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Motivacao <. .
a de Infnrunjlf'l_tjl_:i!

* Computagao em nuvem € usada/almejada por varias empresas

* Como propor melhorias de desempenho/dependabilidade para
sistemas complexos tais como as nuvens computacionais?
*  Muitos componentes de hardware e software

* Modelos hierarquicos facilitam a descricdo desses sistemas e o tratamento de
largeness e stiffness.

CLIENT —
[ ooooooooo | SIS
W
k > e - — (- -
OOOOOOOOOOOOOOOOO
Host 1 Host 2 | HW 50 KWM NC
NC1
! 9 | . (e NC2 1 . sa 52/% p_s1
' Private Switch General Controller
A_s1
A A A A
f FU u_s1 uw
VM (VM S (VM (WM T (VM [vm e [vM | vm NC3
X ¥ £ Ni_s2

AT wo (W vm (v T (v vm A B
E R
o mE= e AR o EEE on i —— Nodes — st [
HYPERVISOR U'a RRRRRRRRR HYPERVISOR HYPERVISOR
NODE NODE NODE NODE
A_s1

\ CONTROLLER FE\_CONTRD'_LER CONTROLLER / \ CONTROLLER /
WDE PERNAMBUCO

LI}




Motivagao @
Ay Informatiea

* Analise de sensibilidade:
Meétodos para verificar o guanto as mudancas nos parametros de
entrada irdo afetar as saidas (resultados) de um sistema/modelo.

* Técnica essencial para deteccao de “gargalos” de
desempenho/dependabilidade

* Variacdo dos parametros, um por vez

* Analise diferencial

* Analise de correlacdo/regressao

* Design of Experiments: Full-factorial, 2k-Factorial, ...
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Objetivos

‘Cemru ,
de Informatica
Principais objetivos:

U-F-p

Criacao de modelos abrangendo nivel de aplicacao e de
infraestrutura (Software executando em laaS)

Prover métodos e ferramentas para analise de
sensibilidade automatizada dos modelos hierarquicos

Incorporacao de métodos de A.S. em algoritmos de
otimizacao de infraestruturas/servigos de nuvem
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A.S. em modelos de mobile clqu

Application

Hardware

Battery power

Mo bile client

d

Centro
| VViFi connection

Ne‘lnfnrm:-iti:a

U-F:-P-E

3G connection

VWireless Communication

Cloud Infrastructure

* Modelos de disponibilidade para sistemas de mobile cloud
— Falha/reparo de hardware, rede e software
— Descarga da bateria do dispositivo movel
— Atualizacdes do software
— Fatores de cobertura das falhas
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Modelo RBD _—

ﬁlnfarm atic

MobileDevice Battery MobileApp

CloudNode5
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Modelos CTMC

-

Centro

de Informatica
U-F-P:-E

Nimlm
Infrastructure Manager
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Equacoes fechadas

Teenvo
'wlnfnrmatita

U=-F:-F-E

‘qﬂysimn = A:"Lfabi!eﬂcu X Aﬂm‘trzry X A:‘Irfﬂbz'ieﬁ.pp

X (1= (1= Awip:i) X (1 —Asg)) x Appr x Agpr x (1-(1- Ah’ndc)ﬁ}

A (;"-Lah. X ﬂas)
A MobileDev — (

}‘as X Hah S (}\ah + f--‘lah) X ,uas)

|

Awiri = 5 —
wifi T Huwifi

3
flgG S )k, #_'_g

A Mobile App = e

((Bu + M) X Happ X fu)
kB . X X Happ T Ay X Happ X Hy T+ Bu X ()‘H-PP " ‘uﬂpp) X Hu)
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Equacoes fechadas

N

,wlnfnrmétita
A - ((1+9 x p3g+9 x pw) x 1b)
A Battery (d?)g X pgg 5 5 dw x pw + rh + 0 x (p‘gg + pIL) % Tb)

AcCloudIM =

o (Sﬁm N

( ?m(l + N;p + CQip, ! r‘ém))\im + (1

—C8m " Niva ) Bim Wima i )
(=1 + c@im) N2, BimAim(NimAim + tim)
Him2 — ((1 - Csim)*gtmﬁzmﬂamﬁ + Cﬂzmﬁfmkfm(im 3 ﬁam?) + NimBim
(Himptim2 + Aim(Bim — CSimlim + Him2)) + NiuAim
(fﬂzmﬁzmﬂzmz I Szm(/\im + fimo + Cﬂ;i??tﬂ'-ﬁm?)))ﬂi??ﬂ) (12)
Az = Hnode

}‘node + Hnode
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Sumarizag¢ao de resultados

Derivadas parciais

Diferencga percentual

‘Centm i
N:Infnrmatlta

Analise de DoE

Parameter |SS(A) Parameter IS(A)
5 0.006242686368 N 0.0068660546
Clam 0.005679147263 b 0.0058528304
CSim 0.003946053118 N;m 0.003583039
Cim 0.003579911742 5 - 0.0026962696
rb 0.002173576439 cs.. 0.0026128065

Parameter Effect
rb 0.010521
Clgm 0.007525
Nopy -0.006857
Hsm2 000—1—168
)\'S?H- _000—1225

Os parametros que aparecem entre os 5 primeiros do ranking em pelo menos

2 dos 3 métodos sao:

ca ® Fator de cobertura da falha do servidor primario no Storage Manager

g

cs,,  @Fator de cobertura da falha do servidor secundario no Storage Manager
Ny, ®Numero necessario de Storage Managers ativos
’ ® Taxa de substituicao da bateria do dispositivo moével
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Implementacao no Mercury <
Centro

de Informatica

U-F:P:E|

Sensitivity analysis of CTM

Type of sensitivity index Type of ranking

«» SPN View ' e» RBD View | €» CTMC View = > EFM View ' Results

A ® K

! Scaled Unscaled ® Crdered Unordered
Measure of interest Parameter of interest
teml - Iteml «

Sensitivity with respect to lambda
State 50: 1.7257847752049897
State 51: 0.7257830220549935
State 52: -0.274218431307747

State 53: -1.2742186767372679
Sensitivity with respect to mu
State 50: -1.72578477100935839
State 51: -0.7257830210454719
State 52: 0.274218429783088
State 53:1.2742186748T8748
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Validando com o Mathematica <
Centro

de [nformatica

U=-F:-F-E

ClearAll["Global "«"]:

S50=1; 51 =2; 52=3; 53 =4;

p0={1, 0, 0, O}:

mat = SparseArray[{{50, 51} - A, {51, 52} -+ A, {52, 83} + A, {83, 52} »pu, {52, 81} » u, {51, 50} - w3}1:

(matd) = Transpose[SetDiagonal [Transpose[mat]]]) // MatrixForm

(prob = ProbStationary[Transpose[matQ]]) 7/ FollSimplify
probsS0 = prob[[50]] : probs5l = prob[[51]]: probSs2 :=prob[[52]] ! probs53 = prob[[53]]:
sens50mn = D[probs0, u] = {4/ probs0) —_

zen=51mn = D[probS1l, u] « {4/ probsl)
senss52mn = D[probsS2, u] = {4/ probs2) . .
sensS3ma = D[probS3, u] » (i/probs3) Derivadas parciais das
senssOlambda = D[probS0, A] » (A/probs0); — <+ equacoes fechadas

zen=51lambda = D[probS1l, A] = (A S probsl) !
senss52lambda = D[proks2, A] = (A probs2) ;
zen=53lambda = D[probs53, Al = (A probs3) !

—_

pwi=5;
A=6;
Print["Sen=sitivity with respect to lambda"]
Hizen=501lambda, 6]
HisensS1llambda, 6]
Hizen=521ambda, 6]
Hisenss53lambda, 6]
Print["Sen=zitivity with respect to ma"]
HisensS50ma, 6]
Hi=zen=51lmn, 6]
B H[=zens52mn, 6] —

UNi Hi=zen=53mn, 6]
FEC_.__
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Validando com o Mathematica <
Centro

de Informatica

U-F:P:E|

§
Sensitivity analysis of CTM u

Wolfram Mathematica | STUDENT EDITION

Ourt[ 3T} MatriocFarm=

oA 0 0 - Type of sensitivity index Type of ranking
woo—A - A 4]
a o Ca—u oA & Scaled Unscaled ® Ordered Unordered
v 0 1] 7l -
; _ _ , Measure of interest Pararmeter of interest
r L A AS L A 1
Out[3TT= § — o A o o o . |
PR ) (A (A +u) A5+ u® (A +wu) A%+ u® (A=sp) (A5 +p) teml - Iteml -
Jensitivity with respect to lambda Sensitivity with respect to lambda
owEEzE -1.72578 State 50: -1.72578014945669960
State 51: -0.725781830401081
Out[3s4= —0. 725782 State 52: 0.27421678120417864

State 53: 1.27421654734584495
Cut[335= 0.274218

Sensitivity with respect to mu
State 50: 1.7257801452610968
State 51: 0.7257818293915502
Sensitivity with reapect to mu State 52: -0.27421677967952085
State 53: -1.2742165454899308

Cufzsl 1.27422

owasEE 1.T2578

ouzEE= 0.T25782

Cutf4nd= —0.274218

Cut[407)= -1.27422
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Implementacao para RBD <
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Qdﬂ Infom_lai_tiq:a

Block Narne: [T
Parameters Type: State:  |Default -

Parameters

Failure Time
Repair Time

Price (8)

END

Block Name: - [F
Parameters Type: State: |Default -

Parameters

Failure Time  EE
Repair Time
rices) (NI




Implementacao para RBD

’Ceniru

de Informatica

U-F:P:E|

e RBE)- S|

Type of sensitivity index

% Scaled Unscaled
Type of ranking

& Ordered Unordered

A analise pode ser feita em
relacao a:

*Disponibilidade de cada bloco
.MTTFS e MTTRS Structural function: (b1)*(1-(1-b2) * (1-b3]))

Partial derivative of Availakility with respect to

Parameters under analysis

® Component's availability Component's MTTF and MTTR

bl: -(-b2+1)"(-b3+1)+1
b2: b1*(-b3+1])
b3: b1*(-b2+1)

Parameter Sensitivity value
1.0
2.28206298493885895E-4
2.28206298493885895E-4

Close
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Implementacao para RBD

’Ceniru

de Informatica

U-F:P:E|

|~ EESEEESSS" . "y
Sensitivity analysis of HE-_[J-_ [

Type of sensitivity index

& Scaled Unscaled

Type of ranking

A andlise pode ser feita em = Ordered - Unordered

relacdo a: Parameters under analysis

'DISpOnlbllldade de Cada bIOCO Component's availability ® Component's MTTF and MTTR
‘MTTFs e MTTRs Structural function: (b1)*(1-(1-b2) * (1-b3))

Partial derivative of Availability with respect to

MTTFbL: (-{-mttfb2* (mttrb2+ mttfb2)  (-1)+ 1)*(-mittfb3* [mittrb3+ mttfb3) A -1)+ 1)+ 1)*(mtt
1)-ttfb1*(-[-mttfb2* (mttrb2+ mittfb2) * (-1)+ 1) (-mttfb3*[mitrb3+ mttfb3) A [-1)+ 1)+ 1)

, -2
N omen CI at ura te m pO raria. MTTRbBL: -mittfbl*(- (- mttfb2* (mttrb2 + mttfb2) ~ (-1)+17*(-mttfb3* (mttrb3 + mttfb3) * {-1)+1
-2)
° M TT F b 1 MTTFb2: -mitfbl*(-mttfb3* (mttrb3 + mttfb3) -1+ 17 (- (mttrb2 + mttfb2)  [-1) + mttfb2*(mt
° B - 21 (ttrb] + mittfbl) A (-1)
M TT Rb 1 MTTRb2: -mttfbl*mttfb2* (- mttfb3* (mttrb3+ mttfb3) ~ (-1)+ 11" (mitrbl + mttfbl) " (-1)*(mttr
°... -2)

Run Close
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Implementacao para RBD

’Ceniru

de Informatica

U-F:P:E|

Sensitivity analysis of RBD I eS|

Type of sensitivity index

% Scaled Unscaled
Type of ranking

& Ordered Unordered

A anél ISG pOde ser felta em Parameters under analysis
re I a gao a " Component's availability ®' Component's MTTF and MTTR
*Disponibilidade de cada bloco .
° M TT FS e M TT RS r'-g'I:I:FhS: -mttfbl*(-mttfb2* (mittrb2 + mttfb2) ~ (-1 +177(- (mttrb3 + mttfb3) (- 1)+ mittfb 3™ mil e
=217 (mittrbl + mittfbl) ~(-1)
MTTRb3: -mittfbl *mttfb3* (-mttfb2* (mittrb2+ mittfb2) -1+ 1) (mttrbl + mttfbl) (-1 (rttr
-2
Parameter Sensitivity value
MTTFb1 4.564125969877256E-4
N I £ MTTRbEL -4.564125969876768E-4
omenclatura temporaria: MTTRb2 -5.208000193877607E-8
. MTTRb3 -5.209000193877607E-8
MTTFb1 B MTTFB2 5.209000193876877E-8
‘MTTRDb1 MTTFb3 5.209000193876877E-8
°
. »

Close
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Préoximos passos

-

Centro
de Informatica
[ )

Incluir funcdes de A.S. para probabilidades transientes (em
andamento)

* Testar o uso de A.S. para otimizacao baseada no GRASP (em
andamento)

Estudo de caso com modelos de desempenho de web services
na nuvem

Experimentos para validar os resultados de alguns estudos de
caso

[~
112
[ [~

|

UNIVERSIDADE
(wl FEDERAL
S,

DE PERNAMBUCO




	PowerPoint Presentation
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

