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Introduction SR-IOV enabled VM Migration Support [T s R
T . N [, ) * Compared with Default, 2Layer-Enhanced-Hybrid
£ et g maver J reduces up to 16% (28,16) and 10% (LU) of
5 ¢ ®2layer-Enhanced-Hybrid £ = 2Layer-Enhanced-Hybrid execution time for Graph 500 and NAS,

<+ Cloud Computing has been widely adopted in industry computing environment due to g, 5§ respectively

its attractive features, like resource sharing, live migration, easy management g E +  Compared with the 1layer, 2Layer-Enhanced-
m oot L T e, £ 50 Hybrid brings up to 12% (28,16) and 6% (LU)
% Virtualization is the key technology in Cloud £ \ I“ III “ k4 m III fyerd rings upt &
“ More and more people are trying to build HPC clouds to gain both high flexibility and = o

powerful computing capability
< Single Root I/0 Virtualization (SR-I0V) delivers /o in
virtualized environment

“* SR-IOV does not have high performance virtualization support, such as locality aware
and NUMA aware communication support

(High

SR-IOV based virtual networks prevent the VM migration with current generation of
hypervisors and SR-IOV drivers

% HPC cloud can have multiple typical usage scenarios
* Critical virtualized resources need to be properly managed and
isolated

+ Propose high performance SR-I0V enabled VM migration 3
framework :
+ External Controller coordinates VM during migration with | | § % Propose Slurm-V framework, which extends Slurm to provide
multiple parallel libraries (detach/reattach SR- § virtualization-oriented capabilities [3,5]
10V/IVShmem, migrate VMs, track migration status) K -

% HPC clouds cannot support running multiple concurrent jobs without properly isolate

and manage critical virtualized resource through resource management and job
scheduling system
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(SR-1OV Architecture)

* MPiruntime handles 18 and > SPANK Plugin based Approach sy
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<D 2 OMT-worst - File based lock to detect occupied P [
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= Y T S, 10 each VM i iy :
s [w -+ Fast coordination I
% Propose Progress Engine (PE) and Migration Thread based (MT) o T | . : ::g: z:‘::{"y‘" . .
in MPI runtime to handle IB connection P8 MGS e [em— L
* PE: Leverage MPI progress engine thread to detect migration = " o Graph500 rrrrrssrrrress cros .
signal, handle IB connection suspension/reactivation g 0 O > SPANK Plugin over OpenStack based o o A o
* MT: Create a dedicated thread, to detect migration signal, £ BMTtypical Approach
handle IB connection suspension/reactivation, which allows 5 . i J—
overlapping migration with computation (MT-typical) 3 . o2l size Y420, cae 28800 a0 2246 220 1+ VM Launcher, VM Reclaimer - Offioad to s
H ] W J Problem Size (Scale, Edgefactor) . et
i [ o ma B e s v 10 -
o1 21 2 2210 o Jaw + Graph300 with 64 Procs on M
— - - _ 50 = Native = x‘:’le:::m 8Nodeson + Extend Nova to enable IVSHMEM when -
- -GS onowrness | g VM
+ SAC)LEACI - less than 9% asy Management
w0 verhead, when runming NAS 1+ Component Optimization
asconcumrentjobwith 64 1+ High Scalability
23 Procs - High Performance
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“ Nested Virtualization is gaining momentum with both portability
and isolation

+ There are multiple data paths existing on multi-core processor

% Propose Two-Layer Locality-aware and NUMA-aware MPI

Conclusion and Future Work

c Support [2] The proposed framework enables users to build efficient HPC clouds on HPC clusters
- Add Two-layer Locality Detector % Provides efficient virtualization support for various cloud environments (VM, Docker Container, Singularity, Nested
= - Add Two-Layer NUMA Aware Communication Coordinator * VM Localty Detactor and Container Locality Detector: provide VM and virtualization), high performance VM migration mechanism, and proper isolation and management for critical virtualize

container level locality aware support, respectively
« Nested Locality Combiner combines locality info from both VM and
container locality aware lists
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resource in resource management and job scheduling system
In the future, we will propose efficient ication support for like GPUSs in vir

- on remote node.
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3 57 + Retrieve VM locality detection *  ISSUE Inter-Socket - Inter-VM Inter-Container-2Layer (datapath 3) delivers near-native performance for small message, but clear overhead (67%) for large % The desngns proposed in this research are available for the community in MVAPICH2-Virt release
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