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Cloud Computing and Virtualization

Cloud Computing focuses on maximizing the effectiveness of the shared resources
Virtualization is the key technology for resource sharing in the Cloud

Widely adopted in industry computing environment

€ &€ € €

Gartner and International Data Corporation (IDC) have issued a forecast predicting p

cloud spending will balloon to $203.4 billion by 2@2Q.rtesy:

https:// www.mspinsights.cordoc/cloud-spendingwill-reachbillion-in-0001)
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Overview of HypervisofContainersbased Virtualization
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w Hypervisorbased virtualization provides higher isolation, mHdis support, etc.
w Containerbased technologies (e.g., Docker) providétweightvirtualizationsolutions

w Containerbasedvirtualization¢ share host kernel by containers
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Drivers of Modern HPC Cluster and Cloud Architecture

High Performance Interconnects SSDs, Object Storage Large memory nodes
Multi-/Many -core InfiniBand (with SROV) Clusters (Upto 2 TB)
Processors <lusec latency, 200Gbps Bandwidth>

Multi-core/many-core technologies, Accelerators

Large memory nodes

Solid State Drives (SSDs), NVM, Parallel Filesystems, Object Storage Clusters
Remote Direct Memory Access (RDMAabled networking (InfiniBand and RoCE)
Single Root I/O Virtualization (BRYV)

w
w
w
w
w

ICrOSOT! +Yamazon [EC2 ORACLE Gp@meleon

~ - Azure Cloud Cloud
SDSC Comet TACC Stampede
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Single Root I/O Virtualization (SROV)

w Single Root I/O Virtualization (BBV)is providing new opportunities to design
HPC cloud with very little low overhead

w Allows a single physical device, or a
Physical Function (PF), to present itself as
multiple virtual devices, or Virtual
Functions (VFs)

w VFs are designed based on the existing {
non-virtualized PFs, no need for driver
change ClExprpss

w Each VF can be dedicated to a single VM «’\’;\_\ conal | Qe neal A by gl b
through PCI pasthrough T T T 7T SEAOVHardware .

w Work with 10/40 GIigE and InfiniBand
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Building HPC Cloud with SRV and InfiniBand

w HighPerformance Computing (HPC) has adopted advanced interconnects and protoc
¢ InfiniBand
¢ 10/40/100 Gigabit Ethernet/iI WARP
¢ RDMAover Converged Enhanced Ethernet (RoCE)
w Very Good Performance
¢ Low latency (few micro seconds)
¢ High Bandwidti{200Gb/s with HDRInfiniBand)
¢ Low CPU overhead-{%)
w OpenFabrics software stack with 1B, IWARP and RoCE interfaces are driveygtdiG
w How to Build HPC Clouds with-&BR/ and InfiniBand for delivering optimal performance
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Broad Challenges in Designing Communication and 1/O Middlewa
for HPC on Clouds

Virtualization Support with Virtual Machines and Containers
¢ KVM, Docker, Singularjtgtc.
w Communication coordination among optimized communication channels on Clouds
¢ SRIOV, IVShmem, IPEhm, CMAetc.
w Localityaware communication

w  Scalability for million to billion processors
G Support for highlefficient internode and intranode communication (both twsided and onesided)

w Scalable Collective communication
q Offload; Nonblocking; Topologyaware

w Balancing intranode and intemode communication for next generation nodes (1®4 cores)
¢  Multiple endpoints per node

w NUMAaware communication for nested virtualization
w Integrated Support for GPGPUs and Accelerators
w Faulttolerance/resiliency
¢  Migration support with virtual machines
w QoS support for communication and 1/0
w {dzLILIR2 NI F2NI I @8oNAR atLbtD!{ LINPANIYYAYy3I o6atlL b hlLISyat >
w  EnergyAwareness
w  Codesign with resource management and scheduling systems on Clouds

¢ OpenStack, Slurm, etc.
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Approaches to Build HPC Clouds

w MVAPICH/irt with SRIOV and IVSHMEM
¢ Standalone, OpenStack

w SRIOMenabled VM Migration Support in MVAPICH2

w MVAPICH2 with Containers (Docker and Singularity)

w MVAPICH2 with Nested Virtualization (Container over VM)
W

MVAPICH/irt on SLURM
¢ SLURM alone, SLURNDpenStack
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Overview of the MVAPICH2 Project

w High Performance opesource MPI Library for InfiniBand, Oniath, Ethernet/iWARP, and RDMA over Converged Ethernet (RoCE)
q MVAPICH (MPL), MVAPICH2 (MRL2 and MPB.0), Started in 2001, First version available in 2002
G MVAPICHX (MPI + PGAS), Available since 2011
q Support for GPGPUs (MVAPIEH2R) and MIC (MVAPIGMEC), Available sincg014

Support for Virtualization (MVAPICHirt), Available since 2015
Support for EnergAwareness (MVAPICHER), Available since 2015

N NN

Support for InfiniBand Network Analysis and Monitoring (OSU INAM) since 2015

Used by more than 2,800 organizations in 85 countries

More than 424,000 (> 0.4 million) downloads from the OSU site directly LL \
9YLRGSNAYI YlIye ¢htpnn OfdaiSNE 6b2¢d Wmc NI y1Ay /| ////” /| \ \\\.\\\
1%t ranked 10,649,64@ore cluster (Sunway TaihuLight) at NSC, Wuxi, China ///

15h ranked 241,10&ore cluster (Pleiades) at NASA / f
20" ranked 519,64&ore cluster (Stampede) at TACC

w 44" ranked 76,03Zore cluster (Tsubame 2.5) at Tokyo Institute of Technology and many others

C Available with software stacks of many vendors and Linux Distros (RedHat and SuSE) VM/COﬂtainer'aware DeSign
¢ http/mvapich.cse.chiestate.edu is already publicly available in

W Empowering Top500 systems for over a decade MVAP | CHZ\/I rt|
G SystemX from Virginia Tech®@n Nov 2003, 2,200 processors, 12.25 TFleps)

Sunway TaihuLight at NSC, Wuxi, ChiftaA(Y b2 @Qmc I mnIXcndZcnn O2NBAI (o t Cf2LIA0

NN N

€ € €
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MVAPICHZ2 Software Family

High-Performance Parallel Programming Libraries

MVAPICH2 Support for InfiniBand, Omuitath, Ethernet/IWARP, and RoCE

MVAPICHX Advanced MPI features, OSU INAM, PGAS (OpenSHMEM, UPC, UPC++, and CAF
MPI+PGAS programming models with unified communication runtime

MVAPICHZDR Optimized MPI for clusters with NVIDIA GPUs

MVAPICH/irt

Highperformance and scalable MPI for hypervisor and container based HPC cloud

MVAPICHEA

Energy aware and Higberformance MPI

MVAPICHMIC

Optimized MPI for clusters with Intel KNC

Microbenchmarks

OMB

Microbenchmarks suite to evaluate MPI and PGAS (OpenSHMEM, UPC, and UPCH+
libraries for CPUs and GPUs

Tools

OSU INAM Network monitoring, profiling, and analysis for clusters with MPI and scheduler
integration

OEMT Utility to measure the energy consumption of MPI applications

Network Baseo
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HPC on Cloud Computing Systems: Challenges Addressed by O
So Far

Applications

HPC and Big Data Middleware
HPC (MPI, PGAS, MPI+PGAS, MPI+OpenMP, etc.)

Resource Management and Scheduling Systems for Cloud Computing
(OpenStack Nova, Heat; Slurm)

Communication and I/O Library

Commodity Computing System

Networking Technologies

. _ Architectures Storage Technologies
(InfiniBand, OmniPath, 1/10/40/100 (Multi- and Many-core architectures (HDD, SSD, NVRAM, and N\A88D)
GigE and Intelligent NICs) and accelerators)
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Overview of OSU Solutions for Building HPC Cloud¥ APICH2Virt with SRIOV
and IVSHMEM

HPC Applications

MPI Runtime _
NUMA Aware Migration :’ GPUs/Coprocessors |
Communication Support I Support By

N\
Accelerator I

___ Channel ___]
HPC Clouds (VM)
SLURM OpenStack Parallel
_’
SPANK < [Nova Heat Migration
Glance Neutron Controller

Modern HPC System Architecture =~

- Ir 'Gr?uﬁi_-ﬁa_tﬁ‘} If GPUs & !
|__Network ! ! __Coprocessors __,
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Intra-Node InterVM Performance
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Latency at 64 bytes message size:IBN(B_Sendl- n @ b, dViSlamem-n1 ®H > a

CanlVShmemscheme benefit MPI communication within a node on -8BV enabled
InfiniBand clusters?
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Overview of MVAPICHYIrt with SRIOV and IVSHMEM

w Redesign MVAPICH2 to make it
virtual machine aware

¢ SRIOV showsear to native
performancefor inter-node point to
point communication

¢ IVSHMEMffersshared memonpased
data access across-tesident VMs

¢ Locality Detectarmaintainsthe locality
information of coeresident virtual machines

¢ Communication Coordinatoselectsthe
communication channel (S®V,IVSHMEM)
adaptively

Network Based Computing Laboratory
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Guest 1
user space

Guest 2
user space

evice river

Virtual ) [ Virtual Physical
Function J | Function Function
Iny iband Adapter

/dev/shm/

— e e |\/-Shmem Channel

Host Environment SR-IOV Channel

J. Zhang, X. Lu, J. Jose, R. Shi, D. K. Panda. Ca¥N\hter
Shmem Benefit MPI Applications on S8V based
Virtualized InfiniBand Clusters? Eufear, 2014

J. Zhang, X. Lu, J. Jose, R. Shi, M. Li, D. K. Panda. High
Performance MPI Library over SRV Enabled
InfiniBand Clusters. HiPC, 2014
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MVAPICH2/irt with SRIOV and IVSHMEM over OpenStack

w OpensStack is one of the most popular —
open-source solutions to build clouds and . ... ?
manage virtual machines e v ] — 1 (worizon )
w Deployment with OpenStack T =((ova )™= G-

¢ Supporting SROV configuration

¢ Supporting IVSHMEM configuration
¢ VirtualMachineaware design of MVAPICH2
w An efficient approach to build HPC Clouds | o i

with MVAPICH/irt and OpenStack

J. Zhang, X. Lu, M. Arnold, D. K. Panda. MVAPICHZ2 over OpenStack Wi S&h Efficient Approach to
Build HPC Clouds. CCGrid, 2015
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Intra-node Inter-VM Point-to-Point Performance

Intra-node Inter-VM Pt2Pt_atency Intra-node Inter-VM Pt2PtBW
1000 12000 5
e SR-IOV ——SRIOV 8%
10000 e
100 Proposed Proposed l \
@ Native g 8000 Native \ 4
= S
= =
g 10 = 6000
- 0 £ /\rv
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1 m
| 3% . 158% /
- ( 370
0.1 T T T T l ‘
1 16 64 256 1K S R DA S R

4K 16K 64K 256K 1M
\1 4 16 64 256 1K 4K 16K 64K 256K 1M

MessageSize(Byte) MessageSize(Byte)

A Compared to SOV, upto 84%and 158%improvementon Latency& Bandwidth
A Comparedo Native,3%8%overheadon both Latency& Bandwidth
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ApplicationPerformance (NAS & P3DFFT)

NAS32VMs(8 VMsper node) P3DFFB2VMs(8 VMsper node)
18 5
0
16 45 —29%33 /0
m SR-IOV E SR-IOV
14 4
B = Proposed @ 35 u Proposed
0 3
.§ E 3
|_
é § 25 20%
2 >
1.5 -
1 .
0.5 -
0 i
FT LU CG MG IS SPEC INVERSE RAND SINE
NASB Class P3DFFbB12¢512¢512

A Proposeddesigndeliversup to 43%(1S)improvementfor NAS

A Proposeddesignbrings29%, 33%, 29%nd 20%improvementfor INVERSE, RAND,
SINE and SPEC
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ApplicationLevelPerformance on Chameleon

6000 400
5000 m MV2-SR-I0V-Def 350
2 u MV2-SR-I0V-Opt @ 300
5 4000 204 o
2 u MV2-Native £ 250
= 3000 S 200
S S
3 o 150 -
S 2000 E0/ 4
2 970 i
) 100 -
1000 -

Network Based

22,20 24,10
Problem Size (Scale, Edgefactor)

Graph500
w 32 VMs, 6 Core/VM

w Comparedo Native,2-5%overheadfor Graph500 with 128 Procs

w Compared to Nativel-9.5%overheadfor SPEC MPI2007 with 128 Procs

24,16 24,20 26,10 26,16

50 -
0 -

B MV2-SR-IOV-Def

E MV2-SR-I0OV-Opt

= MV2-Native

9.5%

milc leslie3d pop2  GAPgeofem zeusmp2 lu

SPEC MPI12007
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Approaches to Build HPC Clouds

SRIOVtenabled VM Migration Support in MVAPICHZ2
MVAPICH2 with Containers (Docker and Singularity)
MVAPICH2 with Nested Virtualization (Container over VM)

MVAPICH/irt on SLURM
¢ SLURM alone, SLURNDpenStack

€ &€ € €

Network Based Computing Laboratory MUG 2017 19




Overview of OSU Solutions for Building HPC Cloudd(38R
enabled VM Migration Support in MVAPICH2

HPC Applications

MPI Runtime _
[ Locality Aware | [ NUMA Aware GPUs/Coprocessors \:
. Communication ) | Communication | ___ Support i

[ SMP/IVShmem ) [ CMA A

N\
Accelerator I

|
L Channel ) Channel ) ___Channel___ |
HPC Clouds (VM)
SLURM OpenStack Parallel
_>
SPANK < | Nova Heat Migration
Glance Neutron Controller

Modern HPC System Architecture

—————— —— —— — ——

- ("Omni-path | GPUS& |
|__Network ! '___Coprocessors __
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Execute Live Migration with SROV Device

[root@sandyl:migration]$
[root@sandyl:migration]$ssh sandy3-wvml 1spci
root@sandy3-vml's password:
00:00.0 Host bridge: Intel Corporation 44@FX - 82441FX PMC [Natoma] (rev 02)
00:01.0 ISA bridge: Intel Corporation 8237158 PIIX3 ISA [Natoma/Triton II]
@98:01.1 IDE interface: Intel Corporation 82371SB PIIX3 IDE [Natoma/Triton II]
00:01.2 USB controller: Intel Corporation 8237158 PIIX3 USE [Natoma/Triton II] (rev @1)
00:01.3 Bridge: Intel Corporation 82371AB/EB/MB PIIX4 ACPI (rev @3)
00:02.8 VGA compatible controller: Cirrus Logic GD 5446
00:04.0 Infiniband controller: Mellanox Technologies MT2770@ Family [ConnectX-4 Virtual Function]
[root@sandyl:migration]$
[root@sandyl:migration]$
[root@sandyl:migration]$
[root@sandyl:migration]$
[root@sandvl:migration]’
g [ root@sandyl:migration]$virsh migrate --live --rdma-pin-all --migrateuri rdma://sandy3-ib sandyl-wml gemu://sandy3-ib/system Jia
< error: Requested operation is not valid: domain has assigned non-USB host devices -

)

[root@sandyl:migration]$

Computing



Overview of Existing Migration Solutions for $QV

Zhaj etc (Linux Ethernet N/A Yes No Yes(Xen)

bondingdriver)

Kadayetc (shadow | Ethernet Intel Pro/1000 gigabit NIC No Yes No (Xen)

driver)

Pan.etc (CompS¥L | Ethernet Intel 82576 Intel 82599 Yes No No (Xen)

Guayetc InfniBand MellanoxConnectX2 QDR HJAYes No Yes(Oracle VM
Server (OVS) 3.0.

Han Ethernet Huawei smart NIC Yes No No (QEMU+KVM

Xu,etc (SRVM) Ethernet Intel 82599 Yes Yes No (VMwareEXSi

Can we have a hypervisandependent and device drivemdependent
solution for InfiniBandbased HPC Clouds with $BV?
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High Performance SROV enabled VM Migration Framework

| Host . | Host I .

! : ! ' W Consist of SKOV enabled IB Cluster and Exterr
| Guest VM1 Guest VM2 | | || Guest VM1 Guest VM2 | | Mi ion C I

W | |l i e ]| | e | i Igration Controller

VT VET i | | BV nC VFT\1 w Detachment/Reattachment of virtualized
;l_:~ 5 l_: ! (LA SRI0V ) |\ SR-lov ) !

! . = I NS | | . ) . . . .

| |Hypervi'sor — L Hypervsr] | devices:Multiple parallel libraries to coordinate
i 51 MEforei IVShlmem | . IVShlmem Ehemer [ 15 | VM during migration (detach/reattach SR

! Adapter | | Adapter ! | Adapter ||| Adapter | !

IOV/IVShmem, migrate VMs, migration status)

w |IB ConnectionMPI runtime handles IB
connectionsuspending and reactivating

I . .

1| Network Read-to- Network Migration S

| Suspend Migrate Reactive Done M_Ilﬁratg”
: Detector 99

|

|

|

|

W Propose Progress Engirtef] and Migration
| Thread based\(T) design to optimize VM
i migration and MPI application performance

Trigger Detector Notifier
[ [ [ [ [
| Controller |

___________________________________________________________

J. Zhang, X. Lu, D. K. PanH&gh-Performance Virtual Machine Migration Framework for MPI Applications orlGR enabled InfiniBand Clusters
IPDPS, 2017
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Parallel Libraries in Controller

s o=t . ANetwork Suspend Trigger:

; Guest VM Guest Vi ! (Guest VM1 Guest VMZ
= '“; = | | | e A 1ssueVM migration request from admin
i_fill_p_l mm' S —— A Implementon top of MPI startup channel for
"""""""""""" ' 725 D B scalability
R e e e AReadyto-Migrate Detector and Migration Done Detector:
| [lsﬁisé:::fr y;?%?";] [01 Dg%gi"] [ J A Periodicallydetect states oiVShmenregions
 computernoe oo g Migadonsouce cogn ot A Maintaina counter to keep track of all the states,
el e utilize MPI reduce to collect
. Pre_migraﬁon IVSH‘I\iEM - A Mig,ration Trigger: | o |
St ol I | e A Carryingout VM live migration operation
T I T . A Detachingre-attaching SROV VF ant/Shmem
| ‘ s devices
e rn A Network ReactivateNotifier:
} | heseae A Workafter VM migration to the targeted host
3 A Post mation 3; Reagiate Z:: A Notify MPI processes to reactivate communication
e Cra channels
o o K
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Performance Evaluation of VM Migration Framework

Breakdown of VM migration Multiple VM Migration Time
B Set POST_MIGRATI@NAdd IVSHMEM B Attach VF 35
3 B Migration O Remove IVSHMEM & Detach VF 30 m Sequential Migration Framework
B Set PRE_MIGRATION
2.5 25 N
— @ Proposed Migration Framework
a2 - ; £ 20
e R B TS 2 .
= 10
0 W N N W

2 VM 4VM 8 VM 16 VM

w Compared with the TCP, the RDMA scheme reduces the total migration tigi&ty

w ¢201Fft GAYS A& R2YAYIFIUSR o0& 6aAdaNrOA2YyQ GAYST
w Proposed migration framework could reduce upstt’omigration time
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Performance Evaluation of VM Migration Framework

Pt2Pt Latency Bcast (4VMs * 2Procs/VM)
200 700
180 PE-IPoIB PE-IPoIB
160 —<PE-RDMA 600 —<PE-RDMA
140 —A=MT-IPolB 500 ——MT-IPoIB
® —#-MT-RDMA ®? —=-MT-RDMA
g 120 S 400
> 100 3
& 80 g 300
S 60 S 200
40
100
20
0 M 0
1 4 16 64 256 1K 4K 16K 64K 256K 1M 1 4 16 64 256 1K 4K 16K 64K 256K 1M
MessageSize ( bytes) MessageSize ( bytes)

w Migrate a VM from one machine to another while benchmark is running inside
w Proposed Mibased designs perform slightly worse thanrid&Sed designs because of lock/unlock

w No benefit from MT because of NO computation involved
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Overlapping Evaluation

55

S0 PE
45
40
35
30
25
20
15
10

== MT-worst
== MT-typical
=-NM

Time (s)

0 10 20 30 40 50 60 70
Computation ( percentage)

w fix the communication time and increase the computation time

w 10% computation, partial migration time could be overlapped with computation in MT
typical

A - - Wa ~
Networ Besed Sairp ating ! aFO'e*;,ry UG 2L




Performance Evaluation with Applications

NAS Graph500
> 0.4
PE — PE
B MT-worst _g 0.3
| MT-typical = MT-worst
c
0 0.2
5
(@)
®0.1
- /
0.0 Z

20,10 20,16 20,20
w 8 VMs intotal and 1 VM carries out migration during application running

w Compared with NM, MAworst and PE incur some overhead

w MT-typical allows migration to be completely overlapped with computation
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Approaches to Build HPC Clouds

w MVAPICH2 with Containers (Docker and Singularity)
w MVAPICH2 with Nested Virtualization (Container over VM)

w MVAPICH/irt on SLURM
¢ SLURM alone, SLURNDpenStack
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Overview of OSU Solutions for Building HPC Clouds: MVAPICH2
with Containers Dockerand Singularity)

HPC Applications

MPI Runtime _
NUMA Aware ] [ Migration ] { GPUs/Coprocessors | i

Communication

N o e ———————————

HPC Clouds (Container: Docker and Singularity)

SLURM OpenStack Parallel
_»
SPANK < | Nova Heat Migration
Glance Neutron Controller

Modern HPC System Archltecture _______________

_Ngt_w_o_rls_ l'|___Coprocessors __
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Benefits of Containerdased Virtualization for HPC on Cloud

ib_send_lat Graph500
9 _——
8 VM-PT 300
m Communication
. am\/M-SR-I0V ) 250
’%\ 6 Container-PT é S aaETeT
‘; esmsNative o 200
3 O £
g 4 =
3 5
3 5
O
2 o 100
]
1 2 50
0 T T T T T T T T T T T T T T 1 m
1 2 4 8 16 32 64 128 256 512 1K 2K 4K 8K 16K 0 : : ,
Message Size (bytes) Native-16P 1Cont*16P 2Conts*8P 4Conts*4P
w Experiment on NFS Chameleon Cloud Scale, Edgefactd0,16)

w Container has less overhead than VM

w BFS time in Graph 500 significantly increases as the number of container increases on onéost.
J. Zhang, X. Lu, D. K. Panda. Performance Characterization of HypeansbContainefBased Virtualization

for HPC on SOV Enabled InfiniBand Clusters. IPDRM, IPDPS Workshop, 2016
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Containersbased Design: Issues, Challenges, and Approaches

w What are the performancéottleneckswhen

cloud?

running MPI applications on multiple /~ Container-A Y\ /7 Container8 |\
containers per host in HPC cloud? MPI MPI MPI MPI
. Procsl Procs2 Procs3 Procs4
w Can we propose a new design to overcome the A3 T v ——TT
. . | |
bottleneck on such containdsased HPC 1 N/ : N : |
== — - e
:

w Can optimized design deliveearnative
performancefor different container
deployment scenarios?

w Localityawarebased design to enableMA
and Shared memorghannels for MPI
communication acrosso-residentcontainers

J. Zhang, X. Lu, D. K. Pandagh Performance MPI Library for Contairkeased HPC Cloud on InfiniBand Clusters

ICPP, 2016
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MPI Pointto-Point and Collective Performance

. Latency Allgather
== Cont-intra-socket-Def 4000 36%
8 -
7 @ Cont-intra-socket-Opt 3500 TR },
. e==mNative-intra-socket 3000
i:'s’/ 6 e Cont-inter-socket-Def ’g 2500 Con-Opt /
o 5 e Cont-inter-socket-Opt g 2000 Native I
oy
) 4 e=mm N ative-inter-socket o /
© <= 1500
3 s /
2 1000
1 - 500 / Y _
O i I N B B T T T T T T T T T T T 1 O L T T T T T T T T T T 1
1 4 16 64 256 1K 4K 16K 4 8 16 32 64 128 256 512 1K 2K 4K

Message Size (Bytes) Message Size (Bytes)

w Two containers are deployed on the same socket and different socket
w 256 procs totally (4 pros/container, 64 containers across 16 nodes evenly)

w Up to79%and86% improvement for Pointo-Point andMPI1_Allgatherrespectively ContOpt vs.Cont
Def)

w Minor overhead, compared with Native performané€&ofit*-Opt vs. Native)
Network Based Computing Laboratory MUG 2017 33




Application-LevelPerformance on Docker with MVAPICH?2

100 , 300
m Container-Def .
90 m Container-Def 3%
80 u Container-Opt 250
0 . m u Container-Opt
E« 70 = Native é
e v 200 u Native
= 60 e
E
S 50 c 150
3 40 - =
3] 3]
100
X530 - L%
20 - N 50 -
L
10 - o0
0 - 0 1 T T T
MG.D FT.D EP.D LU.D CG.D 1Cont*16P 2Conts*8P 4Conts*4P
NAS Scale, EdgefactqR0,16)
Graph 500

w 64 Containers across 16 nodes, pining 4 Cores per Container
w Comparedo ContainerDef,up to 11%and73%of execution time reduction for NAS and Graph 50
w Compared to Native, less th&band5%overheadfor NAS and Graph 500
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MVAPICH?2 IntrdNode and InterNode Pointto-Point
Performance orSingularity

Pt2Pt BW
Pt2Pt Latency 16000
18
16 14000 = Singularity-Intra-Node
= Singularity-Intra-Node ]
14 12000 Native-Intra-Node
Native-Intra-Node el . .

12 = 10000 = Singularity-Inter-Node
m Singularity-Inter-Node ~ )
3 10 = Native-Inter-Node
- ——Native-Inter-Node S 8000
o =
c 8 S
< S 6000
I
g 6 m

4 4000 ;’,

2 2000 //

0 — — 0 - — = _—____ :

1 4 16 Ne|s4 25; | 1;21 4096 16384 65536 N I N(o%oou (oé’),,)b %&v @é\b
essage Size (Byte) Message Size (Byte) v o
w Less thar8%overhead on latency
w Less thar8%overhead on BW
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MVAPICH2 Collective Performance 8mgularity

Broadcast Allreduce
200
80 . .
. . 180 = Singularity
70 = Singularity
) 160 Native
Native
00 140
m o
3% S 120
>
>
S 40 %100 Y s
2 T 80 9% ( ]
< -
T 30 , ’
J 60
20 8%
- 40
10 \
- - 4 20
e E—— - o
0 0
1 4 16 64 256 1024 4096 16384 65536 4 16 64 256 1024 4096 16384 65536

Message Size (Byte) Message Size (Byte)

w 512 Processes across 32 nodes

w Less thar8%and9%overhead for Bcast and Allreduce, respectively
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Application-Level Performance o&ingularitywith MVAPICH2

NPB Class D Graph500
300 3000
- o . 6%
550 | Singularity = m Singularity
& 2500 —~
w Native GE) Native )
[
g 200 — 2000 =
[ S
[ 5
g 150 $ 1500
2 i
100
& 7% 2 1000
-~
. l | T
’
: = - -
CG EP FT IS LU MG

22,16 22,20 24,16 24,20 26,16 26,20
Problem Size (Scale, Edgefactor)

w 512 Processes across 32 nodes
w Less tharv%and6%overhead for NPB and Graph500, respectively
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Approaches to Build HPC Clouds

w MVAPICH2 with Nested Virtualization (Container over VM)

w MVAPICH/irt on SLURM
¢ SLURM alone, SLURNDpenStack
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Overview of OSU Solutions for Building HPC Clouds: MVAPICH?Z2
with Nested Virtualization

HPC Applications

MPI Runtime
Migration ] 1 GPUs/Coprocessors
|

N o ————————— — —

N\
,  Accelerator !
1 Channel |

HPC Clouds (Nested Cloud: Nested Virtualization)

SLURM OpenStack Parallel
_>
SPANK « [ Nova Heat Migration
Glance Neutron Controller

Modern HPC System Architecture

If' 'Gr?ﬁi'-ﬁa’cﬁ‘} If GPUs & }
|__Network !l __Coprocessors __
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Nested Virtualization: Containers over Virtual Machines

''''''' o Il"Container3 " Container4 |

App i 1 App
Stack ¥ I Stack

I | N

Stack I I
bins/ ! o bins/ bins/ !
libs I libs | . libs
i Docker Engine : | Docker Engine :
! Redhat | I Ubuntu |

Hypervisor
Host OS

Hardware

w Useful for live migration, sandbox application, legacy system
Integration, software deployment, etc.

w Performance issues because of the redundant call stacksl@yev

virtualization) and isolated physical resources
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Usage Scenario of Nested Virtualization

User A ! User B [
o Host h

VLAN 1 l VLAN 2 L

T T T - TS TET T T T TS ~

t| VM 0: Ubuntu VM 1: Ubuntu \ ' VM 2: MacOS VM 3: MacOS \I

| L1 S—( |
|

: dockerAl 4 dockerA3 : I dockerB1 dockerB3 :
|

: } |

1| | dockerA2 dockerA4 | : dockerB2 dockerB4 :

\ 7 I\ d prd /

(= ————=——-\- f=Fmmm—- foof e A ’

=

Developer Docker Registry

w VM provides good isolation and security so that the applications and workloads of users A
and B will not interfere with each other

w Root permission of VM can be given to do special configuration

w Docker brings an effective, standardized and repeatable way to port and distribute the
applications and workloads
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Multiple Communication Paths in Nested Virtualization

Container O \

Memory
Controller

-/ Container 1 \-.-

QPI

3

A

Network Based

A

/ Container 2 \

1
)
:
« |\ core 8
1
)
1

/ Container 3\

Memory

Controller

NUMA 1

w Different VM placements introduce multiple communication paths
on container level
Intra-VM IntraContainer (across core 4 and core 5)

Intra-VM InterContainer (across core 13 and core 14)

Inter-VM InterContainer (across core 6 and core 12)

Inter-Node InterContainer (across core 15 and the core on remote node)

Computing Laboratory
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Performance Characteristics on Communication Paths

Intra-Socket Inter-Socket
40 20

Intra-VM Inter-Container-Def Intra-VM Inter-Container-Def

R 30  =|nter-VM Inter-Container-Def N 15 Inter-VM Inter-Container-Def
2] . " 0
\3; Intra-VM Inter-Container-1Layer \3; Intra-VM Inter-Container-1Layer* 2X
o 20 - - ; = * © 10 .
@ Inter-VM Inter-Container-1Layer o ——Inter-VM Inter-Container-1Layer*
= : ©
_| Native 4 Native

10 5

0 0

1 4 16 64 256 1024 4096 16384 65536 1 4 16 64 256 1024 4096 16384 65536
Message Size (Byte) Message Size (Byte)

w Two VMs are deployed on the same and different socket, respectively
w *-Def and IntetVM InterContainerllLayer have similar performance
w Still large gap compared to native performance with just 1layer design

1lLayer*- J. Zhang, X. Lu, D. K. Panda. High Performance MPI Library for Corbaised HPC Cloud on InfiniBand, ICPP, 2016
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Challenges of Nested Virtualization

w How to furtherreduce the performance overhead of running applications on
the nested virtualization environment?

w What are the impacts of the different VM/container placement schemes for
the communication on the container level?

w Can we propose a desigrhich can adapthese different VM/container
placement schemes and deliver nazative performance for nested
virtualizationenvironments?
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Overwew of Proposed DeS|gn in MVAPICH2

/ Container 0 Container 1

e

4: Container 2 Container 3

.
.
‘

Two-Layer Localitpetector:Dynamically
detecting MPprocessesn the co

Memory
Controller
Memory
Controller

NUKAXJK ------- ;-/f ----------- \ ------------------ \2/ --------- - \-"@MA 1 resident containers inside one VM as we
T\ th \/ Q) as the ones in the ceesidentVMs
Container Locality Detector VM Locality Detector ’
\ |—[ Nested Locality Combiner J—, / TWO'Laye I’N U MA Aware
> Communication Coordinator:
Two-Layer NUMA Aware Communication Coordinator Leve rage nestedbcal |ty | nfO N U MA
| architecture infoand message to
¥ . . .
CMA SHared Memory Network (HCA) select approprlate communication
Channel (SHM) Channel Channel
channel

J. Zhang, X. Lu, D. K. Panda. Designing Locality and NUMA Aware MPI Runtime for Nested Virtualization
based HPC Cloud with S8V Enabled InfiniBand, VEE, 2017
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Inter-VM Inter-Container Pt2Pt (IntreéSocket)

250 16000

Default —w— ‘ ‘ ‘ ‘ ‘ ‘ Default —w——
1Layer | 1Layer
2Layer ———— 1 14000 2L.ayer
200 Native(w/o CMA) —e—o0m I - Native(w/o CMA) —e—o0
Native —+— L 12000 Native —+—
—_ /M
2 1s0 | = 10000 |-
> 4 = B
% 33 p I ;§ 8000
E 100 2-% B ;.-/""/:—‘ h % 6000 L
— 1. o b
1 e et A/. %
0. - B 4000
50 0 tee——e—e—ee T M
1 4 16 64 256 1K 4K 2000
o0 0 * £
1 4 16 64 256 1K 4K 16K 64K 256K 1M 1 4 16 64 256 1K 4K 16K 64K 256K 1M
Message Size (bytes) Message Size (bytes)

Latency BW
w 1Layer has similar performance to the Default

w Compared with 1Layer, 2Layer delivers u@46oand 184%
Improvement for latency and BW
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Inter-VM Inter-Container Pt2P{Inter-Socket)

300 ‘ ‘ ‘ 16000 ‘ ‘ ‘
Default —%— Default —%—
1Layer B 1Layer |
250 2Layer 14000 2Layer ————
Basic-Hybrid ——«— —~ Basic-Hybrid ——«—
Enhanced-Hybrid —&— =~ 12000 - Enhanced-Hybrid —&—
- 200 L Native(w/o CMA) —e— /M Native(w/o CMA) —e—
= = 10000 |- Native
SN~—" SN—"
5 1so | = 8000 |
= =
= =
6000 | ]
S 100 | = q
o] -
A 4000
50
2000 |
0 0
1 4 16 64 256 1K 4K 16K 64K 256K 1M 1 4 16 64 256 1K 4K 16K 64K 256K 1M
Message Size (bytes) Message Size (bytes)

Latency BW

w 1-Layer has similar performance to the Default
w 2-Layer has neanative performance for small msg, but clear overhead on large ms

w Compared to A.ayer, Hybrid design brings up4@%and25%improvement for
latency and BW, respectively
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Applications Performance

Graph500 Class D NAS
10 200
% Default Default
g 8 9150 1Layer
= 1lLayer g y
c
c 6 =
S ]
5 m 2Layer-Enhanced-Hybrid 2100 2Layer-Enhanced-Hybrid
S o
$ 4 =
” S
; 2 I I I ’ ) I
22,20 24,16 24,20 24,24 26,16 26,20 26,24 28,16 IS MG

w 256 processes across 64 containers on 16 nodes

w Compared with Default, enhancéd/brid design reduces up t6%(28,16) andL0%(LU) of
execution time for Graph 500 and NAS, respectively

w Compared with the 1Layer case, enhangstbrid design also brings up 12%(28,16) ands%(LU)
performance benefit.
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Approaches to Build HPC Clouds

w MVAPICH/irt on SLURM
¢ SLURM alone, SLURNDpenStack
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Overview of OSU Solutions for Building HPC Clouds: MVAR\Q1H2
on SLURM an@®penStack

HPC Applications

MPI Runtime _

NUMA Aware Migration 1 GPUs/Coprocessors b
Communication Support :

N\
[ Accelerator |

|____Channel___J
HPC Clouds (VM)
SLURM OpenStack Parallel
_>
SPANK < | Nova Heat Migration
Glance Neutron Controller

Modern HPC System Architecture

- ("Omni-path | GPUS& |
__Network ' \.__Coprocessors __,
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Typical Usage Scenarios —

Exclusive Allocations
Concurrent Jobs
(EACJ)

Compute Nodes
I

VF1 VF2 IVSHMEM-1

Sharedhost Allocations
Concurrent Jobs (SACJ)

xclusive Alloca
Sequential Jobs (EASJ

Network Based Computing Laboratory MUG 2017



Need for Supporting SOV and IVSHMEM in SLURM

w Reguirement of managing and isolating virtualized resources-6©OSRnd IVSHMEM

w Suchkind of management and isolation is hard to be achieved by MPI libtang,but
much easier with SLURM

w EfficientrunningMPI gplicationson HPC Cloudseeds SLURM to support managing
SRIOV and IVSHMEM

¢ Cancritical HPC resources be efficiently shared amaseysby extending SLURMith
support for SROV and IVSHMEM based virtualization?

¢ CanSRIOV and IVSHMEM enabl8dURMNd MPI library provide bamnetal performance
for endapplications on HPC Clouds?
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Architecture Overview

sbatch File VM Configuration File I
\ physical resource request
Submit Job SLURMctld

physical ”OM

physical physical é . physical
node node node

launch VM3

SR-IOV virtual function
IVSHMEM device
Network setting

Image management
Launching VMs and
check availability

6. Mount global storage,
etc.

OISR RIS

Image Pool

Network Based Computing Laboratory MUG 2017



SLURMSPANK Plugin based Design

mpirun_vm

Slurmctld  Slurmd Slurmd
load SPAN register job
VM Config siep e
Reader register jo
Step reply
run Jol step req
run joly step reply load SPANK
vm hostfile VM Launchef
MPI MPI
MPI Job
across VMs
reclaimp VMs
> load SPAN
VM Reclaimef
release host!
Network Based Computing Laboratory MUG 2017

VM Configuration Reader
Registerall VM configuration
options, set in the job control
environment so that they are
visible to all allocated nodes.

VM Launcher Setup VMs on

each allocated nodes.

- File based locto detect occupied VF
and exclusively allocate free VF

- Assign a unique Ifo each IVSHMEM
and dynamically attach to each VM

VM Reclaimec Tear down
VMs and reclaim resources
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SLURNSPANK Plugin with OpenStack based Design

OpenStack mpirun_vm

Slurmctld

Slurmd ...

daemon
register job
request launch V
VM Launcher
launch VM
return
VM| hostfile
MPI
request reclaim V
VM Reclaimer
< reclaim VMs
return | P} 0 e
release
hosts

Network Based Computing Laboratory
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w VM Configuration ReaderVM
options register

w VM Launcher, VM Reclaimer
Offload to underlying OpenStack
infrastructure

- PCI Whitelisto passthrough free VF to VM

- Extend Novdo enable IVSHMEM when
launching VM

J. Zhang, X. Lu, S. Chakraborty, D. K. Panda.
SLURMV: Extending SLURM for Building Efficient
HPC Cloud with S®V and IVShmem. Ewfar,
2016
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Application-LevelPerformance on Chameleon (Graph500)

3000 250 250
(72} —_ —~
E g ®VM @ = VM 2 oy | VM
= = Native @ 200 @ Native o = Native
2000 E E
& < 150 150
S 1500 2 =
o S 100 3 100
& 1000 ‘>’<’ 2
n = ”
n
o 500 P 50 - T
m m
0 - 0 - 0 -
24,16 24,20 26,10 22,10 22,16 22,20 2210 2216 22 20
Problem Size (Scale, Edgefactor) Problem Size (Scale, Edgefactor) Problem Size (Scale, Edgefactor
Exclusive Allocations Shared-host Allocations Exclusive Allocations
Sequential Jobs Concurrent Jobs Concurrent Jobs

w 32VMs across 8 nodes, 6 Core/VM
w EASJComparedo Native,less thami%overheadwith 128 Procs
w SACJ, EAGAIso minor overhead, when running NAS as concurrent job with 64 Proc
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Avallable Appliances on Chameleon Cloud*

€
Appliance Description

sleoncloud.org/appliances/

tion E5 Chameleon

The default Chameleon appliance

CUDA applias

CentOS 7 SR-I0V MVAPICH2-
Virt

‘The Cent0S 7 SR-I0V MVAPICH2-Virt
appliance is built from the Cent0S 7

’ c )
Hello World complex
appliance

MPI + SR-IOV KVM cluster

MPI cluster of KVM virtual machines
appliance " H 2

deploying an NFS server with one SR-I0V enabled InfiniBand

client

‘
[ .
QT

NFS share

OpenStack Mitaka
(DevStack)

OpensStack Mitaka with DevStack
over

B paily [ Google Scholar @) Technolagy News -

CentOS 7 SR-10V RDMA-
Hadoo

The Cent0S 7 SR-IOV RDMA-Hadoop
applianceis built from the Cent0S 7

Bare-metal MP! cl
MVAPICH2 library o

’ c
Ubuntu 14.04

Chameleon-supported Ubuntu
14,04 TS image

a

COMPSs 1.3 CC-CentOS7

COMPSs is a task based
programming model for distributed
platforms.

MPI bare-metal cluster
(MPICH3)
Bare-metal MP| cluster using the
MPICH3 implementation

CentOS 7 KVM SR
10V

Chameleon barenetal image customized with the KVM hypervisor and a
recompiled kernel to enable SRV over InfiniBand.
https://www.chameleoncloud.org/appliances/3/

MPI baremetal
cluster complex
appliance (Based on

Heat)

This appliance deploys an MPI cluster composed of bare metal instances using
MVAPICH2 library over InfiniBand.
https://www.chameleoncloud.org/appliances/29/

MPI + SROV KVM
cluster(Based on
Heat)

This appliance deploys an MPI cluster of KVM virtual machines using the
MVAPICH/irt implementation and configured with SRV for highperformance
communication over InfiniBand. https://www.chameleoncloud.org/appliances/248/

CentOS 7 SRV
RDMAHadoop

The CentOS 7 SRV RDMAdadoop appliance is built from the CentOS 7
appliance and additionally contains RDMAdoop library wittSRIOV.,
https://www.chameleoncloud.org/appliances/17/

w  Through these available appliances, users and researchers can easily deploy HPC clouds to perform experiments andtrun jobs

¢ HighPerformance SROV + InfiniBand

¢ HighPerformance MVAPICH2 Library over baretal InfiniBand clusters
¢ HighPerformance MVAPICH2 Library with Virtualization Support ow©8Rnabled KVM clusters

¢ HighPerformance Hadoop with RDM#ased Enhancements Support

Network Based Computing Laboratory

MUG 2017

[*] Only include appliances contributed by OSU NowLab
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MPI Complex Appliances based on MVAPICHZ2 on Chameleon

Load VMConfig \

Allocate Ports
AllocateFloatinglPs
Generate SSHKeypair
Launch VM

Attach SROV Device
HotpluglVShmenDevice
Download/Install
MVAPICHX/irt

Populate VMs/IPs

10 Associaté-loatinglPs j/

© 90.\1@.01.».00!\3}

HEAT N
MVAPICH2Virt Heat a (@]
s based Complex Applianc HORIZON — 2 3
o) 7
- . NOVA NEUTRON H GLANCE [~ % o
v ~
- requests cbeR H swrr H 0 ... B Y,
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Demos on Chameleon Cloud

w A Demo of Deploying MPI Bakéetal Cluster witninfiniBand

w A Demo of Deploying MPI KVM Cluster witHQR enabled
InfiniBand

w Running MPI Programs on Chameleon
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Login to Chameleon Cloud

Ch@meleon

Log In

User Name

‘: zhanjie|

Password

https:// chi.tacc.chameleoncloud.orgashboard/auth/login/
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Qreate a Lease

&@meleon MECH-816821 +

Project

Compute

Network

Orchestration

Object Store

Reservations

Leases

Identity

Network Based

Leases
B Lease name Start date
o zj-16-ib 2016-11-01 18:50 UTC
o sg-1 2016-10-25 18:54 UTC

Displaying 2 items

End date

2016-11-07 23:50 UTC

2016-11-03 18:00 UTC

Action

START

UPDATE

Status

COMPLETE

COMPLETE

& zhanjie =

Lease Calendar + Create Lease l ‘

Reason Actions
Successfully started lease Update Lease | ~
Successfully updated lease Update Lease




Qreate a Lease

Create New Lease

Start Time (24 howr) * @

nm

End Date * @

End Time {24 hour) * @

hh:mm

Resource Type *

Physical Host

Minimum Number of Hosts * @

2

Maximum Number of Hosts * @
2

Reserve Specific Node @

Description:

Create a new lease with the provided values.

Time zone setting

Your timezone is currently configured as UTC. If
you need to update your timezone please go to
your User Settings.

Enter the start and end in your current time zone
and they will be converted to UTC.

For specific node reservations, you can find the
node UUID using Resource Discovery on the user
portal.

Computing Laboratory

Node Type to Reserve * @

Infiniband Support

MUG 2017



LeaseSarts

G’f@meleon = CH-816821 & zhanjie »

Project - Leases
Compute - £4 | ease Calendar [:]
Network v |  Lease name Start date End date Action Status Reason Actions
Orchestration o M zj-16-ib 2016-11-01 18:50 UTC 2016-11-07 23:50 UTC START COMPLETE Successfully started lease Update Lease | ~
Object Store v O | sg1 2016-10-25 18:54 UTC 2016-11-03 18:00 UTC UPDATE COMPLETE Successfully updated lease Undate Lease | ~
Reservations ~ Displaying 2 items

Leases
Identity o
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Select Complex AppliancevP| BareMetal Cluster

& = (& https://www.chameleoncloud.org/appliances/ Qv @ ® 9 0

= Deal 5 MvAPICHZ [ Virtualization S Chameleon FSDaily [ Google Scholar (@) Technology News -...

The default Chameleon appliance

Cent0S 7 KVM SR-I0V

Our Chameleon bare-metal image
customized with the KVM
hyperviser and a recompiled kernel
to enable SR-10V over Infiniband.

© %

Hello World complex
appliance

A basic complex appliance
deploying an NFS server with one
client

© %

NFS share

An appliance deploying an NFS
server with a configurable number
of clients

©

CUDA appliance based on Cent0S 7

©

CentOS 7 SR-1OV MVAPICH2-
Virt
The CentOS 7 SR-IOV MYAPICH2-Virt
appliance is built from the Cent0S 7
KVM SR-10V appliance and
additionally contains MVAPICH2-Virt
library

Chameleon bare-metal image
customized with Docker to run
containers,

CentOS 7 SR-10V RDMA-
Hadoop

The Cent0S T SR-I0V RDMA-Hadoop

appliance is built from the Cent0S 7

appliance and additionally contains
RDMA-Hadoop library.

Chameleon FPGA Runtime

COMPSs 1.3 CC-CentOS7

COMPSs is a task based
programming model for distributed
platforms.

©

MPI + SR-10V KVM cluster

MPI cluster of KVM virtual machine!
using the MVAPICH2-Virt library an
SR-IOV enabled InfiniBand

OpenStack Mitaka
(DevStack)

OpenStack Mitaka with DevStack
over one controller node and a
configurable number of compute
nodes

T o

MPI bare-metal cluster

Bare-metal MPI cluster using the
MVAPICH2 library over InfiniBand.

MPI bare-metal cluster
(MPICH3)

are-metal MPI cluster using the
MPICH3 implementation

Ubuntu 14.04

Chameleon-supported Ubuntu
14.04 LTS image




Get Template of MPBareMetal Appliance

Appliances | MPI bare-metal eluster

O MPI bare-metal cluster
|_ | |

Description

This appliance deploys an MPI cluster composed of bare metal instanees using the MVAPICH2 library over InfiniBand.
This appliance aceepts the following parameters:

+ key_name: name of a key pair to enable SSH access to the instance {defaults to "default™)
= reservation_id: ID of the Blazar reservation to use for launching instances
« node_count: Number of physical nedes to launch

The fellowing cutputs are provided:

« first_instance_ip: The public IP address of the first bare-metal instance. Login with the command 'ssh ce@first_instance_ip
= deployment_results: The private IPs and hestnames of all deployed instances

To run MP| programs, execute the following command, assuming you have compiled a program called mpi.out:
mpirun_rsh -np =nprocs> -hostfile hosts ./mpi.out

Refer to the MVAPICH2 user guide for more details on running MPI pregrams.

To compiling an MP| program, use a command such as this one:

mpicc -0 hello_world hello_world.c

[ @l chamelecn Supported |

Template
Iﬁ :I

Author

Name: Network Based Computing Lab, The Ohio State University
Contact: appliances@chameleoncloud.org
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Save URL of Template (Will be used later)

“— (& [ & https://www.chameleoncloud.org/appliances/api/appliances/29/template
E3 Deal 2 B Virtualization B Chameleon = Dai ) ology News -...

heat template wersion: 2¢L15-10-15

description: Bare-metal MPI cluster using the MVAPICH2 implementation

parameters:

key name:
type: string
label: Key name
description: Mame of a key pair to enable 55H access to the instance
default: default
constraints:
- custom constraint: nova.keypair

reservation_id:
type: string
description: ID of the Blazar reservation to use for launching instances
constraints:
- custom constraint: blazar.reservation

node_count:
type: number
label: Node count
description: Humber of physical nodes
default: 1
constraints:
- range: { min: 1 }
description: There must be at least one physical node.

resources:
mpi_ keypair:
type: OB::Nova::KeyPair
properties:
save_priwvate key: true
name :
str replace:
template: mpil stack id
params:
stack id: { get param: "O0S::istack id" }

instance_floating ip:
type: O0S:iNova::FloatingIP
properties:
pool: ext-net




LaunchSack
Gr@meleon m cHstes2t +

Project ~ Stac kS

Compute v
Network - Stack Name
Orchestration -~
Stacks Displaying 0 items.
Resource Types
Object Store v
Reservations v
Identity v

Network Based

Created

No items to display.

MUG 2017

Updated

+ Launch Stack

Status

& zhanjie v

Preview Stack

Actions




Use Saved Template URL as Source

Select Template

Template Source *
VAL Description:

Use cne of the available template source options to
Template URL @ specify the template to be used in creating this stack.

eoncloud.org/appliances/api/appliances/29/templatg I

Environment Source

File

Environment File @

Choose File  No file chosen

Network Based Computing L MUG 2017



Input Stack Information

Launch Stack

Stack Name * @
[ ‘ l Description:

Create a new stack with the provided values.

Creation Timeout (minutes) * @

60

| Rollback On Failure @

Password for user "zhanjie" * @

Key name @

Select a key pair

Node count @
1

reservation_id * @

Select Reservation

Network Based Computing Laboratory MUG 2017



Use Created Lease

Launch Stack

Stack Name * @
Description:

Create a new stack with the provided values.

mpi-bare-metal

Creation Timeout (minutes) * @

60

! Rollback On Failure @

P d for user "

hamiiall &

Key name @

jzmac

Node count @
2

reservation_id * @

zj-16-ib (4129fe81-0592-40ba-8a38-eeeffd655085) +

Network Based MUG 2017



Stack Creation In Progress

&@meleon = CH-816821 & zhanjie v

Project ~ Stac kS

Compute v Q =+ Launch Stack Preview Stack Check Stacks Suspend Stacks Resume Stacks
Network v ® Stack Name Created Updated Status Actions
Orchestration - = mpi-bare-metal 0 minutes Never Create In Progress Check Stack | =
Stacks Displaying 1 item
Resource Types
Object Store v
Reservations ©
Identity v
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Stack Detalls

&@meleon = CH-816821 & zhanjie v

Project . Stack Details: mpi-bare-metal
Compute > Check Stack | ~
Network ~ Topology Overview Resources Events Template
Orchestration A ()
‘. mpi-bare-metal
Stacks Create In Progress .

Resource Types
Object Store v
Reservations o
Identity v ™ :
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Demos on Chameleon Cloud

w A Demo of Deploying MPI KVM Cluster witAGR enabled
InfiniBand

w Running MPI Programs on Chameleon

Network Based Computing Laboratory MUG 2017 73



mailto:panda@cse.ohio-state.edu

Select Complex AppliancevPl KVM with SROV Cluster

& = (& https://www.chameleoncloud.org/appliances/

= Deal 5 MvAPICHZ [ Virtualization S Chameleon FSDaily [ Google Scholar (@) Technology News -...

The default Chameleon appliance

Cent0S 7 KVM SR-I0V

Our Chameleon bare-metal image
customized with the KVM
hyperviser and a recompiled kernel
to enable SR-10V over Infiniband.

CUDA appliance based on Cent0S 7

©

CentOS 7 SR-1OV MVAPICH2-
Virt
The CentOS 7 SR-IOV MYAPICH2-Virt
appliance is built from the Cent0S 7
KVM SR-10V appliance and
additionally contains MVAPICH2-Virt
library

Chameleon bare-metal image
customized with Docker to run
containers,

CentOS 7 SR-10V RDMA-
Hadoop

The Cent0S T SR-I0V RDMA-Hadoop

appliance is built from the Cent0S 7

appliance and additionally contains
RDMA-Hadoop library.

c .

Hello World complex
appliance

A basic complex appliance
deploying an NFS server with on
client

©

NFS share

An appliance deploying an NFS
server with a configurable number
of clients

c ‘4 “

MPI + SR-10V KVM cluster

MPI cluster of KVM virtual machines
using the MVAPICH2-Virt library and
SR-IOV enabled InfiniBand

OpenStack Mitaka
(DevStack)

OpenStack Mitaka with DevStack
over one controller node and a
configurable number of compute
nodes

MPI bare-metal cluster

||Bare-metal MP| cluster using the
MVAPICH2 library over InfiniBand.

Ubuntu 14.04

Chameleon-supported Ubuntu
14.04 LTS image

Chameleon FPGA Runtime

COMPSs 1.3 CC-CentOS7

COMPSs is a task based
programming model for distributed
platforms.

MPI bare-metal cluster
(MPICH3)

Bare-metal MP| cluster using the
MPICH3 implementation

Q| @

® %90




Get Templateof MPI KVM with SROV Appliance

G MPI +SRIOV KVM cluster

Description

This appliance deploys an MP1 cluster of KM virtual machines using the MVARICHZVirt implementation and configured with SR-1OV for high-performance communication
over InfiniBand.

It aceepts the following parameters:

= key_name: name of a key pair to enable S5H access to the instance [defaults to "default")
reservation_id: 1D of the Blazar reservation to use for launching instances

total_nodes: Number of physical nodes ta launch

total_vms: Number of virtual machines to create

= wepu_per_vin: Number of VCPUs per virtual machine

memary_per_vm: Amount of memary size per virtual machine (in GiB)

The following outputs are provided:
= first_instance_ip: The public IF address of the first bare-metal instance. Login with the command 'ssh ce@first_instance_ipt.

To check the WM [ 1P ing list, run the ing e

cat /home/cc/vm—ip_mapping.dat

To run an MPI program, first login to one VM using command "ssh root@vm_ip", then execute the following command, assuming you have compiled a program called
mpi.out:

mpirun_rsh -np =nprocs> -hostfile vmhests MV2_VIRT_USE_IVSHMEM=1 ./mpi.out
In some cases, the library path of the MVAPICH2-Virt package needs to be exported as follows before running MPI programs:
export LD_LIBRARY_PATH=/opt/mvapich2-virt/1ib64:5LD_LIBRARY_PATH

Refer to the MVAPICH2-Virt user guide for mere details on running MPI programs.
Keywords
¢
Template
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