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Goal

¥ Performance ealuation of past and crent
client scheduling policies via siiation

¥Allows for fast,repeatable experiments
over a wide range of parameters

¥Evaluate under typical scenarios

¥ Evaluate under exéme future scenarios




Outline

¥ Scheduling mblem
¥ Scheduling policies
¥ Sinulation method andesults

¥ Summay




Scheduling Bblem

¥ Multiple piojects
¥ Each with its an jobdeadline
¥Work estimate (often inaccurate)
¥ Client
¥Allocate lesouice shae to each poject
¥ Resouces

¥ Often wlatile and hetesgeneous




Scheduling Goals

¥ Maximize mmber of deadlines met
¥ Maxinmum CPU utilization
¥ Enbrce resource shaes

¥ Minimize monotog




Scheduling Issues

¥ CPU scheduling
¥ Which runnable job to run?
¥ Work fetch

¥ When to ask br more work, which pioject to askand
how much work to ask pbr?

¥ Work send

¥ When a poject receies a vork requestwhich job to
send?

¥ Completion time estimation

¥ How to estimating completion time of a job?




CPU SchedulingoHcies

¥ Ccs1

¥ Round-pbin time-slicing beteen

projects,weighted accatting to their
resource shae

¥ CS2

¥ Sinulate weighted pund-robin (RR)
schedulingdentifying jobs that will miss
their deadlines.Schedule such jobs
earliest deadline prst (EDHJ.there are
remaining CPUschedule other jobs usir
weighted opund-robin




Work Fetch Policies

¥ WF1

¥ Keep enough wrk queue to Pl buéfr,and divide
gueue betveen pojects based onasouice shae,
with each poject alvays haing at least one job
running or queued

¥ WF2

¥ Maintain thedlong-term debtO ofork owed to
each poject. Use sinulation of weighted pund-
robin to estimate its CPU shdfall. Fetch work
from the project for which debt-shotfall is
greatest.Avoid fetching vork repeatedy from
projects with tight deadlines.




Work Send Blicies

¥ wsi1

¥ Giwven a equest 6r X seconds of vork, send a set ¢
jobs whose estimated run times (based on FLOF
estimatesbenchmarksetc.) are at least X

¥ WS2

¥ Request message includes a list of all jobs In
progress on the hosincluding their deadlines and
completion times.For eachOcandidateO jolald,an
EDF simlation of the curent workload with J
added. Send J owlif it meets its deadlin@ll jobs
that curently meet their deadlines contire to do
so,and all jobs that miss their deadlines doniSs
them by more.




CompletionTime Estimatio

¥ Jc1

¥ FA+(1-F)B whee F is fraction dong\ is the
estimate based on gdaed CPU time and fraction
done and B is estimate based on benchmarks,
[Roating-point countjser peferencesand CPU
efbciency

¥ JC2

¥ Maintain a peproject duration corection factor
(DCF),an estimate of the ratio of actual CPU time
to originallyy estimated CPU time




Sinmulator

¥ Evaluate eerall policy (combination of the@r
types of sub-policieg,g.CS2 WF2 WS2 JS2)
with sirmrulator

¥ Simulate a single client with identical scheduling
logic and neardentical souce code

¥ Refactoed the scheduling code so thers a
clean separation & the networking and
memoly-access code

¥ Sinulator links to ral BOINC scheduling code
¥ Inputssimulation,project,host,client

¥ Outputs:sirmulation trace in htmimetrics




Base Input Parametet

Sinulation Parameters Host Parameters

Parameter Value Parameter | Value

duration 100 days number of cpus 2
delta 60 seconds dedicated cpu speal in FPOPS | 1e9

fraction of time available 0.8
! avatl 1,000
Connectionlnterval 0]

Project Parameters

Parameter \ Value

Client Parameters

Parameter Value

resource share 100

latency bound 9 days
job FPOPS estimate | 1.3e13 (3.67 CPU scheduling period | 60 minutes
hours on a WorkBufMinDays 0.1 days (2.4
dedicated hours) )
3GHz host) WorkBufAdditional | 0.25 days (6
job FPOPS mean | 1.3e13 (3.67 hours)
hours)
FPOPS std dev 0




Performance Metrics

¥ All metrics in [0,1] and ideallzeo
¥ Idleness

¥ Of the total available CPU timghe fraction that is unsed
because thex are no runnable jobs

¥ Waste

¥ Of the CPU time that is usedhe fraction used ¥ jobs that miss
their deadline

¥ Shae violation

¥ A measue of haw closey the useresource shaes ae
respected

¥ Monotory

¥ An inverse measw of how often the host svitches betveen
projects




CPU Scheduling/aste

MIX M:

forl1!1i! M,

¥nean FPOPS per job
=1 X FPOPS base
Matency bound= i x
latency bound base
¥esource shae =i x
resouice shae base

..... + =+ CS2_WF2_WS2_JC2

CS2 often outperdrms CS]
by more than 10%
because of EDF suration-

10
Project mix




CPU Scheduling Monotgi

T

| ———— CS1_WF2_WS2_JC2
..... = =+ CS2_WF2_WS2_JC2

Higher pioject monotory
due to switch to EDF mode |
for long tasks

10
Project mix




CPU Scheduling

¥Waste idlenessshak violation is elatively
constant in mix range [1,20]
¥ Scales wll with number piojects




Slack with CS2 WF2 WS2 J(

¥ Slackratio of

(latency bound / 09

(mean FPOPS
1/host speed))

Waste, idle

. : Waste causedybunavailability |,

—
T T

idleness
share violation
= = = monotony

and bufér size

S o
w EEN
Monotony

10.2

(=]
o

Median poject slacke-
2|0 36 4LO 50 68

Slack




Work FetchWaste

e r r—

—— CS2 WF1 WS2 JC2
----- === CS2 WF2 WS2_JC2

WF2 impioves waste
by as nuch 90%
because of the use of
perproject long-term debt,
avoiding one job per poject |
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Project mix




Work Fetch ShagViolation
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Work Send/NVaste

T

¥Ensued that clients ——— CS2_WF2_WS1_JC2
hae large vork queue R I Mt *o- OS2 WH2.WS2.JC2
bufer and amount of '
work has high variance
¥Work buffer size and
connection intewval to 2
WEYS

¥Waried standadt
deviation of FPOPS per
job by a factor ofs

7 WS2 butperbrmsWSl
relative to mean job | often by 20% or moe
size - due to check
¥2 projects with equal . before download
resource shaes and job % z

size that diér by a
factor of 10 FPOPS ! factor




Dbb Completlon

¥error factor =
actual vork /
user estimated
work

‘DCF in JC2 coverges quicki

JC2 outperbrms JC1
- often by 70%.

to the correct value

Work estimate error factor




RelatedNork

¥ Scheduling in Grid Computing

¥ \olunteer computing systemseaseveral
factors moe wlatile and hetesgeneous
than grid systems

¥ Assume jobs can be pushed t@sources




Summay

¥ Good perbrmance ér all typical scenarios and maaxtreme ones

¥ CPU scheduling2S2 better than CS1yb10% in terms of waste
and oughi equal in terms of idlenesshae violationand
monotony

¥ Work fetchWF2 impioves waste ig as nuch as 90% and slear
violation ly 50%

¥ Work sendWS2 impoves waste B 20% or moe, but increases
idleness i about 20%

¥ bb completion time estimationwvith JC2waste is elatiely
constant with eror factor. With JC1 waste inceases quicil
near 1

¥ Room br improvement br extreme scenarios
¥ Waste when slack is tight

¥ Monotony when long jobs exist




Future Work

¥ Future, extreme scenarios g
architectural trends (eg.large mmber of
cores) and pplication needs (g.very shott
deadlines)

¥Characterize (futue) goplication vorkloads
¥ Useful br stats-based DCF




Workshop on Desktop Grids andlunteer
Computing Systems (PCGrid 2008)

¥ Provide a 6rum for discussingecent advances ar
identifying open issuesrfthe reseach and
development of scalabléult-tolerantand secus
DGVCS's.

¥ Held in conjunction with IPDPS

¥ MiamiFloridaUSA

¥ Submission deadlin®ctober 15,2007
¥ http://pcgrid.Iri.fr




