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Intneciictioon

Multicovesrexolvibidion

Q Neww paraliét programmingrmodelsiels Y
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Intneciictioon

Big Data
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Q) Novel | programming modelsels - st P -
basedbonthee Map-Reduces @l Big Data .

paracigom thatt relies om pavatiét!
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Intneciictioon

JUNIPEREE Rijejet® supparteethisisverkrk

(l Geall: enabiéc applicatoiw developmentent witim
perfarmance e guaramtees sequirecttorf ceak al-time:
explatationoiof largesstheammg data isources andind
storedl datao;

C Case -study : applications for credit cards.
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DAG-Task

(J Task model|forrexpressingg paralieét computationsns
wiitin precedencecconstraintsints

Q A task is descritedawithiia o DirectegAeysliclic
Grapih (DAG))




DAG-Task

Vertex T seqguential
computation with




DAG-Task

Edge 1 precedence
constraint among two
computational activities




DAG-Task

Note: this model allows to
express parallelism




DAG-Task

Release of anDAG>-Task T,

¢ All thesvestices aree releasectisimultianeauslyly butfitt
cambedhatot all of themeane are enabléedd duestoo
precedence-eonstrainsing




SponadioccDAGS-Task
() DAG-Task T,

Q Releasediwithirac mimimuwminteer-amivalltimes 4;:

(J Eacivertexomustcampleiesvathinian o deadlinec fp;




processor 1
processor 2




processor 1
processor 2




processor 1 Q Q | Q Q

processor 2 Q Q

WINIFP[FPIDNIDN




SchedulingsPPobleiam
Givem
Q aisett aff N sporadiccdDAGCG-Tasks
() A schedulingy algarithmn (G-EDF or G-DM);
A platfocmmwithth nn iIdenticabprocessersrs;

verifyy Iff all deadlonescarerguatamnteet: e d.




State aff TiieAktt

Existing schedulabilityy amalysis cambeasphtini3 3
categones:s:

() Based! am resourcecaugmentationon (speeci-up);;
(Barualn et all,, Bonifacti et ail,, Nilisseneftal.,.a)l . , &)
(J Based! am capacityraugmentationtion;
(Kim etfall, Liletfah|., Lakshmanam eftal.,a.l . , &)

(] Based @an Response-Time Analysis.

(Maia et all,, Chwao et atl,, Melanii et atl,, é )




This \W@yKk

4 Response-Time Amaijsiss off SpanacicdDAGG-Tasks
underrbotith G-EDFamdl G-DM

Contribution w.r.t. the state of the art:

A Vertices-oriented analysis;

A Tasks can have arbitrary deadlines;
A Vertices can have arbitrary utilization;
A Augmentation bounds proved for N=1.
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Respanss:=-Time Anaijsiss

( For eacthDAG-Task T,

(J For eachiverteiex v of T,

() Eacinjalicob Vertedex b must complet:

st ithimen o

desuttiiee p;




Respanse:-Time Amalj\siss
( For eaclhDAGS-Task 1,
(J For eachivereiex v of T,

() Eacinjoli-ob Vertede x v must completet withiman o
desuitiiee Py

Not easy to compute
for multiprocessor systems!




Respansa:-Time Analj\siss

Q) Our appooacich: campute @amn uppetr-baundd O, of
the:imerférence e 10 specific-fopeachcyertexex v, so
oltainimga@ o respanse-time: uppeer-boundd f,

!Q "O =| O




Respanse:-Time Anal\siss

C Maimnessuit of tis warkk : we proved dhata

Critical path length : -
maximum sum of WCETs In a
path ending with U




Cniticad IF&dioh

(] Criticadpatith lemgith: maximumn sum off WICETSs in a
pathh endingowithin o

~
~

______________________ 1+4+2+4 = 11
e
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Respansa:-Time Anal{igiss
() Maimnessutt: we proved dhata




Respansa:-Time Anal{igiss
() Maimnessutt: we proved dhata

Upper -bound on the worst-case workload
generated by o interfering with o




Worsit-Case Waonkioaed

) Upperr-boaund-oorthé e wanst-caseeworkload o
generated @yoy o' intenfermgy witin o

T (;I_oﬁ*) \)

Tentative response -time  Response -time upper -bound
of vertex U, used in the Must be always greater than

fixed -point iteration the response -time
starting with . m (@ O pinthelimit case)




Worsit-Case Waonkioaed

C A genericcvertedex o' intenferess withh o releasectatit 0

If shifted more on the left the job of 0
will be completed when o is released

) -
;W
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time
X O
0O W ?
\
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Release of ajob of ©




Worsit-Case Waonkibaatd
Q A genericovertedex @' intenferess witln o releasedbatit 0

........................................................................ s
, |
N - - time
0O W O O .
- In case of G-DWM
Interfering - _ f
workload Null Tor vertices o

lower -priority tasks




Worsit-Case Waonkioaed

Q A genericovertedex @' intenferess witln o releasedbatit 0
In case of G-EDF

O
©

|

(‘) ’O time

Jobs of o released after
o O O will
not interfere with o




Worsit-Case Wankioaad

Q A genericcvertedex o' intenferess witln @ releaseetiatit ©
In case of G-EDF

. 1

b (I) (\) ,O ,O c‘) ’O time

Interfering
workload




Respanse:-Time Anal\siss

() Sucecessars In tieesamegoblofcd DAG\ G-task cammobd |
Intenferec




Respansa:-Time Analj\siss
() Maimnessutt: we proved dhata




Scheduladlitity Test
Algorithm RTA(N) Maximum number of iterations
1

E—




Scheduladlitity Test

Algorithm RTAN)
1. We starttwithh & = ‘0, + pfvofE=p

-

N.2. Camputee the: fixedi-paihit off

I

L F e B | (B G )

m

3. IfF, < R, returm SCHEDWLABEE

4. If ) == R, Nvv OR i==N retunm NOT SCHEDUKABEE

. 5. Else, update= respanse:-times as &), = F,Hv0 amd
goto step 2




Polymamadh |-Tinme Schedluladitity Test

QlIf wesett @, = 0, + p andd N, =0, it is passible t®
oltarn-acsimplel patynonuahicl-tine: schedulabilityy
test withoot invelving anynteratiartion




AugmentationrBBuanohd

In case=af lactaskk-set camposedofc a singlie DAGES-
Task (N=1) we=proved thatat

(J Our testf based@n responsese-time: amatyisisshass

Q) Augmentatiombaundnd < 3 far G-EDF;

(1 Augmeantdtioimbdundnd < S far G-DM..




Expenimentah Résalists

( The proposedd schedulabilityty tests have-beenn
evaluated dyusinghg syntheticcworkioad:d

Q llbdag: g 6 DAG-Tasks generatarrandd
schedilabilityty test.. Soon puliticty\availablée enlimeéine!

() Camparisenragainstthétesthasecsenl on
augmentatigroboundnd propossednn

V. Bonifacti, A. Marctettiti-Spaccamelala, S. Stilter,@and A.. Wiese.
OFeasibility amalysis in the>sporadici DAG taskisk madét/o, |n plon. ofp r
ECRIE2013

To the best of our knowledge it is the only
test dealing with arbitrary deadlines




Expenimentah Résalists

Q
S sl ——rra(s)— Number N of external
o, —s— RTA(16) iterations in our algorithm
= 06t —— RTA(4)
2 —+— RTA(1
= 04t W)
=
ge
S 02 |
(]
v p)] 0 | I
5 : 10 15
U
|
mj= 16

|
o . .
2 | —-—BOI\@\\ The test of Bonifaci et al.
B ! o (] is based on a
2 : —+— BON(2) workload approximation
E | up to an | -error
m =
< . with ¢
< +—b—O0—0—0—0—0—0

10 15




Expenmentéah Réssulists
(J Runningytimess of thes schedulability y tests

Min Max Avg

R ) N ) R )

|, RTA(64) 0.001 0.397 0.014

| RTA(16) 0.001 0.225 0.014

= TTATAT T0.001" 0.050 T0.009
RTA(1) 0.001 0.014 0.005

\

RTA test has
running time lower of
two orders of magnitude

Min Max Avg

I C JE O N O
%——
' BON(10) 0000 17.855 3357 )

| L
BON(6) 0.000 L1160 0214 , N\ Exponential increase

/ of the running time as the
BON(4) 0.000 0.292 0.051

test precision increases
BON(2) 0.000 0.142 0.012

(Intel Xeon @ 3.5 Ghz




Expenmentiah Réssulists

m = 16
:.c% —— RTA(16)
o —e— BON(6) Take-away messages
2 —— RTA-P
% —+— BON-P
£ A RTA test outperforms
E \ the speed-up based
X R VDD test in all the tested
1o configurations;
Y p 1t N some cases our
.D 1, . .
S el polynomial-time test
= ] nerforms better than
=z 067 —— RTA(16) pos the speed-up based
z 04 SO test that has pseudo-
< 027 —— BON-P polynomial complexity
p

10 20 30 40 50




Conclusionss

(] We praposed@ nevew Response-Time Analygis for
the: sparadic OAG G-Task modellundeebothiG G-EDF
amatG>-DM schedtibng g ;

C The analygis handigssDAGS-Taskswith aroitranyy
deadltinec amdiarbitraryrutilizatiomn;

() Two schedulabitityy tests have=been derived: o
(pseudoo-palynamrabanch potymomial-conaplexityy:xity ) ;

() Extensive set aff experrmentalriesulists canfirmedd
the: efféectiveresssofdhétests.




Futiwne WGy kk

Q) Mare:accurate feharacterization iof thef the intenferingy
waorkloaok;

() Suppartiforr canditionalo| statements dnrthe ®AG G-
Task;

Q Integrationrobf lockingoprotocals s in thesamatysiss;

(J Handlé= distributeed camputations.s.
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