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要約	
Thesis Outline 

This	 dissertation	 titled	 “System	 Software	 Studies	 for	 Seamlessly	 Overcoming	 GPU	 Resource	

Limitations”provides	 discussion	 and	 analysis	 to	 two	 common	 problems	 in	 heterogeneous	 high-

performance-computing	(HPC)	systems	containing	GPUs,	and	presents	system	software	solutions	that	

are	seamless,	universal,	and	efficient	to	address	the	problems.	It	composes	of	eight	chapters.	

Chapter	1	gives	high-level	discussion	about	two	common	problems	in	GPU	HPC	system:	the	GPU	Memory	

Capacity	Limitation	problem	and	the	Scattered	Idle	GPU	problem.	In	addition,	this	chapter	provides	

motivation	and	an	overview	of	our	proposed	solutions:	DRAGON,	and	mrCUDA	and	MRQ.	

Chapter	2	provides	prerequisite	background	for	understanding	the	rest	of	this	dissertation.	It	

contains	a	brief	review	of	the	GPU	and	CUDA	platform,	Unified	Memory,	GPU	page-faulting	mechanism,	

GPU	driver	architecture,	and	NVM	storage,	which	are	essential	to	understand	the	GPU	Memory	Capacity	

Limitation	problem	and	our	solution	called	DRAGON.	This	chapter	also	includes	a	summary	concerning	

resource-sharing	systems	and	job	scheduling	to	supplement	our	discussion	regarding	the	Scattered	

Idle-GPU	problem	and	our	proposed	mrCUDA	and	MRQ	solution.	

Chapter	3	contains	the	essence	of	important	previous	studies	that	tried	to	address	those	two	

problems.	Discussion	regarding	their	shortcomings	and	motivate	why	we	need	better	solutions	are	also	

included	in	this	chapter.	

Chapter	 4	 begins	 the	 journey	 to	 the	 GPU	 Memory	 Capacity	 Limitation	 problem.	 We	 discuss	 the	

problem	and	our	motivation	in	details.	Then	we	introduced	our	proposed	solution	DRAGON:	a	framework	

that	 enables	 all	 classes	 of	 GPGPU	 applications	 to	transparently	 operate	 on	 very	 large	 datasets	

residing	in	Non-Volatile	Memory	(NVM)	storage,	while	also	ensuring	the	integrity	of	data	buffers.	

DRAGON	leverages	GPU	page-faulting	mechanism	and	extends	capabilities	of	Unified	Memory	to	provide	

transparent	data	access	to	terabytes	of	NVM.	We	explain	the	architecture	and	operations	of	DRAGON	

along	with	some	optimizations	to	keep	its	overhead	within	10%	compared	with	using	POSIX	I/O	with	

Unified	Memory	(baseline)	in	this	chapter.	We	also	provide	the	results	and	discussion	with	eight	

benchmark	applications	and	two	case	studies	on	Caffe,	a	popular	deep	learning	framework.	

Chapter	5	revisits	the	design	of	DRAGON	and	discuss	its	imperfection	in	term	of	performance.	We	

propose	the	use	of	direct	page-cache	access	with	two-level	prefetching	to	remove	the	performance	

penalty.	We	further	discuss	new	optimization	techniques	based	on	the	new	design.	The	evaluation	and	

case	 study	 sections	 are	 similar	 to	 chapter	 4	 but	 show	 how	 the	 new	 design	 achieve	 up	 to	 2.3x	

performance	improvement	compared	with	the	baseline	in	chapter	4.	

Chapter	6	shifts	our	focus	to	the	second	problem,	the	Scattered	Idle-GPU	problem.	We	explain	the	

problem	in	details	and	motivate	why	we	need	GPU	remoting	and	migration	to	solve	the	problem.	We	then	

provide	brief	discussion	about	rCUDA	and	dive	deep	into	the	analysis	of	its	overhead.	We	propose	

mrCUDA,	a	remote-to-local	GPU	migration	middleware,	to	mitigate	unnecessary	penalty	of	GPU	remoting	

when	 more	 local	 GPUs	become	available.	We	 discuss	 its	 design	 and	 the	detailed	 investigation	 of	

mrCUDA’s	overhead	using	mathematic	and	real-world	applications.		

Chapter	 7	 directly	 addresses	 Scattered	 Idle-GPU	 Problem.	 We	 provide	 a	 minimum	 procedure	 for	

integrating	rCUDA	and	mrCUDA	to	job	scheduling	algorithms.	We	then	use	the	first-come-first-serve	

(FCFS)	scheduling	policy	to	study	the	effectiveness	of	our	method	by	comparing	with	MRQ,	the	FCFS	

scheduling	algorithm	with	rCUDA	and	mrCUDA	integrated.	By	ways	of	simulation,	we	show	and	discuss	

various	scenarios	using	both	synthetic	and	recorded	workloads.	

Chapter	8	concludes	our	journey	and	all	knowledge	we	have	learnt.	We	also	provide	some	important	

directions	for	improving	our	study.	

 


