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Specific requirements 
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Toward extreme scales 
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Virtualization: specific 
requirements 
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Virtualization: extreme scale 
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5%	>	Overhead	
J.	Lange	et	al.,	“Minimal-Overhead	Virtualiza*on	of	a	Large	Scale	Supercomputer”,	ACM	SIGPLAN	No*ces	–	VEE	‘11,	vol.	46,	no.	7,	2011	

…with	Live	migra*on	and	dedicated	resources!	



Problem Definition 

Op-mal	load	imbalance	

Near-to-op-mal	scheduling	

Job	scheduler	virtualiza-on	unawareness	
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Problem Definition 
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Online	and	adap*ve	scheduling	is	NP-hard	

Compute	Node	

Job	Scheduler	



Approach and Goal 
Virtual	circuits	rou-ng	(VCR)	theory	

--	B.	Awerbuch,	et	al.,	“Compete*ve	Rou*ng	of	Virtual	Circuits	with	Unknown	Dura*on”,	Journal	of	
Computer	and	System	Sciences,	2001	

Opportunity	cost	algorithm	

--	S.M.	Khorandi,	et	al.,	“Scheduling	of	Online	Compute-intensive	Synchronized	Jobs	on	High	
Performance	Virtual	Clusters”,	Journal	of	Computer	and	Systsem	Sciences,	2016	

--	A.	Keren,	et	al.,	“Opportunity	Cost	Algorithms	for	Reduc*on	of	I/O	and	Interprosess	Communica*on	
Overhead	in	a	Computer	Cluster”,	IEEE	Transac*ons	on	Parallel	and	Distributed	Systems,	2003	

A	Scheduling	technique	
|___	Online	manner	
|___	Op*mal	load	imbalance	
|___	Low	*me	complexity	
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Proposed solution 

1.  Sta*cally	assigned	VMs	

2.  Check	the	stability	condi*on	of	ASSIGN-ROUTE	
algorithm,	with	the	physical	core	of	physical	
machines	as	the	focused	resource	

3.  When	the	stability	condi*on	is	violated,	reduce	
the	CPU	load	capacity	of	each	VM	of	the	
overloaded	physical	core	
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Proposed solution 
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Assumption 
Each	VM	has	only	a	single-core	CPU	
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Parameters 
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The ith physical core	

The jth virtual machine	

The processor’s speed of a VM or physical core	

The load of vmj at time t	

The load of pci at time t	

VM or physical core capacity, respectively	

CPU cycles required by job j at time t	

CPU cycles required by job vm at time t	



ASSIGN-ROUTE Algorithm 

	 Marginal	cost:	

	 Stability	condi*on:	
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Lemma 1 

	 Jobs	scheduler	is	always	reconfigurable,	
to	preemp*vely	reassign	jobs.	
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Lemma 2 

	 Reconfigura*on	of	all	VMs	assigned	to	instable	
physical	core	prevents	assignment/reassignment	
of	jobs	to	those	VMs.	
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Lemma 3 
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	 The	combina*on	of	job	scheduler	and	configurator	is	always	stable.	



Theorem 

	 		

REDUCING	LOAD	IMBALANCE	OF	VIRTUAL	CLUSTERS	VIA	RECONFIGURATI1ON	AND	ADAPTIVE	JOB	SCHEDULING 18	



Experimental results 
	 Synthe*c	Jobs	
◦ 2/r	seconds	of	CPU	*me	on	the	fastest	CPU	of	a	physical	machine	
◦ 5%	of	the	jobs	required	20/r	seconds	
◦ r	is	a	random	uniform	number	between	0	and	1	

◦ Total	number	of	jobs	was	50N	

	 50	physical	machine	
◦ A	single	core	4	GHz	CPU	
◦ 16	GB	of	RAM	
◦ Each	physical	machine	contained	2	VMs	
◦ 1	GB	of	RAM	

◦ Full	capacity	CPU	
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Relative slowdown 
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Reconfigurations 
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Conclusion 
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	 Use	of	Reconfigura*on	instead	of	VM	migra*on	



Conclusion 
	 Use	of	Reconfigura*on	instead	of	VM	migra*on	

	 A	new	combinatory	scheduling	technique	
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Conclusion 
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	 Use	of	Reconfigura*on	instead	of	VM	migra*on	

	 A	new	combinatory	scheduling	technique	

	 Formal	proof	of	Log(n)-compe**veness	



Future Works 

	 Synchronized	Jobs	
◦ I/O	style	synchroniza*on	
◦ Global	machine-level	barriers	
◦ IPC-based	synchroniza*on	
◦ Itera*ve	parallel	synchronized	processes	
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Virtualization   
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Virtualization 
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Motivations 
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Goals 
	 Solving	theore*cal	problem	of	virtualiza4on-unaware,	
adap4ve,	and	near-to-op4mal,	scheduling	of	online	jobs	on	
virtual	clusters	

	 Includes	only	loosely-coupled	and	sequen*al	jobs	
	which	only	require	CPU	intensively	
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Competitive Analysis 
	 Algorithm	ALG	is	c-compe44ve	if	for	any	sequence	of	input	I	
we	have:	
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Online	 Offline	



Low time complexity 
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Background 
	 Situation 
	 Online	and	adap*ve	scheduling	is	NP-hard	

	 Our goal 
	 Minimizing	the	makespan	

	 Challenge	
	 VMs	and	PCs	are	unrelated	(not	dependent	to	load	and	CPU	speed)	

	 No	prior	informa*on	about	jobs	CPU	requirements	

	 Opportunity	cost	approach		
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3- Job and Machine Model 2 
	 Iden*cal	physical	CPU	and	cores	

	 VM	Interference	
◦ Unrelated	Machines	
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Results 1 
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Conclusion 

	 Applica*on	of	Composi*on	
◦ Virtualiza*on-based	Approach	

	 Interference	Impact	

	 Load	Balancing	Goal	
◦ Virtual	Circuits	Rou*ng	
◦ Opportunity	Cost	Approach	

	 Reconfigura*on	

	 Formal	Proof	of	Compe**veness	
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