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4. Performance comparisons between IVShmem backed and native mode MPI li-
braries, using HPC applications

The evaluation results indicate that IVShmem can improve point to point and collective
operations by up to 193% and 91%, respectively. The application execution time can be
decreased by up to 96%, compared to SR-IOV. The results further show that IVShmem
just brings small overheads, compared with native environment.

The rest of the paper is organized as follows. Section 2 provides an overview of
IVShmem, SR-IOV, and InfiniBand. Section 3 describes our prototype design and eval-
uation methodology. Section 4 presents the performance analysis results using micro-
benchmarks and applications, scalability results, and comparison with native mode. We
discuss the related work in Section 5, and conclude in Section 6.

2 Background
Inter-VM Shared Memory (IVShmem) (e.g. Nahanni) [15] provides zero-copy access
to data on shared memory of co-resident VMs on KVM platform. IVShmem is designed
and implemented mainly in system calls layer and its interfaces are visible to user space
applications as well. As shown in Figure 2(a), IVShmem contains three components:
the guest kernel driver, the modified QEMU supporting PCI device, and the POSIX
shared memory region on the host OS. The shared memory region is allocated by host
POSIX operations and mapped to QEMU process address space. The mapped memory
in QEMU can be used by guest applications by being remapped to user space in guest
VMs. Evaluation results illustrate that both micro-benchmarks and HPC applications
can achieve better performance with IVShmem support.
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Fig. 2. Overview of Inter-VM Shmem and SR-IOV Communication Mechanisms

Single Root I/O Virtualization (SR-IOV) is a PCI Express (PCIe) standard which
specifies the native I/O virtualization capabilities in PCIe adapters. As shown in Fig-
ure 2(b), SR-IOV allows a single physical device, or a Physical Function (PF), to present
itself as multiple virtual devices, or Virtual Functions (VFs). Each virtual device can be
dedicated to a single VM through the PCI pass-through, which allows each VM to di-
rectly access the corresponding VF. Hence, SR-IOV is a hardware-based approach to

(Cloud	Computing)
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v Redesign	MPI	library	in	virtualized	environment	[4,6,7]
- Support	shared-memory	channels	(SMP,	IVShmem)	and	SR-IOV	

channel
- Add	Locality	Detector
- Add	Communication	Coordinator	
- Optimize	different	communication	channels	(SMP,	IVShmem,	

SR-IOV;	RC,	UD)
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• Create a	VM	List	structure	on IVShmem region	of	each	
host	

• Each	MPI process	writes	its	own	membership	information	
into	shared	VM	List	structure	according	to	its	global	rank

• One	byte	each,	lock-free,	O(N)

• Retrieve VM locality detection
information

• Reschedule communication channels
based on VM locality information

SR-IOV	enabled	VM	Migration	Support
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v Propose	high	performance	SR-IOV	enabled	VM	migration	
framework	
• External	Controller	coordinates	VM	during	migration	with	

multiple	parallel	libraries	(detach/reattach	SR-
IOV/IVShmem,	migrate	VMs,	track	migration	status)

• MPI	runtime	handles	IB	connection	suspending	and	
reactivating

(High	Performance	SR-IOV	enabled	VM	Migration	Framework	[1])

v Propose	Progress	Engine	(PE)	and	Migration	Thread	based	(MT)	
in	MPI	runtime	to	handle	IB	connection	
• PE:	Leverage	MPI	progress	engine	thread	to	detect	migration	

signal,	handle	IB	connection	suspension/reactivation
• MT:	Create	a	dedicated	thread,	to	detect	migration	signal,	

handle	IB	connection	suspension/reactivation,	which	allows	
overlapping	migration	with	computation	(MT-typical)
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v Nested	Virtualization	is	gaining	momentum	with	both		portability	
and	isolation

v There	are	multiple	data	paths	existing	on	multi-core	processor
v Propose	Two-Layer	Locality-aware	and	NUMA-aware	MPI	

Communication	Support	[2]
- Add Two-layer	Locality	Detector
- Add Two-Layer	NUMA	Aware	Communication	Coordinator
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• VM	Locality	Detector	and	Container	Locality	Detector:	provide	VM	and
container	level	locality	aware	support,	respectively

• Nested	Locality	Combiner	combines	locality	info	from	both	VM	and	
container	locality	aware	lists

• `V’	– in	same	VM;						`H’	– in	same	host;						`N’	– on	remote	node	

• Reschedule	communication	channels	based	on	nested	locality	info	
(Nested	Locality	Loader),	NUMA	info	(NUMA	Loader),	and	message	
attributes	(Message	Parser)

• ISSUE	Inter-Socket	– Inter-VM	Inter-Container-2Layer	(datapath 3)	delivers		near-native	performance	for	small	message,	but	clear	overhead	(67%)	for	large	
message,	compared	with	*-1Layer

• Enhanced	Hybrid	– small	and	control	(RTS,	CTS) messages	go	with	shared	memory	channel,	ONLY	data	payload	of	large	message	goes	through	network	
channel
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• 256	processes	across	64	containers	on	16	nodes
• Compared	with	Default,	2Layer-Enhanced-Hybrid	

reduces	up	to	16% (28,16)	and	10% (LU)	of	
execution	time	for	Graph	500	and	NAS,	
respectively

• Compared	with	the	1Layer,	2Layer-Enhanced-
Hybrid	brings	up	to	12%	(28,16)	and	6% (LU)	
performance	benefit
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v HPC	cloud	can	have	multiple	typical	usage	scenarios
v Critical	virtualized	resources	need	to	be	properly	managed	and	

isolated
v Propose	Slurm-V	framework,	which	extends	Slurm to	provide	

virtualization-oriented	capabilities	[3,5]

(Two-Layer	Locality-aware	and	NUMA-aware	MPI	Communication)
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Ø SPANK	Plugin	based	Approach

• VM	Launcher	– Setup	VMs	on	each	
allocated	nodes

- File	based	lock	to	detect	occupied	
VF	and	exclusively	allocate	free	VF
- Assign	a	unique	ID	to	each	

IVSHMEM	and	dynamically	attach	to	
each	VM

• Fast	coordination
• High	Scalability
• High	Security

Ø SPANK	Plugin	over	OpenStack	based	
Approach

• VM	Launcher,	VM	Reclaimer – Offload	to	
underlying	OpenStack	infrastructure
• PCI	Whitelist	to	passthrough free	VF	to	
VM

• Extend	Nova	to	enable	IVSHMEM	when	
launching	VM

• Easy	Management
• Component	Optimization
• High	Scalability
• High	Performance

(Typical	Usage	Scenarios	in	HPC	Cloud)
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