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Motivation - Idea MNM
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HPC Clus

Management benefits of virtual HPC
 Dynamical sizing / partitioning
Loadbalancing

Automation / scripting of management tasks
Fault tolerance without ,Checkpoint and restart”
Better security due to sandboxing of processes
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Motivation - Challanges

But: What about Performance?

- Effects expected:

-Virtualization layer will induce overhead

—-Concurrent effects appear when running several VMs in
parallel; e.g. effects on storage, network, memory access

—Effects will be dependent on virtualization architecture,
implementations, Operating Systems, ...

-What scale will that effects be?

-How to measure?
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Outline MNM
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High-performance aspects in virtualized infrastructures

Vitalian Danciu, Nils gentschen Felde, Dieter Kranzlmiller, Tobias Lindinger

Content:
-Designing a Benchmark Suite
-Applying the Benchmark Suite
-Impacts to HEC Problem Classes
—Conclusion
—Outlook & Further research

SVM 2010 - High Performance aspects in virt. Infrastructures - 10/29/2010 - Niagara Falls 4



Benchmark Suite - Design Goals MNM
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- Measure core components of virtualized systems

-CPU ]
-RAM {
-Network _ ¥
- D I S k Q. /_,.-—N
- Compare results of different VMM xen
—architectures (full-, native-, ... , paravirtualization)

~Implementations (VMware ESXi, Xen, MS Hyper-V, ...) £¥

Windows Server 200s
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- Analyze impact of virtualization on different
-Operating systems (windows, linux, ...)
-System architectures (32 bit, 64 bit, ...) @ A

. .

- Measure

—Overhead of virtualization

~Concurrent effects e l““
- Take care about special time measurement in VMs °
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Benchmark Suite - Time Measurement MNM

Measurement of time is difficult in virtualized

environments:

—-Definition of time

CPU2
CPU1

-Time synchronisation

Example: Linpack-Benchmark

static REAL second(void){
return ((REAL) ((REAL)clock()/(REAL)CLOCKS PER_SEC));

by
# clock(Q

Duration as seen from VM1

g | ;
[« » Real duration
VMY, VM1
Hypervisor
| L Zeit
/O VM1

- Wall-Clock-Time i1n time ticks since process start

# CLOCKS_PER_SEC: Frequency of the hardware clock

External clocks may be necessary, depending on counters
used by the benchmark tool
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Benchmark Suite - Implementation MNM
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- Benchmarks used:

CPU Linpack <4
RAM Ramspeed

Disk lometer

Network lometer <4

-Run Combinations of single benchmarks to test for
concurrent effects, e.q.

-CPU + Network

—Parallel network access <=

-Different network setups (VM2VM, VM2PM, ...) <+
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Applying the Test Suite
MNM
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Applying the Test Suite

CPU - Concurrent effects
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Applying the Test Suite

Network - Concurrent effects
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Applying the Test Suite

Network - Concurrent effects

MNM
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Applying the Test Suite

Network - Physical vs. virtual communication peers
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Performance Regirements MNM
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High-Performance High-Throughput

Coupling tight loose

CPU impact co-determinant critical
Interconnect impact critical less

RAM addressing sensitive; prefers less sensitive

contiguous, uniform
latency addressing

Program structures inter—-communicating  workflows; pipelining
program replicas of computing tasks
Examples fluid dynamics high-energy physics

problems, crash codes (e.g. CERN LHC
experiments), general
parameter variation
studies
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Conclusion MNM
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- CPU virtualization is efficient (close to 100%)
- RAM access is fast

= High Througput Computing (HTC) Tasks can be
virtualized efficiently

- Network Access efficiency depends on
—flow direction
-concurrent use
—-Available CPU power

- Topology changes (,vMotion“) confuses MPI

- High Performance Computing (HPC) Tasks should
not be virtualized yet
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Outlook MNM
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- Technical realization of virtual High Throughput
Computing

-More Research for virtualized High Performance
Computing needed:

-Adapt MPI to detect topology changes caused by live
migrations

—Calculate distributions of VMs with minimal
communication overhead

—Maybe allocate physical NICs to dedicated VM
-Use additional 1/0 virtualization approaches
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