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Téma a motivace

Rozvrh dynamicky se ménici mnoziny uloh
na dynamicky se méenici mnozinu clusteru

Vypocty v Metacentru

Pristup pomoci programovani s
omezujicimi podminkami

Integrace do simulatoru Alea



Pouzité nastroje |

e Choco
— Systém v Javeé pro programovani s
omezujicimi podminkami
— Snadné definice omezeni, heuristik vybeéru...

— Systém model/solver

A+B*C=E
model.addConstraint(Choco.eq(E, Choco.plus(A, Choco.mult(B,C)))



Pouzité nastroje |

e Alea
— simulator gridu s vypadky
—Java, GridSim
— integrovaneé algoritmy (FIFO, ESG, PBS...)
— realneé sady uloh (Metacentrum...)
— komunikace pomoci zprav

— neumoznuje rozvrhnuti ulohy paralelne mezi
dva clustery



Definice problemu

o Zdroje
— jednotlivé clustery/stroje

— charakteristika (lokace, sit, operacni system,
licence...)

— pocet CPU
 Ulohy
— uzivatelem zadané programy
— vyzadované parametry zdroje
— vyzadovany pocet CPU
— fronta
 Cil: efektivni rozvrzeni uloh na zdroje



Optimalizacni funkce

non-delayed jobs

— pocet uloh které skonci do limitu
tardiness

— prumérna doba pfekroceni limitu
waiting time

— start_time — arrival_time
response time

— finish_time — arrival_time
slowdown

— (finish_time — arrival_time)/cpu_time
weighted slowdown (awsd)

— (cpu_count* cpu_time) * slowdown
weighted response (awrt)

— (cpu_count * cpu_time) * response



Model - zakladni prvky

 Uloha (gridlet)
— specifickd mnozina pozadavku
— odhad delky trvani (deadline)

e Cluster (resource)

— mnozina viastnosti
— pocet CPU
— seznamy resinExec a resSchedule



Struktura CP resice

new job
CPAddJob : CPAddJob

Resource 1 4  ?

resinExec P resSchedule -

prave bézici rozvrzene ulohy non-scheduled

jobs
CPuseSchedule CPSchedule nerozvrzené

Resourcen

resinExec P resSchedule >

praw bézici rozvrzené ulohy

Seznam non-scheduled jobs
— nerozvrzene ulohy

CPAddJob

— metoda reagujici na nové prichozi Glohu

CPSchedule

— vlastni rozvrhovani pomoci kumulativniho omezeni

CPuseSchedule
— posilani tloh na stroje z resSchedule



Volani resSice |

Zprava ,Prijeti ulohy*

Zprava ,,Uloha dokonéena® — volny zdroj

Zprava ,Selhani zdroje*

Zprava ,Obnoveni zdroje”

Nejprve CPuseSchedule — maximalizace zatizeni
Podminéno — minimalizace zbyte€¢ného rozvrhovani
— cas

— zalezi na zprave



Volani resice Il — rozbor podminek

Deadlock — detekovana uloha, kterd nemuze byt spusténa
EmptyResSchedule

— nutné rozliSit nechtény stroj od nevytizeneho

— Existuje resource i : i.resSchedule.size() == 0 AND existuje gridlet j:

iIsSuitable(i,)).

Nova uloha (pod limit)

— CPSchedule
Volny zdroj

— CPuseSchedule

— If (deadlock || EmptyResSchedule) CPSchedule
Obnoveni stroje

— CPuseSchedule

— If (CPuseSchedule == 0 || deadlock || EmptyResSchedule) CPSchedule
Selhani stroje

— CPuseSchedule

— If (deadlock) CPSchedule



Algoritmus |

resource_list — list of all resources

sorted_resource_list — list of all resources sorted by the mips count
resource.resSchedule — list of jobs scheduled for resource and currently not running
resource.reslnExec — list of jobs currently running on resource

non_scheduled_jobs — list of non-scheduled jobs

IF scheduler is currently not running
THEN
SWITCH message

CASE ,new job arrived*:

IF size of non_scheduled_jobs > limit

THEN
CPAddJob new_job

ELSE
non_scheduled_jobs <« non_scheduled _jobs U new_job
CPSchedule

FI

break



Algoritmus Il

CASE ,free resource*:
CPuseSchedule
IF deadlock OR ( exists resource from resource_list: resource.resSchedule is empty
AND exists job from non_scheduled_jobs: job can be run on resource)
THEN
CPSchedule
FI
break

CASE ,resource restart occured”:

scheduled := CPuseSchedule

IF deadlock OR scheduled ==
OR ( exists resource from resource_list: resource.resSchedule is empty
AND exists job from non_scheduled_jobs: job can be run on resource)

THEN

CPSchedule
FI
break



Algoritmus |l

CASE ,resource failure occured”:
CPuseSchedule
IF deadlock
THEN
CPSchedule
FI
break

DONE
deadlock := false
Fl



CPAddJob

 Mozne scénare
— ulohu je mozné ihned rozvrhnout — cena?
— ulohu neni mozné rozvrhnout
o Dvoji pristup
— resourcelList = {1, 2, 3}, Dom(g,)... bom(g,.,) = {1, 2},
Dom(g,) = {1, 2, 3}
— resSchedule.size() ==

— rozvrhnout jen pokud muze byt spusSténa vs zaradit
do prazdné fronty

e Jak urcit limit?



CPAddJob - algoritmus

job := new job
IF size of non_scheduled_jobs > limit
THEN
FOR resource IN sorted_resource_list DO
IF job can be currently assign to resource AND resource.resSchedule empty
THEN
resource.reslnExec « resource.reslnExec U job
break
FI
DONE

IF job was not assign
THEN
non_scheduled_jobs < non_scheduled jobs U job
FI
FI



Experiment limit |
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Experiment limit |
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Jak daleko zajit?

vkladani i do prazdného resSchedule — muze mit

za nasledek zhorseni, kterému by se predesio
rozvrhnutim

cena vs efektivnost

Konkrétni ¢isla v Metacentru:
— celkem uloh 103655

Limit

Primo resinExec

Primo resSchedule

UsSetfeno rozvrhnuti

66%

2%

2%

40

9%

1,5%

2%




=/

Jak daleko zajit? Experiment

Waiting time Slowdown
6700 80,00
6600 - 70,00
6500 60,00 |
6400
o CPO 50,00 acPo
6300 @ CPO+ B CPo+
40,00
6200 0 CP40 0O CP40
O CP40+ o
6100 30,00 CP40+
6000 20,00 ]
5900 - 10,00
5800 0,00
1 1




CPuseSchedule

e posilani uloh na stroj v poradi urceném
resicem.

e potencialni riziko — vypadek vs umysiné
rozvrzeni
— preskoceni ulohy v pripade vypadku

______




CPuseSchedule - algoritmus

scheduled := 0
FOR resource IN resource_list DO
WHILE next job in resource.resSchedule AND resource.free_ CPUs >0 DO
IF next job in resource.resSchedule can be run
THEN
resource.reslnExec « resource.reslnExec U dequeue(resource.resSchedule)
scheduled++
ELSEIF next job in resource.resSchedule cannot be ever run
THEN
deadlock := true
dequeue(resource.resSchedule)
ELSE
break
FI
DONE
DONE
RETURN scheduled



CPSchedule

Urceni mnoziny uloh pro rozvrhovani
Definice omezeni

Vypocet

Serazeni uloh do resSchedule clusteru

Zprava volajici CPuseSchedule —
simulace ¢asové narocnosti



Soubor uloh pro rozvrhovani

e Variabilni
— seznam non-scheduled jobs
— obsah resSchedule clusteru

e Pevné
— blank jobs
— resinExec clusteru

A resource
pocet CPU

blank job

resinExec

—




Proménneé |

At — Casovy interval na ktery rozvrhujeme
Jak dlouho bude uloha trvat?
cas vs abstrakce (short = 1, normal = 2, long = 3, At = 4)
Blank uloha i na clusteru j:
— start[i] = J*At
— height[i] = maxCPU - j.CPU
— duration]i] = At
resinExec uloha i na clusteru j:
— start[i] = j*At
— height[i] = 1.CPU

resource O resource 1 resource 2

— duration[i] = ?

B ==

At 2At



Proménné |l

Nerozvrzena uloha i:
— starts[i]; Dom(starts[i]) = 0 .. At

height[i] = i.CPU

resourceli]; Dom(resourceli]) = vyhovujici stroje

e enum

subjob_start[i]; Dom(subjob_start[i]) = O .. resList.size() * At

subjob_duration(i];

Dom(subjob_duration[i]) = 0 .. min(At, i.duration)

resource |

<+ resource]i]

subjob _duration]i]

job i

I height[i]

A

subjob_start]i]

(j + 1)*At

At

[
|



Omezeni

 Nerozvrzena ulohaii:
— subjob_start[i] = At * resource]i] + starts]i]
— subjob_duration[i] = min(At - starts[i], min (i.duration, At))
» dovoluje rozvrhnout jen zaCatek ulohy
e nerozvrhnuté ulohy se ,schovaji“ v délce trvani O

resource j
- subjob_dura_t_i;)_ﬁ_[_ijm
—P
starts[if === Z0——t----meeeeees :
jobi .
i* At (j + 1)*At

subjob_start[i]



Kumulativnhi omezeni

e cumulative(starts, durations, heights, maxCPU)

e ve starts — start[i] pro blank a resinExec ulohy,
subjob_start pro nerozvrhnute

« Jak moc do budoucnosti je efektivni rozvrhovat?
PriliS mnoho uloh - zpomaleni

= [ -

0 At 2 At 3At 4 At

maxCPU




Hledani reseni - heuristiky

pfi hledani feSeni se pouze pfifazuji hodnoty
proménnym resource[i] (enum) a starts]i] (definovano
mezemi)

heuristika vybéru proménné — které i jako prvni?

— EarliestGridlet — preferuje v minulosti jiz pfifazené

— OldestGridlet — preferuje nejstarsi

— HeaviestGridlet — preferuje ,nejvétsi*

— SmallestDomain — preferuje nejvice naro¢nou

heuristika vybéru hodnoty
— starts[i] - IncreasingDomain — co nejmensi ¢as
— resourceli] — co nejlukrativngjsi?
 MinimalUsage — FreeCPU/(InExec.size() + usage)
— pokud shoda — nahodné



Experiment - heuristiky

Waiting time Tardiness
6300 1300,00
6200 1280,00
6100 1260,00
6000 @ HEAVY 1240,00 B HEAVY
@ OLD @ oLD
5900 O EARLY 1220,00 0O EARLY

5800 1200,00

5700 1180,00

5600

1160,00




Hledani reseni - vysledek

e Seznam uloh s prirazenou zacatecni dobou < At
 Chronologické sefazeni
o Serazeni dle vysky (nahrazuje 2D pristup)

o Zapsani do fronty resSchedule prislusného
clusteru

* Nepfrifazeneé ulohy zustavaji v non-scheduled
jobs

vysledek kumulativniho omezeni pro resourcei —— > resSchedule pro resource i

At



Optimalizace

« Cena?
e Limit uloh pro provedeni?
o Optimalizacni funkce?



Riziko nezachyceni zpravy

Rozvrhovani trva x sec a v ¢ase t < x pfijde
zprava

Volny stroj — zpozdena reakce x —t sekund
(CPuseSchedule bude volano)

Obnoveni stroje — dtto

Selhani stroje — detekce uvazlé ulohy, jinak OK

Nova uloha — nemuzeme kvuli probihajicimu
rozvrhovani rozvrhnout hned — do pristiho
rozvrhovani mozna neefektivnost



Casova narocnost

Celkem Pod 1s 1s —30s |déle maximum
CPO 16 295 |85,8% |14,2% |(17) 100 s
CP40 64 548 |95,2% |4,8% (32) 116 s
CPmax /8333 [93,2% |6,/% (80) 74's




Experimenty — srovnani |
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Experimenty — srovnani Il
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Experimenty — srovnani Il
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Experimenty — srovnani ll|
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Vyhody/nevyhody

+ Snadna definice chytrych heuristik pro vybér proménnych a
hodnot

Jak urcit univerzalni heuristiku pro nejriznéjsi typy sad uloh?

+ Oproti frontovym algoritmim pohled na ulohy jako celek a
prehodnocovani jejich poradi

+ Jednoduché rozSifeni funkénosti i pro rozvrhovani na paralelni
clustery

+ Jednoduche pridavani dalsich omezeni (pocet tloh na
uzivatele...)

- Casova a pameétova narocnost — riziko zahlceni
— lze detekovat a prejit na jiny, méné narocny algoritmus
+ zvysSovani efektivnosti pouzitim lepsiho hardware (-)
- nedeterministické
- neodhadnutelné chovani



