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Overview

¢ What DRS does

> DRS stands for Distributed Resource Scheduler

> Maps cluster-wide SLA to host-level SLA

> Recommends initial placement of VMs

> Recommends dynamic load balancing with VMotion
¢ What DPM does

> DPM stands for Distributed Power Management

> Recommends powering off hosts to save energy

> Recommends powering on hosts when workload increases
> Recommends powering on hosts for certain events
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How to Influence DRS/DPM Decisions

Many ways to influence the decisions of DRS/DPM:
Service Level Agreement

> e.g., reservations, shares and limits

Migration threshold

Automation level

HA (High Availability) requirements

Affinity / anti-affinity rules

Some advanced options
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Configure DRS Clusters

[ New Cluster Wizard

¥Mware DRS

What level of automation do wou want this cluster bo use?

Cluster Features
¥Mware DRS

WM Swapfile Location
Ready to Complete

— Automation level

" Manual :
VirkualCenter will suggest migration recommendations For virkual machines.

{” Partially automated

Mirkual machines will be automatically placed onto hosts at power on and YirtualCenter
will sugaest migration recommendations For virkual machines.

¥ Fully automated

Wirtual machines will be automatically placed onto hosts when powered on, and will be
automatically migrated to aktain best use of resources,

Migration threshold:  Conservative -—J— Angressive
1 1 i 1

.ﬂ'.ppl\,-f recommendations with three or more stars,
YirtualCenter will apply recommendations that promise at least good impravement ta
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Migration Threshold

¢ Reflects tolerance of cluster load imbalance
> Aggressive: less tolerance and more migrations
> Conservative: more tolerance and fewer migrations
¢ Internal load imbalance metric
> Standard deviation of host load/capacity
¢ Internal load imbalance threshold

> Proportional to external threshold (stars) / sqrt (number of hosts)
e Consistent across clusters with different numbers of hosts
e Consistent across clusters with different numbers of VMs

e Effective for a wide range of loads
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Load Balancing Algorithm

While (load imbalance metric > threshold) {
Select the best migration in the current state;
If no good migration is found, stop;
Else recommend the best migration;

Update cluster to the state after the recommended migration is
executed;
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VM Automation Level
x

eneral

Use this page to set individual automation mode options For wirtual machines in the

WiMware DRS clusker,
Rules

wirkual Machine Options
Power Management Yirtual Machine or Sutomation Level contains: = | Clear

Swapfile Location

Wirtual Machine | Automation Level
miji-wzk01 (1) Fully Automated
miji-ling01 Defaulk (Manual)
atucker-1 Defaulk (Manual)
mji-wzk07? Disahled
miji-wzk03 Defaulk (Manual)
miji-linu0z Defaulk (Manual)
Clonedmiji-wzkiz Defaulk (Manual)
atucker-6 Partially Aukaomated
miji-wzk0e Defaulk (Manual)
miji-wZk-perm Defaulk (Manual)
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VM Automation Levels

0 Manual VMs

> User needs migrate privilege on manual VMs in order to migrate
them.

¢ Automatic VMs

> DRS can migrate automatic VMs without user’s privilege or
approval.

¢ In selecting migration candidates, DRS prefers automatic
VMs to manual ones
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Workflow of Recommendations

Independent

hostl to host2 to :
Recommendations

fix an affinity rule

Move VM1 from Move VM2 from host3 to
host4 to satisfy memory

reservation

H Depends on

Move VM3 from
host5 to hostl to
balance CPU loads

Dependent
Recommendation

Depends on

» Move VM4 from host6 to hostl to
evacuate host6

» Move VM5 from host6 to host3 to
evacuate host6

 Power off host6 to save energy

Compound
Recommendation
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Attributes of Recommendations

o Automatic vs. manual recommendations

> A recommendation is manual if and only if any VM or host
involved in it has a manual automation level

¢ Compound recommendations
> Have multiple actions, all of which must be executed atomically
¢ Independent vs. dependent recommendations

> Independent ones can start execution as soon as approved

> Dependent ones cannot start execution until the ones they
depend on complete execution
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Dependent Recommendations

¢ Recommendation A depends on B if and only if
> Ais moving a VM into a host that B is moving a VM out of, or
> A'is moving a VM into a host that B is powering on.

¢ If Ais executed before B completes, A may fail due to

> Admission failure on host
> |nvalid host state

> Other reasons ...
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Compound Recommendations

¢ A compound recommendation has multiple actions
A, B,C, ..

¢ All actions share the same goal (or reason) and
the same star rating

¢ All actions must be executed in order to achieve
the goal

¢ Execution of subset may leave the cluster
In a worse state than before the execution
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Compound Recommendations

cluster

'Eettirug Started Eil.lrnrnar_l,l R E s DRS Recammendations & ce Allocation . Performance aska & Events | Alams

DRS Recommendations:
Priority Recommendation Reasan

*kkkk @ Migrate mji-w2k07 From deml04.eng.ymware.com ko dr..  Balance CPU reservations

kkkkk @ Migrate mji-w2k0l (1% from drmi03.eng.vrmware.com £ Balance CPU reservations

kkdkkk @ Migrate atucker-1 from drml04.eng.vmware.com tode...  Balance CPU reservations

*kkkk @ Migrate mji-wZk0f From drml03.eng.ymware.com ko dr..  Balance CPU reservations
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Dependent Recommendations (1)
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Dependent Recommendations (1)
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Dependent Recommendations (1)
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Enable DPM (Distributed Power Management)

Genetal
WMware DRS
Fules
Wirtual Machine Options
'Power Management: |
Swapfile Location

— Power Management
Select default power management opkions for this clusker,

" off
YirtualCenter will not suggest power management. recommendations.
Individual host overrides may be set, but will nok become active unkil
the cluster default is either Manual or Automatic,

Manual

YirtualCenter will recommend evacuating a host's virtual machines and
powering off the host when the cluster's resource usage is low, and
powering them back on when necessary,

Automatic

MirtualZenter will automatically execute power management related
recommendations.

—Huosk Owverrides
Creerride the cluster's power management setting For individual hosks here:

Hosk [ Power Management

drm104, eng. wrware ., com Iz Cluster Defaulk
drm103.eng. vmware.com

iZancel |
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DRS/DPM Interactions

¢ Conflicting goals ?
> DRS balances load to satisfy SLAsS
> DPM optimizes for power consumption

¢ High level interaction
> DPM determines how many hosts to be powered on
> DRS balances load among powered-on hosts

© Detailed interactions

> DRS rebalances with DPM-recommended power actions in what-
if simulations

> DPM evaluates potentials of power actions based on DRS
rebalancing results

> Final power actions and VMotions are recommended to user
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Power Management Algorithm Overview

¢ Goal: try to maintain per-host load/capacity ratio within
a target range (centered at 63%), while satisfying all
DRS constraints.

After DRS load balancing, divide hosts into highly and
lightly loaded groups.

> Consider power-on for highly loaded group and power-off for
lightly loaded group.

> Run load balancing simulation for each power-on candidate
¢ No VM can move to the new host => do not power it on
> Run evacuation simulation for each power-off candidate

® Host cannot be evacuated => do not power it off
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Power-on and Power-off Decisions

¢ Compute a weighted average load/capacity ratio for each
group, i.e., Rh and RI.

> Consider longer load history for power-off decisions (20 minutes) than for
power-on decisions (5 minutes) — conservative in powering off and
responsive in powering on.

¢ Power on for highly loaded group

> If Rh > highThreshold, power on additional hosts, until Rh <=
highThreshold.

¢ Power off for lightly loaded group

> If Rl < lowThreshold, power off existing hosts, until Rl >= lowThreshold.

> Take into account load variation, power operation overhead, and power-
performance trade-off in powering off decisions.

¢ All parameters are tunable online through advanced options.
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Power Off To Save Energy
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Power On To Handle Increased Load
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Power On Multiple VMs

- Multiple ¥irtual Machine Power-0On

Power-On Becommendations I

YirualCenter recammends the fallawing hast(z] far pour vitual maching(z]. All recommendations must either be accepted or cancelled
az a group. If vou are satisfied with these choices, click Apply Becommendations. If not, to zee more host optionz, click Cancel and
pawer-ot the manual DRS virtual machinelz] individually.

Priority Recommendation

&k Place mii-wzk06 at host drmil 03, end. vmware, com 3

%k Place mii-wzk07 at host drmi04,end. vmware, com

ddkddk Place mii-wzk01 (13 at host drml 04, eng, viware, conm

ok ke ke ke Place mii-w2k03 at host dinl 03, end. vriveare, com

Apply Becommendations | Cancel I Help |
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Power-on With Prerequisite

{%=) Host Recommendations for miji-wz2k06

VirbualCenter recommends the Following hastis) For your virtual machine. Selectlng a host may seleck n:nther actions that WirtualCenter must take ko make thaE hiosk
ready for power-on, Select a host From the list below by u:hu:kjni; an its ackion graup.

Priority Recommendation

e ek Power on host drml 04, eng, vmware, com

ke ek [» Place mii-w2k06 at host drml04.eng. vmware. com
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Host Recommendations for VM Power-On

¢ May power on a single VM or multiple VMs
simultaneously

> |n case of multiple power-on, a compound recommendation per
DRS cluster

¢ May have multiple choices

¢ Each recommendation has at least one VM power-on
action, and optionally prerequisite actions

> Migration
> Host power-on (if DPM is enabled)
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Advantages of Multiple Power-on

¢ Better performance

> DRS is invoked only once for a multiple power-on, but is invoked
N times for N single power-ons.

¢ Better placement decision

> |f powered on in the wrong order, later VMs may fail in single
power-on.

> |[n multiple power-on, DRS places VMs in descending order of
constraints, to avoid failures in later stage.

¢ Ideal for Virtual Desktop environments

> All VMs need to be powered on at 9am when people come to
work
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Outline
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Enable HA (High Availability)

() cluster Settings

Wirkual Maching Opkions
VMware DRS

Rules

Wirkual Maching Opkions

Power Managernent
Swapfile Location

— Host Failures

.Spec.if',.f_l-:he total number of hnét Failures i:_hat- the cluster should allow, This
walue should reflect the amount of spare capacity you wankt to ensure For this
cluster,

Mumber of host Failures allowed:

— Admission Cantrol
¢ Do not power on virtual machines if they violake availabilicy
constraints

" Allow virtual machines to be powered on even if they violate availability
conskraints - :

fdvanced Options
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HA/DPM Interactions

¢ HA does VM admission DPM does host exit control
control to satisfy the to satisfy the same
constraints: constraints:

> SlotSize = Largest VM > SlotSize = Largest VM
reservation reservation

> NumSlots >= Capacity of N > NumsSlots >= Capacity of N
largest hosts / SlotSize largest hosts / SlotSize

> NumVms <= > ClusterCapacity >= (NumVms
ClusterCapacity / SlotSize — + NumSilots) * SlotSize
NumSlots

Power
Failover Ievel..LI_I SlotSize, NumSIOtS.] 1 recommendations
HA ”

1 | 1 DPM |
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Rules Overview

(= cluster Settings i _?i[

Genetal

Llse this page to create rules For virbual machings within this cluster, Rules will appl}r
WMweare DRS ko virtual machines only while they are deploved to this cluster and will not be
retained if the virtual machines are moved out of the cluster,
'u'lrtual Machine Options

Power Management /-akuc -ri-in
Swiapfile Lacation E| ﬁ sep atuck 1 -miji- wszEu
o5 atucker-1
o mii-wzkis

Remove

Details,..

oK I  Cancel
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Rules Detalls

¥irtual Machine Rule N

Ei#q-t_ha.néw_r_l;ﬁe."a'ﬁarhe and choose its 't';.fpé'ﬁr_njm'thé menu below,
Then, select the virtual machines to which this rule will apply,

—Mame
.IaFFinity-atucker-ﬁ-mji-kaDEu

“Type
IKeep YWirkual Machines Together

—_Ei_'rtual Machines -
atucker-a
rji-wzk0a
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Use Cases and Constraints

¢ Affinity rules
> VMs communicating a lot with each other
> VMs sharing a portgroup on a virtual switch (LabManager)
> Constraint: at most one affinity rule per VM

Anti-affinity rules

> Redundant VMs for fault tolerance

> Constraint: at most two VMSs per anti-affinity rule (may be lifted in
the future)
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Enforcing Affinity Rules

¢ Each DRS invocation runs in a number of steps:
> First, try to enforce SLA, affinity rules and HA requirement.
> Second, optimize for load balancing and power consumption.
> Must not violate a new rule in enforcing another.
> Must not violate a new rule in optimization.
> Better error reporting is needed when rules cannot be enforced.
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Summary

¢ DRS control knobs

> Migration threshold, automation levels, affinity rules, etc.
¢ DRS recommendations

> Compound, dependent, initial placement, power, etc.
¢ DRS/DPM interactions

> DRS balances load among hosts that DPM powers on
¢ HA/DPM interactions

> HA specifies spare capacity to maintained by DPM
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Enforce Affinity Rules

Part of DRS placement algorithm:

For each affinity rule {
If (rule violated) {
For each host in cluster {
If (can have all VMs in the rule) {
Move all VMs in the rule to the host;
Done with this rule;

}
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Enforce Anti-Affinity Rules

Part of DRS placement algorithm:

For each VM {
If (violates an anti-affinity rule) {
If (can move to another host) {
Move it to another host;
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