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Outline

1. Quick review of UML notation

2. The SPT profile (Schedulability, Performance and Time)
1. metamodel, concepts, stereotypes and properties, time

3. How UML relates to different target performance models
1. queueing
2. layered queueing
3. petri net

4. MARTE: what is new

5. Examples, annotation details

This lecture includes material originated by many others, including Dorina Petriu,
Dorin Petriu, JingXu, and Jose Merseguer.
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Tool Assumptions for Model Analysis

Model Designer Model Analyst
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UML Tool
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Platform eedbac Results
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Annotation of real system designs, not just of UML
Intended to define a performance model
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1. UML.: quick survey of ideas

Visual language for design
Classes of objects

= operations

= attributes

= associations
Deployment to platforms
Behaviour

= State machines

= Sequence Diagrams

= Activity Diagrams
Scenario

= sequence, including alt and
par
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db:Database

relationSize

read( )
update( )

Class

Sequence Diagram

db:Database

appgApp

S read()
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Class Diagram

e classes (Database),

o Carleton
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= 1nheritance specializes a class (SQLDatabase)

= Instances create copies (mydatabase:Database)

e properties = data (mydatabase.relationSize)

e operations = methods (mydatabase.read( ) )

® associations provide structuring

= mydatabase.storage

db:Database stora*ge fs:Filestore
relationSize L. capacity
read( ) readfile( )
. update( ) writefile( )
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Deployment

e crudely represented in UML1, better in

<<GaCommHost>>
e host node, LAN
{blockT = (10,us),
. . ity = (100,Mb/
e link, artifact Link °|a'°ac' y| (100, Mb/s)}
<<GaExecHost>> <<GaExecHost>>
N d AppHost DBhost
ode {commRcvOvh = (0.15,ms/KB), {commRcvOvh = (0.14,ms/KB),
commTxOvh = (0.1,ms/KB)} commTxOvh = (0.07,ms/KB)}
<<deploy>>
Loadable mOdU|e <<artifact>> [ <<deploy>>
- <<SchedulableResource> :
(fl I e) 2 <<artifact}3
webserver database
Software class N N
6 <<mapifest>> <<mapifest>>
(SOU Fce COde) : WebServer : DatabaseSystem
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Sequence or Interaction Diagram: web server

PY I'OIG, eb <<PaRunTInstance>> <<PaProcess>>
web database
. . {paolSize = (webthreads=80), |{poolSize = (dbthreads=5),
® hfehne, instance = webserver} instance = database]
® cxecution 1. .l
<<PaStep>> 2: >

Instance, <<PaWorkloadEvent>> <<PaStep>>

{open(interArrT=(exp( <<PaCommStep>>

17,ms
® message, ) {hostDemand = (12.4,s),

repetitions = (1.3,-,mean),

O PaStep, 4.5ms} msgSize = (2,KB)}
3:
e PaWorkload
A <<PaCommStep>>
' {msgSize = (50,KB)}
<<PaCommStep>>

{msgSize = (75,KB)}
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<<GaAnalysisContext>> *E%r ar e OI]-

{contexParams={$Ncameras, $frameSize, $blocks, $acquiiMireadd, didr¥reBdS 0B Hread

- - - paramValues={100,0.1,15, 1, 2, 2}}
Activity Diagrang:smens:

interOccTime = {(1.0,s,percent95,req),
(CycleTime95,s,percent95,calc)

Start ‘ cyclelni °

<<PaStep>>
{hostDemand = (0.2, ms),

o extDelay = (0, s), getOnelmage <<PaStep>>{repetitions = $Ncameras}

StructuredActivity

<<PaRunTInstance>> <<PaRunTInstance>> <<PaRunTInstance>> <<PaRunTInstance>>
Acquire bufMgr Store DB
] . {maxRl =1, {maxRI = $storeThreads, {maxRl = $DBThreads,
{instance = Acquire, instance = Acquire} instance = Store} instance = DB}

maxRI| = $acquireThreads}

?

<<PaStep>>
getBuf <<PaStep>>
{hostDemand = (18yns)} <<GaAcquireStep>>
allocBuffer
{hostDemand = (0.5,ms), <<PaStep>>
Action acqiies = bufferpool, Storeimage
{hostDemand = (2.5,ns), <<PaStep>>
p>> noSync} ) storedDB
i ostbDemand =
:(?gf?;nrr?esézizeétl){ées)’ % (aglgfgfggf)\),é?ﬁm an),
<<PaResPassStep>> <<PaStep>> extOpDemand = writeHlock,
passRes = bu?‘ferpool freeBuf extOpCount = $blocks}
resUnits = 1} {hostDemand = (0,2,ns)}
Fork p
<<PaStep>>

<<GaReleaseStep>>

deallocBuffer

|: d {hostDemand = (0.5,ms)|
- n (] relRes = bufferpool}

9 [
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State I\/Iachme

<<PaStep>>
GetHomePage
{behavDemand = getHomePage,

® state
® transition

® action on
state or
transition

10

behavCount = 1,
blockT = (4,s)}
.

<<PaStep>>
NewProducts

behavCount = 1,
blockiT = (4,s)}

{behavDemand = newProduct,

Carleton
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<fPaStep>>

{probahility = 0.9}

<<PaStep>>
GetProductDetails
{blockT = (10,s),

behavCount = 1}
|

behavDemand = getProductDetalils,

J

<<PaStep>>
{probability = 0.1}

Ve

<<PaStep>>
ShoppingCart
{blockT = (12,s),

hohavCAanint — 11

<<PaStep>>

{prob = 0.7}

behavDemand = ShoppngCart,
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2. SPT Performance Profile: fundamental concepts

e A Scenario defines a response path through the system, so i1t’s the unit
for which performance specifications and predictions are given.

= however, there 1s no Scenario stereotype in the Performance Profile to be
applied to a UML model element

¢ scenario annotations are attached to its first Step instead
= a Scenario 1s composed of Steps (which can be simple or composite)
= a Step stereotype has tags that define performance specifications
+ workload intensity parameters, demands for resource usage, etc.
e Scenarios use the services of Resource instances
= resource parameters: service policy, multiplicity, operation time
= resource performance measure: utilization
= quantitative resource demands given for each step
e Each scenario 1s executed by a Workload:
= open workload: requests arriving at in some predetermined pattern

= closed workload: a fixed number of active or potential users or jobs
11
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Performance Profile: the domain model

<>| PerformanceContext <>

1 0..n
1
1.n 1.n 1..n

Workload L.n 1 PScenario 0.n___ 0.n PResource
responseTime hostDemand utilization
priority respTime on schedulingPolicy
1 ) throughput
llk T {ordered} JAN
+root W 1 7 [1..n
PStep
ClosedWorkload OpenWorkload — - :
: babilit
pOpulatlon OCCurencePattern [I:')ergeﬁulolny i neStIng O1f Scenarlos
il delay « precedence from UML
+successor| operations
interval
executionTime
+predecessor +host | 0..1
stereotypes and properties PProcessingResource PPassiveResource
processingRate waitingTime
e.g. <<PClosedWorkload>> contextSwitchTime responseTime
. — priorityRange capacity
{population = 100, isPresemptible accessTime

' externalDelay =5 s’}
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Specifying Time Values
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e Time values can be represented by a special Value stereotype
«RTtimeValue» in different formats:

12:04 (time of day)
5.3, ‘ms’ (time interval, unit)
2000/10/27 (date)
Wed (day of week)
$param, ‘ms’ (parameterized value, unit)
‘poisson’, 5.4, ‘sec’ (time value with a Poisson distribution)
‘histogram’ 0, 0.28 1, 0.44 2,0.28, 3, ‘ms’

<--->

P=0.28

0O ms

3 ms
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Specifying Performance Values

e A complex structured string with the following format
<performance-value> ::=“(“<kind-of-value> ““ <modifier> “,* <time-value>")"
where:
<kind-of-value> ::=‘req’ | ‘assm’ | ‘pred’ | ‘msr’
required, assumed, predicted, measured
<modifier> ::= ‘mean’ | ‘sigma’ | ‘kth-mom’ , <Integer> |
‘max’ | ‘percentile’ <Real> | ‘dist’
<time-value> is a time value described by the RTtimeValue type
e A single characteristic may combine more than one performance values:
<PAcharacteristic> ::= <performance-value> [<performance-Value>]*
e Example:
{PAhostDemand = (‘pred’, ‘mean’, (20, ‘ms’)) }

{PArespTime = (‘req’, mean, (1, ‘sec’)) (‘pred’, mean, $RespT) }
' YT
required predicted => analysis result

14
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Specifying Arrival Patterns

e Method for specifying standard arrival pattern values:
= Bounded: ‘bounded’, <min-interval>, <max-interval>
= Bursty: ‘bursty’, <burst-interval> <max.no.events>
" [rregular:
‘irregular’, <interarrival-time>, [<interarrival-time>]*
= Periodic: ‘periodic’, <period> [, <max-deviation>]
= Unbounded: ‘unbounded’, <probability-distribution>
e Probability distributions supported:

= Bernoulli, Binomial, Exponential, Gamma, Geometric, Histogram, Normal,
Poisson, Uniform

e What happens when other distributions are needed?
= tradeoff between
+ flexibility (allow users to introduce their own definitions)

¢ simplicity/convenience of expression (i.e., provide pre-packaged
definitions).

15
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Stereotype

Applies To

Tags

Description

«PAclosedLoad»

Action, ActionExecution,
Stimulus, Action, Message,
Method...

PArespTime [0..*]
PApriority [0..1]
PApopulation [0..1]
PAextDelay [0..1]

A closed
workload

Stimulus, Action, Message,
Method...

PApriority [0..1]
PAoccurrence [0..1]

«PAcontext» Collaboration, A performance
CollaborationinstanceSet, analysis context
ActivityGraph
«PAhost» Classifier, Node, PAutilization [0..*] A deferred receive
ClassifierRole, Instance, PAschdPolicy [0..1]
Partition PArate [0..1]
PActxtSwT [0..1]
PAprioRange [0..1]
PApreemptible [0..1]
PAthroughput [0..1]
«PAopenLoad» Action, ActionExecution, PArespTime [0..*] An open workload

16
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Performance Stereotypes (2)
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Stereotype Applies To Tags Description
«PAresource» Classifier, Node, PAutilization [0..*] A passive resource
ClassifierRole, PAschdPolicy
Instance, Partition [0..1]
PAcapacity [0..1]
PAmaxTime [0..1]
PArespTime [0..1]
PAwaitTime [0..1]
PAthroughput
[0..1]
«PAstep» Message, ActionState, | PAhostDemand A step in a scenario
Stimulus, [0..1]

SubactivityState

PArespTime [0..1]
PAprob [0..1]
PArep [0..1]
PAdelay [0..1]
PAextOp [0..1]
PAinterval [0..1]
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Core Scenario Model (CSM)

Since performance modeling 1s based on scenarios:

e CSM is a convenient common view of scenarios
= UML sequence diagram
= UML activity diagram
= UML state machine
= other scenario languages, e.g. Use Case Maps

= designed for the PUMA project (Performance by Unified
Model Analysis)

e based on the SPT metamodel
= Steps, Components, Resources
= nesting: scenario within a step

18 = added: noSync: a parallel branch that does not join
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CSM Metamodel

A Component is

UNIVE
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Explicit Resource
Acquire/Release

regarded as a kind
of Resource (e.qg.
process thread pool)

1"*
General
Resource

AN

Active Passive
R esource R esource

External Processing +host
Operation Resource

PathConnections for
explicit precedence relations

L

C omponent

l. .*

JUTRER e

0.1

0.1

0.1
Message

Path

C onnection

Workload
0.1

AN

‘Sequence H Branch “ Merge “ Fork ” Join ” H Start \
19

(m=1n=0)

(m=1n=1 m=14n=2.3% m=2*n=1)

(m=Ln=2% (m=2.%n=1

(m=0,n=1)

Resource
Acquire |«
Resource
Release *

Open
W orkload

Closed
W orkload
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User  [servdr [Cachk [appl [DBil [DB2]
et N S
i loop) [? init E E E i
' an readCaghe : : ;
N Sl [ [ |
i | getData E :
- ||[ par —teadl, ! i
L B L B Shuldefudes MU Ha
| L |<<noSyne>>____ i1
E E read? ! >
: =
| €----- bo--- L : i
i output | E E :
1 - [eply_ -L? : ! ' :

SD to CSM

2 (Carletan

20

start | start(loopBody) |
v d v
ra(Server) init
§ /7 v
request et branch
& /
loopBody” readCache
output ra(App)
\
rr(Se;ver) getData
end

ra(DB1)
v

readl
v

rr(DB1)

join

Y

mera(

I
rr(App)

end

read2 log
v v
rr(DB2) rmr(DB2)
end nosync

(b)
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3. Relationship of SPT to Performance Models

e Deployment specifies the physical environment and the
components (processes) that execute the behaviour

e Bcehaviour specifies the operations that take time and
resources

e The path to obtaining the performance model depends on the
model formalism...

= Queueing network (QN) represents physical resources, with
behaviour as a demand pattern

= Extended QN (EQN) adds selected logical resources

= Petr1 net (PN) represents actions and resources in a different

way
21
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Target models: plain Queueing Network (QN)

server = host device
service class = an operation by Steps on a Host
service time = CPU demand for the operation

= summed over all Steps on that host

= Components are aggregated out
routing: from Host to Host,from the sequence of Steps
total demand for one server= sum in scenario, end to end
= weighted by number of times the Step 1s traversed

analytic queueing model: use the demands by host and class
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TPC-W (electronic bookstore-like web benchmar )
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GetHomePage scenario (one of 14 in the spec)

eb : EB

w ebserver : Webserver

imageserver : Imageserver database :

Carleton

RSITY

Dabase

<<Pstep>>{Pdemand=(‘asmd'|'
mean',(1.55,'ms"),

1: getH,omeP—age—’:_//— PextOp=(network', $C)}
opt <<Step>>{Pprob=0.35;} 2] getCustomerName
<< Step>>{PAdemand=(‘asmd’, mean’,(1,ms’))}
<<PclosedLoad>> []
{P population=$N, 3:
Pextxdelay=(‘asmd',’
mean',(7,'s")
re f

PromotionalP

rocess

4: getl

listofSubjects

<<Step>>{Pd

5:

emand=(‘asmd', mean',(1,ms")} T

I

6: getHomelmgs

7.

<<Step>>{Pdemand=(‘asmd’,

1

Tn',(o.s,'ms'))}
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CSM for TPC-W
GetHomePage

nested scenarios for

Get Customer
PromotionalProcess

Processor resources are
implicit in the
components (process
resources)

steps have host demands

resource holding 1s
nested

_ 1 CSMViewer: GetHomePage

BEx]

|Start: zetHomePage |
F_Acquire: eb
Step: viewPage

|Fl_.ﬁ.|:quire: webseryver |

|5I:E|:u: getHomePage |

”Step: operandl_GekCuskomer ”

”Step: PromaotionalProcess "

el

|5tep: getSubjecks |

L

|R_.ﬁ.cquire: database |

=

|5I:E|:u: qgetLiskOf Subjects |

[l

|R_Release: database |

Ll

|Step: getlmages |

R_Acquire: imageseryer
| |
¥
|Step: getHomelmgs |

|R_Release: imageserver |

Skep: durmey

|R_Release: webserver |
¥
|5tep: displayPage |

F_Release: eb

Carleton

UNIVERSITY
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TPC-W deployment and QN model

<<phost>>{Pcapacity:$l\% ’

<<Phost>> <<Phost>> <<Phost>>
desktop wsNode dbNode
<<Presource>> <<Presource>> <<Presource>>»
eb webserver database
<<Presource>>
Imageserver

payment server Is
external to the

Queueing model has servers for the nodes UML spec

GetHomePage
* | Service
(infinite server) (M servers) (single server) (|nf|n|te server) demands
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Additional (Logical) Resources

e What resources should be represented?

= the “right” answer 1s to represent all those that may limit performance in
the expected operating regime

= but this usually can’t be answered exactly

= rule of thumb: resources with significant utilization

e Examples:
= process thread pools, if limited
* some processes are single threaded to provide mutex

¢ actual thread pools often adapt in size to the demand, to save memory,
but have a maximum

* another performance question is, static or dynamic pool?
= buffer pool size

= critical sections, admission token pools

e SPT/MARTE supports abstract resource concept, explicit acquire/rel
26
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L_ogical Resources Iin the
CSM for TPC-W
GetHomePage:

27

logical resources for the
processes

eb, webserver, database,
Imageserver

= holding is nested

Processor resources are
implicit in the
components (process
resources)

steps have host demands

=0k

_ 1 CSMViewer: GetHomePage

|Start: zetHomePage |
F_Acquire: eb
Step: viewPage

|Fl_.ﬁ.|:quire: webseryver |

|5I:E|:u: getHomePage |

”Step: operandl_GekCuskomer ”

”Step: PromaotionalProcess "

el

|5tep: getSubjecks |

L

|R_.ﬁ.cquire: database |

=

|5I:E|:u: qgetLiskOf Subjects |

[l

|R_Release: database |

Ll

|Step: getlmages |

R_Acquire: imageseryer
| |
¥
|Step: getHomelmgs |

|R_Release: imageserver |

Skep: durmey

|R_Release: webserver |
¥
|5tep: displayPage |

F_Release: eb

Carleton
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eb

webserver

database

1mageseryer

contexts
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Extended QN (EQN)

e Jlogical resource is a token pool with a queue and discipline
= customer must “hold” two resources at once (not classical QN)
e requests may have to wait
= “service time” of a token, also called the “holding time” of the logical
resource, 1s found by solving the rest of the model
e solution requires iteration between two models that DO NOT have
simultaneous resources
<<PAresource>>
{PAcapacity=$M1} Pl
<<PAclosedLoad>> $N1 processors
Serverl :
{PApopulation=$N, r:/ : Think S1 $S1 ms
PAextDelay=%$Z,'sec’} I
request : ) 0 _A > |
<<PAstep>> N\
hostDemand = $S1 ms

28

e o <
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Layered QN (LQN)

e a kind of EQN in which resource holding 1s nested

" “nested resource contexts”

e nested resource-holding gives layered queueing

e the layers organize the solution process (LQNS, etc.)

arrow
signifies
a request/
serve/
reply
sequence

serverl

|

server2

v

server3

=
gl Iy

steps executed by different servers,
In different nested resource contexts
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LQN for one layer

e UML SD

e EQN with extra
resource queue

e cquivalent LQN

<<PAresource>>
{PAcapacity=$M1}
<< PAcIosed_ Load>> Serverl
{PApopulation=$N,

I
PAextDelay=%$Z,'sec’} |

request :

<<PAstep>>
hostDemand = $S1 ms

30 é- ------------

o Carleton
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Pl

. $N1 processors
Think $S1 ms

zse> N\ >

\/ €

service server

think Users
$Z sec $N |

l (D
request |  Serverl
$S1 ms $M1
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LQOQN: two layers

e UML SD
e cxplicit EQN
o LON

<<PAresource>>

{PAcapacity=$M1} {PAcapacdty=8V12}

Server2

<<PAresource>>
<<PAdosedLoad>> Serverl
{PApopulation=$N, —
PAextDelay=$Z'sec’} |
request :
<<PAstep>>

{PAhostDemand=10, ‘ms’}

31

P1
$N1 proc.

/T\ Serverl 5 ms

Carleton
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Users .
$N

Server2 P2
$N2 proc.
33 ms
think
$Z sec
l(l)
request | Serverl
10 ms $M1
l(l)
req2 Server2
33 ms $M2
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LQN elements

e servers called “tasks”
= gerver has a queue
" may be a multiserver
e offers services called “entries”

= different entries offer different
classes of service

e entries actually run on a lower level
of server, the processor
= task becomes a customer
e atask may also become a customer
for a lower layer task

= the service time of the entry
includes delay for queueing for the
processor

= and for the lower server

3o ©® blocking: request-reply interactions

v Carleton
Four layers
entry task entry host
think Users| ....------~ demand
$Zsec 4 $N

(1)< No. of calls

10 ms

Server?2
M2
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LON for the GetHomePage deployment and scenario

response
extDelay=7000

100}

LoadGenerator //100 sources//

ID

eb E |EB {100}

1(1)

[1]
(11

| getHomePage | WebServer

promo N\Promo

(1] inf}

<1>1 (1)

[$M]

EBP {100] //100 browsers//

//including the application//

(1)

(0.35)~—g

getCusName] getSItems | getSubject [Database
[1] [1] [1] 1}

—  ——

getThb | getHomelmgs
[0.2] [0.5]

ImgServer DBP {1}

]
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LQN for 10 scenarios

load generator

sendRequest | LoadGeneratar

emulated browser
; 5 ; 5 ; . | web

| EB_getHomeP | EB_gethewProdP |EEI_getElestSeIF' | EB_getCart | EE_getProdDetail | EB_getCustRegP | EE_getBuyRegP | EB_netBuyConfP | EB_getSearchRegP | EB_getSearchResP | EB

L e

Lt

WS_getProdDetailP |WS_getCustmRegP |WS_buyRquithAccount WS_getBuyConfP | \WS_getSearchRegP |WS_getSearchRest WS_huyRegMNewCustn |WebSeNer|

II:D
[~
[}
)
I
o
3
o
2
&
=
o
o
Wil =
o
=
e
Firme
o
§ Wl
o
II:D
[~
[}
I
[
@
3
ol
o
T
II:D
[~
@
T
)
ai
=1
m

T _— .
%‘%‘ﬁgﬁi—i—' e —
e e e e e ——— . e
e e = S
) e i L e e s
|PGE_authCredCard|PGE | ||s_get00mmun|mgs||s_get|tem|mg||mg59rver| DE_getinfo_std | DB_getsRelateditems | DE_getProdList | DB_getiteminfo | DE_get! stRelated | DB_matchAddr | DE_getMatehinglierns | DE_writelnfo_s

payment ImageServer

B rver database

e automatically generated by PUMA tools by Dorin Petriu
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LQN solution results...
e the base case corresponds to the system just described...

= capacity about 30 users, bottleneck at single-threaded web
server

= Jow processor utilizations

Response time vs. # of users Throughput vs. # of users

9 200
08 . 18 e
\57 @lﬁ /
€60 :’140
— >512
1 20 — f_—;lo
c 80
g 30 § 60 /
290 c
é 10// I— i gg A : —

O " ] ) : O’k‘/v ‘ | (
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
# of users # of users
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Petri Net Performance Model

e Tokens move through a series of places by firing transitions
= timed transitions represent processing delays

= resources can be represented by tokens

e Jose Merseguer made a tool to translate CSM, using labeled
Generalized Stochastic Petr1 Nets

= translate elements of CSM directly into corresponding PN
subnet elements, using standard PN patterns

= using labels to glue the successive subnets together

36
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Step: :procOnelImage

éiifl|proc0ne1mage

tl|procOneImage

tl ®=0.6

P2

t2 |procOnelImage

(a) (b)

PN Patterns
for a Step

...using Labelled
GSPNs

37

pl |procOneImage

pl |procOneImage

=04 Iii/

t2|admit

tl £=0.6

P2

t2|admit

t3 |procOnelImage

()

t4 |procOnelImag

Step::sl
Iilpﬂsl
tl|sl
EQUENCE
Step::sl SEQUENC
tl|sl
4 pl|s2
Step::s2
(a) Step::s2
ilpHsZ
tl|s2

(b)

Carleton

UNIVERSITY

pl|procOneImage

tl ®=0.6

(d)

pl]|sl
tl|sl
p2|s2
t2]s2

(c) PNs1 | PNseq| PNs2
{s1} {s2}
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PN Patterns for a Branch

38

Step::sl PNs1 || PNbranch || (PNs2 ||PN83)
1 {s1} {s2,s3}
Step::sl ; plfsl pl
¢ tl]sl
tl]sl
BRANCH BRANCH p2 | 52,53
tl|Sl nt=0.6 =04
t3 td
1]s2,
Step::s2 Step::s3 pl|s2.s3 p3 p4
(a) Step::s2 Step::s3 t5|s2 t6|s3
pl|s2 pl|s3
(c)
tln=0.6 tln=04
P2 p2
t2]s2 t2]s3
(b)



From Annotated Software Designs (UML with SPT/MARTE) to Performance Model Formalisms

SFM 2007 © Murray Woodside, 2007

39

Carleton

UNIVERSITY

PN Patterns for Start and End

(b) PNmerge

PNstart PNend1 PNend2
Start Endl End2

ilpl | Start ilplmndl ilpl|End2

Start tl|Start t1l|Endl tl|End2
p2 Endlil i;ﬁ | Erfd2
Endl End2 t1 | Endl 1 r £2 | End?2 t2 |End1 t3 |E d2

O pl|Start
(a)

(c) (PNendl ||PNend2) || PNmerge || PNstart
{End1,End2} {Start}
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PN Patterns for a Logical Resource

ResAcq

A 4
¢ Component . ProcRes::
¢ DB AppCPU
A
ResRel f=======-"
ResAcq
t2 | t_DBCPU t3|t_DB t4|RA
PNt | O —O—f—O—
n=0.6 P2
ResRel
pl|RR t2|r_DBCPU t3|r_DB t4|RR
PNReskel o——l—-o——l—»o——l—»o——l
n=06 P2
COMPONENT RESOURCE
pl|DB pl|DBCPU
tl|r_DB t2|t_DB tl|r_DBCPU t2|t_DBCPU
PNdb PNdbcpu

40

PNResAc H fﬁﬁﬁibqpu||1?ﬁfdb

{t_DBCPU) {t_ DB}
pl|ra tl t2|t_DBCPU  t3|t_DB t4|RA
=06 P2 p3 pd
p5 | DBCPU p6|DB
p7|RR t6|t DBCP t7|r_DB t8|RR
= 06 p8 p10
PNResRel | | PNdbcpu | | PNdb
{r_DBCPU} {r_DB}
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Performance Improvements: Resources

e [dentify performance limitations in the solution
e Identify causes by examining the solution in detail
e c.g., bottleneck at webserver:

= Increase thread pool size to 10

= also increase webserver processors to 2

= Increase database to 2 replicas

e achieves the improved performance:

Response time vs. # of users Throughput vs. # of users

90 200

= g —
(2]
@ /0 =140 —
£00 512
%28 =100
% " > 80 s
gSO o 60
$10 // D = 20/ e
ne 0* » . : _ 0 : ‘ ’ ’
42 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

# of users # of users
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Performance Improvements: Operations

e The subscenario with the longest delay 1s the one that
queries the payments server (with a 4 sec delay)

= suppose this could be reduced by using high-speed networks

= capacity increased
Response time vs # of users

7 4 S
5 /
0
0 ®
= 4 2
Q S
g 3 ;
52 | / // 1 S
: %’
0 - S
0 500 1000 1500 2000 2500
43 # of users

‘ —=— PGE=200ms —— PGE=500ms —-PGE=1000ms ——PGE=2000ms —— PGE=4000 ‘
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Performance Improvements: Redesign

eb : EB w ebserver : Webserver imageserver : Imageserver database : Dabase

<<Pstep>>{Pdemand=(‘asmd'|'

The most frequently . g iouinen

PextO p=('network’, $C)}

accessed sub-scenario 1s __|} ] . )|
. <<Step>>{Pprob=0.35} 2] getCustomerName
PI‘OII]O'[IOD&IPI’OCGSS << Step>>{Pdemand=("asmd’,mean",(1,’m s'))}bH
<<PclosedLoad>> Ll
{P population=$N, 3:
Pextxdelay=(‘asmd',’
mean',(7,'s")

PromotionalPfocess

4: getllistofSubjects
<<Step>>{Pdlemand=('asmd’,'mean’,(1,ms))} T

I

5:

It makes a database demand... so s}

 suppose a special read-only promotions database
with heavy caching,

« with a reduced demand for these accesses (5 ms)




Read-only database for Promotions...

Response time vs. # of users

N w NN ul

response time (s)

=

o

0 500 1000 1500 2000 2500
# of users

- Base Case = Add RODB

e capacity for 1 sec mean response time increased by about
200
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What are we missing?

what about

e (perating system overhead?

= ]dea #1: 1t’s included 1n the Step demands. BUT how to
account for a different OS or version

= Idea #2: OS overhead could be modeled as a node property,
* roughly, as a % of operation time

* in detail for each OS call, with Step demands for calls: too
detailed for manual modeling

e Middleware costs

= so—called “web application servers™... most of the execution
cost of an operation i1s shown to be the middleware

= similar 1deas, but now Idea #2 looks better, since middleware
operations are more coarse grained

46 o some extensions in MARTE to describe these.
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Missing (2)
what about

e communications effects?

= node processing costs, interface processor effect, latency on
the channel

= this 1s more complicated than it sounds: consider sending a
sequence of packets. They are overlapped:

. - > Sender
> Send I/F
] ] ] > line
| | |
> Rcv I/F
| Recelver

47 = we do not specify this kind of complex detail in UML!
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tool/domain

It makes sense to use submodels for system components or
behaviours 1f they are available
e communications models
= for instance for protocols like TCP
e cnvironment components... you might have a library of
submodels
= web server
= file server
= file system
= database

e these are 1dentified as “external operations” in SPT and
MARTE
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(Modeling and Analsis of Real time and Embedded Systems)
Why?

49

upgrade to UML 2.X
enrich with new Real Time and Embedded Modeling (RTEM) part

* software and hardware aspects, richer resource types, composite
structures

¢ concurrency models, real-time mechanisms (e.g. mutex)
+ richer models of time (causal, synchronous, physical)
overcome some limitations
= ¢.g. a point-to-point delay can’t be specified in SPT
Analysis part: with consistent analysis domains
= schedulability and performance analysis as in SPT
= meant to be a platform for more kinds (power, reliability)
core Time and Concurrent Resources (TCR) part
= shared between modeling and analysis

= plus Non-Functional Properties (NFPs): stronger data definitions
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New Meta-Associations in UML 2.X
e This was not possible in UML 1.x profiles

= meta-associations represent semantic relationships between
modeling concepts

= new meta-associations create new semantic relationships

= possibility that some tools will not be able to handle such
additions

e UML 2.X capability added via stereotype attribute type

= type of attribute is another metaclass .
creates an association

Message that does not
<<metaclass>> <<Stere0type>> eXiSt in the UML
> | Semaphore metamodel
UML::Class
msgQ: Message[O0..*]

50
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Core Part (TCR): Intent

e support specification of RT systems

e time models:
= Asynchronous/Causal logical time
= Synchronous/Clocked models (not in SPT)

= Real/Continuous time models
e resources (General Resource model)

e arich set of measures:
" gtatistical measures

= a delay measure shall be applicable to an interval bounded by a defined
start event and a defined end event.

= extensible to user-defined distributions, etc.

= any measure may have multiple versions (e.g., a required value, an offered
value, an estimated value, a test result value, etc. )

51
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Modeling part (RTEM): Intent

52

Provide support to model embedded systems
= reactive, control/command, multimedia, telecom
common language for:
= systems engineers - overall architecture; hardware/software tradeoffs;
= hardware engineers —high-level description at block level
= software engineers - detailed software development

support

= allocation of resources
= real-time constraints (e.g. deadline, response time, etc.)
= embedded constraints (e.g. power consumption, memory size)

define behaviour
= data-flow and control-flow
= deterministic behavior modeling of RTES
define structures
= repetitive structures
= component-based modeling for RTES hardware architectures.
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Analysis part (RTEA): Intent

e SPT plus extensibility to other analyses
e Harmonize S and P

e Support component-based models, by attaching measures to
services offered or required at interfaces/ports.

e Point-to-point delays
e Support for state machine spec of behaviour.



From Annotated Software Designs (UML with SPT/MARTE) to Performance Model Formalisms
SFM 2007 © Murray Woodside, 2007

v Carleton

UNIVERSITY

MARTE Core: Non-Functional Properties (NFPs)

e consider a measure, €.g. a certain response time

= there are sample realizations of the measure if we run the system and
monitor it

= there can be statistics describing these realizations
* mean, variance, histogram, 95" percentile, median, max
¢ called the “statisticalQualifier”

= there can be required values for these statistics
= there can be theoretical assumptions about them

¢ distribution of interarrival times

¢+ the choice of distribution type 1s a qualitative parameter

e there can be multiple values coming from different sources, such as
required, provided, measured... and different statistical qualifiers

e define a property as:

= property = ((value, units, statisticalQualifier, source, precision,
direction),....)

e value can be a variable or an expression, stated in a value specification
v language
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NFP (2)

e c.g. properties of ExecHost (a processor) include
= utilization:NFP_Real
= commTxOvh:NFP_ Duration

e NFP Real 1s a type declared 1n a library of MARTE data
types with fields

= expr:VSL Expression : a functional expression, which can
also just be a value

= source (est|meas | calc | req | undef)

= precision:Real

= statisticalQQ (mean | variance | percentile ....)

= direction (increasing | decreasing), for relationship to QoS

e NFP Duration 1s a subtype of NFP Real with also

s = unit: TimeUnitKind (us | ms | s | min | hr...)
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NFP (3) Examples

e Full expression uses the property names:
= utilization = (expr=$ AppProcUtn, source=calc)

= commTxOvh = (value = 0.1, units = ms, source = est, statisticalQ = mean)

e Shorthand expression gives fields in the order defined:
= utilization = (-, $AppProcUtn, calc)

= commTxOvh = (0.1, -, ms, est, -, mean)

e VSL is a powerful language with value types that can be tuples and
intervals [a..b],

= including logical expressions that evaluate to Booleans,
¢ V1= ((clients<6)?(exp(6)):1)
= A context for variables and expressions can be defined to scope their use.

s = special syntax for time expressions including conditions
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Example of NFP annotations in a user model

a) Extended Notation b) Reduced Notation
UserModelForSchedulabilityAnalysis UserModelForSchedulabilityAnalysis
« executionEngine » « executionEngine »
uC: Controller uC: Controller

« executionEngine » « executionEngine »
utilization= (value= 80, source= calc) utilization= (80, calc)
speedFactor= (expr= $MasterRate*0.25) speedFactor= ($MasterRate*0.25)
tickerPeriod= (value= 1.0, source= est) tickerPeriod= (1.0, est)
contextSwitch= (value= 8, unit= us, source= meas) contextSwitch= (max=8, min=5, us, meas)
priorityRange= (expr= [$lowPriority..$uppPriority]) priorityRange= ([$lowPriority..$uppPriority])

57
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Example of NFP annotations in a Constraint

«scenario » UpdateSpeed )

) « sharedResource »
SG : SpeedGatherer Sl : Sensorlnterface SD - SpeedData

I
|
. Variable declaration
updateSpeed() |
« RTaction » getSpeed(/
{ RTstart= (expr= @start) } }

Variables specification

L « RTaction » processData() LAy ?zigaicig’uire%

{end - start < 5.0}

« acquireAction » start()

\

« RTéCtion » set*eed()
{ RTend= (expr= @end) }

« releaseAction » release()

<
:

58
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MARTE Core: Time Modeling

e Defines a set of time-related concepts and their semantics

= time base, instant, duration, clock, time value, timed event, timed action

al a2 a3 a4 a5 ab

A:TimeBase

O instance of
Instant

Instance of
CoincidenceRelation

:MultipleTimeBase B:TimeBase

C:TimeBase

e Covers 3 kinds of time models
= (ausal/temporal time model
¢ concerned only with precedence/dependency
= (Clocked/synchronous time model
¢ divides the time scale in a discrete succession of instants
+ rich causal dependencies can take place inside an instant
= Physical/real-time time model

59 ¢ defines precise accurate modeling of real-time duration values
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Schema of the time modeling concerns

Optional access
to time structure

;

\

\)
)
A
A
A

'l

TimeValue
Specification

TimeStructure kS TimeAccess
Concepts BN Concepts |
Time bases Clocks
Multiple Time Base Logical clocks
Instants Chronometric clocks

Global instants
Time structure relations

Current instant value

TimeUsage

leocaoo]

Concepts

Timed elements
Timed events
Timed actions

Timed constraints
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Example: dependency of clocks on physical time

. . . . cl c2
o leferent ClOCk NFPS n Physical time :ChronometricClock :ChronometricClock
function of the physical base base
time: coveringTB
] resolution R:TimeBase t1:DiscreteTime t2:DiscreteTime
{dense} Base Base
" Stablhty coveringTB
= offset Jﬁset
= skew q i T Q
= drift q i O
e The figure represents 9 i ?

examples of:

= resolution q

O
A

= offset between two
clocks

O
A4

O—O—O—O—HO—+O—O0—O

-
€O

61 \j
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Specialization of the NFP package for
high-level RT/E features modelling

RTEM

» Static point of view => Component
» Behavior => determinism, MoC,
control/data flow model

1

e

RT/E Feature
Modelling

1

Modelling

RT/E Applicatio;

A

N

/ Hardware Execution

Platform Modelling

Software Execution
Platform Modelling

Allocation Modelling |-~ i
‘_\__\_\_\_\_\_‘_\_\_‘_‘_‘—

[

62

Description of the association/mapping
between application models and related

execution resources
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Structure of Software Ex Res Model
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GERM
)
SERM «|m?ort»
SW _ComputingResource SW Communication
. . X
SW BasicsComputingResource SW BasicsCommunicatioh
SW Alarm A N
. « im'bon» «import» _ 147 Y?}\
| 1) \ « Irpporb> « Imp‘(zrt»
= S/ AN
«importr==== SW Interrupt SW Task ==
SW _Synchronization SW DataExchange
- «import» ] ]
« Import»
SW MemoryManagemen SW Process SW Scheduler SW 10 Interface
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Example: SW_Task package

e Tasks are basic resources for real-time multitasking kernels.

e A Task denotes an encapsulated sequence of actions and executes
concurrently to other tasks.

e Tasks share the same address space but preserve their own contexts
(program counter, registers, signal mask, stack, etc).

e In this model, there 1s no distinction between tasks and threads

SW_Process

SW Task « |mp0rt »

« enumeration »
GRM::ComputingService ??? TaskServiceKind

SW_ComputingResource

TaskService Delay
Delete

Activate
% Create

+process  +ask HaskService | +serviceKind : TaskServiceKind [0..*] {redefines GRM:kind 2227} SetSChedu"”gFea‘“re
SW_Process::Process ﬁ Task & +period : Parameter [0..1] esume

0. +schedulingFeatureValue : Parameter [0..*] getZChedulingFeature
+stackSize :Parameter [0..1] Sjéptear:g
Other

64
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Structure of Hardware Ex Res Model

e Logical view
= Functional taxonomy of HW
= 4 kinds of resources:
¢ Computing resources
¢ Storage resources
¢ Communication resources

¢ Supporting resources

= Each kind 1s refined 1n 1ts package

e Physical view
= HW classification in terms of

¢ Voltage, area, dissipation...

¢ Chips, cards, channels...
65
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Allocation Model

e Based on SySML concept of allocation from an application to a platform
e Allocation and refinement relations can be annotated by TimeBaseConstraints

= allocations provide links between independent models,
= refinement/abstraction change the focus on an underlying similar structure.

AllocationModel
. _saurce Application
Alfocation AlfocationEnd
1
target ExocutionPlatform
1 Alfocation End
0.1 -constraint
TimeBaseConstraint
[ Timehdodel)
oA ~COnSrErt
Refinermont -general AffocationEnd
-kind : Refinemertkind 1
-refined
1.%
==enumetation==
RefinementKind
application Application ExecutionPlatform
66 executionPlatform AffocationEud AffocationEud
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Analysis Modeling

a Generic analysis (Ga) subprofile for common concepts
AnalysisContext with parameters scoped to the diagram
Scenario, Step

AcqgStep, RelStep to acquire and release resources explicitly
ExecHost, CommHost (for links)

WorkloadEvent for workload (as an event stream)

Resources from the General Resource model
= SchedulableResource is a process
= ExecHost, CommHost

= CommChannel 1s a kind of SchedulableResource for
communications

Performance and Schedulability sub-profiles extend this
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<<stereotype>>
GaAnalysisContext

bPT/MARTE) 1

contextParams: NFP [*]

<<stereotype>>
GaWorkloadBehavior

behavior: GaScenario [*]
demand: GaWorkloadEvent [*]

Performance

sub-profile
for
behaviour

<<stereotype>>
GaResourcesPlatform

resources: Resource [*]

<<stereotype>>
GaWorkloadEvent

pattern: ArrivalPattern [0..1]
generator:

GaWorkloadGenerator [0..1]
trace: GaEventTrace [0..1]
effect: GaScenario

<<stereotype>>
GaScenario

hostDemand: NFP_Duration [0..1]
hostDemandOps: NFP_Real [*]
interOccT: NFP_Duration [*]
throughput: NFP_Frequency [*]
respT: NFP_Duration [*]
utilization: NFP_Real [*]
utilizationOnHost: NFP_Real [*]
root: GaStep
cause: GaWorkloadEvent |

[0..1] [behavior

[*] | steps

GaStep

. | i | =

<<stereotype>>
GaTimingObserver

latency: NFP_Duration [*]
startObs: UML::TimeQObservation
endObs: UML::TimeObservation

<<stereotype>>

<<stereotype>>
PaStep

<<stereotype>>
GaWorkloadGenerator

pop: NFP_Integer

<<stereotype>>
GaEventTrace

content:Sting [0..1]
format: String [0..1]
location: String [0..1]

68

Inherited properties:

blockT: NFP_Duration [*]

rep: NFP_Real [0..1] =1

prob: NFP_Real [0..1]=1

priority: NFP_Integer

host: GaExecHost [0..1]

servDemand: GaRequestedService [*] {ordered}
servCount: NFP_Real [*] {ordered}
concurRes: SchedulableResource [0..1]
**New properties****************

noSync: Boolean [0..1] = FALSE
extOpDemand : String [*] {ordered}
extOpCount: NFP_Real [*] {ordered}
behavDemand: GaScenario [*] {ordered}
behavCount: NFP_Real [*] {ordered}

GaAcqStep

resource: Resource
resUnits: NFP_Integer

<<stereotype>>

GaRelStep

resource: Resource
resUnits: NFP_Integer

<<stereotype>>
PaResPassStep

resource: Resource
resUnits: NFP_Integer

<<stereotype>>

<<metaclass>>

PaCommStep

msgSize: NFP_DataSize [*]

<<stereotype>>

UML::Classes::Kernel::Operation [«

PaRequestedService
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<<stereotype>>
GaAnalysisContext

@

contextParams: NFP [*]

Detall...

<<stereotype>>
GaWorkloadBehavior

behavior: GaScenario [*]
demand: GaWorkloadEvent [*]

<<stereotype>>
GaResourcesPlatform

del Formalisms

resources: Resource [*]

Workload: define just one of
(pattern | trace | generator).

<<stereotype>>
GaWorkloadEvent

Closed and open workloads
are pattern properties:

pattern: ArrivalPattern [0..1]

generator:
GaWorkloadGenerator [0..1]

trace: GaEventTrace [0..1]

closed(population=NFP Integer,

effect: GaScenario

extDelay = NFP_Duration)

open(interArr'T = NFP_Duration)

<<stereotype>>
GaWorkloadGenerator

generator = StateMachine
trace = String for filename,etc

pop: NFP_Integer

69

<<stereotype>>
GaEventTrace

content:Sting [0..1]

<<stereotype>>
GaScenario -

hostDemand: NFP_Duration [0..1]
hostDemandOps: NFP_Real [*]
interOccT: NFP_Duration [*]
throughput: NFP_Frequency [*]
respT: NFP_Duration [*]
utilization: NFP_Real [*]
utilizationOnHost: NFP_Real [*]
root: GaStep
cause: GaWorkloadEvent

[0..1] |behavior

[*] |steps

GaStep

<<stereotype>>
PaStep

Inherited properties:

blockT: NFP_Duration [*]

rep: NFP_Real [0..1] =1

prob: NFP_Real [0..1] =1

priority: NFP_Integer

host: GaExecHost [0..1]

servDemand: GaRequestedService [*] {ordere
servCount: NFP_Real [*] {ordered}
concurRes: SchedulableResource [0..1]
**New properties****************

noSync: Boolean [0..1] = FALSE
extOpDemand : String [*] {ordered}
extOpCount: NFP_Real [*] {ordered}
behavDemand: GaScenario [*] {ordered}
behavCount: NFP_Real [*] {ordered}
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Carleton

UNIVERSITY

<<stereotype>>
PalLogicalResource

utilization: NFP_Real
throughput: NFP_Frequency
poolsize: NFP_Integer

<<metaclass>>
UML::Classes::Kernel::
NamedElement

1

<<stereotype>>
PaRunTInstance

poolSize: NFP_Integer [0..1]

unbddPool: Boolean [0..1]
=FALSE

instance: MARTE::GRM::
SchedulableResource [0..1]

host: GaExecHost [0..1]

utilization:NFP_Real [*]

throughput: NFP_Frequency [*]

1 1
: <<stereotype>> :
I MARTE::GRM:: I
: ConcurrencyResource :
1 1

<<stereotype>>
MARTE::GRM::
SchedulableResource

T

<<stereotype>>
GaCommChannel

packetSize:
NFP_DataSize [0..1]

utilization: NFP_Real

throughput: NFP_Real

Performance
sub-profile
for Resources

<<stereotype>> ]
MARTE::GRM:: ]
ProcessingResource |
-

1

1

<<stereotype>>
GaExecHost

commTxOvh: NFP_Duration[0..1]
commRcvOvh:NFP_Duration [0..1]
utilization:NFP_Real

throughput: NFP_Real

<<stereotype>>
GaCommHost

capacity: NFP_Frequency [*]
packetT: NFP_Duration [*]
blockT: NFP_Duration [*]
utilization:NFP_Real
throughput: NFP_Real
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<<PerformanceContext>>

@cycletime95, s, est,

O p e r atl O n S statQual=(percent,95))} StartCycle ::
O ﬂ a LOg I Cal <<structurejid>>

getOnelmage

Reso u rce <<Presource>> <<Presource>> <<Presource>> <<Presource>>
Acquire bufMgr Store DB
{multiplicity 5 4} {multiplicity 5 3}

SFM 2007 © Murray Woodside, 2007 v - _ o
{params=(expr=(@Ncameras=100), comment = "number of cameras to poll),
<<Pc|osedLoad>:§expr:(@frameSize:O.1)), MB, comment = "size of data from camera"),
N eW {population = expr= (@blocks=15), comment = "number of storage blocks per camera frame
%[?Delay = (0, s),
erval= - <<Pstep>>
- 1,s, statQual=(percent, 95), sie
Featu re. gource:'r%q'), (P ) - |{rep=(@Ncameras)}
. {

{multiplicity 5 2}

the heavy line
request S<Pstep>>
shows what (getBur) ,—«;ﬂe—p»— - Rostbemand=(2.5, ms)
h ] <<PresAquire>> I
appens ' allocBuffer i
: hostDemand = (0.5, nig),
during one ) TEUS = b rerpon

-

storeDB

occupancy =) | pase”

*” <<PresPass>>
{resource = Buffeyp
resUnits = 1}

r—_—

deallocBuffer L
- <<Pstep>>
rerease— {hostDéomand (@bl

ctatMitAal="rmAAn!

ol,

71
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New Feature:
Non-
Synchronized
Branch

...after a fork,
Indicating
there Is no join

more
necessary in
par blocks of
SD

72

<<PerformanceContext>>

{params=(expr=(@Ncameras=100), comment = "number of cameras to poll),
<<PclosedLoad>> (expr=(@frameSize=0.1)), MB, comment = "size of data from camera"),
{population = (1), (expr= (@blocks=15), comment = "number of storage blocks per camera frame")}

extDelay = (0, s),
interval=
(1,s, statQual=(percent, 95), <<Pstep>>
source="req), . |{rep=(@Ncameras)}
(@cycletime9s, s, est, cyclelnit PY
statQual=(percent,95))}
StartCycle
<<structured>>
getOnelmage
<<Presource>> <<Presource>> <<Presource>> <<Presource>>
Acquire bufMgr Store DB
{multiplicity = #} {multiplicity = 8}
{multiplicity = 2}
<<Pstepb>
{noSync=TRUE,
hostDemand=(2.5, ms)}
<<Pstep>>
T <<PresAquire>>
allocBuffer

| getimage <

resUnits =
resource = BufferPooI}

{hostDemand = (0.5, ms

storelmagsg

resUnits = 1}

deallocBuffer

<<PresPass>>

{resource = BufferPg#

>

<<PcommStep>>

units = MB)}

{msgSize=(expr=@frameSize,

7

<<Pstep>>
{hostDemand= (0.5, ms)}
<<PresourceRelease>>

{resource='BufferPool’, units=(

AN
<<Pstep>>
{hostDemand=(@blog
statQual='mean’),

hostDemand=(@bloc
statQual=var)),service
xpr=$blocks),(1)}

ks*0.9, ms,

S*.2, ms,

(Both mean and variance of the hostD
are specified, using two NFP specifica

Demand=("'writeB

WriteBlock is a service by a file server

m-the-modelina-emviranment)
T e oo Cyg—Crvirorm Tty

(o]}

gMmi

on
Jel
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v Carleton

UNIVERSITY

New Feature: Interval Durations

Source Stagel Stage? Sink

1:<<Pstep>>

HRTstart: (@startTime| Ysp—2: >l

3.<<Pstep>> _|

- {RTend = @endTime}
' <<NFP_Constraint>>
{endTime - startTime < 5,

@durationMean = (endTime - startTime, us, ;
statQual = mean)); ;
durationMean < 3}

e attributes for start and end events of a Step
e derived functions defined in a constraint block, or globally

e here: used in functions in a constraint block that includes
73 NFPs
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o Carleton

UNIVERSITY

Services and Service Requests

e «PaService» stereotypes an operation that forms part of a Step
= Step has a demand attribute which is a tuple
+ servDemand:Operation, (may be a tuple)
¢ servCount:NFP_Real (corresponding order)
= the demand is the mean number of requests made by the Step.

e Services couple scenarios to calls and call hierarchies

e two additional forms:
= an external operation is defined outside the UML model
+ extOpDemand:string
¢+ extOpCount:NFP_Real

= direct service definition by a scenario not necessarily associated with an
object

¢ pbehavDemand:Scenario,
¢ pbehavCount:NFP_Real

74



From Annotated Software Designs (UML with SPT/MARTE) to Performance Model Formalisms

SFM 2007 © Murray Woodside, 2007

Services: options

| e standalone delay

«PaStep»
{servDemand
= (readDB, 3.7),

servCount = (1.7, mean : :
( O )éerwce with

demands

e ref to external
operation
73 definition

2 Carleton

UNIVERSITY

DataBase

readDB «PaService»
{hostDemand= (13.2, us,
statisticalQ=mean)}

DataBase

readDB «PaService»
{..... demands}
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v Carleton

UNIVERSITY

State Machine Annotations

® a state or a transition can be a Step, with workload and service-
demand attributes
= service-demands can represent the functional action semantics
¢ local method calls

¢ remote service requests
¢ can include a Scenario for complex actions on a transition,
including communications actions
e SM is only defined for a class, so
= all instances must have the same parameter values, OR
= instances must be defined separately at the class level, OR
= variables can be used to identify parameters, and a table can set values
for different instances
e inter-object messages are represented by signals only
= either broadcast or with a specified target object
76 = communication host 1s inferred from hosting of the two SMs.
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77

Communications: examples

webserver

<<PcommHost>>
LAN

Carleton

UNIVERSITY

database {latency = 10, us|,
i ﬁ‘&“ \Y rate = 100, Mb/s} ol e
1:0 i 66 N B — <<Pservice>>+conveyMsg()
<<Pcorﬁ'mStep>> 1 8
(msgSize = (4.5, KB) ﬂ AppHos DBhost|
P 2 e :
3.0 .
<<PcommStep>>
{msgSize = (4.5, KB),
extService = netwark}
Y . S : Sender S .unv@ RcvMW R1 RcvMW?2 R2
50 . |
<<PcommStep>> |1
{msaSize = (4.5, KB), | | = —
conveyService = conveyMsg} gy — 3 .
NN B ! 4: '| |
E [] 5:
7 =
<<PcommStep>>
msgSize = (4.5, KB), 6: ..
conveyScenario = parallelRead} . 8: ]
o B : 10: '
i T
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UNIVERSITY

Communications example: default

webserver database
<<PcommHost>»
; LAN
L. () ’ flatency = (10, us)
<<PcommStep>> — ’ ’
{msgSize = (4.5, KB)} ﬂ rate = (100’ M }g)}
SR 2

<<Phost>> <<Phost>>
AppHost DBhost

e the performance model uses the LAN characteristics to
create a server submodel,

e and the Hosts have overhead CPU demand parameters (not

shown) which are added to the workloads at sender and
78 recelver
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w2 Carleton

UNIVERSITY

Communications example: External submodel

webserver

1: ()

database

<<PcommStep>>
{msgSize = (4.5, KB)}

3: 0

<<PcommStep>>
{msgSize = (4.5, KB),

extOpDemand = network

extOpGount = 1}

et e Lthat R B ,

e “network” identifies an
operation by a network
submodel to the
modeling tool, which
inserts 1t into the final
performance model,
using the message size

e Host overhead
parameters are still
used, governed by
message size
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4 Carleton

UNIVERSITY

Communications example: Middleware Service

webserver database

Middleware

<<Pservice>>+conveyMsg()

1: () i
<<PcommStep>> ﬂ
{msgSize = (4.5, KB)}
2t
3:() ._,_
<<P Step>> 44 . 99
S e k), e “Middleware” can be a
extopDemand = network, structured class defining
__extOpgount=1} L]
; a subsystem
5: () 5 e conveyService is an
<<PcommStep>> ﬂ .
{msgSize = (4.5, KB), Ope ration Of that ClaSS
servDemand = conveyMsg, . .
e SErVCEUAt =1} | e it defines its own

overheads, so default
Host values of overhead
20 are not used
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Sender

UNIVE

o Carleton

RSITY

conveyscenario = parallelRead

100

par| | o

| | 3:
[ ] <----__5_:_______________:|:i<m'4::' """"""" j‘T_I

SendMW RcvMW1 Receiverl RcvMV\P Receiver2

e arbitrarily complex sequences of behaviour

= g0o0d for protocol detail executed at both ends and at servers

e multiple deliveries in this case must be interpreted:

81 = receiver behaviour 1s nested into the Receiver step(s)
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 Carleton

UNIVERSITY

5. How MARTE can be applied

Now, a series of examples to nail down how the annotations
work 1n practice, and how they relate to performance
models

simple web 1nteraction... review
TPC-W electronic bookstore
Embedded: building security system
Communications parameters
Communications layer

Component-based calling hierarchy

NSk W=

State machine to define a workload

82
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Carleton

UNIVERSITY

Example 1. Simple web interaction

eb <<PaRunTInstance>> <<PaProcess>>
web database
{poolSize = (webthreads=80|{poolSize = (dbthreads=5),
instance = webserver} instance = database}
1: ».i_
<<PaStep>> 2: >
<<PaWo_rk|IoadEvent>> <<PaStep>>
{open(interArrT=(exp( <<PaCommStep>>
17,ms))) {hostDemand = (12.4,ms),
hostDemand = repetitions = (1.3,-,mean),
4.5,ms} msgSize = (2,KB)}
3:
4: <<PaCommStep>>
{msgSize = (50,KB)}
<<PaCommStep>>
{msgSize = (75,KB)}

e browser requests web page which has fields that are filled
3 from a database
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? Carleton

UNIVERSITY

Deployment for web interaction

e showing just the webserver and

database
<<GaCommHost>>
LAN
{blockT = (10,us),
. capacity = (100,Mb/s)}
Link | |
<<GaExecHost>> <<GaExecHost>>
N d AppHost DBhost
ode {commRcvOvh = (0.15,ms/KB), {commRcvOvh = (0.14,ms/KB),
commTxOvh = (0.1,ms/KB)} commTxOvh = (0.07,ms/KB)}
<<deploy>>
Load able mOdU | e <<artifact>> [ <<deploy>>
( fl IE‘) <<SchedulableResource> <<artifacts3)
I webserver database
Software class N -
R4 <<majifest>> <<mapifest>>
(Sou Fce COde) : WebServer : DatabaseSystem




From Annotated Software Designs (UML with SPT/MARTE) to Performance Model Formalisms
SFM 2007 © Murray Woodside, 2007

o Carleton

" UNIVERSITY

Queueing network model of web Interaction

Solution follows from demand values:

AppHost demand/response: Arrivals ! AppHost DBhosf
4.5 hostDemand —
0.1%(2 + 75) TxOvh >_ >
0.15*50 RevOvh DepartureS\L

19.7 ms/response

DBHost demand/response
1.3 repetitions times:
12.4  hostDemand
1.4*2 RcvOvh
0.07*50 TxOvh
16.18 ms/visit
21.03 ms/response
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w2 Carleton

UNIVERSITY

Extended queueing network (EQN)

webserver
. process
Arrivals
AN

webthreads

process

Departures&£€—\ / <&

e able to model the webserver and database thread resources
as token pools

® neceds service times

86 e create submodels for EQN solution techniques
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@ Carleton

UNIVERSITY

Layered queueing version of the web interaction EQN

larrivals at 58.8/sec

htmlReq| webserver ppHos
10 ms | [webthreads] [5]

dbReq database >
[dbthreads] %

e same model semantics

e LQN solver creates the sub-models automatically and solves
37 by surrogate delays
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o Carleton

UNIVERSITY

Petri net model of the web Interaction

a st db ds

dbhogst

arrivals

e arrival process must be made finite to get a finite state space

= a pool of N customers who arrive and leave

88
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Example 2: TPC-W
Bookstore

this 1s the
GetHomePage
Interaction

one of 14 scenarios
specified in the
benchmark standard

each page operation
has a set of successor
operations, which can
be specified by a state
machine

close look at blow-
up...

89

<<GaPerformanceContext>>
{contextParams=Nusers, ThinkTime, $Images, $R}

browser
K<PaRunTlInstance>>|
{instance=browser}

webserver
<<PaRunTInstance>>
{instance=webserver}

1: getHomePage

imageserver
<<PaRunTInstance>>
{instance=imageserver}

datal
<<PaRunT

base
nstance>>

{instance=gatabase}

<<GaW orkloadEvent>>

{closed(gopulation = Nusers
extDelay|=|ThinkTime)} opt J <<PaStep>> 2: getCustomeData
<<PaStep>> {hostDemand = (2,ms)}
{hostDemand = (1,ms), 3:
respT = {((L,s,percent95),reqd),
(($R,s,perdent95),calc)}, <<PaStep>>{repetitions= 0.2}
k<PaCommStep>p [if customer is logged in]
{msgSize F (2.9,KB)}
alt
ref
[first proma] <<PaStep>>{prohability = 0.4}
Promotionl
I —
[else] it
<<PaStep>> {probability = 0.6}
Promotion2
4: getListOfSubjects <<PaStep>> _

5:

{hostDemand = (lO,ms)T|

par

6: log

nteraction

<<PaSte
{noSy

p>>
nc}

7: getHomelmages
8: T]

<<PaStep>>
{hostDemand = (0.5,ms),
repetitions = $images,
extOpDemand = "ImageFil
extOpCount = 1}

eOp",

9:

<<PaCommStep>>

{msgSize = (3.4 + 5*;$Images)}




From

SFM 2 <<GaPerformanceContext>>
{contextParams=Nusers, ThinkTime, $Images, $R}

browser webserver imageserver database
<PaRunTInstance>> <<PaRunTInstance>> <<PaRunTInstance>> <<PaRunT|nstance>>
{instance=browser} {instance=webserver} {instance=imageserver} {instance=gdatabase}
1: getHomePage ’_i_

<<GaWorkloadEvent>>
{closed(gopulation = Nusers opt <<PaStep>> ¢ b
extDelay|=|ThinkTime)} 2: getCustomeData

<<PaStep>> {hostDemand = (2,ms)} .H
{hostDemand = (1,ms), 3: _
respT = {((L,s,percent95),req), '
(($R,s,pardgent95),calc)}, <<PaStep>>{repetitionsi= 0.2}

<<PaCommStep>p> [if customer is logged in]
{msgSize # (2.9,KB)}
alt

ref
[first promo] <<PaStep>> {prohability = 0.4}
Promotionl
else
! ref
90 <<PaStep>> {probability = 0.6}
Dramantinn?




Fi rdf
N [first Jrorin()] <<PaStep>>{prohability = 0.4}

Promotionl

I
[else rgf

<<PaStep>> {probability = 0.6}
Promotion?2

4: getListOfSuljjects <<PaStep>>
{hostDemand = (10,ms)}

| I—

5:

par

6: loginteraction

bOttOm [] <<PaStep>>

{noSyinc}

7. getHomeImagjs_ <<PaStep>>

g {hostDemand = (0.5,ms),
' repetitions = $lmages,

extOpDemand = "ImageFileOp",
extOpCount = 1}

9:

<<PaCommStep>> f
{msgSize = (3.4 + 5*;$Images)}
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Bookstore Deployment

LAN

<<GQAM::gaCommHost>>

{blockingTime = (10,us),
capacity = (100,Mb/s)}

|

<<GQAM::gaExecHost>>
AppHost

{commRcvOverhead = (0.15,ms/KE
commTxOverhead = (0.1,ms/KB),

maxRI = 5}

<<deploy>>

<<artifact>@
webserver

<<manifest>>
: WebServer

<<GQAM::gaExecHost>>
ImageServerHost

{commRcvOverhead = (0.1,ms/KH
commTxOverhead = (0.2,ms/KB)}

Carleton

UNIVERSITY

<<deploy>>

<<artifact>3 1
imageserver

<<manifest>>

: ImageServer

<<GQAM::gaExecHost>>
DBhost

{commRcvOverhead = (0.14,ms/KE
commTxOverhead = (0.07,ms/KB),

maxRI = 3}

<<deploy>>

<<artifact>@
database

<<manifest>>

: DatabaseSystem
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o Carleton
Points about the annotation of TPC-W

® context parameters
= Nusers in the closed workload
" thinkTime for users,
= $images per web page,

= $R = 95% percentile of response time (defined in the
Workload)

e Workload defines both required and provided 95th
percentiles (required 1s 1 sec.)

= multiple stereotypes on one message: Step, CommStep,
Workload. Properties become properties of the message

93
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o Carleton

UNIVERSITY

Points (2)

e parameters on optional Step (rep) and on alt (prob)

e noSync for logging operation means the par block does not
wait for it (asynchronous parallel)

e the last message size is a function of the $images parameter



From Annotated Software Designs (UML with SPT/MARTE) to Performance Model Formalisms
SFM 2007 © Murray Woodside, 2007

o Carleton

UNIVERSITY

Example 3: Building Security System (BSS)

e an embedded system
= video surveillance of a building

= the system queries a set of cameras one at a time 1n a loop,
stores a frame 1n a buffer, then stores the buffer in a database

e performance spec 1s that 95% of complete scans should

finish 1n less than 1 sec, so each camera gives one stored
frame per second.

e logical resources control performance seriously

95
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Deployment of BSS

<<gaAnalysisContext>>
{contextParams=$Nbuffers,
paramValues=15}

UNIVERSIT

Carleton

Y

CHpS!
le

<<GaExetHbst>> <<GaExecHost>> Backend <<GaExe
LAN ControlNode DataBaseNoc
Camera <<GaCommHost>>
<<GaCommHost>> :
{bandwidth-=-100.Mb/s)} {bandwidth = (1000,Mb/s)}
| <<deploy>> | <<de:ploy>>
<<deploy>> | <<deploy>> | <<deploy>>
Y i Y Y Y Y
<<artifaCtpp <<artifdci{»> <<artifgci»> <<artifactp> <<artifattp>
BufMgr | ! Control Acquire Store DB
<<de|célloy>> <§,:rnanifest>> <<\:tnanifeSt>> <<\;tnanifest>> <<\;tnanifest>>
<<grResourcex¥3 : CameraConfrolacquire : Ac@lire . Storéh : DB[Y
bufferpool
{maxRI = $Nbuffers}
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Carleton

UNIVERSITY

Activity Diagram of BSS

<<gaAnalysisContext>>
{contexParams={$Ncameras, $frameSize, $blocks, $acquireThreads, $storeThreads, $DBThreads}
paramValues={100,0.1,15, 1, 2, 2}}

<<paRequestEventStream>>

<<paExecStep>>
{closedPopulation'= 1,

closedExtDelay = (0,s),
PWorkloadKind = closed, .
‘ hostDemand—=+(6-2,ms); CyC|e|mt o
interOccTime = {(1.0,s,percent95,req),
(CycleTime95,s,percent95,calc)}}

<<paStep>>
getOnelmage
{repetitions =
<<paProcess>> <<paProcess>> <<paProcess>> <<paProcess>> $Ncameras}
Acquire bufMgr Store DB
{maxRl =1, {maxRl = $storeThreads, {maxRI = $DBThreads,
{component = Acquire, component = Acquire} component = Store} component = DB}

maxRI = $acquireThreads}

?

<<paExecStep>>
getBuf <<paExecStep>>
{hostDemand = (1.8, ms)}il\| <<GQAM::gaAcquireStep>>
allocBuffer
{hostDemand = (0.5,ms), <<paExecStep>>
97 «—7 |acquiredResource = bufferpool
( 1 . ' storelmage
getimage resUnits = 1} P AN ( <<naFxerQtenss> )
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paStep>>
Activity Diagram (lowespneimae
{repetitio
<<paProcess>> <<paProcess>> <<paProcess>> <<paProcess>> $Ncame
Acquire bufMgr Store DB
_ {maxRI =1, {maxRI = $storeThreads, {maxRI = $DBThreads,
component = Acquire, component = component = Store component = DB
{ t=A } }
maxRI = $acquireThreads} Acquire}
<<paExecStep >
getBuf RaExecStep»
{hostDemand = (1.8,ms }<<GQ M::gaAcquireStep>>
allocBuffer
_|{hostDemand = (0.5,ms), <<paExecStep>>
<«— |acquiredResource = bufferpodl, I
resUnits = 1} store'mage
. J {hostDemand = (2.5,ms), <<paExecStep>
> noSync} | storeDB
- hostDemand =
frameSize,bytes), {
: {(($blocks*0.9),ms,mean)
=|($frameSize/1500)} | |($blocks*0.2),var)}.
P . <<paExecStep extOpDemand = writeBlogk,
resoﬁrcc):lérg%uf%asr%g’ct)ﬁp)> freeBuf extOpCount = $blocks}
resUnits = 1} {hostDemand = (0.2,m9g)}
yd

98

<<paExecStep>>
<<GQAM::gaRelease$b

deallocBuffer
{hostDemand = (0.5,ms),

releasedResource = buffer
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acquireLoop | VideoController User  |Users
B SS [1.8] rate=0.5/sec
l($N) i(l) @
procOnelmage | AcquireProc readCard | CardReader
[1.5,0] [L, 0]
i(LO) (1.0)
alloc | BufferManager admit | AccessController
[0.5, 0] [3.9,0.2]
v:(forwarded) \\\ 0,0)
bufEnt \ alarm | Alarm
ry | Buffer \ L_[00) e
(1»(V &, 0) (1,0 \\\(forwarded)
4
getlmage |passimage | AcquireProc2| | |storelmage] StoreProc lock Lock
[12,0] [0.9, 0] [3.3, 0] [0, 500] Na
l($P, 0) / (1,0) (1N
network | Network releaseBuf] BufMgr2 writelmg [readRights|writeEvent] DataBase
[0.1] | (infinite) [0.5, 0] [7:2, 0] [1.8,0] [1.8,0] ¥ (10 threads)

($B, O)l (0.4, O)l 1, O)l

writeBlock
[1,0]

readData
[1.5, 0]

writeRec
[3,0]

Disk
(2 threads)

% e with an additional subsystem to control access to doors

DB
CPU
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tl|AcqLoop

Pl

t2|t_AcgProc
P2

t23|t_CPU

P27 |AcgProc t9|r_AcgProc

t3 |procOnelImage

tl5|t_DB

tl4|store

t18|freeBuffer

t17|r_DB P20

t13|storelImage

tl19|t_BM

t25|t_CPU

Carleton
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t12|t_SP

P6

P12 | forkll

t6|t_Buffer

P7
10 |Buffer

t7|allocBuffer

p8 t8|r_BM

PY3|forkl2

t11|pd

ssImage t10|getImage

00 ® by Jose Merseguer
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Performance Improvement in BSS

e Base case system capacity: 20 cameras (for 95% of cycles < 1 sec)

e Cloning Software Bottleneck:
= 4 Buffers and 2 StoreProc threads
= gives buffer overlap, storage in parallel with next read
= 40 cameras, performance improvement 100%

= Dual Application CPU
= 50 cameras, performance improvement 150%

= Moving first phase call to second phase
= allows next retrieval to begin at once
= 100 cameras, performance improvement 400%
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Buffer overlap

get buffer and fill with
first image

get buffer and fill with

second image

get buffer and fill with third
image

Carleton
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\~

store first image and deallo%te buffer

\store second image and deal’\)cate buffer

»  etc.

store third image etc...

102

P time
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Communications between objects

We can distinguish five cases for transferring a message of size
$msgSize between two objects by a CommStep:

1. between objects in the same process: communications 1s by
pointers and the workload is absorbed into the object
hostDemands

2. between processes on the same host: there may be IPC
overhead but it seems best to absorb 1t into the process
workloads.

= however, we could 1n principle compute the added
hostDemand as a function of $msgSize

103
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Communications (2)

3. between processes on different nodes, using OS protocols,
the node has messaging overhead properties.

3. commRcvOvh and commTxOvh: CPU demands for
messages

4. they are constants for the node
5. 1n principle they might be better to be linear functions
3. Ovh = constant + slope * $msgSize
4. also, the link (which 1s a CommHost) has properties

= Jatency, called “blockT” for consistency with other host
resources

= a bandwidth limit, which establishes a service time for the
message: service time = $msgSize/bandwidth.

= g contention model for the link uses this service time
104
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Communications (3)

5. between objects that are linked by a communications
infrastructure such as a CORBA or RMI layer

= the CommStep identifies the layer operation as a
RequestedService through a servDemand property
¢ servDemand = operation name

¢ servCount = number of requests to the operation

= The operation 1s defined at the interface of the layer model,
in a class diagram

+ class
¢ structured class (composed of components) with an interface

= OR the CommStep 1dentifies the operation as an external
service, modeled in the performance domain.

105 + for example a separate model of TCP protocol
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Example 4 : Communications layer with a send

operation

Client Server

1. <<PaCommStep>>

{servDemand = send, servCount = 1}

e 2 S<PaACommStep>>
{servDemand = send, servCount = 1}

3:

<<PaCommStep>>
{servDemand = send, servCount = 1}

106
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corba-layer

Stub

CORBA component structure to provide
communications layer

Interface class with
stereotyped operation

Sending

e Carleton

UNIVERSITY

<<paRequestedService>>+send(){behaviorz

Receiving

L (hl
LUNVa=scliuy

ORBClasses

LocationService

Interface of class
Sending

/

send

+receive()

Skeleton

corba-layer

|___|— stub : Stub

ORB : ORBClasses

skeleton : Skeleton

___|___| receive

locationService : LocationService
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CORBA service is defined by a subscenaro for the

service (a property of the RequestedService stereotype)

SD corbaSend <<GaScenario>>

GaAnalysisContext>> {contextParams=messageSize}

® requires
binding the
sender and
receiver
roles to the
context of
the demand!

108

sender

’I

stub

<PaProcess>> PaProcess>s

RB JlodationService

{hd

~\<PaSte

>tDemar$d = ((C

{hc

).

01*m essageSize),ms)}

<<P &tep>>

prob = 0.3}

stDemand = (12
< -\PaStep>> |

[

>
rr@)«Pa(:ommStep»

-
J.

<<PaStep>>

{hostDema

Keletor

—

»

<<PaCommStep>>

and = ((0.011*messageSiz

receiver

,ms)}
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Example 5: Component calling hierarchy

browser <<PaProcess>> <<PaProcess>>

webserver App
{runTInstance = App}

{poolSize = (webthreads=80

runTInstance = webserver}

E 1: htmlIReq > | §
: <<PaStep>> i 5
| i 2. appRe |
; hostDemand = 4.5,ms} i bp PqS P
. i << >> i
; <<GaWorkloadEvent>> | a te_p :
3 {open (IntArrTime = exp(17,ms)), i {hostbemand = (12.4,ms), |!
| i servDemand = findRecord, | |
; i servCount = 3} |
: i 3: i
i 4: oo oo R
S o s

DataManager

findRecord is provided by a class

109 <<PaRequestedService>>+findRecord(){hostDemand = (7,ms),

D ataM an a g er o extOpDemand = readStore, extOpCount = 1500, concurRes = dataManager}
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Deployment for the called component

<<G aCommHost>>
LAN
{blockT = (10,us),
capacity = (100,Mb/s)}

<<GaExecHost>> <<GaExecHost>>
AppHost DataMgrhost
{commRcvOvh= (0.15,ms/KB), {gommRcvOvh= (0.14,ms/KB),
commTxOvh= (0.1,ms/KB), commTxOvh= (0.07,ms/KB),
maxRI| = 5} maxRl| = 3}
<<dep|0y>> <<dezfp|0y>> <<deploy>>
<<artifact>P <<artifact{*) <<artifact>3 1
webserver application dataManager
m <manifest>> <<mé,nifest>>
110 —WehServer ~Application <<PaProcess>>

~ DataManagel
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Call hierarchy with heterogeneous instances

dataManagerDataManagerB DataManagerB

searM \@\7 search
sel: se2: SearchEngine

- |[21] .| [hostDemand=15 ms]
rchEngine €
200 350 0 50 75 N
storA:Storage storB:Storage storC:Storage || storD:Storage Storage
(a) (b)

e Now suppose dataManager makes calls into a subsystem
= (lasses and relationships at right
= instance-based call hierarchy at left
= suppose the instances have different demand parameters
+ calls to sei
¢ sei hostDemands
111 ¢ calls to storages
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Call hierarchy with heterogeneous instances (2)

Storage

<<PaRequestedService>>+io(){hostDemand = (25,us)

storA : Storage

storB : Storage

storC : Storage

DataManagerB

<<PaRequestedService>>+findRecord(){servDemand = search, servCount = $searchCount
Instance parameters for calls from
DataManagerB.findRecord

SearchEngine Instance findRecord.$searchCount

of SearchEngine

<<PaRequestedService>>+search(){hostDemand = ($seHostDem,ms), servCount = $ioCount, servDemand = io} | |sel 1.0
se2 0.7

sel : SearchEngine | |se2: SearchEngine

Instance parameters for calls from SearchEngine.search

Instance of  $seHostDem Instance of  search.$ioCount

SearchEngine Storage

sel (21,ms) storA 200
storB 350

se2 (15,ms) storB 30
storC 250
storD 175

e use variables in the class stereotypes and tables that identify the

instances by name, to give values

112 e if no variation (as in Storage), use a constant parameter.
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<<@Wo erator>>{population=@Nusers}
Example 6: a Structure Worki ad
defined by a ¢ o

{behavDemand = getHomePage,

State Machine oot
e the SM i1s a Py —

NewProducts

Worklo adGenerator {behavDemand = newProduct,

ehavCount = 1,

Carleton
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blockiT= (4,5)}
property of the overall 7

<[<P&tep>> << >>
Workload obatity =0) o071

<<P&tep>>

e cach state is a PaStep ook (o
behavDemand = getProductDetalils,

= with an explicit o

subscenario for one page tprobeity = 2.1

<<pP&tep>>

_‘M ShoppingCart
Of TPC {blockT= (12,s),
behavDemand = ShoppigCart,

e Some transitions are also ehavCount = 1)

<<P&tep>>

PaSteps (probatjity = 0.3}

{ <<p&tep>>

Checkout

" with probability that gives {blockT= (455)
the transition probability bie“"”c"“”t: ?

>3

113

havDemand = Checkout
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State

<<Pa Step>>
GetHomePage

{behavDemand = getHomePage,

Machine
Detall

e behavDemand
property gives the
explicit sgenario

e 1nternal think
time delays are
blockT
properties
different for each
step

\9

behavCount =
blockT= (4,s)11,

<<PaStep>>
NewProducts

{behavDemand = newProduct,

behavCount = 1,
blockiT= (4,s)}

<gPaStep>>
robability = 0.9}

<<PaStep>>
GetProductDetails
{block™® (10,s),

behavDemand = getProductDetails,

behavCount = 1}

<<Pa
{probahijlity = 0.1}

( <<Pa Step>>

ChAannina~ MNAve

]'

».;; Y Car]etOIl

UNIVERSITY

<<PaStep>>
{prob= 0.7}
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Example 7: State machines in general

A scenario can be defined by a SM or set of SMs

e top level SM is driven by a workload

e SMs that are invoked by signals sent, are sub-scenarios
= if they cause a return to the invoking SM

= otherwise a global SM construction is necessary, with association of timing
parameters to global transitions... not described in MARTE.
e concurrent regions of a composite state are forked on entry
= join must be due to termination of all regions

= exit from the entire composite state on a given event like an exception, 1s
not accommodated by MARTE

+ possibly multiple endings of a scenario

e parameters are given for classes: for instances with different parameter

values, an approach using variables and tables is needed, as for

component instances.
115
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Schedulability

e this subprofile is somewhat less abstract
= detailed types of shared logical resources, €.g. semaphores.
= deterministic ordering of actions
e naming from the schedulability sub-culture
= stereotype names, e.g. “shared resource” for logical resources.

= many specific terms from the field have stereotype attributes,

¢ c.g. WCET = worst case execution time

e cmphasis on deterministic values and behaviour

116
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e remote control of a manufacturing cell

ClassesView _TeleoperatedRobot

« ppUnit »
DisplayData

displayData

data : Integer

"]

displayData

read (): Data
write (D: Data )

« rtunit »

DisplayRefresher

updateDisplay ()
updateGraphics ()

DeploymentView _TeleoperatedRobot

« rtunit »
CommandInterpreter

processEvent ()
planTrajectory ()

J/ comm \Vcomm

StationCommunication

ControllerCommunication

sendCommand (C: Command )
awaitStatus (): Status

sendStatus (S: Status )
awaitCommand  (): Command

« rtUnit  »
Reporter

report ()

A\comm comm/r

« rtunit »
CommandManager

manage ()

servosData
W servosData

« ppUnit »
ServosData

rvosData

Station

CAN_Bus

Controller

FVME _Bus—-| RobotArm

« rtunit »
ServosController

Data : Integer [*]

get (): Data
set (D: Data)

controlServos ()
controlAlgorithms ()
doControl ()
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«workloadBehaviop
NormalMode
« requestEventStrean»
ControlTrigg
-~ { type =Pattern , ) .
P three A B periodic (period = (5, ms)) } ( «behaworScenarlo»
. = < { respTime =(@rl, ms),
SCENarios E (9>3 - utilization = @u 1,
. e @] execTime =(@el, ms)}
ecach with oot Control
. o £ S
1ts own 585
. « requestEventStrean»
trlgger ReportTrigg
— { type =Pattern ,
A B | periodic (period = (100, @ pR, ms))} «behaviorScenario»
S @ o { respTime = (@r2, ms),
E 8 S utilization = @u 2,
ge ~ execTime = (@ wcet1, max, ms)}
c o i
s S Report
2538
o 1‘;:'
« requestEventStrean»
ReportTrigg
- { ype =Patiemn behaviorScenario
A O o " P «penavior »
% é = periodic (period = (1, s)) } {respTime = (@13, ms).
(@) = g utilization = @ u3,
e a) . _
S 8 = execTime =(@e3, ms)}
é >3 Command
118 235
___g_i.?é et
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Scenario

e onc of the three behaviours of previous slide
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« behaviorScenaroReport )

ContrClock «allocateds «sharedResource « allocated» «allocated» «allocated> « sharedResource
' :Reporter :ServosData :ControllerComm -CANBUS :StationComm :DisplayRefresher :DisplayData
{allocatedTo { protectParams { allocatedTo {allocatedTo {allocatedTn {protectParams
Bepond priotiyGellng! Msjstatup MsiStatp | | DisplayRefiesherTask| priorityCeilingl6)}

|

L]
« saExecStep report() «acqStep»> lock()

{execTime (1.22 1
(1.1, min) }

X)

|
|
T
|

« saExecStep> get()
{ execTime (002, max
(0.004, min) }

«relAction» unlock) L|J

— — -

«saExecStep » sendStat(s
{execTime 0.031, may
(0.031, min) }

I
I
I
I
I
I
il

«saCommsSteptransmit)
{msgSize=(100 kB) }

|

—

{ execTime (0.022 may),

. « saExecStep »

L] transmitComman()
execTime (256, max

(2.56, min}

« saCommSteptransmiy)

{msgSize(100, kB) }

« saExecStep »
awaitStatusg)
I

0.022 min)}

« saExecStep »
updateDisplay)
{ execTime (4, ma

«saExecStep read()

«saExecStep» wrii@

(0.24, min)

«saExecStep»
updatesGraphic§
{ execTime (L0, may

(5, min)}
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Conclusion
e MARTE 1s apparently about to be adopted (June 2007)

e tool support may be slow because of the size of it

= subprofiles are defined, e.g. for performance, schedulability,
and for real-time design.

e significant extensions for performance analysis
= communications modeling
= components and call hierarchies
= point-to-point delays
= VSL (which may also be adopted by SysML)

120 ® a lot of interest at OMG 1n real time properties now.



