Dumps the current virtual machine devices configuration to a text file. It can be
consequently re-used with the —readconfig option.

tux@venus:~> gemu-kvm -name "SLES 11 SP1" -M pc-0.12 -m 512 -cpu kvm64 \
-smp 2 /images/slesllspl.raw —-writeconfig /images/slesllspl.cfg

(exited)

tux@venus:~> more /images/slesllspl.cfg

# gemu config file

[drive]
index = "0"
media = "disk"
file = "/images/slesllspl_base.raw"

This way you can effectively manage the configuration of your virtual machines'
devices in a well-arranged way.

13.2.3 Guest Real-time Clock

-rtc options
Specifies the way the RTC is handled inside VM Guest. By default, the clock of
VM Guest is derived from that of the host system. Therefore, it is recommended
that the host system clock is synchronized with an accurate external clock (for ex-
ample, via NTP service).

If you need to isolate the VM Guest clock from the host one, specify clock=vm
instead of the default clock=host.

You can also specify a 'starting point' for VM Guest clock with the base option:
gemu-kvm [...] -rtc clock=vm,base=2010-12-03T01:02:00

Instead of a timestamp, you can specify utc or localtime. The former in-
structs VM Guest to start at UTC (Coordinated Universal Time, see http://
en.wikipedia.org/wiki/Utc), while the latter applies the local time set-
ting.

13.3 QEMU Virtual Devices

QEMU virtual machines emulate all devices needed to run VM Guest. QEMU sup-
ports, for example, several types of network cards, block devices (hard and remov-
able drives), USB devices, character devices (serial and parallel ports), or multimedia
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devices (graphic and sound cards). For satisfactory operation and performance of the
virtual machine, some or all of these devices must be configured correctly. This sec-
tion introduces options to configure various types of supported devices.

13.3.1 Block Devices

Block devices are vital for virtual machines. In general, these are fixed or removable
storage media usually referred to as 'drives'. One of the connected hard drives typical-
ly holds the guest operating system to be virtualized.

Virtual machine drives are defined with —~drive. This option uses many suboptions,
some of which are described in this section. For their complete list, see the manual
page (man 1 gemu-kvm).

Suboptions for the —drive Option

file=image_fname
Specifies the path to the disk image which will be used with this drive. If not
specified, an empty (removable) drive is assumed.

if=drive_interface
Specifies the type of interface to which the drive is connected. Currently only
floppy, ide, or virtio are supported by Novell. virtio defines a paravir-
tualized disk driver. Default is ide.

index=index_of_ connector
Specifies the index number of a connector on the disk interface (see the i £ op-
tion) where the drive is connected. If not specified, the index is automatically in-
cremented.

media=type
Specifies the type of the media. Can be disk for hard disks, or cdrom for re-
movable CD-ROM drives.

format=img_fmt
Specifies the format of the connected disk image. If not specified, the format is
autodetected. Currently, Novell supports only the raw format.

boot='on' or 'off'
Specifies whether booting from 'uncommon' devices (such as virtio) is al-
lowed. If not specified, disks connected via virtio interface will refuse to boot.
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cache=method
Specifies the caching method for the drive. Possible values are unsafe,
writethrough, writeback, or none. For the gcow2 image format, choose
writeback if you care about performance. none disables the host page cache
and, therefore, is the safest option. Default is writethrough.

TIP

To simplify defining of block devices, QEMU understands several shortcuts
which you may find handy when entering the gemu-kvm command line.
You can use

gemu-kvm -cdrom /images/cdrom.iso

instead of

gemu-kvm —-drive file=/images/cdrom.iso,index=2,media=cdrom

and

gemu-kvm -hda /images/imageil.raw —-hdb /images/image2.raw —hdc \
/images/image3.raw -hdd /images/image4.raw

instead of

gemu-kvm —-drive file=/images/imagel.raw, index=0,media=disk \
—drive file=/images/image2.raw, index=1,media=disk \

-drive file=/images/image3.raw, index=2,media=disk \

—drive file=/images/imaged.raw, index=3,media=disk

TIP: Using Host Drives Instead of Images

Normally you will use disk images (see Section 12.2, “Managing Disk Images
with gemu-img” (page 93)) as disk drives of the virtual machine. However,
you can also use existing VM Host Server disks, connect them as drives, and
access them from VM Guest. Use the host disk device directly instead of disk
image filenames.

To access the host CD-ROM drive, use

gemu-kvm [...] -drive file=/dev/cdrom,media=cdrom

To access the host hard disk, use

gemu—-kvm [...] —-drive file=/dev/hdb,media=disk
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When accessing the host hard drive from VM Guest, always make sure the
access is read-only. You can do so by modifying the host device permis-
sions.

13.3.2 Graphic Devices and Display
Options

This section describes QEMU options affecting the type of the emulated video card
and the way VM Guest graphical output is displayed.

13.3.2.1 Defining Video Cards

QEMU uses —vga to define a video card used to display VM Guest graphical output.
The —vga option understands the following values:

none
Disables video cards on VM Guest (no video card is emulated). You can still ac-
cess the running VM Guest via the QEMU monitor and the serial console.

std
Emulates a standard VESA 2.0 VBE video card. Use it if you intend to use high
display resolution on VM Guest.

cirrus
Emulates Cirrus Logic GD5446 video card. Good choice if you insist on high
compatibility of the emulated video hardware. Most operating systems (even
Windows 95) recognize this type of card.

TIP

For best video performance with the cirrus type, use 16-bit color depth
both on VM Guest and VM Host Server.

13.3.2.2 Display Options

The following options affect the way VM Guest graphical output is displayed.
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—nographic
Disables QEMU's graphical output. The emulated serial port is redirected to the
console.

After starting the virtual machine with —-nographic, press Ctrl + A H in the vir-
tual console to view the list of other useful shortcuts, for example, to toggle be-
tween the console and the QEMU monitor.

tux@venus:~> gemu-kvm —-hda /images/slesllspl_base.raw —-nographic

print this help

exit emulator

save disk data back to file (if -snapshot)
toggle console timestamps

send break (magic sysrq)

¢} switch between console and monitor

C-a sends C-a

pressed C-a c¢)

ot n X o

(ORI T U R T

C
C
C
C
C
C
C

(

QEMU 0.12.5 monitor - type 'help' for more information
(gemu)

—-no—frame
Disables decorations for the QEMU window. Convenient for dedicated desktop
workspace.

—full-screen
Starts QEMU graphical output in full screen mode.

-no—-quit
Disables the 'close' button of QEMU window and prevents it from being closed
by force.

—alt-grab, -ctrl-grab
By default QEMU window releases the 'captured’ mouse after Ctrl + Alt is
pressed. You can change the key combination to either Ctrl + Alt + Shift (—alt-
grab), or Right Ctrl (~ctrl-grab).

13.3.3 USB Devices

To emulate USB devices in QEMU you first need to enable the generic USB driver
with the —usb option. Then you can specify individual devices with the —usbde-
vice option. Although QEMU supports much more types of USB devices, Novell
currently only supports the types mouse and tablet.
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Types of USB devices for the —usbdevice Option

mouse
Emulates a virtual USB mouse. This option overrides the default PS/2 mouse em-
ulation. The following example shows the hardware status of a mouse on VM
Guest started with gemu-kvm [...] —-usbdevice mouse:
tux@venus:~> hwinfo —--mouse
20: USB 00.0: 10503 USB Mouse
[Created at usb.122]
UDI: /org/freedesktop/Hal/devices/usb_device_627_1_1_if0
[...]
Hardware Class: mouse
Model: "Adomax QEMU USB Mouse"
Hotplug: USB
Vendor: usb 0x0627 "Adomax Technology Co., Ltd"
Device: usb 0x0001 "QEMU USB Mouse"
[...]

tablet
Emulates a pointer device that uses absolute coordinates (such as touchscreen).
This option overrides the default PS/2 mouse emulation. The tablet device is use-
ful if you are viewing VM Guest via the VNC protocol. See Section 13.5, “View-
ing VM Guest with VNC” (page 123) for more information.

13.3.4 Character Devices

Use —chardev to create a new character device. The option uses the following gen-
eral syntax:

gemu-kvm [...] -chardev backend_ type,id=id_string

where backend_type can be one of null, socket, udp, msmouse, vc, file,
pipe, console, serial, pty, stdio,braille, tty, or parport. All char-
acter devices must have a unique identification string up to 127 characters long. It is
used to identify the device in other related directives. For the complete description of
all backend's suboptions, see the man page (man 1 gemu-kvm). A brief description
of the available backends follows:

null
Creates an empty device which outputs no data and drops any data it receives.

stdio
Connects to QEMU's process standard input and standard output.
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socket

Creates a two-way stream socket. If path is specified, a Unix socket is created:

gemu—-kvm [...] —-chardev \
socket, id=unix_socketl,path=/tmp/unix_socketl, server

The server suboption specifies that the socket is a listening socket.

If port is specified, a TCP socket is created:

gemu—-kvm [...] —-chardev \
socket, id=tcp_socketl, host=1localhost,port=7777, server, nowait

The command creates a local listening (server) TCP socket on port 7777. QE-
MU will not block waiting for a client to connect to the listening port (nowait).

udp

vC

Sends all network traffic from VM Guest to a remote host over the UDP proto-
col.

gemu-kvm [...] —-chardev
udp, id=udp_fwd, host=mercury.example.com, port=7777

The command binds port 7777 on the remote host mercury.example.com and
sends VM Guest network traffic there.

Creates a new QEMU text console. You can optionally specify the dimensions of
the virtual console:

gemu-kvm [...] -chardev vc,id=vcl,width=640,height=480 -mon chardev=vcl

The command creates a new virtual console called vc1 of the specified size, and
connects the QEMU monitor to it.

file

Logs all traffic from VM Guest to a file on VM Host Server. The path is re-
quired and will be created if it does not exist.

gemu—-kvm [...] —-chardev file, id=gemu_logl,path=/var/log/gemu/guestl.log

By default QEMU creates a set of character devices for serial and parallel ports, and a
special console for QEMU monitor. You can, however, create your own character de-
vices and use them for just mentioned purposes. The following options will help you:

-serial char_dev

Redirects the VM Guest's virtual serial port to a character device char_dev on
VM Host Server. By default, it is a virtual console (vc) in graphical mode, and
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stdio in non-graphical mode. The —serial understands many suboptions. See
the manual page man 1 gemu-kvm for their complete list.

You can emulate up to 4 serial ports. Use ~serial none to disable all serial
ports.

-parallel device
Redirects the VM Guest's parallel port to a device. This option supports the
same devices as —serial.

TIP

If your VM Host Server is Linux, you can directly use the hardware paral-
lel port devices /dev/parportN where N is the number of the port.

You can emulate up to 3 parallel ports. Use -parallel none to disable all
parallel ports.

-monitor char_dev
Redirects the QEMU monitor to a character device char_dev on VM Host
Server. This option supports the same devices as —~serial. By default, it is a
virtual console (vc) in a graphical mode, and st dio in non-graphical mode.

13.4 Networking with QEMU

Use the —net option to define a network interface and a specific type of networking
for your VM Guest. Currently, Novell supports the following options: none, nic,
user, and tap. For a complete list of —net suboptions, see the man page (man 1
gemu—kvm).

Supported —net Suboptions

none
Disables a network card emulation on VM Guest. Only the loopback 1o network

interface is available.

nic
Creates a new Network Interface Card (NIC) and connects it to a specified Vir-
tual Local Area Network (VLAN). For more information, see Section 13.4.1,
“Defining a Network Interface Card” (page 119)
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user
Specifies a user-mode networking. For more information , see Section 13.4.2,
“User-mode Networking” (page 119).

tap
Specifies a bridged networking. For more information, see Section 13.4.3,
“Bridged Networking” (page 121).

13.4.1 Defining a Network Interface Card

Use —-net nic to add a new emulated network card:

gemu-kvm [...] -net nic,vlanzl",macaddr:OO:16:35:AF:94:4B€9,\
model=virt ioe, name=ncard1®

©  Connects the network interface to VLAN number 1. You can specify your own
number, it is mainly useful for identification purpose. If you omit this subop-
tion, QEMU uses the default 0.

®  Specifies the Media Access Control (MAC) address for the network card. It is
a unique identifier and you are advised to always specify it. If not, QEMU sup-
plies its own default MAC address and creates a possible MAC address conflict
within the related VLAN.

©  Specifies the model of the network card. Use —net nic,model="? to get the
list of all network card models supported by QEMU on your platform:

Currently, Novell supports the models r£ 18139 and virtio.

13.4.2 User-mode Networking

The —-net user option instructs QEMU to use a user-mode networking. This is the
default if no networking mode is selected. Therefore, these command lines are equiv-
alent:

gemu-kvm -hda /images/slesllspl_base.raw

gemu-kvm -hda /images/slesllspl_base.raw -net nic -net user

This mode is useful if you want to allow VM Guest to access the external network re-
sources, such as Internet. By default, no incoming traffic is permitted and therefore,
VM Guest is not visible to other machines on the network. No administrator privi-
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leges are required in this networking mode. The user-mode is also useful to do a 'net-
work-booting' on your VM Guest from a local directory on VM Host Server.

The VM Guest allocates an IP address from a virtual DHCP server. VM Host Server
(the DHCP server) is reachable at 10.0.2.2, while the IP address range for allocation
starts from 10.0.2.15. You can use ssh to connect to VM Host Server at 10.0.2.2, and
scp to copy files back and forth.

13.4.2.1 Command Line Examples

This section shows several examples on how to set up user-mode networking with QE-
MU.

Example 13.1: Restricted User-mode Networking

gemu-kvm [...] -net userﬁ,vlanzle, name:user_netle, restrict:yese

©  Specifies user-mode networking.

®  Connect to VLAN number 1. If omitted, defaults to O.

®  Specifies a human readable name of the network stack. Useful when identifying
it in the QEMU monitor.

O  Isolates VM Guest. It will not be able to communicate with VM Host Server and
no network packets will be routed to the external network.

Example 13.2: User-mode Networking with Custom IP Range

gemu—-kvm [...] —net
user,net=10.2.0.0/8@, host=10.2.0.6@, dhcpstart=10.2.0.200,\
hostname:tuxikvmiguesto

©  Specifies the IP address of the network that VM Guest sees and optionally the
netmask. Default is 10.0.2.0/8.

®  Specifies the VM Host Server IP address that VM Guest sees. Default is
10.0.2.2.

®  Specifies the first of the 16 IP addresses that the built-in DHCP server can as-
sign to VM Guest. Default is 10.0.2.15.

O  Specifies the hostname that the built-in DHCP server will assign to VM Guest.

Example 13.3: User-mode Networking with Network-boot and TFTP

gemu=kvm [...] -net user,tftp=/images/tftp_dir@, bootfile=/images/boot/
pxelinux. 0®
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©  Activates a built-in TFTP (a file transfer protocol with the functionality of a
very basic FTP) server. The files in the specified directory will be visible to VM
Guest as the root of a TFTP server.

®  Broadcasts the specified file as a BOOTP (a network protocol which offers an
IP address and a network location of a boot image, often used in diskless work-
stations) file. When used together with t ftp, VM Guest can boot from network
from the local directory on the host.

Example 13.4: User-mode Networking with Host Port Forwarding

gemu-kvm [...] -net user,hostfwd=tcp::2222-:22

Forwards incoming TCP connections to the port 2222 on the host to the port 22
(SSH) on VM Guest. If sshd is running on VM Guest, enter

ssh gemu_host -p 2222

where gemu_host is the hostname or IP address of the host system, to get a SSH
prompt from VM Guest.

13.4.3 Bridged Networking

With the —net tap option, QEMU creates a network bridge by connecting the host
TAP network device to a specified VLAN of VM Guest. Its network interface is then
visible to the rest of the network. This method does not work by default and has to be
explicitly specified.

First, create a network bridge and add a VM Host Server physical network interface
(usually eth0) to it:

1 Start Ientp ynpasnenus YaST and select Network Devices > Network Settings.

2 Click Add and select Bridge from the Device Type drop-down list in the Hardware
Dialog window. Click Next.

3 Choose whether you need a dynamically or statically assigned IP address, and fill
the related network settings if applicable.

4 In the Bridged Devices pane, select the Ethernet device to add to the bridge.
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Figure 13.2: Configuring Network Bridge with YaST

(2] Network Card Setup

General ( Address |
Device Type Configuration Name
bro
@ Dynamic Address |DHCP e DHCP both version4 and 6 ¢

) Statically assigned IP Address
|P Address Subnet Mask Hostname

Bridged Devices
‘eth0 - N10ACH 7 Family LAM Controller (configuration)

Help Cancel Back Next

Click Next. If asked about adapting already configured device, click Continue.

5 Click OK to apply the changes. Check if the bridge is created:

tux@venus:~> brctl show
bridge name bridge id STP enabled interfaces
br0 8000.001676d670e4 no ethO

Use the following example script to connect VM Guest to the newly created bridge
interface br0. Several commands in the script are run via the sudo mechanism be-
cause they require root privileges.

NOTE

Make sure the tunctl and bridge-utils packages are installed on VM
Host Server. If not, install them with zypper in tunctl bridge-utils.

#!/bin/bash
bridge=broo
tap=$ (/usr/bin/sudo /bin/tunctl -u $(/usr/bin/whoami) -b)@®
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/usr/bin/sudo /sbin/ip link set Stap up®

sleep 1s@

/usr/bin/sudo /sbin/brctl addif $bridge $tap®

gemu-kvm -m 512 -hda /images/slesllspl_base.raw \

-net nic,vlan=0,model=virtio,macaddr=00:16:35:AF:94:4B \
-net tap,vlan=0, ifname=$tape, script=noe, downscript=no
/usr/bin/sudo /sbin/brectl delif $bridge S$tap®
/usr/bin/sudo /sbin/ip link set $tap down®
/usr/bin/sudo /bin/tunctl -d $tap®

© Name of the bridge device.

®  Prepare a new TAP device and assign it to the user who runs the script. TAP de-
vices are virtual network devices often used for virtualization and emulation se-
tups.

©  Bring up the newly created TAP network interface.

O Make a 1 second pause to make sure the new TAP network interface is really
up.

O  Add the new TAP device to the network bridge br0.

O The ifname= suboption specifies the name of the TAP network interface used
for bridging.

© Before gemu—kvm connects to a network bridge, it checks the script and

downscript values. If it finds the specified scripts on the VM Host Server

filesystem, it runs the script before it connects to the network bridge and

downscript after it exits the network environment. You can use these scripts

to first set up and bring up the bridged network devices, and then to deconfigure

them. By default, /etc/gemu—ifup and /etc/gemu—1ifdown are exam-

ined. If script=no and downscript=no are specified, the script execution

is disabled and you have to take care manually.

Deletes the TAP interface from a network bridge br 0.

Sets the state of the TAP device to 'down'.

Deconfigures the TAP device.

6 00

13.5 Viewing VM Guest with VNC

QEMU normally uses an SDL (a cross-platform multimedia library) window to dis-
play the graphical output of VM Guest. With the —vnc option specified, you can
make QEMU listen on a specified VNC display and redirect its graphical output to
the VNC session.
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TIP

When working with QEMU's virtual machine via VNC session, it is useful to
work with the —usbdevice tablet option.

Moreover, if you need to use another keyboard layout than the default en-
us, specify it with the -k option.

The first suboption of —vnc must be a display value. The —vnc option understands
the following display specifications:

host:display
Only connections from host on the display number display will be accept-
ed. The TCP port on which the VNC session is then running is normally a 5900
+ display number. If you do not specify host, connections will be accepted
from any host.

unix:path
The VNC server listens for connections on Unix domain sockets. The path op-
tion specifies the location of the related Unix socket.

none
The VNC server functionality is initialized, but the server itself is not start-
ed. You can start the VNC server later with the QEMU monitor. For more
information, see Chapter 14, Administrating Virtual Machines with QEMU
Monitor (page 129).

tux@venus:~> gemu-kvm [...] -vnc :5

(on the client:)
wilber@jupiter:~> vinagre venus:5905 &
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Figure 13.3: QEMU VNC Session
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13.5.1 Secure VNC Connections

The default VNC server setup does not use any form of authentication. In the previ-
ous example, any user can connect and view the QEMU VNC Session from any host
on the network.

There are several levels of security which you can apply to your VNC client/server
connection. You can either protect your connection with a password, use x509 certifi-
cates, use SASL authentication, or even combine some of these authentication meth-
ods in one QEMU command.

See Section A.2, “Generating x509 Client/Server Certificates” (page 145) for more
information about the x509 certificates generation. For more information about con-
figuring x509 certificates on VM Host Server and the client, see Section 7.2.2, “Re-
mote TLS/SSL Connection with x509 Certificate” (page 54) and Section 7.2.2.3,
“Configuring the Client and Testing the Setup” (page 56).

The Vinagre VNC viewer supports advanced authentication mechanisms. There-
fore, it will be used to view the graphical output of VM Guest in the following exam-
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ples. For this example, lets assume that the server x509 certificates ca-cert . pem,
server—-cert.pem, and server—-key.pem are located in the /etc/pki/ge-
mu directory on the host, while the client's certificates are distributed in the following
locations on the client:

/etc/pki/CA/cacert.pem
/etc/pki/libvirt-vnc/clientcert.pem
/etc/pki/libvirt-vnc/private/clientkey.pem

Example 13.5: Password Authentication

gemu-kvm [...] -vnc :5,password —monitor stdio

Starts the VM Guest graphical output on VNC display number 5 (usually port 5905).
The password suboption initializes a simple password-based authentication method.
There is no password set by default and you have to set one with the change vnc
password command in QEMU monitor:

QEMU 0.12.5 monitor - type 'help' for more information

(gemu) change vnc password
Password: ****

You need the -monitor stdio option here, because you would not be able to
manage the QEMU monitor without redirecting its input/output.
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Figure 13.4: Authentication Dialog in Vinagre
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Example 13.6: x509 Certificate Authentication

The QEMU VNC server can use TLS encryption for the session and x509 certificates
for authentication. The server asks the client for a certificate and validates it against
the CA certificate. Use this authentication type if your company provides an internal
certificate authority.

gemu-kvm [...] -vnc :5,tls,x509verify=/etc/pki/gemu

Example 13.7: x509 Certificate and Password Authentication

You can combine the password authentication with TSL encryption and x509 certifi-
cate authentication to create a two-layer authentication model for clients. Remember
to set the password in the QEMU monitor after you run the following command:

gemu-kvm [...] -vnc :5,password,tls,x509verify=/etc/pki/gemu -monitor stdio
Example 13.8: SASL Authentication

Simple Authentication and Security Layer (SASL) is a framework for authentica-
tion and data security in Internet protocols. It integrates several authentication mech-
anisms, like PAM, Kerberos, LDAP and more. SASL keeps its own user database, so
the connecting user accounts do not need to exist on VM Host Server.
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For security reasons, you are advised to combine SASL authentication with TLS en-
cryption and x509 certificates:

gemu-kvm [...] -vnc :5,tls,x509,sasl -monitor stdio
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Administrating Virtual
Machines with QEMU
Monitor

When QEMU is running, a monitor console is provided for performing interaction
with the user. Using the commands available in the monitor console, it is possible to
inspect the running operating system, change removable media, take screenshots or
audio grabs and control several other aspects of the virtual machine.

14.1 Accessing Monitor Console

To access the monitor console from QEMU, press Ctrl + Alt + 2. To return back to
QEMU from the monitor console, press Ctrl + Alt + 1.

To get help while using the console, use help or 2. To get help for a specific com-
mand, use help command.

14.2 Getting Information about the
Guest System

To get information about the guest system, use the info option command. If used
without any option, the list of possible options is printed. Options determine which of
the system will be analyzed:

info version

Shows the version of QEMU
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info commands
Lists available QMP commands

info network
Shows the network state

info chardev
Shows the character devices

info block
Information about block devices, such as hard drives, floppy drives, or CD-
ROMs

info blockstats
Read and write statistics on block devices

info registers
Shows the CPU registers

info cpus
Shows information about available CPUs

info history
Shows the command line history

info irqg
Shows the interrupts statistics

info pic
Shows the 18259 (PIC) state

info pci
Shows the PCI information

info tlb
Shows virtual to physical memory mappings

info mem
Shows the active virtual memory mappings

info hpet
Shows state of HPET
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info jit
Shows dynamic compiler information

info kvm
Shows the KVM information

info numa
Shows the NUMA information

info usb
Shows the guest USB devices

info usbhost
Shows the host USB devices

info profile
Shows the profiling information

info capture
Shows the capture (audio grab) information

info snapshots
Shows the currently saved virtual machine snapshots

info status
Shows the current virtual machine status

info pcmcia
Shows the guest PCMCIA status

info mice
Shows which guest mice is receiving events

info wvnc
Shows the VNC server status

info name
Shows the current virtual machine name

info uuid
Shows the current virtual machine UUID
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info usernet
Shows the user network stack connection states

info migrate
Shows the migration status

info balloon
Shows the balloon device information

info gtree
Shows the device tree

info gdm
Shows the gqdev device model list

info roms
Shows the ROMs

14.3 Changing VNC Password

To change the VNC password, use the change vnc password command and en-
ter the new password:

(gemu) change vnc password
Password: ****&&xx

(gemu)

14.4 Managing Devices

To release the device or file connected to the removable media device, use the
eject device command. Use the optional £ to force ejection.

To change removable media (like CD-ROMs), use the change device command.
The name of the removable media can be determined using the info block com-
mand:

(gemu) info block
idel-cd0: type=cdrom removable=1 locked=0 file=/dev/sr0 ro=1 drv=host_device
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(gemu) change idel-cd0 /path/to/image

14.5 Controlling Keyboard and
Mouse

It is possible to use the monitor console to emulate keyboard and mouse input if nec-
essary. For example, if your graphical user interface intercepts some key combina-
tions at low level (such as Ctrl + Alt + F1 in X Window), you can still enter them using
the sendkey keys:

sendkey ctrl-alt-f1
To list the key names used in the ke y s option, enter sendkey and press Tab.
To control the mouse, the following commands can be used:

mouse_move dxdy [dz]
Move the active mouse pointer to the specified coordinates dx, dy with the op-
tional scroll axis dz.

mouse_button val
Change the state of the mouse buttons (1=left, 2=middle, 4=right).

mouse_set index
Set which mouse device receives events. Device index numbers can be obtained
with the info mice command.

14.6 Changing Available Memory

If the virtual machine was started with the -balloon virtio option and the par-
avirtualized balloon device that allows to dynamically change the amount of memory
available is therefore enabled, it is possible to change the available memory dynami-
cally. For more information about enabling the baloon device, see Section 12.1, “Ba-
sic Installation with gemu—kvm” (page 92).

To get information about the balloon device in the monitor console and to determine
whether the device is enabled, use the info balloon command:
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(gemu) info balloon

If the balloon device is enabled, use the balloon memory_in_MB command to
set the requested amount of memory:

(gemu) balloon 400

14.7 Dumping Virtual Machine
Memory

To save the content of the virtual machine memory to a disk or console output, use the
following commands:

memsave addrsizefilename
Saves virtual memory dump starting at addr of size sizetofile filename

pmemsave addrsizefilename
Saves physical memory dump starting at addr of size size to file £ilename-

X /fmtaddr
Makes a virtual memory dump starting at address addr and formatted according
to the £mt string. The £mt string consists of three parameters count format -
size:

The count parameter is the number of the items to be dumped.

The format can be x (hex), d (signed decimal), u (unsigned decimal), o (octal),
c (char) or i (assembly instruction).

The size parameter can be b (8 bits), h (16 bits), w (32 bits) or g (64 bits). On
x86, h or w can be specified with the i format to respectively select 16 or 32-bit
code instruction size. is the number of the items to be dumped.

xp /fmtaddr
Makes a physical memory dump starting at address addr and formatted accord-
ing to the fmt string. The fmt string consists of three parameters count for-
matsize:

The count parameter is the number of the items to be dumped.
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The format can be x (hex), d (signed decimal), u (unsigned decimal), o (octal),
c (char) or i (asm instruction).

The size parameter can be b (8 bits), h (16 bits), w (32 bits) or g (64 bits). On
x86, h or w can be specified with thei format to respectively select 16 or 32-bit
code instruction size. is the number of the items to be dumped.

14.8 Managing Virtual Machine
Snapshots

Virtual machine snapshots are snapshots of the complete virtual machine including
the state of CPU, RAM, and the content of all writable disks. To use virtual machine
snapshots, you must have at least one non-removable and writable block device using
the gcow?2 disk image format.

NOTE

Currently, only the raw disk image format is supported by Novell.

Snapshots are helpful when you need to save your virtual machine in a particular
state. For example, after you configured network services on a virtualized server
and want to quickly start the virtual machine in the same state that has been saved
last. You can also create a snapshot after the virtual machine has been powered off
to create a backup state before you try something experimental and possibly make
VM Guest unstable. This section introduces the former case, while the latter is de-
scribed in Section 12.2.3, “Managing Snapshots of Virtual Machines with gemu-img
Snapshot” (page 98).

The following commands are available for managing snapshosts in QEMU monitor:

savevm name
Creates a new virtual machine snapshot under the tag name or replaces an exist-
ing snapshot.

loadvm name
Loads a virtual machine snapshot tagged name.

delvm
Deletes a virtual machine snapshot.
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info snapshots
Prints information about available snapshots.

(gemu) info snapshots
Snapshot list:

0@ TAGO VM SIZE® DATED VM CLOCK®

1 booting 4.4M 2010-11-22 10:51:10 00:00:20.476

2 booted 184M 2010-11-22 10:53:03  00:02:05.394

3 logged_in 273M 2010-11-22 11:00:25 00:04:34.843

4 ff_and_term_running 372M 2010-11-22 11:12:27 00:08:44.965

©  Unique identification number of the snapshot. Usually auto-incremented.

®  Unique description string of the snapshot. It is meant as a human readable
version of the ID.

®  The disk space occupied by the snapshot. Note that the more memory is
consumed by running applications, the bigger the snapshot is.

O Time and date the snapshot was created.

©  The current state of the virtual machine's clock.

14.9 Suspending and Resuming
Virtual Machine Execution

The following commands are available for suspending and resuming virtual machines:

stop
Suspends the execution of the virtual machine.

cont
Resumes the execution of the virtual machine.

system_reset
Resets the virtual machine. The effect is similar to the reset button on a physical
machine. This may leave the filesystem in an unclean state.

system_powedown
Sends an ACPI shutdown request to the machine. The efect is similar to the pow-
er button on a physical machine.

gorguit
Terminates QEMU immediately.
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14.10 Live Migration

The live migration process allows to transmite any virtual machine from one host sys-
tem to another host system without any interruption in availability. It is possible to
change hosts permanently or just during a maintenance. It is recommended that the
source and destination systems have the same architecture, however it is possible to
migrate between hosts with AMD and Intel architecture or even between Linux and
Windows hosts.

The requirements for the live migration:

» The virtual machine image must be accessible on both source and destination hosts.
For example, it can be located on a shared NFS disk.

* The image directory should be located in the same path on both hosts.

* Both hosts must be located in the same subnet.

* The guest on the source and destination hosts must be started in the same way.
The live migration process has the following steps:

1 The virtual machine instance is running on the source host.

2 The virtual machine is started on the destination host in the frozen listening mode.
The parameters used are the same as on the source host plus the ~incoming
tcp: ip: port parameter, where ip specifies the IP address and port specifies
the port for listening to the incoming migration. If 0 is set as IP address, the virtual
machine listens on all interfaces.

3 On the source host, switch to the monitor console and use the migrate -d
tcp:destination_ip:port command to initiate the migration.

4 To determine the state of the migration, use the info migrate command in the
monitor console on the source host.

5 To cancel the migration, use the migrate_cancel command in the monitor
console on the source host.

6 To set the maximum tolerable downtime for migration in seconds, use the
migrate_set_downtime number_of_seconds command.
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7 To set the maximum speed for migration in bytes per second, use the
migrate_set_speed bytes_per_secondcommand.
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Appendix

A.1 Installing Para-Virtualized
Drivers

A.1.1 Installing Para-Virtualized Drivers
for SUSE Linux Enterprise Server 10 SP3

Support for para-virtualized drivers is already built into all SUSE Linux Enterprise
Server 11 SP1 Kernels, so virtio devices are supported out of the box. Para-virtual-
ized drivers for SUSE Linux Enterprise Server 10 SP3 are not shipped with the prod-
uct and need to be installed from a repository provided by Novell. It is recommended
to install para-virtualized drivers during the installation as described in Section 5.3.1,
“Adding para-virtualized Drivers During the Installation” (page 34). If you need to in-
stall the drivers on an existing virtual machine, follow the instructions below.

1 Add the para-virtualized drivers repository and the corresponding drivers update
repositories with either the YaST Software Repositories module or with zypper
ar.

2 Determine the flavor of the installed Kernel by running uname -r. The output
string has the form Version-Flavor (forexample 2.6.32.24-0.2-de~
fault).
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3 Search for packages matching the string novell-virtio-drivers in the
YaST Software Management module or with zypper se.

4 Install the novell-virtio—drivers package matching your Kernel flavor.

A.1.2 Installing virtio Drivers for Microsoft
Windows*

Providing para-virtualized drivers during a Microsoft Windows installation does cur-
rently not work, since the installation refuses to boot from a para-virtualized hard
disk. Therefore, the para-virtualized drivers need to be installed on a running Win-
dows installation.

The following instructions assume that the existing Windows installation uses a sin-
gle IDE hard disk and a single network adapter. An ISO image containing the virtio
drivers for Windows is part of the kvm package and is available on the KVM host un-
der /usr/share/gemu-kvm/win-virtio—drivers.iso. Make this ISO
image available as a CD-ROM on your virtual machine as described in Section 9.3,
“Ejecting and Changing Floppy or CD/DVD-ROM Media with Virtual Machine
Manager” (page 77). In case your virtual machine is configured without a CD-ROM
device or you prefer to add a second one, see Section 9.1, “Adding a CD/DVD-ROM
Device with Virtual Machine Manager” (page 75) for setup instructions.

Finding the virtio drivers for Windows
Windows XP 32-bit

Memory Ballooning: balloon\install\XP\x86\balloon.inf
Network: Net KVM\install\XP_Win2003\x86\netkvm.inf
Storage: viostor\install\XP\x86\viostor.inf

Windows XP 64-bit

Memory Ballooning: not available
Network: NetKVM\install\XP_Win2003\amdé64\netkvm.inf
Storage: viostor\install\XP\amdé64\viostor.inf

Windows Server 2003 32-bit

Memory Ballooning: balloon\install\Win2003\x86\balloon.inf
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Network: NetKVM\install\XP_Win2003\x86\netkvm.inf
Storage: viostor\install\Win2003\x86\viostor.inf

Windows Server 2003 64-bit

Memory Ballooning: balloon\in-
stall\Win2003\amd64\balloon.inf

Network: Net KVM\install\XP_Win2003\amd64\netkvm.inf
Storage: viostor\install\XP\amdé64\viostor.inf

Windows Vista/Server 2008 32-bit

Memory Ballooning: balloon\in-

stall\Vista Win2008\x86\balloon.inf

Network: NetKVM\install\Vista_Win2008\x86\netkvm.inf
Storage: viostor\install\Vista_Win2008\x86\viostor.inf

Windows Vista/Server 2008 64-bit

Memory Ballooning: balloon\in-
stall\Vista_Win2008\amd64\balloon.inf

Network: NetKVM\install\Vista_Win2008\amd64\netkvm.inf
Storage: viostor\install\Vista_Win2008\amd64\viostor.inf

‘Windows 7 32-bit

Memory Ballooning: balloon\install\Win7\x86\balloon.inf
Network: NetKVM\install\Win7\x86\netkvm.inf
Storage: viostor\install\Win7\x86\viostor.inf

Windows 7 64-bit

Memory Ballooning: balloon\install\Win7\amd64\balloon.inf
Network: NetKVM\install\Win7\amd64\netkvm.inf
Storage: viostor\install\Win7\amd64\viostor.inf

A.1.2.1 Windows 7

The following instructions show how to install para-virtualized storage an network dri-
vers for Windows 7. Please make sure to exactly follow the instructions for installing
the storage drivers, otherwise your system will either completely refuse to boot or will
boot into a “blue screen”!
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IMPORTANT: Technical Support

The following instructions require to use virsh edit. Using this command
in principle is not supported by the Novell Technical Support. However, this
special context (Installing Para-Virtualized Storage Drivers for Windows) is
an exception from this rule. It will be supported with reasonable effort.

Procedure A.1: Installing Para-Virtualized Storage Drivers for Windows 7 32-bit

1 Shut down the Windows 7 VM Guest and use Virtual Machine Manager to add an
additional hard disk of type virtio (a para-virtualized hard disk). This disk is
only temporarily needed and will be removed again from the VM Guest.

2 If necessary, use Virtual Machine Manager to adjust the Boot Device Order. It must
start with Hard Disk, otherwise the system will not boot once the system disk is
para-virtualized. You need to confirm your changes with Apply, otherwise they will
not be written to the configuration.

3 Reboot the VM Guest. Once it has booted, open the Device Manager, for example,
by opening the main menu and entering devmgmt . msc followed by Enter into
the Start programs and files field.

4 Search for the entry Other devices > SCSI Controller. The entry is marked with an
exclamation mark as being problematic. Right-click this entry and choose Update
Driver Software.

5 Install the driver. Choose to Browse my computer for driver software. Use
the Browse button to select the directory on the driver CD containing the
storage drivers for your operating system and architecture (viostor\in-
stall\Win7\x86\). Confirm the security exception by clicking Install.

6 Once the driver installation is finished, a new Storage Controller named Novell
VirtlO SCSI Adapater is listed in the Device Manager. Additionally, the entry Disk
Drives now contains the temporary para-virtualized disk. It is listed as Novell VirtlO
SCSI Disk Device.

7 Shut down the Windows 7 VM Guest and use Virtual Machine Manager to remove
the temporary para-virtualized disk added earlier.

8 Changing the type of a virtual hard disk is currently not supported by Virtual Ma-
chine Manager—therefore the XML configuration needs to be changed directly.
Open a terminal and enter the following command (replace NAME with the name
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of you Windows 7 VM Guest). If operating from a remote host, also specify a con-
nection URL with the —c parameter.

virsh edit NAME

An editor (vi by default) opens. Search for a block similar to the following:

<disk type='block' device='disk'>
<driver name='gemu' type='raw'/>
<source file='/var/lib/libvirt/images/win7.raw'/>
<target dev='hda' bus='ide'/>
<address type='drive' controller='0"' bus='0' unit='0"'/>
</disk>

Remove the <address> tag. Change the attributes of the <target> tag to
dev='vda"' and bus="virtio"':
<disk type='block' device='disk'>

<driver name='gemu' type='raw'/>

<source dev='/dev/Virtual/win7'/>

<target dev='vda' bus='virtio'/>
</disk>

Save the file. A successful save results in Domain NAME XML configura-
tion edited. Incase an error is reported (for example, when having produced
invalid XML), the configuration has not been changed.

9 Restart the VM Guest. If starting it via Virtual Machine Manager, make sure the
hardware change is visible in the Details screen before you start (this may take a
few seconds after you have saved the configuration changes from virsh). Other-
wise your changes will be overwritten with the configuration last used by Virtual
Machine Manager.

Your Windows 7 VM Guest now uses a para-virtualized system disk.

Installing para-virtualized network drivers is very similar to installing the storage dri-
vers:

Procedure A.2: Installing Para-Virtualized Network Drivers for Windows 7

1 Shut down the Windows 7 VM Guest and use Virtual Machine Manager to add an
additional network adapter of type virtio (a para-virtualized network adapter).
This ensures that you still have network connectivity while installing the drivers.

2 Reboot the VM Guest and install the driver via the Device Manager as described
above. The new network adapter can be found under Other devices > Ethernet con-
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troller. After a successful driver installation, a Novell VirtlO Ethernet Adapter is
listed in the Device Manager under Network Adapters.

3 Shut down the VM Guest and remove the original, non-para-virtualized network
adapter from the guest configuration using Virtual Machine Manager. Reboot the
guest—now it uses a para-virtualized network adapter.

A.1.2.2 Other Windows Versions (XP, Server
2003/2008, Vista)

Installing para-virtualized drivers for other Windows versions is very similar to in-
stalling them on Windows 7 (see Section A.1.2.1, “Windows 7” (page 141)). You

do not need to manually start the Device Manager— Windows will rather prompt you
to install the missing drivers. Make sure to manually choose the location of the driver
during the installation process.

WARNING: Para-Virtualized Storage Drivers on Windows Vista

Currently the para-virtualized storage drivers for Windows Vista do not sup-
port booting from a para-virtualized disk. Using para-virtualized storage de-
vices for non-bootable disks is supported.

NOTE: Para-Virtualized Storage Drivers on Windows XP not
Recommended

Using the para-virtualized storage drivers on Windows XP does not re-

sult in any performance gain—it may even result in performance penalties.
Therefore, it is not recommended to use them. See http://www.mail-
archive.com/kvm@vger.kernel.org/msg22834.html for technical
details.

Note that this only affects para-virtualized storage drivers for Windows XP!
Using para-virtualized storage drivers on other Windows versions will result
in better performance. Using para-virtualized network drivers on Windows
XP is also beneficial.
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A.2 Generating x509 Client/Server
Certificates

In order to be able to create x509 client and server certificates you need to issue them
by a Certificate Authority (CA). It is recommended to set up an independent CA that
only issues certificates for 1ibvirt.

1 Set up a CA as described in Pa3nen “Creating a Root CA” (I'naBa 15, Managing
X.509 Certification, TPyKOBOIlCTBO 110 6E30IaCHOCTH).

2 Create a server and a client certificate as described in Pazgen “Creating or Revok-
ing User Certificates” (I'naa 15, Managing X.509 Certification, TPykoBoacTBO 1o
6e3omacHocti). The Common Name (CN) for the server certificate must be the
full qualified hostname, the Common Name for the client certificate can be freely
chosen. For all other fields stick with the defaults suggested by YaST.

Export the client and server certificates to a temporary location (for example, /
tmp/x509/) by performing the following steps:

2a Select the certificate on the certificates tab.

2b Choose Export > Export to File > Certificate and the Key Unencrypted in
PEM Format, provide the Certificate Password and the full path and the file-
name under File Name, for example, /tmp/x509/server.pemor /
tmp/x509/client.pemn.

2c¢ Open a terminal and change to the directory where you have saved the cer-
tificate and issue the following commands to split it into certificate and key
(this example splits the server key):

csplit -z -f s_ server.pem '/-———- BEGIN/' '{1}'
mv s_00 servercert.pem
mv s_01 serverkey.pem

2d Repeat the procedure for each client and server certificate you would like to
export.

3 Finally export the CA certificate by performing the following steps:

3a Switch to the Description tab.
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3b ChooseAdvanced > Export to File > Only the Certificate in PEM Format and
enter the full path and the filename under File Name, for example, /tmp/
x509/cacert.pemn.

A.3 QEMU Command Line Options

A.3.1 Supported gemu-kvm Command
Line Options

—alt-grab

—append

—audio-help

-balloon

-boot

—cdrom

—chardev

—-clock

—-cpu [?|kvm64d ]

—-ctrl-grab

-d ...

—daemonize

—device driver [isa-serial|isa-parallel|isa-fdc |ide-dri-
ve |VGA|cirrus-vga|rtl1l8139|virtio-net-pci |virtio-blk-pci|
virtio-balloon-pci]

—drive if=[idel|floppyl|lvirtio] format=raw snapshot=off
—echr

—enable—kvm

-fda/-fdb

—full-screen

—gdb

—global

-h

-hda/-hdb/-hdc/-hdd

—help

—incoming
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—-initrd

-k ...

-kernel
—-loadvm

-m ...
-mem-path
-mem-prealloc
-mon

-monitor

-M [pclpc-0.12]
-name

-netdev

-net [nic|user|tap|lnone] mode=[rtl1l8139|virtio]
-no-acpi
-nodefaults
-no-frame
—nographic
-no-hpet
-no—quit
-no-reboot
—-no—-shutdown
-parallel
—-pcidevice
-pidfile
-readconfig
-rtc

—-runas

-s

-S

-sdl

—-serial
—-smbios

—smp

-tdf

—-usb
—-usbdevice [tablet |mouse]
—uuid

-version

-vga [std|cirrus|none]
-vnc
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-watchdog
-watchdog-action
-writeconfig

A.3.2 Unsupported gemu-kvm Command
Line Options

The following gemu—-kvm command line options are not supported by Novell:

—acpitable

-bios

-bt ...

—chroot

—cpu [phenom|core2duo|gemu32 |gemub6d |coreduo|486|pentium |
pentium?2 |pentium3|athlon|n270]

—-curses

—device driver (wheredriverisnotin [isa-serial |isa-paral-
lel|isa-fdc|ide-drive|VGA|cirrus-vga|rtl8139 |virtio-net-
pci|virtio-blk-pci|virtio-balloon-pci])

—drive if=[scsi|mtd|pflash], snapshot=yes,
format=[anything apart from raw]

—enable—-nesting

—icount

—kvm-shadow-memory

-L ...

-M [pc-0.11|pc-0.10|isapc|mac]

-mtdblock

-net dump

-net socket

-no-fd-bootchk

—no—kvm

—-no-kvm-irqgchip

—no—-kvm-pit

—-no-kvm-pit-reinjection

—-numa

-nvram

—option-rom

-osk

148 Buptyanusaumsa c KVM



-pflash
-portrait
—damp

-sd

—-set
-show-cursor
-singlestep
—-snapshot
—-soundhw
-tb-size

—usbdevice [disk|host|serial|braille]|net]

-vga [vmware|xenfb]
-virtioconsole
-win2k-hack

A.3.3 Supported gemu-kvm monitor
Command Line Options

The following gemu—kvmmonitor command line options are supported by Nov-

ell:

)
balloon target
[c|cont]

change device

cpu .

eject

gdbserver

help

info

logfile

logitem

mce

memsave

migrate
migrate_set_downtime
migrate_set_speed
mouse_button
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mouse_move

mouse_set

pmemsave
[plprint]

q

sendkey

stop

system_powerdown

watchdog_action

X

Xp

A.3.4 Unsupported gemu-kvm monitor
Command Line Options

The following gemu—-kvmmonitor command line options are not supported by
Novell:

acl_add
acl_policy
acl_remove
acl_reset
acl_show
block_passwd
boot_set
close_fd
commit

cpu_set

delvm
device_add
device_del
drive_add
hostfwd_add
hostfwd_remove
host_net_add
host_net_remove
i

loadvm
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migrate_cancel
nmi

O ...

pci_add
pci_del...
savevm
screendump
set_link
singlestep
stopcapture
sum ...
system_reset
usb_add
watchdog_action
wavcapture
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NTnueH3sum GNU

3o npunoxenue conepxutT GNU General Public License Bepcuu 2 u GNU Free
Documentation License Bepcun 1.2.

VausepcaiabHass OomecrBennas Jlumen3usst GNU (GNU General Public Li-
cense)

Bepcus 2, mions 1991 1.
Copyright (C) 1989, 1991 Free Software Foundation, Inc. 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA
(C) Hepesoa. O.B. Kysuua, B.M. I0da, 1993 (C) IMeperon. O.C. TuxoHos, 1998

STOT OKYMEHT MOKHO KOMHMPOBATh, @ TAKKE PACTIPOCTPAHSITE €ro A0CIOBHBIE KOIHUH, OIHAKO BHOCUTD B HET'O N3MEHEHHSI 3AIPEIIEHO.

Ipeambya

JInuensun Ha GobIIyI0 YacTh NpOrpaMMHOro odecrnedenus (ITO) cocTaBleHs! Tak, YTOObI IMIIMT BAaC CBOOOJIBI COBMECTHO MCTIONB30BaTh M M3MEHATH
ero. B mpoTHBOMOJIOKHOCTB 3TOMY, NIpe/iHa3HayeHue YHuBepcanbHoii O6mectBenHoi JInnensun GNU cocTOMT B TOM, 4TOObI FApaHTHPOBATH Ballly
cB0GO/Ty COBMECTHO MCIIONb30BaTh M M3MeHATh cBoboaHoe 10, T.e. obecneunts codomy ITO s Beex ero nonmp3osareneil. JanHas YHUBepcabHas
OobuectBenHast JIuneH3us npumenuMa K Gobiueii yactu ITO Ponga Crodoaroro ITO 1 KO BCeM APYruM MPOrpamMmam, Ybd aBTOPbI IPUHUMAIOT Ha
ce0st 0053aTesILCTBO ee HCOoIb30BaTh. (s HekoTophIx mporpamm Ponga CroGoaHoro ITO BMecTo Hee mpuMeHsieTcs: Y HuBepcaibHast OOIecTBeHHAs
JInuensusa GNU nns 6u6anotek.) Bol Toke MOKeTe IPUMEHHUTH €€ K CBOMM IPOrpaMMaM.

Korza met roBopum o ceoboaroM IO, Mbl MeeM B BiJTy cBOOOJLY, a He OecrutaTHOCTb. Hatm YauBepcanbhbie OGecTBenHbie JIueH3nn
p£\3pa6aTblBa]'lHCb A1 TOro, qTOf)H TapaHTHPOBATh, YTO BRI MOJIL3YETECH CBOﬁO}JOﬁ PacrpoCTpaHATh KOIMUK CBOﬁO}.’lHOT‘O HO (VI TIpH KETaHUH
TIoIy4aTh 3a 3TO BOT!Hi\I"pa)K,ElCHVIE); YTO BbI ITOTTy4YacTe VICXOJJHHﬁ KOJI T MOKETE TIOJTYyIUTh €10, €CJIN 3aXOTUTE; YTO Bbl MOKETE U3MEHATH HO i
HUCMOJIB30BAaTh €r0 YaCTU B HOBBIX CBOGOI{HHX TIporpaMmax; u 4to Bbl 3HACTE 060 BCEX 3THX IpaBax.

YToOb! 3AIMTUTD BAILM T1PaBa, HAM HYKHO BBECTH HEKOTOPbIE OFPAHUUEHMUS, KOTOPHIE 3alPETST KOMY Obl TO HU ObUIO OTKA3bIBATh BAM B 9THX IPaBax
WM NIOTPEOOBATH OT BAC OTKA3AThCs OT STHX I1PaB. T OrPaHMYEHUsI HAKJIAJBIBAIOT HA BAC HEKOTOPbIE 00SI3aTE/ILCTBA, €CIIN Bbl PACIIPOCTPaHsieTe
kormu I10 wm usmensiere ero.

Hanpumep, eciiu Bbl pacipocTpaHsieTe KOIMK TaKO# [IPOrpaMMbl OECIUIATHO WM 32 BO3HAIPAK/IEHUE, BbI JOJIKHBI IPEJIOCTABUTD IOy YaTelIsiM BCe
paBa, KOTOPLIMU 00JIaJaeTe Bbl CaMK. Bbl 10JIKHBI FapaHTUPOBATH, YTO OHH TOXKE MOJIy4aT WM CMOTYT HOJIYYUTh HCXOAHBIN K01, HakoHew, Bbl
JIOJIKHBI [OKA3aTh UM TEKCT JAHHBIX YCJIOBUIA, YTOOBI OHH 3HAJIM O CBOMX I1PaBaXx.

MBI 3amynaeM Bamy rpasa B iBa vtamna: (1) coxpansem aBropckue npasa Ha I1O u (2) npeutaraeM BaM 3Ty JIMIIEH3HIO, KOTOpast JaeT BaM 3aKOHHOE
MpaBoO KOMUPOBATh, PACIIPOCTPAHATH H/Wi Moaudumposats I10.

Kpome Toro, B Le/IAX 3aIUTHl KAK KaKIO0T0 aBTOPa, TaK M HAC, MBI XOTUM YIOCTOBEPHTBCSA, YTO Kask/blil TOHMMAET, UTO rapaHTHii Ha 3TO CBOGOIHOE
T10 ser. Ecu TTO MoauduimpyeTcs 1 nepesaeTcst KeM-To elie, Mbl XOTHM, 4ToObI nostydatest [10 3Hau, uTo TO, YTO Y HUX €CTh, — 3TO HE
OpHUIHHAJ, YTOOHI J0ObIE MPOGIEMBI, CO3/IaHHBIC IPYTMMH, HE OTPA3HIINCh Ha PEMyTalliy IePBOHAYATBHBIX aBTOPOB.
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W HakoHell, KaX 10/ CBOOOIHOM MPOrpaMMe MOCTOSHHO YTpoKaloT maTeHThl Ha I10. MBI XOTHM M30€kaTh TOH OMACHOCTH, YTO TIOBTOPHbIE
PacIpoCTPaHUTENIN CBOOOIHOM MPOrpaMMbl CAMOCTOATENLHO MOJTyyaT TIATEHThI, eNas MPOrpaMMy TAKMM 00pa30M YacTHOH COOCTBEHHOCTBIO.
YtoGbl IPeIOTBPATHTH 3TO, MBI CO BCeii ONpPe/IeNIEHHOCTBIO 3asBIIAEM, YTO T0OOM MATeHT JOMKeH ObITh IMO0 NpeJoCTaBIeH BCeM U CBOOOTHOTO
MCTIONB30BaHNsA, JTMOO He TPeJIoCTaBIeH HUKOMY.

Huke cietylor ToUHbIE ONpe/ie/ieHus M YCTIOBUS JUTsl KOMMUPOBAHUS, PACIPOCTPAHEHUs U MOIMpUKaLMU.

OIIPEJEJIEHUA N YCJIOBUA 1J1d1 KOIITMPOBAHNSA, PACITPOCTPAHEHNA U MOIUPUKALININ

0. Sra JInneH3us npuMeHnMa K oO0ii IIporpaMMe UM pyroMy NpOU3Be/ICHHIO, COAepKallieMy YBEIOM/IEHHE, MOMENIEHHOE JIepKaTe/leM aBTOPCKUX
TIPaB 1 COOOIIAIOIIEE O TOM, YTO OHO MOKET PACIIPOCTPAHSTHCS MPH YCIOBHUSIX, OTOBOPEHHBIX B JaHHOI YHuBepcabHON O0mecTBeHHO# JIntens3nn.

B nanbneitiem TepmuH “TIporpaMma’ OTHOCHTCS K JIIOOO# TaKoi MPOrpaMMe Wil NPOU3BE/ICHHIO, @ TEPMHUH “TIPOM3BE/ICHHE, OCHOBAHHOE Ha
ITporpamme” o3Havaet [Tporpammy mim JioGoe pousBe/ieHne, cofepikaiiee [IporpaMMy WM ee 4acTb, I0CIOBHYIO, WX MOAN(HUIIMPOBAHHYIO, W/WIN
TiepeBe/IeHHYI0 Ha JIpyroii si3biK. (371ech ¥ 1anee NepeBo/] BKIoYaeTcs 6e3 OrpaHHueHuil B MoHATHe “Moaudukanusa”.) Kaxaplii o0naatess IMIEH31H
azpecyeTcst Kak “BbI”.

Bujp! 1eTeIbHOCTH, He ABJISIOIIMECH KOIUPC pacrpoctp i Mozud: i1, He oxBaThIBalOTCA NaHHOI JInnensueii; onu nexar
3a npeziesiaMu ee BIMsAHKA. Vcrionb3oBanue ITporpamMmsl 1o ee (pyHKIMOHAIBHOMY Ha3HAYEHHIO He OrPAHNYEHO, a BBIXOIHbIE JaHHbIe ITporpamMmbl
OXBATHIBAIOTCS 3T JIMLIEH3Mell, TOJIKO eCIIM UX COJepKaHNe ABIIAEeTCs IIPOU3BeIeHHeM, OCHOBaHHBIM Ha ITporpamMme (BHE 3aBHCHMOCTH OT TOTO,
GBI JIN OHH TIOJIyYeHbI B IPOLIECCE MCIIOJIb30BaHKs TTporpammbl). SIBJISIOTCS I OHM TAKOBBIMH, 3aBUCHT OT TOTO, 4TO HMEHHO JenaeT ITporpamma.

1. Bbl MOKeTe KOMMPOBATh U PACIPOCTPAHATH JIOCTOBHBIE KOTIMU HCXOHOTO Koja [TporpamMmel 1o ero mojtydeHuy Ha ToOOM HOCHTEJIe, PH yCIIOBUN
YTO BBl COOTBETCTBYIONIMM 0OPa30M NOMEIIAeTe Ha BHIHOM MECTE B KaX/I0i KOIMH COOTBETCTBYIOMIEE yBEIOMIIEHHE 00 aBTOPCKMX TpaBax M OTKa3 OT
TIPE/IOCTABIICHH s TAPAHTHIA; OCTABJISIETE HETPOHYTHIMH BCE YBEIOMIICHUS, OTHOCSIIMECS K JaHHOH JINIIEH31M M K OTCYTCTBUIO KaKMX-TMO0 TapaHTHil; 1
TiepesiaeTe BCeM IPYTUM mostydatesisam IporpaMmer Kommio aanHoi JInnensun Bmecte ¢ IIporpaMmoii.

Bbl MOskeTe Ha3HAYUTD IUIATY 32 (DUBUYECKUN aKT Hepefayd KOIUU U MOKETe [0 CBOEMY YCMOTPEHHUIO IPEJOCTABIIATh FAPAHTHY 32 BOHATPaXKICHHUE.

2. Bbl MOKeTe M3MEHSTh CBOIO KOMHMIO MM KOnuu TTporpammel 1M Jio00# ee 4acTH, Co3/1aBast TAKHM 00pa30M MPOM3BEICHHE, OCHOBAHHOE Ha
TIporpamme, 1 KOMMPOBATh U PACIIPOCTPAHATh STH MOAU(DUKALIMK WJTH MPOU3BEICHUE B COOTBETCTBHHM ¢ Pa3/iesiom 1, NpHBEICHHBIM BBIIIIE, IPU
YCJIOBUM, YTO BbI BBITIOJIHUTE BCE HIKECIEAYIOIINE YCIOBUS:

a) Bbl 00s13aHbl CHA0AMTH MOAU(ULIMPOBaHHbIE (hAILIbI 3AMETHBIMU YBEIOMICHHSMH, COAEPKAIMMU YKA3aHUs HA TO, YTO Bbl W3MEHIIN (ailiibl, 1
J1aTy Kax/J10ro U3BMEHEHHUS.

b) Bbl 00s13aHBI IPEIOCTABATH BCEM TPETHUM JIHIIAM JIMIEH3HIO Ha OECTUIATHOE MCTIONb30BaHHE Kak/I0r0 MPOU3BEACHHU, KOTOPOE BBI
pacrpocTpaHsieTe WiH myOIuKyeTe, LEeIMKOM, i KOTOPOe MOJTHOCTBIO HIIM YaCTUYHO coAepkuT ITporpaMMy MM Kakyio-Tuo ee 4acTb, Ha YCTIOBHUSIX,
OrOBOPEHHBIX B IaHHO# JINIeH3nN.

¢) Eciu MoauguumupoBaHHasi nporpaMma 0ObIYHO YMTaeT KOMAH/Ibl B MHTEPAKTUBHOM pexkuMe padoThl, BbI J10JDKHbI Ce/IaTh TaK, YTOOBI IIPH
3arycke 1is paéo'm B TAKOM UHTEPAKTUBHOM pEKUME 06hl‘iHblM JUTsA Hee CllOCOéOM OHa IeyaTalla Wi BbIBO/IWJIA HA KpaH 06'b}lBJIeHl/le, coliepxaiiee
COOTBETCTBYIOLIEE YBEIOMIIEHHE 00 aBTOPCKHX I1paBax M yBeJOMJIEHHE O TOM, YTO IapaHTHil HeT (MM, HA00OPOT, COOOLIAIOLIEE O TOM, YTO Bbl
oéecuelmaae're lapam'mu), M 4TO M0JIb30BATEJIM MOI'YT [TOBTOPHO PACHIPOCTPAHATH IIPOrpaMMy [PU 3TUX YCIIOBUAX, U YKa3bIBAIOLIEE 110JIb30BATEIIIO,
KaK [pocMOTpeTh Komuio JanHoi Jnuensuu. (Mckmovenue: eciu cama [TporpamMma paboTaet B MHTEPAKTUBHOM pexXUMe, HO OObIYHO He BBIBOJUT
MOOOHBIX COOOILIEHHMIA, TO Ballle IPOU3BE/IEHNe, OCHOBAaHHOE Ha [Iporpamme, He 00S3aHO BBIBOAUTD OOBSIBICHHE.)

ITH TpeOOBaHMs MPUMEHSIOTCS K MOAH(HIIPOBAHHOMY MPOM3BEJCHHIO B 11eIOM. ECITH N3BECTHBIE YaCTH 3TOTO MPOU3BE/ICHNUS He ObII OCHOBAHBI
Ha [TporpaMMe 1 MOTYT OOOCHOBAHHO CUMTATBCS HE3ABUCHMBIMH M CAMOCTOSITE/TBHBIMHU TTPOU3BEACHUAMH, TO 3Ta JIMIEH3Ms U ee YCTIOBUS He
PacnpoCTPaHSIOTCSA Ha 3TU YaCTH, €C/IM BBl PACIIPOCTpaHsAeTe X KaK OT/Je/lbHble nponsseieHus. Ho ecim BBl pacnpocTpaHseTe 3TH 4acTH KaK 4acTh
1[EJIOr0 MPOM3BEICHNS, OCHOBAHHOTO Ha [TporpaMMe, TO BbI OOSI3aHBI IENIATh 9TO B COOTBETCTBHH C YCIOBHAMH JAaHHOI JIMIIEH3MH, PaCIPOCTPaHSISt
TipaBa ITOJIy'-(aTeﬂeﬁ JIMIICH3UH Ha BCE MPOU3BEJICHUE U, TAKUM 06paaoM. Ha KakKJ1yI0 9acTh, BHE 3aBUCUMOCTH OT TOr'O, KTO €€ Hamucal.

Takum 06pa3oM, cojiepikaHue TOro pa3jielia He UMEET LIEJIM IIPETEeH/I0BaTh Ha BAK IIPaBa Ha IIPOU3BE/IEHNE, HATUCAHHOE MOJIHOCTBIO BAMM, HIIK
OCHapUBaTh UX; LEJIb CKOPEE B TOM, YTOOb! Peajin30BaTh NPABO YIPAB/IATH PACIPOCTPAHEHUEM IIPOU3BOAHBIX MM KOJUIEKTHBHBIX IIPOU3BEICHHI,
ocHoBaHHbIX Ha ITporpamme.

Kpome Toro, mpocToe HaxoskAeHHe APYToro MPON3BEICHHs, He OCHOBAHHOTO Ha 910t ITporpamme, coBmecTHO ¢ ITporpaMMoii (MU ¢ PoM3BeICHHEM,
OCHOBAHHEIM Ha 3T0i [Iporpamme) Ha OJHOM HOCHTEJIE JUTs TIOCTOSIHHOTO XPAHCHNSI M PACTIPOCTPAHSICMOM HOCHTEJIe He PACTIPOCTPAHSIET JeHCTBHE
3TOM JIMIEH31N Ha APYroe MPOU3Be/IeHNE.

3. Bsl MOXeTe KOIUPOBATh U pacrpocTpansTsh IIporpammy (WM npousBeeHue, OCHOBAHHOE Ha Heil) cornacHo Pasgeiy 2) B 0OObeKTHOM Kozie
WK B BBITIOJIHUMOM BH/IE B COOTBETCTBUM C Pa’sueﬂamn lu 2, TIPUBEICHHBIMU BBILLIE, [IPY YCIIOBUM, YTO Bbl TAKKE BHIIIOJIHUTE OJIHO U3 CIEAYIOLINX
TpeOOBaHUIL:

a) ConpoBoauTe ee MOJTHBIM COOTBETCTBYIOIIMM MAIIMHOYMTAEMbIM HCXOIHBIM KOZIOM, KOTOPBIil JIOJKEH PAaCpPOCTPAHATBCA B COOTBETCTBUM C
Pasnenamu 1 1 2, IpUBeICHHBIMH BhILIIE, HA HOCUTEJIE, KOTOPBIi 0OBIYHO MCTIONB3yeTcs Wi ooMeHa I10; um,

b) Comnpooayrte ee MUCbMEHHbIM IIPE/IIOK JefcTBY 0 KpaiiHell Mepe B TeUEHUE TPeX JIeT, IPEOCTABUTH JIIOOOMY TPEThEMY JIULLY
3a BO3HAIPAK/ICHUE, HE NIPEBBILIAIONIEE CTOUMOCTh (bMBM‘{CCKOl'O AKTa U3rOTOBJICHUSA KOIHUH, ITOJIHYI0 MAITMHOYUTAEMYIO KOIUIO COOTBETCTBYIOLLETO
HCXOJJHOTO KOJIa, HOIJICKALIYIO PACIIPOCTPAHEHHUIO B COOTBETCTBUHM ¢ Pa 1u2,mp BBILIE; WK

¢) Comnpoosute ee MH(OPMAIIHEH, TIOTyYeHHO! BAMHU B KauecTBe MPe/IoKEHUs PACIPOCTPAHNTh COOTBETCTBYIONIMI MCXOMIHBI KO (DTa
BO3MO’KHOCTB JIONYCTHMA TOJBKO LTS HeKOMMEPYECKOTr0 PACpOCTPAHEHN s, M TOJILKO €CIIM Bbl MOJIyYH/TH NPOrpaMMy B 0OBEKTHOM KOJIE M B
HCTIOTHAEMOM BHJIE C NPE/IOKEHNEM B COOTBETCTBUM ¢ ITyHKTOM b) Bbille.)

Buptyanusauns ¢ KVM



VcxoaHblii KO UTst TIPOU3BEACHUA O3HAYAET €ro BU/L, l'IpeHHO‘lTHTCJ'Il:HbIﬁ JUIA BBINOJITHEHUA B HEM MOJ]I/IQ)PIKZ\L[VH‘/JI. JIns uCNoNIHSAEMOro TIPOU3BEACHUSA
TIOJTHBIT MCXO/IHBII KO/l O3HAYAET BCE MCXOHbIE KOJbI JIS BCEX Monyneﬁ, KOTOPBIE OH COIEPKHUT, IUIIOC T0OBIE CBSI3aHHBIE C TIPOU3BEACHUEM Cl)aﬁﬂbl
onpeaesieHus MHTeprbeﬁca, TUTIOC CIIEHAPWUH, UCTIOJIb3YEMBIC IS YTIPABIICHUSA KOMMWIALHEN 1 yCTaHOBKOﬁ HUCTIOJIHAEMOr O TTPOU3BEACHUA. OpHako,

B BHJIE 0COOOT0 MCKIIIOYEHUS paCl’lpOCTpaHfleMHﬁ MCXO/IHBII KO He 00s13aH BKJIIOYATh TO, 4TO OOBIYHO TIpeIoCTaBIACTCA (Ka]( B Oﬁlwel(THLIX, Tak 1

B UCXOJIHBIX KOHHX) C OCHOBHBIMH KOMITOHEHTaMH (KOMHVUI}ITOP, AAPO M Tak Jnanee) onepaunmmoﬁ CHCTEMBI, 1101 yIpaBJIeHUEM KOTOpOﬁ pa(’)oTaeT
HUCIIOJIHAEMOE MPOU3BE/ICHUE, 32 UCKIIIOYEHUEM ClTyvasd, KOrja caM KOMIIOHEHT COMPOBOKAACT UCTIOTHAEMOE TTPOU3BEACHUE.

Ecim pacrnpocTpaHeHie HCIIOMHAEMOTO MPOM3BEACH ST HiTH OOBEKTHOTO KOJIA MPOUCXOAUT MyTEeM MPEJOCTABIICHUS JOCTYTA [Tsi KOMMPOBAHMUSI C
0003HAYEHHOTO MECTa, TO NMPEJIOCTABJICHUE OCTYTIA TS KOMMUPOBAHUSA UCXOJHOTO KOJIA € TOr0 K€ MECTa CUMTACTCA PACIIPOCTPAHEHHUEM UCXOIHOTO
KOJIa, JIaKe eCITH TPEThH JTHIIA He MPUHYKIAOTCS K KOMMPOBAHUIO HCXOIHOTO KOJIA BMECTE C OOBEKTHBIM KOJOM.

4. Bbl HE MOKETE KOMPOBATh, U3MEHATH, TIOBTOPHO JIMIIEH3UPOBATD, WJIM PACIPOCTPaHsATh [1porpaMmy HUKAaKMM HHBIM CIIOCOOOM, KPOME SBHO
TIpe/lyCMOTPEHHBIX laHHO# JIutiensueit. JTioGas noneITka KOMMPOBaTh, U3MEHATH WM PacpocTpaHsTh IporpaMmy Kakum-1u00 ApyruMm criocodbom
WM C M3MEHEHHOM JIMIIEH3Mell HeNPaBOMEPHA ¥ aBTOMATHYECKHM TIPEKPAIAeT Ballli NPaBa, IaHHbIe BaM 9Toi Jluuensueir. OiHAKO JTULICH3UH KL,
TOJlyYMBIIMX OT BAC KOTMM MJIM MPaBa COTJIACHO JJaHHO# Y HuBepcanbHO# ObmecTBeHHOM JINeH31uu, He MPeKpaaioT CBOEro ACHCTBHSA, ECITH 3TH
JIULIA TIOTHOCTBIO COOMIONIAIOT YCIOBHS.

5. Bol He 00s13aHb! coriamarhes ¢ 91oi JIniensueii, Tak Kak Bbl He NOANKMCHIBAIM ee. OHAKO, HUYTO, KpOMe 3TOi JIMLIEH3MH, He JaeT BaM I1paBo
M3MEHSATH WM PAacrpocTpansTh 31y [IporpaMmy MM OCHOBaHHbIE Ha Hell IIPOM3BEEHNs. DT JEHCTBUSA 3alIPelleHbl 3AKOHOM, €C/IM Bbl He IIPMHUMAaeTe
K coOumoaeHnio 3Ty JIMIEeH3mio. A 3Ha4YUT, U3MeHsist WK pacrpocTpatsist [IporpaMmy (WM 1pou3BeieHre, OCHOBaHHOe Ha [IporpaMme), Bbl U3bABIsAETE
cBoe corsiacue ¢ 91oii JIuueHsueit 1 BceMu ee yCIOBUSMU O KOMMPOBAHHUY, PACIIPOCTPaHeHUH Wil MouduKaruy IIporpaMmMbl WM OCHOBAHHBIX Ha HEl
MIPOM3BEICHUI.

6. Kaskplit pa3, Kora Bbl IOBTOPHO pacrpoctpansiere Iporpammy (1 moboe nponsBe/ieHre, OCHoBaHHOe Ha ITporpamme), mosydaresb 3T0ro
TIPOM3BEICHNs ABTOMATHYECKH TI0JTy4aeT OT MePBOHAYATBHOTO BBIIABIIETr0 JINIEH3HIO JIMIIA CBOIO JINIIEH3HIO Ha KOMMPOBAHUE, PaCIIpOCTPaHEH e I
MozmduKarmio IIporpammel, 06cyk1aeMyio B STHX ONPEIENIeHNsX U YCIOBHAX. BbI He MokeTe HajlaraTh KaKMX-IMO0 JOMONHUTE/bHBIX OrPAHNYEHHi
Ha OCYIIECTBJIEHHE TOJTyyaTelieM NPaB, MPeIoCTaBIeHHbIX JAaHHBIM TOKYMEHTOM. BbI He HeceTe OTBETCTBEHHOCTH 3a COOMIOJIEHNE TPETHUMH JIHIIAMH
yenoBuii 1oii JInneHsun.

7. Eciu B pe3ynbTate cyaeGHOrO pa3oMpaTeNbcTBa, MM OOBMHEHWS B HAPYIICHNH MTATEHTA WM 110 JI0O0# Ipyroii npuumnHe (He 0043aTe/IbHO
CBA3QHHOM C MATEHTAMH), BaM HaBsA3aHBI yCIIOBUA, IPOTHBOPEYAIIE JaHHO# JIMeH31H (IO MOCTaHOBJICHHIO Cy/Ia, N0 COTJIAIICHHUIO HIIM MHBIM
Croco60M), 3T0 He 0CBOOOKIaeT Bac oT codmozeHus JInensuu. Eciy Bbl He MOKeTe 3aHUMAThCsl PACIPOCTPAHEHNEM TaK, YTOOb OJHOBPEMEHHO
YIOBJIETBOPHTH TPEOOBAHUAM M 3TON JIMIEH3UH, 1 BCEM IPYTUM TPeOGOBaHMAM, TO BB HE JIOJIKHbI 3aHMMAThCSA PacpocTpaHeHneM ITporpaMMEL.
Hanpumep, eciiv IaTeHT He MO3BOJAET Ge3BO3ME3/IHOE TIOBTOPHOE pacrpocTpaHenne ITporpaMmel BeceM, KTO TIOJTy4HJl KOMUH OT Bac HENOCPEeACTBEHHO
WM Yepe3 TIOCPETHUKOB, TO eIMHCTBEHHBIM CIIOCOO0M Y/IOBJICTBOPUTH 1 IATEHTY, ¥ 3T0ii JInlieH3uu Gy/IeT Balll NOJHBI OTKA3 OT PaCHpOCTPAHEHHs
ITporpammer.

Ecimm kakast-mb0 4acTh 9TOrO pasjiesia He MMEET CHIIBI HIIH He MOKET OBITh MCTIOTHEHA MPH HEKOTOPBIX KOHKPETHBIX 00CTOATENbCTBAX, TO
TIOAPa3yMEBACTCsA, YTO MMEET CHUJTY OCTalIbHAs YacCTh pas3/esia, a mpu JApyrux 0OCTOSTENBCTBAX HMEET CHITY BECh Paznen.

Llens 31010 pasjena — He NOOYAUTH BAC JCNATH 3asIBICHHUs O HAPYIICHUSX MPAB HA MATCHT, /I 3asBJIATH O JAPYrHX MPETEH3UsX Ha IPaBoO
COOCTBEHHOCTH MJIM OCTIAPUBATH MPABH/ILHOCTH NMOJOOHBIX IPETEH3MIA; €IMHCTBEHHASI 11€/Ib STOTO pa3jie/ia — 3allUTa 1IeJOCTHOCTH CUCTEMBI
pacnipocrpanenust cBoooaHoro 10, koTopas peanusyercsi HCHOIb30BAHUEM OOLIECTBEHHBIX JIMLEH3MiA. MHOr1e oM BHEC/U 1IeAPbIil BKIaJ B
mpokuit ciektp I10, pacnpocTpaHseMoro 1o 3Toil CUCTEMe, MOJArasch Ha €e COrIACOBAHHOE IIPUMEHEHHE; TOJILKO aBTOPY IPHHA/UIEKHUT IIPABO
peLaTh, XOUET JI OH WM OHA pacrpocTpansTh I10 B 3TOi cucTeMe WM B KAKOH-TO APYToii, ¥ MOJTyyaTeb JUIEH3UN HE MOKET BIUATh HA IPUHATHE
3TOrO PELICHUS.

DTOT pasjiel npeIHa3HaYeH Ui TOro, YTOObI TIATEIBHO IPOSICHUTD, YTO I0JIAraeTcsi CIEICTBUEM U3 OCTAILHON YacTh JaHHO# JInneHsuu.

8. Ecim pacripocty w/vm Tp TIporpamMMmbl OrpaHHYEHO B psifie CTPAH JIMOO ATEeHTaMHU, JTMO0 aBTOPCKMMH TIPaBaMH Ha HHTeP(EHCH,
TiepBOHAYANIBHBII 00JIafiaTe b ABTOPCKUX MpaB, BhITycKalommii ITporpammy ¢ s1oii JInteHsueii, MoxkeT J00aBUTh SBHOE OrpaHHYEHHe Ha
reorpauyeckoe pacpocTpaHeHNe, UCKIIIOUNB TAKME CTPAHBI, TAK YTO PACIPOCTPAHEHNE Pa3pelaeTcs TOJIBKO B TeX CTPAHaX, KOTOPbIe He ObUIH
UCKJOYeHbI. B 3T0M ciydae nanHas JIMueH3us BKIIOYaeT B cebs 3T0 OrpaHMYeHne, KaK eci Obl OHO GBLIIO HAIMKCAHO B TEKCTE JaHHO# JIneHsuu.

9. ®oux Ceoboanoro IO MOKeET BpeMs OT BPeMEHH MyOJIMKOBATh NEPECMOTPEHHbIC H/MIM HOBBIE BePCHH Y HUBEpcabHOi OOIecTBEHHOM
JInuensun. Takue HOBbe BEPCUH OYIYT CXOMHBI 1O AYXY C HACTOSIIIEH BEPCHEii, HO MOTYT OTJINYAThCA B JETAJIAX, HATIPABJICHHBIX HA HOBBIE MPOO/IEMBI
WM 00CTOATE/BCTBA.

Ka}K}lOﬁ BE€PCUH NMPUAACTCA OTJIMYMTEILHBIA HOMED. Ecmu B l'lporpaMMe YKa3pIBaCTCA, 4TO K Hell OTHOCUTCS HEKOTOpblﬁ HOMEp BEPCUH }J(’lHHOﬁ
JInnensuu n “moGast nocneayiomas BepcHs”, Bl MOKETE 110 BHIOOPY C/IEI0BATH ONPEACNCHHAM 1 YCIOBUSAM JIMOO JaHHON BEPCHH, JINOO TI000iT
nocneyiomeii Bepeun, onydmkosanHoit ®oriom Ceobonoro I10. Ecim B [TporpamMme He yKa3aH HOMep BEPCHH IaHHOM JIMIIEH31H, BBl MOKETE
BHIOpATH TOOYI0 BEpCHIO, Koraa-1moo onyomkosanHyio ®onom CeodoHoro I10.

10. Eciu Bl X0THTE BCTPOUTD YacT ITporpamMmmel B ipyrue CBOOO/IHbIE ITPOIPAMMBI C UHBIMM YCJIOBUSIMHM PACIPOCTPAHEHHSI, HAITUIIINTE ABTOPY C
pock00it 0 pasperuennn. st [10, koTopoe oxpansiercsi aBTopckimu npaBamu Porta CoGozuoro IO, Hanmiuure B Porx Codoauoro I10; Mbt

HHOTI/A Je/IaéM TaKUEe UCKJIIOUCHUS. Haure pelieHue 6yJ1€T PYKOBOACTBOBATbCA ABYMS LIEJIAMU: COXPAaHEHUS CBO60HHO|‘0 cTaryca BCeX IMPOU3BOAHBIX
Harero cBoGoaHoro I1O 1 coaeiCTBUSI COBMECTHOMY M TIOBTOPHOMY KCIOJb30BaHmio [10 BooO1Le.

HHUKAKHUX FAPAHTHH

11. TIOCKOJIBKY ITPOTPAMMA TPEJJOCTABJISIETCS BECIUIATHO, HA IIPOTPAMMY HET TAPAHTHUI B TOM MEPE, KAKAS
JIONTYCTUMA TTPUMEHHUMBIM 3AKOHOM. 3A UCKJIIOYEHUEM TEX CJTYYAEB, KOIJIA OBPATHOE 3AfIBJIEHO B [IMCbMEHHOM

JNnueHsun GNU
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POPME, IEPKATEJIN ABTOPCKUMX TTPAB W/WJIW IPYTUE CTOPOHBI TIOCTABJIAIOT ITPOI'PAMMY “KAK OHA ECTb” BE3
KAKOT'O-JIMBO BUJIA TAPAHTUI, BBIPAJKEHHBIX IBHO MJIN TIOJIPA3YMEBAEMBIX, BKJIIOYAS, HO HE OTPAHUYMBASCH
VIMU, TTOJIPA3YMEBAEMBIE TAPAHTUM KOMMEPYECKOW LIEHHOCTH Y ITPUTOJHOCTH [JI1 KOHKPETHOW LIEJIA. BECh PUCK
B OTHOIIEHWN KAYECTBA 1 ITPOM3BOAUTEJIbHOCTU IMPOI'PAMMbBI OCTAETCA ITPU BAC. ECJI [TIPOTPAMMA OKAXETCSA
JEEQ®EKTHO¥, BbI IPUHUMAETE HA CEBS CTOMMOCTb BCEI'O HEOBXOJIMMOI'O OBCJIY JKUBAHU A, BOCCTAHOBJIEHUSA NN
WCIIPABJIEHUA.

12. HU B KOEM CJIVYAE, ECJIU HE TPEBYETCS COOTBETCTBYIOIIMM 3AKOHOM, WUJIU HE YCJIOBJIEHO B [TMCbMEHHOM
POPME, HM OJIUH JIEPKATEJIb ABTOPCKHMX ITPAB 11 HU OJTHO APVI'OE JIMLIO, KOTOPOE MOXXET U3MEHATb W/WJIN
TTOBTOPHO PACITPOCTPAHATD IMTPOI'PAMMY, KAK BbIJTIO PA3PEIIEHO BbBIIIE, HE OTBETCTBEHHbBI ITEPE]I BAMU 3A VBBITKH,
BKJIIOYAS JIIOBBIE OBIIME, CIIELMAJIbHBIE, CTTYYANHBIE WA TTOCJIEJIOBABIIME YBBITKY, TPOMCTEKAIOIIME U3
UCIIOJIb30BAHNS UJI HEBO3MOXHOCTH UCITOJIb30BAHUS ITPOIPAMMBI (BKJIIOUAS, HO HE OTPAHUYMBAICh ITOTEPEN
JAHHBIX, NI JAHHBIMU, CTABIIMMU HEITPABWUJIBHBIMU, NJIN TIOTEPSAMU, TOHECEHHBIMU 13-3A BAC UM TPETbUX
JIULL, WJIK OTKA3OM IIPOT'PAMMBI PABOTATb COBMECTHO C JIIOBBIMU JIPYTUMU [TPOTPAMMAMM), TAKE ECJI TAKOK
JEPXATEJIb WJIN JPYTOE JINLIO BbIJIM U3BELIEHBI O BO3BMOKHOCTU TAKMX YBBITKOB.

KOHEIL] OITPE/IEJIEHHH H Y CJIOBUH

Kak TIPUMEHATD 3TH YCJIIOBUA K BalllUM HOBBIM ITpOrpaMMaM

Ecim BBl pazpabaThiBaeTe HOBYIO POrPaMMy M XOTHTE, YTOObI OHA MPUHECIA MAKCUMAILHO BO3MOXKHYIO MOMIb3Y OOIIECTBY, JIyUIlnii CIIOCO0 10CTHYb
9TOro — BKJIIOUNTH e¢ B cBOOOoHOE 10, KOTOpOE Kask/Iblii MOKET HOBTOPHO PACTIPOCTPAHSTH H H3MEHSATh COMNIACHO JAAHHBIM YCIIOBUSM.

Y10o0b! cenath 910, J0OaBbTE B IPOrpaMMy Cieayloniie yBegomienus. Hagekuee Beero Oyner J00aBUTh UX B HAYAIIO KAKIOTO HCXOLHOTO (ailia,
4T00bI HanGoIEe IP(EKTUBHO NepeaTh COOOIIEHNE 00 OTCYTCTBUM FAPAHTHIL; Kak/blil (pailil JOJIKEH COepKaTh 110 MEHbIIEH Mepe CTPOKY,
COIEpIKALIYI0 “3HAK OXPaHbl ABTOPCKOIO IpaBa” ¥ yKa3aHUE Ha TO, IJe HAXOMUTCS IOJIHOE YBEJOMIICHHUE.

omHa CTpoOXa, Colepxamad HasBaHWe NPOTPaMMsl U XPaTkoe ONUCaHHe TOro, uTOo
OHa nernaer.
(C) HaumMeHOBaHHe (HME) aBTOpPa YYVY

3To cBOBOmHaY NPOTpaMMa; Bbl MOXETEe MOBTOPHO PACMPOCTPaHaTh ee H/uiu
MOIUOHUIIMPOBATE €& B COOTBETCTBHHM C YHHBEpPCalnbHOH OBmecTBeHHOH
JNuyensued GNU, ony6nukoBaHHOM PoumoMm CBoGomuoro I0; nubo Bepcuu 2,
nmu6o (o BameMy BhOOpPY) moGOH Gonee MO3OHEH BEPCHH.

3Ta mporpavMMa pacrnpoCTpaHgeTCs B HalexIe, uTO OHa OyneT IOoNe3HOH,
HO BE3 KAKHUX-JIUBO TAPAHTHH; maxe 6es nogpasyMeBaeMbIX TrapaHTHH
KOMMEPYECKON LEHHOCTH wmnm NPUCOLHOCTH I KOHKPETHOM LENH. Ong
MONyuYeHHs MONPOCHEIX CBENEeHHH CMOTPHTe YHHBepcalbHyl O6mecTBeHHY
JNlugensuio GNU.

Bel [OJIXHBl GBUIH MONYYHThb KOMNHIO YHHBepcalbHOH OBmecTBEHHOH JIMLUEH3HH
GNU BMecTe C 5TOH mporpaMMod; ecCIM HeT, HalHIKTe Mo ampecy: Free
Software Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA
02111-1307 USA

HO6EBLTC TaKK€ CBEJICHUA O TOM, KaK CBA3AThCA C BAMU 110 SHSKTPOHHOﬁ 1 OOBIYHOH MOYTe.

Ecmu TiporpaMmMa MHTEpaKTUBHas, caienaiite Tak, YTOOBI TIpH 3aMyCKE€ B MHTEPAKTUBHOM PEKMME OHa BblJlaBajla KPATKOE YBEOMJICHHE BPOJIE
Ceaymero:

C'HOMOBH30OpP, Bepcud 69, (C) uMd aBTOpa romg

THoMoBH3Op nocTaBiageTrcd ABCOIIOTHO BE3 KAKHX-JIMBO FAPAHTHﬁ;

IId MOoNydYeHUd nompofHocTed BeemuTe ~show w’’. 3To cBoBonHad
mporpaMMa, M Bel [PUIIamaeTech NOBTOPHO PACHPOCTPaHATh €e IpH
onpeleneHHLEIX YCIOBHAX; IJs MOJNydYeHHs MoJpobHOCTeHd BBemure show c’.

TunoTeTHyeckne KomaH bl “show w’ i1 “show ¢’ IOIKHBI TIOKa3biBaTh COOTBETCTBYIOIINE YacTH YHIBepcaibHoil O6mecTsenHoi JInnensnn. Koneuwo,
MCTIONIb3yeMble BAMU KOMaH/Ibl MOTYT Ha3bIBaThCA KAK-HUOY/Ib MHAUe, HeXeln 'show W’ 1 “show ¢’; OHM J1ake MOTYT BHIOMPAThCs C OMOIIIBIO MBIIITH
WM OBITh TYHKTaMH MEHI0O — Kak GoJIbllle MOIXOUT ISl Balllei MporpamMmbl.
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BbI Takke JOMKHBI IOOUTHCSA TOro, 4ToObl Balll paboToaTe b (ecH Bbl paboTaeTe MPOrpaMMICTOM) MK Ballle y4eOHOe 3aBe/IeHNe, eCli TAKOBOE
nMeeTc, MOANUCAN B CIydae “OTKa3 OT HMYIIECTBEHHBIX TIPaB” HEOOXOAMMOCTH Ha 3Ty mporpammy. Bot obpasen; 3amenuTe damumn:

KoMnannsg BpaTbs EENMHE HACTOSWMM OTKasbLBAETCH OT BCEX HMYILECTBEHHHIX NpPaB
Ha nporpamMMy ~[HOMOBH3OP’ (koTOopasd HelaeT MacCe B CTOPOHY KOMIHISTOPOB)
HanucaHHylo ABcTpakTHeM K.H.

nognuce Mara Hara, 1 ampeng 1989 r
Mar Har, [lpeauneHT ¢upMel Buie.

sTa YHHUBEpCaJIbHasA Oﬁll[CCTBCHHaH JIMICH3USA HE pa3speliacT BKJIYATh BAlly MPOrpaMMy B ITPOrpaMMBbl 3aIIUIICHHBIC ITATECHTAMM. Ecnu Bama
TnporpamMma — 6“6]’[HOTCK& TIOATNPOrpaMM, Bbl MOKETE MOCYUTATH 6OJ'ICC TIOJIE3HBIM Pa3peIIMTh KOMIIOHOBATH CO()CTBCHHHC TIPWIOKEHHUA C
oubmrotexoit. Ecin 910 Bam noaxoaut — ucnonb3yiire GNU Lesser General Public License [http://www.fsf.org/licenses/lgpl.html]
BMECTO STOﬁ JIMLICH3UH.

GNU Free Documentation License

Version 1.2, November 2002
Copyright (C) 2000,2001,2002 Free Software Foundation, Inc. 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document “free” in the sense of freedom: to assure everyone
the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License pre-
serves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the document must themselves be free in the same sense. It complements
the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should
come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any tex-
tual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose
is instruction or reference.

APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed un-
der the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stat-
ed herein. The “Document”, below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as “you”. You accept
the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A “Modified Version” of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications
and/or translated into another language.

A “Secondary Section” is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or
authors of the Document to the Document’s overall subject (or to related matters) and contains nothing that could fall directly within that overall sub-
ject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be
a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding
them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the
Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Docu-
ment is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A “Transparent” copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general pub-
lic, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or
(for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats
suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to
thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of
text. A copy that is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML
using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of trans-
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parent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word
processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or
PDF produced by some word processors for output purposes only.

The “Title Page” means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License re-
quires to appear in the title page. For works in formats which do not have any title page as such, “Title Page” means the text near the most prominent
appearance of the work’s title, preceding the beginning of the body of the text.

A section “Entitled XYZ” means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text
that translates X'YZ in another language. (Here XYZ stands for a specific section name mentioned below, such as “Acknowledgements”, “Dedications”,
“Endorsements”, or “History”.) To “Preserve the Title” of such a section when you modify the Document means that it remains a section “Entitled
XYZ” according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Dis-
claimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these War-
ranty Disclaimers may have is void and has no effect on the meaning of this License.

VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright no-
tices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever
to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions
in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.

COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document’s
license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on
the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The
front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition.
Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim
copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cov-
er, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy
along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has ac-
cess to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter
option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will re-
main thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or
retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a
chance to provide you with an updated version of the Document.

MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modi-
fied Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of
the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if
there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that ver-
sion gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, togeth-
er with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this re-
quirement.

C. State on the Title page the name of the publisher of the Modified Version, as the publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this
License, in the form shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document’s license notice.
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H. Include an unaltered copy of this License.

I. Preserve the section Entitled “History”, Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the
Modified Version as given on the Title Page. If there is no section Entitled “History” in the Document, create one stating the title, year, authors, and
publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.

J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network
locations given in the Document for previous versions it was based on. These may be placed in the “History” section. You may omit a network location
for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.

K. For any section Entitled “Acknowledgements” or “Dedications”, Preserve the Title of the section, and preserve in the section all the substance and
tone of each of the contributor acknowledgements and/or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered
part of the section titles.

M. Delete any section Entitled “Endorsements”. Such a section may not be included in the Modified Version.
N. Do not retitle any existing section to be Entitled “Endorsements” or to conflict in title with any Invariant Section.
O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version’s license notice. These titles must be distinct from any other section titles.

You may add a section Entitled “Endorsements”, provided it contains nothing but endorsements of your Modified Version by various parties--for ex-
ample, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cov-
er Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements
made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the
same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher
that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply en-
dorsement of any Modified Version.

COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant
Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there
are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in
parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section
titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled “History” in the various original documents, forming one section Entitled “History”; like-
wise combine any sections Entitled “Acknowledgements”, and any sections Entitled “Dedications”. You must delete all sections Entitled “Endorse-
ments”.

COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this Li-
cense in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim
copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License
into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.

AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribu-
tion medium, is called an “aggregate” if the copyright resulting from the compilation is not used to limit the legal rights of the compilation’s users be-
yond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggre-
gate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire ag-

gregate, the Document’s Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if
the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
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TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections
in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Docu-
ment, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those no-
ices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original
sion will prevail.

vel
If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”, the requirement (section 4) to Preserve its Title (section 1)
will typically require changing the actual title.

TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under this License. Any other attempt to copy,
modify, sublicense or distribute the Document is void, and will automatically terminate your rights under this License. However, parties who have re-
ceived copies, or rights, from you under this License will not have their licenses terminated so long as such parties remain in full compliance.

FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will
be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License “or
any later version” applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has
been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose
any version ever published (not as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices
just after the title page:

Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled “GNU

Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the “with...Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.
If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free soft-
ware license, such as the GNU General Public License, to permit their use in free software.
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