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7. EVALUATION

Prior to its deployment, our solution was tested using

1. MOTIVATION 4. PERIODIC SCHEDULE OPTIMIZATION

Many works have proposed the use of planning and The job schedule is optimized using a metaheuristic. = The following figure describes the applied metaheuristic:

10:11 PM (29.07.2013) 10
02:02 AM (30.07.2013) 12

metaheuristics when scheduling jobs in HPC or Grid- Following performance-related criteria are minimized: MetaCentrum workloads. The following charts show:
like environments. In simulations, these approaches M it time (WT) y
show Signiﬁcant improvement over classical queue- ° Mean wait time ) RT remove a random job from the schedule e Mean 1mprovement In wait time, response time
based solutions like (prioritized) FCFS or backfilling [1]. ean response time (RT) ¥ (WT, RT) and slowdown (SD)
However, aCtual CompleXity Of real_life resource e Mean bounded SlOWdOWH (SD) return that jOb on a random position * e Mean improvement 1mn fairness indicators (mean
managers and schedulers so far prevented any imple- User-to-user fairness is also optimized by minimizing e ety I*t' - P timqetlliiiﬁggxieded NUWT and std. deviation of all NUWT values)
. . . . . . e . update starvcompietion times or all JobS - c ege . g
mentation of such a solution in a production and main- the mean and the standard deviation of Normalized £ ; " J - a higher priority event e The accuracy of initial predictions
o o has been detected
stream (open source) resource manager. User Wait Time (NUWT). cvaluate the new schedule A WT RT and SD seduction
e For a given user, NUWT is the total user wait time Using an aggregate of weighted relative 100 :
o ) improvements/deteriorations w.r.t.
2 CONTRIBUTION AND OVERVIEW divided by the amount of previously consumed considered optimization criteria 0l 'WTreduction mmm| ]
system resources by that user ¥ 1§T reguction —
- i1 an | : i} . accept improving schedule otherwise reject - | SDreduction =11 B -
Our main con.tnbutlon 15a new s.ch.eduler with an ad e Multiple consumed resources are reflected when ptimp g J §60
vanced planning functionality within a freely available calculating NUWT (see the box bellow) Wl = B |
TORQUE resource manager. Notably, it offers the fol-
lowing important features: 00 S '
5. MULTI RESOURCE FAIRNESS 6. USER INTERFACES 0
Predictabilitv (iob execution plan . . . . . Mean improvement obtained Mean improvement wrt. current
b | y (] o . P ) h o We use recent methods to guarantee user-to-user fair- Two interfaces prov1de users information about planned by optimization algorithm MetaCentrum scheduler
Schedule optimization using metaheuristic ness [2]. Notably, the solution is aware of heteroge- start times and expected completion times of their jobs: Fairness indicators
Use of multi resource fairness policy reflecting | | neous jobs’ demands concerning different resources. A extended ; 100
' ’ e AN extende stat comman .
heterogeneous ]ObS: demanc}s . .. . . . . K . . 80 reduction of mean NUWT i@ -
Textual and graphical user interfaces e The schedule is optimized using a fairshare prin- e A web application that gets up-to-date job sched- reduction of NUWT std. deviation s
ciple ule from the pbs_server and displays planned
It is currently experimentally deployed in the Czech e A user with lower resource usage and/or higher start/completion times of running/waiting jobs
National Grid Infrastructure MetaCentrum [3] and total wait time gets higher priority | |
: : : . | o)l =
tested by selected users. Soon it will be freely available e Both CPU and RAM Consumptlon are used when )| B reptmemvometacern £ - & X | @ schdteoveni o o o
as an alternative to the current queue-based solution. : ’ : . . . .
! measuring users' resource consumption ..""a‘%’i; Meta ririm ' O 0 Mean improvement obtained Mean improvement wrt. current
I by optimization algorithm MetaCentrum scheduler
The following figure demonstrates the penalty distribu- Schedule overview Accuracy of initial start time prediction
3 ° NEW TO RQUE S CHEDULER tion (Z—aXiS) according tO the relative Consumption Of About MetaCentram VO Etl:-illﬂkwr:rﬁelir::]s;::g?éi:{ia{::rrentstatus of jobs that are in the schedule, in execution or have completed recently. 100
available CPU and RAM resources (X and Y-axes) when Current afais Running jobs 80 [{ G OF JObis N |- ]
. . . . Documentation and services
job schedule |  schedule either single resource-based (left) or multi resource- Gotingan sccout Sobo Usor | suriTims [Espocied Comploton Time [Used CPUs 0 _
: . . . . account 5188.cloudd5. cerit-sc.cz admin |01:07 PM (29.07.2013) [03:18 PM (29.07.2013) 1
. . . ConStrUCtlon based (rlght) falrness IS applled. ::rrentstate 5191 .cloud95. cerit-sc.cz klusacek [01:13 PM (29.07.2013) [ 02:41 PM {29.07.2013) 2 &Q
JOb submission and 5190.cloud95.cerit-sc.cz rebok  [02:05 PM (29.07.2013) [04:23 PM (29.07.2013) 4 Q) | I -
and retrieval . 5185.cloud95.cerit-sc.cz klusacek | 02:10 PM (29.07.2013) [ 02:38 PM (29.07.2013) 2
maintenance <SS, T toth  |02:17 PM (29.07.2013) [ 06:35 PM (29.07.2013) 1
\ rOUtineS :’ﬁ:a%%‘% ‘““::t:‘“ﬂ%“:si{;?@## 5186 cloud95.cerit-sc.cz klusacek | 02:19 PM (29.07.2013) | 07:00 PM (29.07.2013) 2 20 [ s s a0 )
_ 9 t|me z / x :*E%%?#ﬂ : ﬂﬁtﬂ:h?:‘:‘-::.:l ft‘ o ,ﬁ:ﬂ&&%?#& . . -
new jobs sche_dm/ o s B ,E’;: LR ,E’;: Waiting jobs starting earlier starting later
- ecisions P e T e e o e T T e (€.g., due to early (e.g., due to changing
. pr_SChed | % ﬁ::'frg.%:} n % ‘éﬁ:ﬂ:ﬁﬂ“ %:'?{2,3:} 513T:cloud95:cerit—5c:cz vehlumsky n?;m] PM{EQ:HT:EDH] 05;09 PM {29:0?:21]13} 12 completlons Of PpIrcv. ]ObS) falrshare pI'lOI'ltleS)
jObS e ot TR i A 5192 cloud9s cerit-sc.cz rebok | 08:09 PM (29.07.2013) | 12:53 AM (30.07.2013) 2
{ )
( )

Q
> : : : B : : : e Q

up-to-date ZRCT AR 5189 cloudd5 cerit-sccz[Q  |klusacek |08:09 PM (29.07 2013
et : ST : et : : : ST : Q

5193 cloud95 cerit-sc.cz klusacek |12:53 AM (30072013

teXtU al a nd about JObS a|gor|th m ' | | . . - i::::::p :;rt:r:;m:‘?:;?‘;i-nn provided here are based on the current state of the schedule which may change dynamically due to A C K N O W L E D G M E N T S

g raph ICaI U I and S)/Stem . . . . . E.g., early job completions or high priority job arrivals (fairshare) may change the expected start times of waiting jobs.
0.4 0.4 Recently completed jobs

This work was supported by the grant No. ’202/12/0306 of the Grant

- . . | RS
. he developed solution is based on a neWIY devgloped S S E TP e e i Fe Agency of the Czech Republic and by the project LM2010005 funded
TORQUE scheduler (pbs_sched module) featuring: ot T e ol onfansjobe e conpiEed et pmiutes <90 by the Ministry of Education, Youth, and Sports of the Czech Republic.

Complete job schedule data structures

Schedule construction (backfill-like) algorithm 8. CONCLUSION AND FUTURE WORK REFERENCES
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— adjust the schedule in time upon dynamic
events such as (early) job completions

— using so called schedule compression

e planning (schedule construction)
e periodic schedule optimization
e multi resource-aware user-to-user fairness



