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Performance/reliability model
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QoS-driven component/connectors
selection and composition

<)
Non obvious correlation between the QoS of the 5%}//3
assembled architecture and the individual A
component/connector QoS

assembly QoS monitoring to assess the fulfillment of some QoS e g
goal, after the components/connectors selection and
composition

assembly QoS prediction to drive the selection of
components/connectors

.

need of QoS prediction methodologies
compositional (to exploit the architecture
structure)
automatic (to make predictive analysis really
effective)



Predictive analysis of component-
based systems

Useful fo drive the selection and composition of components
late problem fixing may be too costly

Focus on extra-functional attributes
performance
throughput
completion time
reliability

Predictive analysis must be carried out on models of the system!



Predictive analysis of component-
based systems: main issues

analysis-oriented model building is a complex
activity:
Extraction of relevant Performance/Reliability oriented information from a
design oriented model

which information?
how is it represented?

Construction of performance/reliability/performability analysis-oriented
models
MDD based approach

Model solution (not an issue here)



generating a performance/reliability model: the

“what” & the “how”
‘ = What factors affect the extra-functional attribute: description issue

SPA how =~
’ /
StoCharts, A
| %
’
/| -7
-
_7 _ — zp&formance
C-B application model S~ -- -- reliability
" performability
measures

“context” information “all-in-one” approach (what+how)

. . considering factors such as:
(context = usage profile, competing appls., contention,

platform (.NET, J2EE, ...), OS, Hw, ... layered architecture,



design-oriented analys 'S‘SP'IZnTed
model mode

0O | T

model transformation methodology



| “tower of Babel” problem (1)

"tower of Babel" problem
specific issue for CB systems

heterogeneous component and composition description
languages

acme, efc ...
several target languages
queueing networks, Petri Nets, Markov Processes,

Bayesian models, ...
solution ?




| tower of Babel” problem
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KLAPER

APER : an infermediate “kernel” language to support
performance and reliability analysis of CB systems based on
model transformations

kernel . compact language (only CB design level information
that is relevant for performance and reliability analysis is

represented)
transformation methodologies from/to design/analysis models made
simpler, thanks to the reduced “semantic gap”

intermediate : neither a design language nor an analysis
language

from MxNto M+Ntransfomation methodologies
model transformation:. MOF based, to exploit tools
developed within mode/-driven approaches to software design
(MDA)

transformation rules defined at metamodel level



Shifting-upwards the
focus

based on

Design
metamodel

Tbased on

Design model
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KLAPER is based on this phylosophy

based on

Analysis
metamodel
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Analysis model
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KLAPER: the basic concepts

The system modeled as a set of Resources and related
Services

no basic distinction between hw/sw, active/passive, ...
Services are offered by Resources
Services can be used by other Services

Services are characterized by an abstraction of their functional
(constructive) behavior

Related concept : analytical interfaces vs. constructive

interfaces for components ( see PECT initiative from CMU-SEI)
KLAPER distills analytic interfaces from CB design models
... and models analogously platform “interfaces”



More about “distillation™ (1)

i = "abstract” representation of an offered

= what should be abstracted?

the service behavior is dependent on

« INpuUt pararm'r!emn a service invocation

= abstract representation of :

1 BBREVRR 8MRRISrequired services
« flow of requests addressed to other components
(and connectors)



More about “distillation™ (2)

. ' ctions to support
stochastic analysis of performance and
reliability

original input domain abstract input domain

= flow of requests :

= probabilistic representation of :

flow of control (modeled by probabilistic branching
and loops)

_ - . = RS [N I RN PEO R e B N



The KLAPER metamodel

Resource resource
offeredService *
Workload Service *
0..1 . 0..1 has Binding
' . 0..1 0..1
J Behavior
& nested
N n to behavior
0..* 0..1 1.%
Transition Step
out from
o w4
[ | I |
Control Start End Activity
I I I | | I
Branch|| Fork || Join Acquire Release | | ServiceCall
ActualParam




The KLAPER metamodel

KlaperModel

Resource

resource

offeredService *
Workload Service * |
0..1 i 0..1 has Binding
as . 0..1 0..1
J Behavior
» 0 T gef]teq
* 0" 0.1 1 ehavior
Transition Step
out from
0.5 0.1 Iﬁ
I I | |
Control Start End Activity
I I | | | | [=* *
Branch| | Fork || Join Acquire Release | | ServiceCall

*

ActualParam

Resource

Attributes:

= hame

= type

= Capacity

» SschedPolicy

= description
Associations

= OfferedService



The KLAPER metamodel

KlaperModel Resource
* offeredService *

resource

Workload Service +
0..1 i 0..1 has Binding
s . 0..1 0..1
J Behavior
) & nested
. n to . behavior
0.. 0..1 1..
Transition Step
out from
0." 0.1 f
I | I I
Control Start End Activity
I I | | | | 1* ]*
Branch| | Fork || Join Acquire Release | | ServiceCall

*

ActualParam

Service

Attributes:

= Name

« formalParams
= SpeedAtir

=« failAttr

» description
Associations

= behavior

= resource

= binding



The KLAPER metamodel

KlaperModel Resource |222HC8
L 2
* offeredService *
Workload Service |
.. . indi
0..1 - 0 has Binding
' . 0..1 0..1
J Behavior
- 0 T gef]teq
i 0. 0.1 1.* ehavior
Transition Step
out from
0.* 0.1 f
I I I I
Control Start End Activity
I | I | | I
Branch| | Fork || Join Acquire | | Release | | ServiceCall

*

ActualParam

Behavior

Associations
= Step

= transition
= Service

= workload



The KLAPER metamodel

“

*

KlaperModel

*

Resource

offeredService *

resource

Workload Service *
0..1 X 0..1 has Binding
as . 0..1 0..1
J Behavior q
in o T Eeﬁte.
* 0.* 0.1 1 ehavior
Transition Step
out from
0.5 0.1 f
I | | I .
Control Start End Activity
A
I I | | | [ [* *
Branch| [ Fork || Join Acquire Release | | ServiceCall

*

ActualParam

Workload

Attributes:

= workloadType
= arrivalProcess
= population
Associations

= behavior



The KLAPER metamodel

resource

KlaperModel Resource
L 2
* offeredService *
Workload Service * |
0..1 . 0..1 has Binding
{ . 0..1 0..1
J Behavior
- 0 T Eeﬁteq
* 0.* 0.1 1"* enavior
Transition Step
out from
0% 0.1 f
I | | I
Control Start End Activity |;
| | I | [ | [+ |*
Branch| | Fork || Join Acquire Release | | ServiceCall

*

ActualParam

Step

Attributes:

= Name

= repetition

« internalExecTime
= internalFailProb
= completionModel
Associations

= transition



The KLAPER metamodel

KlaperModel

Resource

resource

L 2
* offeredService *
Workload Service * |
0..1 i 0..1 has Binding
as . 0..1 0..1
J Behavior
- 0 T gef]teq
* 0.* 0 1 1“* enhavior
Transition Step
out from
0.5 0.1 f
[ I | I
Control Start End Activity I;
I I | | | | [* *
Branch| | Fork || Join Acquire Release | | ServiceCall

*

ActualParam

ServiceCall

Attributes:

= resourceType
= serviceName
» ISSyNnc
Associations

= activity

= actualParam
» binding

ActualParameter

Attributes:
= value



The KLAPER metamodel

KlaperModel Resource [ [250Urce
offeredService *
Workload Service * |
0..1 0..1 Binding
has | 8 0. 0.1
J Behavior ~ h
) & nested
n to behavior
* 0.5 0.1 1.* ©
Transition Step
out from
0.5 0.1 f
I I | |
Control Start End Activity I;
| | I | | | [+ [*
Branch| | Fork || Join Acquire Release | | ServiceCall

*

ActualParam

Binding

Associations:
= ServiceCall
s Service



KLAPER-based model generation

Extraction rules
1 and

Transformation

rules 1
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Shifting again...
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Modelling CoCoME

» What do we model?

s UC1 — Process Sale
» Bar Payment only (Card Payment not modeled)
= Main flow only (not secondary or exception flows)

s UC3 — Order Products

» Completely modeled



From design models to KLAPER
models

= A case study: from UML to KLAPER.

» examples of MDA-based transformations from a
particular design model notation to KLAPER.

_}l‘

] L Petri Nefs —b@
UNL KL APER )
Ma rkovP roc. —»@

EQN—>

Design notations Analysis notations Analysis tools
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Transformation rules from UML to
KLAPER

pul

s Each UML use case is mapped onto a KLAPER
workload whose steps are taken from the
corresponding sequence diagrams.

PR ——

Workload

Canbine . I ———— Behavior|
I—I I— vorkloadTyos = apen
| ] arrivalPre =&l

T
Ty Start _
) '
blnu—umgr‘“mm} gethlProducts + getroductsiithlostack
-
! -

L e e e e P

J | 'y

R 1 ServiceCall

servicellane = gerProducts
| resoLrceType = App.icetionService Valle

ssSyrch = true

g =11 L1

1
i
1
|
|
| ] | E
1
: Activity
: — nan2 = conpileCrder=orn
i Loy — inte-na FrecTine = £32-1 Service
| — . ate = getbrecucts
: Pmranciridsp fornalParans = products_nunber Resource
- | I spastater = 7m0 [
I W . - nane = R
/. . Activity Tollattr type = R
- ! [ R acity = inf
I 3 OrderProducts | rane = oressorderButton Gapecity =
| = Interplicec cne s 1351 service L sckeaulingalicy - FIFQ
| e ind
I — nare = order~oducts
: e fornz1Parans = products_to_order_nuber
i — speechttr = 2277
| . failbttr = 7277
/ -\-\ 1 ServiceCall —
|
. C T:ChangePrice ! servicellne = order’raducts
e "-\‘-\ H H resau-ceType = Applicat:onervice
- issynch = trie

Manager




Transformation rules from UML to

i KLAPER

s KLAPER Resources are built from the UML
deployment diagram.

name = process

e J=
EEOMpERents E_l 1 <=R5232= Start
cagh Dealol harinal:
Trading&yaiem: CashDesklins:: EveniBus: EvantChannal
| =<REZIX: h 4

e=0Mmponents
e El name = process

Trading$ystem:-Cash DaskLine: CasnDazk repetition = 1
1 ==<REX3X: internalExecTime = 7777




Transformation rules from UML to
KLAPER

pul

= Network connections of the UML deployment

diagram are mapped onto KLAPER resources
offering “connection services”.

Service Resource
name = getProducts name = RMI
fornalParams = products_number type = RMI
speedAttr = 7777 capacity = inf
foilAtir = 7777 schedulingPolicy = FIFQ
StoraCliant
ICIDTHPEII'IH'“:- -
m Service Resource
— -
“Trading%a GUl e PP —— -
speedAttr 7 type = Networ
V4 \ failattr = 7997 schedulingPolicy = FIFO
L] ServiceCall
- ActualParam
servicefiane = transmit
resourceType = Network M
<<RMl== issnch = true
Service
1 Binding name = getProducts
fornalParans = products_nunber
= speedAttr = 7777
| failattr = 7777
serviceCall
StaraSanser serviceliane = getProducts ActualParam
resourceType = ApplicationService value = products number
ks isSynch = true
eCmpanen El Resource
rading Senvios: Invent . .Am weatlan name = :TradingSystem: : Inventory::Application::Store
g .- oy Binding type = ApplicationService
schedulingPolic
ServiceCall
servicellane = transmit
resourceType = Network
issynch = true
y




Transformation rules from UML to

i KLAPER

= These are only some examples of the
transformation rules from UML to KLAPER.

= [here are many other transformation rules!

(but it would take too much time to see all of
them)



A KLAPER Workload modelling the
UC1 main operation

- Workload
Behavior
workloadType = open
arrivalProcess = arr-1
Start
¥
ServicecCall

servicellame = starthewSale
resourceType = CacheBox
isSynch = true

thinkTime = £12-1

ServiceCall
serviceName = scanProductBarCode — Service
;EZ;:E;???@ BarCodescanner Binding name = scanProductBarCode
repetition = nll-2 formalParams =
thinkTime = 113-1




A KLAPER Workload modelling the
UC1 main operation

—

¥
ServicecCall

3inding serviceName = saleFinished
resourceType = CashBox
isSynch = true

thinkTime = t15-1

o ¥

Actvity

name = nancinglverMoney
repetition = 1

thinkTine = Z153l-1 pl5-1 pl5-
y
ServiceCall Servicecall Servicecall
- cervicoliane = entercasiAmeunt servicelame = barPayment servicelame = cardPayment

irsig:g;epg?u; cashgox resourceType = CashBox resourceType = CashBox

e 1s5ynch = true 1s5ynch = true
thinkTime = t15a3-1 I I

E— 2 thinkTime = t15a-1 ] thinkTime = t15b-1

Activity

name = handleAmaoont
repetizion = L
thinkToms = t1534-3

ServiceCall

szrviceName = closeCashBax
resourceType - CashBox
1s5ynch - true

thinkTom= = t25a5-1




A KLAPER Workload modelling the UC3
main operation

- Workload
Behavior
workloadType = 7777
arrivalProcess = arr-3
Behavior|
[
Start getAllProducts + getProductswWithLowStock
> —
v -
ServiceCall # ——
ServiceCall
. ActualParam
servicelName = getProducts
p—— resourceType = ApplicationService value = n3-1
[:;:;ge;wine:uzr Senvice is5ynch = true
- nze = getProducts I \

1rmaarans = products_ nurber

seeedhttr = 717 I Resource
Adivy it = 10 nanz = TradingSys

+:Inventory::Applicetion::Store

tipz = Apliczioniersize
- schadul:raPolicy =
senvice
e = uvievPr:dmi ]
‘ona Farans = prodicts_to order nunzer
speedhttr = 717
il =70

ServiceCall

sery.cellane = orderProcucts Adualbaram
= plizatioService walie = 132 ¥ g3-1

End



A KLAPER Workload modelling the UC3
main operation

.2

Workioad Activity

worklzacTyoe = 777
name = compileOrderForm

arrivs Frocess = 673

repetition = 1
internalExecTime = £32-1

Behavior

ServiceCall

senicellzne = getProdicts
rescurceType = hoplicationdervice
158ync = true

x
A
E \I

Activity

adity \ Requirement
1ype = seviesine
are :,:“"P'jm'm” es Bl
Sﬁﬂﬁwm} senie > name = pressOrderButton
nete = getProdicts / : : _
w3 aran: = products_nuibe- r Ep Et 1 t ion = 1
S — Resource . .
Activity Sﬁﬁn: "’:: Mﬁw Inventory: Applicetion: :Store n t erndg 1 E LS ECTl ne = t 3 3 — 1
- ress / e = Apliczioersize
nane = pressOrderB.ttn y .
vspetlt:,cn :71 senice =
ivena ExecTine = t33:]
!i?:;F::::;P!2::;im_tn_mdev_nun:ev
. S L~

ServiceCall =

g ServicecCall
- gt
servicelame = orderProducts
resourceType = ApplicationService
o isSynch = true




KLAPER model of the UC3 Store
getProducts operation (pre-deployment

Service Resource
= getProduct - = - ooli -
forsataraes = prodcts s o - gyt Ty pglcation stoe
speedAttr = 7777 schedulingPolicy =
failattr = 2277
' —
- #-
ServiceCall &«
- ActualParam
m servicellame = query
— resourceType = Database yalue = 17177
isSynch = true
/Servicecall
( servicellane = process ActualParam 5ewice
resourceType = CPU value = 7777 RESOI.ITCE
ach = true
= A - .
Binding name = query .
formalParans = data name = :TradingSystem: :Inventory::Database
s T ActualParam SpEEdM’Er = tyﬂed_lnatab?se
resnurce‘arC:e_:q::gha;e value = 7777 fallﬁ‘t‘tr = 1M schedu 1nﬂP0 1CY = FIFO
issynch = true :nfl
Service
Resource
IBILﬂ'— QZC:ETP?::,;! - data name = :TradingSysten::Inventdyy: :Database )
speedhttr = 7777 type = Database
failatir = 7977 schedulingPolicy = FIf

2

ServiceCall

ActualParam

servicelame = process
resourceType = CPU value = 7777

is5ynch = true
——




Service

nane = getProducts

Resource

fornalParans = products_nunber
speedAttr = 7777
failAttr = 7777

Behavior

nane = :TradingSysten: :Tnventory: : Application: : Store
type = ApplicationService
hedulingPolicy =

=

ServiceCall

e o [Actuatparam|
resourt value = 77?7

Binding nane = process
formalParans = operations_number
speedAttr = 7777
failAttr = 7777

name = Stor

type = CPU

schedulingPolicy = FIFO \

KLAPER model of the UC3 Store
getProducts operation (post-deployment

—

issynch = true

Servi

Pelane = quer

issynch = true

rd
¥
A ourceType - Database e

Service

Binding nane = query
fornalParans = data

speedattr = 7777

Resource

nane = Jdbe

ServiceCall

erviceName = qguery
resourceType = Data

isSynch = true

ActualParam

base

PINET

S

™~

Binding

value = 7777

Service

name = guery

formalParams = data
speedfttr = 7777
failattr = 7777

Resource

name = Jdbc
type = JDBC
schedulingPolicy

——
Service Resource
Start Binding name = process ) name = StoreServerCPU
formalParams = operations_number type = CPU
¢ speedAttr = 7777 schedulingPolicy = FIFD
failAttr = 7777
ServiceCall
) ActualParam
servicelame = process
resourceType = CPU value = 7777
issynch = true
]




KLAPER model of the JDBC
esource

Start
Service Resource Blndlng
nane = query -
fornalParans = data nane = Jdbe
spesdhttr = 7277 fype = JBC
faildttr = 2277 schedulingPolicy =
»
>
ServiceCall
. ) ActualParam
servicelame = transmit
resourceType = Network value = 7777
1ssynch = true
1
ServiceCall
ActualParam
servicellane = transmit
sourceType = Network Lislee = 2207 / Service
15&[ ue Resource
name = transnit ~
fornalParan = bytes_nuber nane = Enterpriseietuork
peedattr = 7777 type = Network
WLittr = 7777 schedulingPolicy =
ServiceCall m
servicellane = query
resourceType = Database
isSynch = true service
Resource 5 -
nane = query L — — - ervice
fornalP - dat nane = :TradingSysten: :Inventory: :Database
ES;Z:M??T””E ‘ type = Database HESGI.I rce
e schedulingPolicy = FIFO .
i name = transmit :
name = EnterpriseNetwork

ServiceCall

formalParam = bytes_number
speedAttr = 7777

ActualParam

servicelane = transnit 1: e = N E"t'w'ﬂ I’k
resourceType = Network y p

schedulingPolicy = FIFD

failAttr = 7777

issynch = true




KLAPER
esource

failAtir = 7777

Behavior

ServiceCall

servicellane = transmit
resourceType = Network
issynch = true

Service
Resource
nane = query -
fornalParans = data 2;2: : j;:;
= =
payi) schedulingPolicy =

ServiceCall

servicellane = query
urceType = Database
155y ue

ServiceCall

servicelane = transnit
resourceType = Network
isSynch = true

value = 7777

Binding

Lualue = data ]

Service

' model of the JDBC

Resource

name = transnit

fornalParan = bytes_nunber

speedttr = 7777
failAttr = 2277

name = Enterpriselletwork
type = Network
schedulingPolicy = FIFQ

ServiceCall

servicelame = guery
resourceType = Database
isSynch = true

ActualParam

value = data

AN

ice —
Resource
P name = quer:
Binding furmalP:ramz - data name = :TradingSysten: : Inventory: :Database
speedattr = 7727 type = Database
i 1At = 2777 schedulingPolicy = FIFO

ActualParam
Lislue = 227 |

SN—

Service

name = query

Resource

formalParams = data
speedfttr = 7777
fallAttr = 7777

name = :TradingSystem::Inventory::Database
type = Database
schedulingPolicy = FIFO




From KLAPER models to
analysis models

= A case study: from KLAPER to LQN.

= examples of MDA-based transformations from
KLAPER to a particular analysis notation.
Ma rkovP roc. ﬂﬁ

UML KLAPER
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Design notations Analysis notations Analysis tools
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The LQN MOF Meta-Model

m Extracted directly from the XMLSchema used by the Carleton
University Igns simulator

= (see the files “lgn.xsd” and “lgn-core.xsq’)~ e

Wulﬂ-ﬂ—w—
drt u b
=

Lanmoded

e s T

precenor
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Transformation rules from KLAPEF
to LQN

= Each KLAPER workload is mapped onto an LQN
Task with an Entry where the workload type is
specified. ——

Behavior /

[=x]
Workload sstermizhed \
workloadType = open Jr
arrivalProgess = arr-1 :> vd P \

nnnnnnnnnnnnnnnn

Start Ve .
¥

\

nnnnnnnnnnnn




pul

Transformation rules from KLAPEF

i to LQN

= Each KLAPER Resource is mapped onto an LQN
Task...

Resource

—— e = :TradingSysten: : Inventory: :Applicatioma>
type = ApplicatlonService
schedulingPolicy =




pul

Transformation rules from KLAPEF

i to LQN

= ...and each KLAPER Resource that models an
hardware device originates an LQN Processor.

Resource

name = StorelNetwork
type = Network
schedulingPolicy = FIFOD

il N




pul

Transformation rules from KLAPEF

i to LQN

s Each KLAPER Service becomes an Entry of a LQN
Task.

m transmit
name = transmit [
formalParam = bytes_number ~———
speedAttr = 7777
Wﬁ% StoreNetwork {1}




Transformation rules from KLAPEF

i to LQN

s Each KLAPER ServiceCall is mapped onto an
Activity (making a “call’) of an LQN Entry.

pul

orderProducts

/¢\ .
/ ServicecCall N query?
_< Wi ActualParam [xx]

celame ingleQuery
Typ D tabas /’ value = 7777
:§§Sv h rue 4/’

Call to a service 7




pul

Transformation rules from KLAPEF

i to LQN

s Each KLAPER Activity is mapped into an LQN
Activity.

Activity
name = pressOrderButton
internalExecTime = 133 14




Transformation rules from KLAPEF

i to LQN

= Each KLAPER condition (or, and, loop) is directly
mapped onto the corresponding LQN condition.

pul

v ¥
Start derProduct
[xx]

7/-l\ L)

Activi ' :::

ty \ nestedBehavior Behavior @
S—

name = addOrderEntry

swtts to order numbe




The LQN model for the CoCoME
C1 use case

—

| = =
sendSaleStartedEvent | sendProductBarcodeScannedEvent send
[xx] [xx]
transmit transmit
process [xx] [xx]
= J \ & \
CashDeskCPU {1 B
ashbes {} sendSaleStartedEvent sendProductBarcodeScannedEvent
[xx] [xx]
/ transmit transmit
[xx] [xx]
CashDeskCPU

| A | 4 —
salesM runningTotalChangedEvent | cashAmountEnteredEvent saleSuccessEvent
[xx] [xx] [xx] [xx]
process process process process
[xx] [xx] [xx] [xx]
hDeskGIW{1} \




The LQN model for the CoCoME
UC1 use case

, ! {
getProductWithStockltem accountSaleEvent saleRegisteredEvent
[xx] [xx] [xx]
Y v v
process process process
[xx] [xx] [xx]
Inventory {1} oordinator {1}

/




The LQN model for the CoCoME
UC3 use case

ManagerWorkload
[xx]

/

getProducts
[xx]

y

compileOrderForm

[xx]
pressOrderButton —
[xx] E =
getProducts orderProducts
[xx] [xx]
orderProducts ¢ ¢
[xx]
transmitl transmit3
[xx] [xx]
Managey {1}
transmit \ / \
[xx] getProducts orderProducts
/ [xx] [xx]
StoreMetwork {1} Z j \
4 transmit2 transmitd
[xx] [xx]
StoreNetwork o
p RMI {inf}
| 1




The LQN model for the CoCoME
UC3 use case

orderProducts
[xx]

query persistence singleQuery
process2 [xx] [xx] [xx]
[xx1
3
oot processl process2 process3
L] [xx] [xx]
readWriteAccessl readWriteAccess2 readWriteAccess
Dxx] [xx] [xx]
pm{if]ssj NSystem :Inventxry -Database {i?/
querys ’_’
[xx1

-1 ory:-Application::Store {inf} readWriteAccess
\ [xx]
Disk {1}

Enterprise
ServerCPU

Enterprise
ServerDisk




i Results of the analysis

» 4 different simulation configurations

= Base configuration:

s Processors: Pentium |ll at 500 Mhz (1354
MIPS).

= Networks: bandwidth of 100 Mbps
» Database disk: average rate of 300 MBps



i Results of the analysis

other configurations :

s “Cpu 2x” configuration:
= Processors: double frequence.

= “Internet” configuration:
= Network: bandwith of 4 Mbps (was 100 Mbps).

s “Slow disk” configuration:

» Database disk: average rate of 100 MBps (was
300 MBps).



Results of the analysis

s UC1 is characterized by a lot
of human interactions.

: = = Service times registered at

5 e = the main workflow level

4 = A lot of time is spent in

human actions

’ (scanProductBarcode,

d - handingOverMoney,

1 handleAmount)

oL : N1 \ : = [he most expensive activity
is scanProductBarcode,
which is also repeated many
C A ° times.
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Results of the analysis

CazhleskLine

e
ashBoxCPU Ezmmmm
REEZZE oo

CashDeskCPU —=—=3

RSE2ZE [

CashDe=skCFPU

ntoryckPU

Very low utilization values :
the arrival rate of customers
to the store is very small
compared to the capacity of
the system.

Very low utilization of
Network and RS232.

CashDeskLine and
BarcodeScannerCPU are
the most used processors
(the last one is where the
scanProductBarCode

service runs, see previous
slide).



Utilization
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UC2 Processors Utilization

T

StoreClientCPU) ——
StoreMetwork ——
StoreServerCPl) —F—

EnterprizeMetwork —5—
ErnterpriseServerCPU
EnterpriseServerlisk —2—

cpu 2

Results of the analysis

UC3 is characterized by a
?Jrgaller human interaction than
]

Cpu 2x: EnterpriseServerCPU
and StoreServerCPU have a
lower utilization due to the
increased cpu frequency.

Internet: less bandwith means
higher time for transmission and
therefore an increse of the
utilization.

Slow disk: all unchanged except
for the disk utilization, which is
increased due to the reduced
transfer rate.



Results of the analysis

— =  Cpu 2x: a more powerful cpu
i means best performance in all
999999 T - the tasks (except for the disk
one).

= Internet: all tasks need more
time to execute except for RMI
that receives less service
requests for second (because
we spent more time on the other
tasks).

= Slow disk: network tasks are
unchanged but all the other
tensegon I~ tasks have an higher utilization
@@@@@ . ] due to the fact that the disk in
UC3 is used in every action.

@@@@@

999999

BBBBBBB

= Throughput is the same for all
°°°°° - - the cases because the system
load is very low.

nnnnnnnnnnnnnnnnnnnnn



Results of the analysis

s Cpu 2x: more powerful cpu's
mean less execution time.

= Internet: more time for
transmission means higher
service times (see the
ManagerWorkload Entry).

s Slow disk: a lower rate
means more time for each
read.

= All as expected!

cpu 2x internet slow disk



Results of the analysis

aaaaaa
H

ccccc

nnnnnnnn

ccccc
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Green line: simulated value.
Red line: requisite bound.

T31-1: time until showing the
lists of all products and
missing products.

T34-1: time for queryng the
iInventory data store



Results of the analysis

m Fuchsia line: simulated

T value.

w = Red line: requisite bound.

uuuuuuuuuuuuuuuuuuu

ucs +34-3
. . " "
uuuuuuuuuuuuuu —— ]
:TradingSustem t:Inventory sifpplication ::Store.processd —— . -
TradingZusten ttInventory tiapplication iStore - auerys —¥— .

T s [34-3: time for creating a ne

w product order

uuuuuuuuuuuuuuuuuuuuu
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m 1 Store vs 200
Stores

s Simulated
measures.
= Utilization
Global Service Time
Entry Wait Time
Throughput



Results of the analysis
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i The KLAPER environment

LQN Model
(XMI)

Performance W <
results J

UML model
(XMI)

KLAPER model W
(XMI) J




The KLAPER environment

s KLAPER tools

eveloped on the EMF

Eclipse) platform:

KLAPER metamodel
plugin

KLAPER editor plugin
LQN metamodel plugin
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Conclusions...

Need of automatic tools for the transformation from design models of
component-based application to analysis models

A transformation framework centered around a kernel language
called KLAPER

Captures the relevant information for the analysis of non-functional
characteristics of component-based systems.
Facilitates (hopefully ...) the transformation definition.

CoCoME: KLAPER has been used to derive a Layered Queueing Network,
starting from the UML model annotated according to the SPT profile.

Definition of a (partially) automated environment



...Future works

The long-term goal of our research is:

to enhance the implementation of this framework,
(e.g., automatic model transformations using QVT-based languages)

to provide system designers with a richer toolkit that allows to generate

automatically different performance and reliability models starting from
design models.

For additional information see: http://klaper.sf.net



