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|. Research Overview and Outcome
Abstract Proposed Solution Evaluation
« Virtualization technology simplifies deployment of| [Scheduling Algorithm. We use First come first serve (FCFS) with Grid’5000
applications; users just create virtual appliances backfill, for its compromise of fairness and scheduling performance. Cluster efficiency, Heterogeneous vs. homogeneous VMs
* Therefore, the most common way of deploying applications| |Tne first problem, VM selection, was addressed last year (see [1]) by o
In compute clouds Is through virtual machines (VMs) defining 2 metrics for assigning jobs to VMs: > v het. VMs
. Tq _opt_lmlze proflt_s, resource prov_lders need to_ maximize| |, Equilibrium capacity (EC) - lower-limit on a VM’s capacity E E |
utlllzqtlon of their resources without degrading users’| |. potential capacity (PC) - upper limit on a VM?’s capacity 2 o
perceived performance _ These values are based on the number of VMs competing for CPU, their E
» To maximize resource utilization, providers generally pack| |cpuy utilization. and on each VM’s sharing parameters: :
- - - - - - ] " 0. I I L !
multiple virtual appliances into each physical machine + min - Minimum CPU capacity the VM is guaranteed 0 05 ki time (o) 228
» Packing VMs results in heterogeneous CPU allotments for| |. ...+« _ Maximum CPU capacity that a VM can obtain
different VMs, which Is a problem when the VMs are workers| |, 5y 5 ¢ - This apportions free capacity among competing VMs Algorithm Comparison, Homogeneous VMs
of tightly-coupled parallel applications < Physical capacity > L [-x-Pcsg | o .ﬁ : - Makespan
« Early analysis through simulation showed that resources can o ey st [ BV Fficiency
. 0 - VM A VM B - N U B S S v § days|
be underutilized by nearly 50%, even when all physical Share=3: Max=4/7 Share=4: Max1 Tos | o | e
machines are used, when running tightly coupled applications — U, —0. = - PN T A g 0715 088 73 24T
In this kind of environment | —pc,—— ——PCs - b ey 079 08 5B 2L
* In this work, we measure the impact of the ripple effect and «—EC, > < EC, . O
elasticity constraint effect that occur when running parallel| |Fqr the second problem, we apply additional heuristics to address the| | . & W 05 L Rk
JObS N Vlrtuallzed enVIrOH mentS rlpple and elasthlty Constralnt effeCtS G d - ® 50Occupiegophysical rzgchines in8c(;)luster (%)90 o
« We address these effects by applying some heuristics to a | | | reedy Mot Como o Hetoroaencaus Vs
scheduling algorithm, increasing utilization to around 65% | |° Stmigreedy —Leave higher-capacity i S s JOTTHIM =OMparisal, J
VMs for smaller jobs | ow S leale ) So9 | —o—rorcy | et . Makespan
* Free capacity based — Use free capacity as : . . § e et o
Problem _ _ X ; S08 | oo | et gPRRdRet (days
a secondary metric, to reduce ripple effect = . 2ol | oreg | . v |G |
First Problem: Scheduling jobs on nodes with heterogeneous, when assigning a serial job to nodes with S N R DONHE LY [ AR - | |
dynamic capacities. parallel jobs (see ripple effect example) oo O T " T N I S CFGsg 0529 061 80 2779
Job Queue > Job Scheduler Think of 00 AN S ST AU SR :
T horizontal Experiments 04 05 06 07 08 09 1 EC 0.559 0.64 831 2630
VM1 VM2 VM1 VM2 VM3 K:: Iength Of VM Fraction of occupied physical machines in cluster
ViiLE] [eahine METaeE D [aaine METEE as its CPU Overview. The ripple and elasticity constraint effects were quantified CTC Trace
— ) ) ) capacity and the efficacy of the new scheduling heuristics evaluated via 1y T
simulation using real-world workload traces. e | %;PCFCDSQ ey IS
Picking the best node for a job Is not trivial when they are VMs. £ | Hngpsaiouing ?‘I
_ Platform. A cluster with 64 physical machines with 4 VMs each was g 0s ooposgey |
sl [a] [a] [a ;‘T g . m:ﬁz ggdes simulated. Heterogeneous and homogeneous cluster platforms were "
c| [c] [c = 1 g < selected for used in the evaluation. 0 sl o4
b 3-task job D?| [«  Heterogeneous - different shares => share=|1]1]2]4
PI P2 P3 P4 Pt P2 P3 P4 « Homogeneous - same share => share=[ 1] 1]1]1 Conclusions
The dynamic capacity issue was first addressed in [1]. Workloads. 10,000 jobs from the Grid’5000 and Cornel Theory Center| | Simulated different job placement metrics and heuristics
(CTC) were scheduled on the cluster. with FCFS scheduler on real-world traces
Second Problem: Even 1f all machines are used, the cluster may | | gcheduling Algorithms « Discoveries
still be underutilized due to task synchronization. + PC-g: Select VMs with the highest PC ranking — Serial jobs: Much better performance with the PC metric when there
L  PC-sg: Select VMs according to their PC ranking using the semi- are few job arrivals
07 - 0 g <i AVefag_eJOb S reedv alaorithm — Tightly-coupled parallel jobs: Ripple effect caused significant waste
o | . D expansion factor J y g . . e of CPU cycles, especially when there is a high ratio of parallel jobs
o 000 5 Increases, but ) PCFC-L_%g. EXt.end. PC-Sg_WIth the free capac!ty heun.StIC when — Some heuristics to address the ripple effect helped, but need further
v Averageuﬂnzaﬂo;ﬁigg cluster utilization scheduling serial jobs: First select the VM with the highest PC improvements, especially if VMs are heterogeneous
o1 [ = Mean EXpansion.ge) S does not exceed ranking from the VMs whose PC is not bigger than the free capacity
s ol e (FC) of the underlying physical machine. If no such VM is found Future Work
- select the one with the highest PC ranking. . . L .
PM, PM, PM PM o
le! ! ! !N  EC: Select VMs with the highest EC ranking. Optima) atgorktms for scheduling tighty coupled jobs anc
dle) VM VMs/Jobs have different|  |* PMVM: Prioritize PMs with fthe_ Iea_st number of active VMs; use . S : . . . .
UM Tobs have (€ VM . “hares VM’s share as the second priority (i.e. “tic-breaker™). Empirical experiments to validate simulation assumptions
equal Srl\‘/ire PM, PM. PMN\Q \ PM, PM, PM, PM, _ _ _ - References and Publications
The ripple effect results in one or more nodes being left underutilized, (1] New Metrics for Scheduling Jos Cluster of Virtual Machines. 1PDPS SMTPS 2011
- - - - ew IVIETIICS TOr scheauling JOBS on a Cluster ot virtual iviachnines,
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result of a capacity limit on a subset of the executers
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