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Motivation

« Future architectures will have vastly increased numbers of processing
elements per node and more shared subsystem resources (e.g.
cache, main memory bus, network)

« Increased likelihood of contention (e.g. memory and communication
buses) within an applications processes and among multiple applications

« Dynamic reconfiguration could enable increased system performance

. Progress in the face of resource failure



Components and Enabling Technologies

Scalable monitoring and analysis system

« Provides real-time fine-grained collection and analysis of
hardware state information

« Provides facility for obtaining meaningful real-time, low-level
resource utilization information

Low overhead virtualization technologies

« Provide simple process level mobility that can enable dynamic
resource re-balancing in response to application requirements,
system state, and/or failure prediction

Advanced resource manager/scheduler
. Manage and allocate both physical and virtual resources
Controller

« Orchestrate allocation, evaluation, and re-balancing of resources
with respect to the applications running on a system, their
resource requirements, and priorities



Prototype HPC System for Pre-failure Process
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physical resources
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Running HPC (MPI) Applications in a Virtualized
Environment

« Overhead

« Claims of from zero to 3% depending on which flavor
IS being used and tuning

« We ignore this aspect in this work as studies show it
IS currently viable and getting better

« Provisioning and Mobility for MPI Applications
. MPI _Barrier wrapper as an easy way to ensure
against in-flight message loss
« Only Migrate at a barrier

« Dr. Panda has included facility for addressing this in
the context of Xen Para-virtualization in MVAPICH



Dynamic Reconfiguration using Live Migration

« Migration of virtual machine while application processes are still
running

« Migration time bounded by Gigabit Ethernet interconnect speed

. Use simple MPI _Barrier wrapper to coordinate migration with
application

o Only perform migration at MPI|_Barrier

« Checks for flags written by the Controller

« Coordination across all MPI ranks so no in-flight messages lost
« Minimize changing process state



Scalable Resource Monitoring and Analysis
Architecture (OVIS)
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Actionable Pre-failure Resource Characterizations

. Understand dynamic application resource characteristics

« Provide run-time profiling to detect performance issues and
state change (e.g. increasing active memory utilization)

. ldentify possible pre-failure conditions

« CPU utilization, memory (including caches), internal buses,
network

 ldentify anomalous behavior

. Relative to other resources hosting similar processes in similar
environment

« Determine efficacy of reconfiguration: frequency, overhead,
impact



Resource Manager

SLURM — Simple Linux Utility for Resource Management

. Can maintain separate resource partitions

. Used separate physical and virtual resource partitions

« Supports resource allocation on a per-node, per-socket, and
per-core granularity

. Requested physical allocations on a per-node granularity

« Does not innately support virtual to physical resource mappings

« Does not currently support additional resource allocations to
jobs



Orchestrating System Interactions
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Example: Health Degradation
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Example HPC Usage Model Leveraging VM
Characteristics

« Container size at launch

ssh wtb6 numa-maps |Jgrep gemu:
Q001 gemu-systeps®G6 ] 260.6M([ 260.6M ]
il

6] @ 6] @ 6] 8 ]
29173 qemu-system-x86 1 260.7M il ] ] ] ] ] e 0 ] . . .
29345 gemu-system-x86 2 261.4M [ 261.4M &} 8 @ 8 8 8 8 ] m m m (t p)
29517 gemu-system-x86 3 260.2M [ 260.2M G 8 ] 8 ) 8 0 ] IS Inl u O
29689 gemu-system-x86 6 266.8M [ @ 260.8M @ ] @ ] @ 6 1]
29861 gemu-system-x86 7 261.1M [ 0 28 ] ] ] ] ] 0 1] . . .
30033 gemu-system-x86 8 260.5M [ g 260.5M [0} @ [0} @ 2} 0 ] Aft rT] g t
30205 gemu-system-x86 g 261.6M [ ] 261. ] ] ] ] 8 ] ® er I ra Ion IS
30377 gemu-system-x86 12 266.4M [ 6} § 2608.4M @ 6} ) 8 g ] .
30527 qemu-system-x86 13 260.M[ o o oo ® o o 8 0] maximum (bOttOI | |)
30721 gemu-system-x86 14 261.3M [ [0} 8 261.3M 8 8 2] 8 8 ]
30893 gemu-system-x86 15 260.6M [ 4] 0 260.6H o 0] 0] a 0 ]
31065 gemu-system-x86 18 261.8M [ @ @ 261.8M @ @ @ 8 ] .
31237 gemu-system-x86 19 261.3M [ ] ] 0 26 ] ] ] 0 ] () Intentlonal
31469 gemu-system-x86 20 261.9M [ 2} ¢} 8 261.9M 8 <} 8 8 ]
31582 gemu-system-x86 21 261.5M [ [t} @ 8 261.5M 6} @ 6} 0 ]

ssh wtb7 numq—mapsl| grep gemu: . OVe rSU bscri ptiOn Of
[root@wtb-ovis scripts]# resou rces

[root@wtb-ovis smtps scripts]# ./check vms

il L S « Start application on

[ ] 0] 0] (] ] 0] e ]
10328 gemu-system-x86 8 1.496 | ] . 496 & 8 ] ] a g ]
10508 gemu-system-x86 9 1496 [ o6 f46 o 0 0 0 8 0 ] fewer resources and
110871 gemu-system-x86 13 1.48G [ ] 0 1.49 e ] ] a e ] .
11044 gemu-system-x86 14 1.496G [ 4] 8 1.49G 2] ] 4] k] 0 1]
11189 gemu-system-x86 15 1.496 [ 0 0 1.496 8 0 0 ] 0 1] adJUSt aS needs Change
11478 gemu-system- x86 19 1.496 | ] ] 8 1.496 ] ] a 0 ]
o2 gems ayetenge : 1asl 0 | o b ree o o o o) and resources become
11738 gemu-system-x86 21 1.49G [ ] ] 8 1.49G 4] ] a 8 ] .
9414 genu-system-x86 1 1.49 [ 1.4 | o 0 0 0 0 o 0 ] avallable
aSVSTEM- X86 2 1.496 [ l.#SGL (] 2] 0] ] ] a g ]
9760 gemu-System-ne 3 1.496 [ 1.49% ] i} 8 ] ] a e ]
s5h witb7 numa-maps | Jrep gemu:
Sl _OEML - gasTto 0] 1.98G 6] ] 0 a 6 ]
12988 gemu-system- x86 2 1.996 (0] ] ] @ 8 1]
13198 gemu-system-x86 6 1.996 (0] (] ] @ e ]
13343 gemu-system- x86 1 1.996G 0] ] ] 0] g ]

[root@wtb-ovis smtps scripts]# D
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Future Work

Determine resource characterizations of interest

Decision making — When to migrate and where in environment
with many applications running and sharing resources

Efficacy of response — don't want to migrate too often, don't
want to migrate to resources that will result in cascading bad
effects

Robustness of integrated system — Scalability and stability



Questions?



Resource View Considerations in Virtualized
Environments
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