The PIPE Tool

William J Knottenbelt

Department of Computing
Imperial College London
United Kingdom

Lorentz Workshop
12 November 2007

Knottenbelt PIPE



Introduction Motivation

Motivation

@ Modern Service Level Agreements (SLAS) include
increasingly complex performance properties

@ System designers need to know at design-time whether
their systems are going to meet SLAs

@ They are not only interested in verifying system properties,
but also in obtaining key quantitative performance metrics
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Introduction Motivation

Motivation

@ Property verification is supported by model-checkers using
stochastic logics

@ Measure extraction is supported by quantitative analysers
using tool-specific query languages

@ There is a need for the accessible specification and
verification of performance properties

@ We aim to provide a unified framework that caters for
performance property verification and measure extraction
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Performance Trees Overview Examples Tool Support Quantitative Semantics

Performance Trees

@ A new formalism for quantitative performance property and
measure specification that

@ incorporates quantitative analysis-oriented features as well
as traditional property verification capabilities

e can represent high-level concepts such as distributions,
densities, convolutions and moments

@ is extensible

@ supports accessible graphical query representation
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Performance Tree Operators

Graphical | Textual Description

C N\ PTD Passage time density
i Dist Passage time distribution

oo ) Problininterval | Probability with which a passage
occurs in a given amount of time

||IIIII SS:P Steady-state probability distribution

of a state function over a set of
states

SS:S Set of states satisfying certain
steady-state probability constraints
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Performance Trees

Overview Examples Tool Support Quantitative Semantics

Performance Tree Operators

Graphical | Textual Description

o as) ProbinStates | Transient probability of being in a
set of states at a given time

,;;:%;,;; StatesAtTime | Set of states that the system occu-
pies at a given time within a given
probability bound

Conv Convolutions of densities

EX") Moment Moments of densities and distribu-

tions

FR Average occurrence rates of ac-
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Performance Trees Overview Examples Tool Support Quantitative Semantics

Performance Tree Operators

Graphical | Textual Description
VIA V, A Boolean disjunction or conjunc-
tion

Boolean negation

]

oA +, =%,/ Arithmetic operations

<, <,==,>,> | Arithmetic comparisons
EIE Sequential evaluation of inde-

pendent queries
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Examples Tool Support

Case Study: A Hospital A&E Unit

Quantitative Semantics
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Performance Trees Overview Examples Tool Support Quantitative Semantics

Example 1

“Is the time from when a patient is admitted to the hospital to
the time of discharge less than 4 hours (240 minutes) at least
98% of the time?"

@ Need to augment the model to be able to track an
individual tagged patient

@ Need to define state labels that identify the start and target
states
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Example 1

admitted = (patient @ waiting room) V (patient @ trolley)
discharged := (patient @ healthy)
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Example 1

admitted = (patient @ waiting room) V (patient @ trolley)
discharged := (patient @ healthy)
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Example 1

“Is the time from when a patient is admitted to the hospital to
the time of discharge less than 4 hours (240 minutes) at least
98% of the time?"

VN

start states target states
‘ States ‘ States
admitted discharged
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Performance Trees Overview Examples Tool Support Quantitative Semantics

Example 1

“Is the time from when a patient is admitted to the hospital to
the time of discharge less than 4 hours (240 minutes) at least
98% of the time?"

It t,]

Pr@—>e)
density time interval
i ‘: Range
start states target states from to
States ‘ States Num ’ ‘ Num
admitted discharged 0 240
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Performance Trees Overview Examples Tool Support Quantitative Semantics

Example 1

“Is the time from when a patient is admitted to the hospital to
the time of discharge less than 4 hours (240 minutes) at least
98% of the time?"

Xe [X1 X2]

num. value range

density time interval from to
I i : I Range [ Num l l Num l
start states target states from to 0.98 1
States l States l Num l | Num |
admitted discharged 0 240
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Performance Trees Overview Examples Tool Support Quantitative Semantics

Example 2

“Is the probability of having less than 3 patients in recovery
after surgery at time instant 120 greater than 0.7?"

@ Need to define state labels for the start state and the set of
states we’re observing at the given time instant
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Example 2

initial = (#(healthy) = P) A (#(nurses) =
N) A (#(doctors) = D)
< 3 patients recovering := (#(surgery done) < 3)

w

O

healthy
fall

i discharge

see treated
doctor treated patient
by doctor

walk-in
arrival see patient complete
arrival waiting nurse 'being assessment -

assessed \ /

/ surgery patient
. O—. ., O—» \‘"sen done recaver
—O—
o

recovered discharge

—

patient
trolley ambulance
ambulance | se patient complete
arrival amergency being emergency
nurse assessed assessment

done

evaluate
results

perform
lab tests
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Example 2

initial = (#(healthy) = P) A (#(nurses) =
N) A (#(doctors) = D)
< 3 patients recovering = (#(surgery done) < 3)

w

O

healthy

fall
it discharge
see treated
doctor treated patient
by doctor

walk-in
arrival see patient complete
arrival waiting nurse 'being assessment -

.
assessed \ /

patient

surgery done recover recovered  discharge
—_— — | [ —
patient
trolley ambulance
ambulance see patient
2 complete IR
arrival emergency being cmerzency
nurse assessed assessment
tests

done evaluate

results

perform
lab tests
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Example 2

“Is the probability of having less than 3 patients in recovery
after surgery at time instant 120 greater than 0.7?"

@t
Pr(-»@--)|
start states obs. | states time instant
‘ States States Num
initial < 3 patients 120
recovering
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Example 2

“Is the probability of having less than 3 patients in recovery
after surgery at time instant 120 greater than 0.7?"

?
X€[X4,X,]
num. value range
@t
Pr(->@-—>)| Range
start states obs. | states time instant from to
‘ States ‘ States ‘ Num ’ ‘ Num ‘ Num
initial < 3 patients 120 0.7 1

recovering
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Example 3

“What is the coefficient of variation (the ratio of the standard
deviation to the mean) of the time for a patient to be seen,
treated and discharged from the hospital?"

@ Need to define relevant state labels for the set of start
states and the target state

@ We also need to cope with multiple start states

Knottenbelt PIPE



Performance Trees Overview Examples Tool Support Quantitative Semantics

Example 3

patient arrived := (patient @ waiting room) V (patient @ trolley)
discharged = (patient @ healthy)
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ill discharge
discharge
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\{mlk—lln see patient complete R —— —_—
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Iab tests results
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Example 3

patient arrived := (patient @ waiting room) V (patient @ trolley)
discharged = (patient @ healthy)
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Example 3

“What is the coefficient of variation (the ratio of the standard
deviation to the mean) of the time for a patient to be seen,
treated and discharged from the hospital?"

VAN

start states target states
‘ States States
patient arrived discharged
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Example 3

“What is the coefficient of variation (the ratio of the standard
deviation to the mean) of the time for a patient to be seen,
treated and discharged from the hospital?"

?
CoV
'——X—————‘—"— —————— \

States ‘ States

!
|
|
|
| start states target states
|
|
|
|
|
|

patient arrived discharged

~
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Example 3

“What is the coefficient of variation (the ratio of the standard
deviation to the mean) of the time for a patient to be seen,
treated and discharged from the hospital?"

start states

1

1

1

-

patient arrived discharged " !
N 4

’
|
|
|
|
|
|
|
|
|
|
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Example 3

“What is the coefficient of variation (the ratio of the standard
deviation to the mean) of the time for a patient to be seen,
treated and discharged from the hospital?"

X

/
|

|

I

| start states
I

1

|| states
|

)

patient arrived
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Example 3

“What is the coefficient of variation (the ratio of the standard
deviation to the mean) of the time for a patient to be seen,
treated and discharged from the hospital?"

num. val. 1

(=)

patient arrived discharged . ) moment density num. val. 1

target states

| States I

|
|
|
|
|
I
|
|
1
|
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Example 4

“What is the average rate of occurrence of surgeries and what
is the steady-state probability distribution of the number of
patients waiting for treatment and of the number of patients
inside and outside of the hospital?"

@ Need to define state function labels
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Example 4

all = true
#(in hospital ) (P — #(outside hospital))
#(outside hospital) = (#(healthy) + #(ill))

w

O

healthy
fall
it discharge
see treated
doctor treated patient

by doctor
walk-in e patient complete _ —
arival waiting e being. assostment

room assessed

—
ool o%

surgery patient
surgery done recaver recovered

1
O

rec
patient
trolley

ambulance
ambulance patient
2 complete .
armival being emergency
assessed assessment
tests
perform done evaluate

Iab tests results
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Example 4

all = true
#(in hospital ) (P — #(outside hospital))
#(outside hospital) := (#(healthy) + #(ill))

w

healthy
fall
it discharge
see treated
doctor treated patient

walk-in
arrival waiting
room

by doctor
complete

surgery patient

surgery done recover recovered discharge
ecovered

patient

ﬁoﬁﬂiolﬂ/

trolley

—

ambulance
ambulance patient
2 complete .
armival being emergency
assessed assessment
ests
perform done evaluate

Iab tests results
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Example 4

“What is the average rate of occurrence of surgeries and what
is the steady-state probability distribution of the number of
patients waiting for treatment and of the number of patients
inside and outside of the hospital?"

action

Actions

surgery
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Example 4

“What is the average rate of occurrence of surgeries and what
is the steady-state probability distribution of the number of
patients waiting for treatment and of the number of patients
inside and outside of the hospital?"

states state function
Actions | States l StateFunc l
surgery all #(waiting to

be treated)

Knottenbelt PIPE



Performance Trees Overview Examples Tool Support Quantitative Semantics

Example 4

“What is the average rate of occurrence of surgeries and what
is the steady-state probability distribution of the number of
patients waiting for treatment and of the number of patients
inside and outside of the hospital?"

query 1

query2 query 3

action states state function states state function
Actions | States StateFunc | States StateFunc
surgery all #(waiting to all #(in hospital)

be treated)
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Example 4

“What is the average rate of occurrence of surgeries and what
is the steady-state probability distribution of the number of
patients waiting for treatment and of the number of patients
inside and outside of the hospital?"

query2

query 3

action states state function states state function states state function
l Actions | States StateFunc | States StateFunc l States l StateFunc
surgery all #(waiting to all #(in hospital) all #(outside hospital)

be treated)
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Prototype Tool Support

@ Performance Trees are supported by an extension of the
PIPE2 Petri net editor

@ Provides a simple and convenient way of specifying
performance queries

@ See for yourselves...

Knottenbelt PIPE



Performance Trees r xamples Tool Support Quantitative Semantics

Prototype Tool Support

“Is the probability of having less than 3 patients in recovery
after surgery at time instant 120 greater than 0.7?"
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Prototype Tool Support

o/ PIPEZ Platform Independent Petri Net Editor 2.4: New Petri net Lxmi (=6 sy
[ Eie
e s ® & 01 0NS %k He<¢?>
() Analysis Module Manager : New Petri nat 1.xml

B3 Avalable Modules
® Classffication

ew Draw Animate Help

® GEP Andlysis
® (ot Ready) Clack Watcher Smulation
# (Mot Ready) Firng Courter Simulation
® (ot Ready) Place Watcher Smulation
® Invariant Analysis
® Inddence &Marking
# Passage Time Analysis(Cliert)
® Performance Query Editar
# Reachabilty Graph
® Response Time Analysis
# Smulation
® state space Analysis
# Steady State (Cient)
® Find Module

Knottenbelt PIPE



Performance Trees Overview Examples Tool Support Quantitative Semantics

Prototype Tool Support

T [ "
/_PIPE: Platiorm Independent Petr Net Editor 2 New Petri net Lmi =]
Draw Animate ~Help
s B O L |0 NS %%k B €< £ 2 = w% o @
gits0 4 Nen Petrinat Lo
>
B save Ctri+s
& savens Fi2
G »
& enor cher Simulstion
& it Coep  er Smulstion
cher Simulaion
@ Example nets b %3 BranchingErlanguml
wor mn || Dhsmndinssunsovasant
PTGy E ClassicGsPMami

Reachabity Graph ¢4
Resporse Tme Ay gy

. Courier Protocol.xmi
.

® Simuation

.

.

fer Pratocoladiam!
State Space Anslysis b Dining philosophersaam!
Steady State (Clent) 33 Frasuml
® Find Modluie 24 Fhistml
93 sspivami
93 Gsprzami
$4 ssprzami
T3 Hospital AGE Unitml
93 Producer &
$4 Read
23 simpleGsPim!
93 TimetessTrap.xmi

Open example file "Hospital AGE Unitxml

s & Writersxml
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Prototype Tool Support

& PIPE2: Plitform Independent Petri Net Editor 2:4: Hospital AE Unitimi | E
Fle View Draw Animate Help

U@ ® & O10KNS %%k H €<
) Analysis Module Manager 4 NewPetrinet 1.xml  Hospital ASE Unit,xml

=) Avalable Modules 4
Classfication
Comparison
ONAmaca
GEPN Analysis
(Not Reeady) Clock Watcher Simulation
(Not Ready) Firing Counter Smuiation
(Not Reeady) Placz Watcher Simulation
Invariant Anlysis
Inddence & Marking
Passge Tme Analysis(Cliznt)
Perfarmance Query Edkar
Reachabilty Graph
Respanse Time Analysis it et
Smulation
State Space Analysis
Steady State (Client)
ind Module

£ 5 0% ol @

9800000000000 0 0

.

walkin artival sez nurse complet assessmafc

waiting ko be trespéd surgery
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Prototype Tool Support

i J
o Performance Query Editor - New Performance QUery Lxmi == e
Flle Edit View Tools Help
s & B 2=

s | 100% @

| CInformation

Th= node on the canvas is the topmost nods in a Performance Tree query and represents the overall result of the query.
he requirsd argument can be any opsratisn node
av

New Performance Query 1.xml
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Prototype Tool Support

o ry Editor - New v Lxmi [F=NEE]
Fle Edt View To - - - - - o

| 6si| &S % % 100% @

P

Nen Performance Query L.l

start states

abserved state i et

robability Of Being In States_(the transient prabability of the system being in a given set of states at a given
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Prototype Tool Support

o  Editor — New y Lxmi (o] 6
File Edit View Tools Help

0SB & H| ® = o @

P

Nen Performance Query L.l

start states
abserved state

States (a set of states of the underlying madsl)
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o Performance Query Editor - New Performance Query Lxmi | ]
File Edit View Tools Help
U@ & EH| = = o @
Pt
New Performance Query 1.xml
-
ik observed states|

Knottenbelt PIPE



Performance Trees

Overview Examples Tool Support
Prototype Tool Support

Quantitative Semantics

o Performance Query Editor — New Performance Query Lxmi

File Edit View Tools Help

U@ & EH| = = o @
Pt

New Performance Query 1.xml

[ER e

elect query companents

=

Knottenbelt PIPE




Performance Trees Overview Examples Tool Support
Prototype Tool Support

Quantitative Semantics

" Performance Query Editor -~ New Performance Query Lxm =B i
File Edit View Tools Help

U & & H & s w00 (4

av

New Performance Query Lol

)
Delete

Set Numerical Valuz

Knottenbelt PIPE



Performance Trees

Prototype Tool Support

Overview Examples Tool Support Quantitative Semantics

" Performance Query Editor - New Performance Query Lxm
File Edit View Tools Help

2@ & H *%

1005 &
=
N Perfarmanes Query 1xml
| mput =)
o D ST
<7 )
or Canl
!

Knottenbelt PIPE



Performance Trees

Overview Examples Tool Support
Prototype Tool Support

Quantitative Semantics

o Performance Query Editor — New Performance Query Lxmi

File Edit View Tools Help

U@ & EH| = = o @
Pt

New Performance Query 1.xml

[ER e

Knottenbelt PIPE



Performance Trees Overview Examples Tool Support
Prototype Tool Support

Quantitative Semantics

o/ Performance Query Editor - New Performance Query Lxmi
File Edit View Toals Help

O ® & B

=6
g 3 o0 P
av
New Performance Query 1.xml
start skates, observed states|
Assign States

Knottenbelt PIPE



Performance Trees

Overview Examples

Quantitative Semantics
Prototype Tool Suppor

/" Performance Query Editor

- New Performance Query Lxml
File Edit View Tools Help

025 El® & 3

New Parformance Query 1.xml

% T 100% @

o/ state Lavel Assignment

State Label

S
~Select

Create State Label
State Label Definition

Define State

Edit State Delete State
States Defined On The Mods! States Assianed To Labe!
>
=

Cancel

Knottenbelt PIPE



Performance Trees Overview Examples Tool Supp Quantitative Semantics

Prototype Tool Suppor

/" Performance Query Editor - New Performance Query .xmi

File Edit View T Help
0 ce® & @ % s w0 @
e
New Performance Query 1xml || of state Label Assignment
State Label
- Select

Create State Label

State Label Definition

Define state Edt State Delete state

States Defined On The Model{ " Create New State Label States (|
New Stat=Lzbel: start states

Craste State Label Cancal

| =

Cancel

Knottenbelt PIPE



Performance Trees

Overview Examples
Prototype Tool Suppor

Quantitative Semantics

o/ Performance Query Editor - New Performance Query Lxmi
File Edit View Tools Help
U e @ & @ & 5w @
av
New Performance Query 1l o state Label Assignment XS]
State Label
star states
Craate State Label
State Label Defiition

“Befine StatE T Edic State Delete Stat=
States Defined On The Modsl

States Assigned To Label

Cancel

Knottenbelt PIPE




Performance Trees

Prototype Tool Support

o Performance Query Editor | of=stite Editor
File Edit View T

Helb | -State TFormation

Overview

Ex

mples Tool Suppo

Quantitative Semantics

0B & saename

intia state

a

New Performanca Query Ll

Clckon 0 set up conditions that uniquely identy the state
‘ Add conition to healthy =
__\—‘_O(i Pl ss2 anter th condition For this placa:
R heathy = | s
ok | cancel
patient asgacded

:1 Automatic Corfigurations

Intial Marking AllZero Marking

3 Cancel

Al Clear Marking

heslthy.

Emerum

Knottenbelt




Performance Trees Overview E Quantitative Semantics

Prototype Tool Suppor

U e A === Sl
T e

08 S & R § coename: rastatd
av

New Performance Query 1.l

Click on individual places to set up conditions that uniquely identify the state

healthy

patiert assatéed

Il
¥ - Automatic Configurations ‘ié
Inial Marking Al Zero Marking Al Clear Marking
xelxx] ‘Emehmc

ok Cancal

Knottenbelt



Performance Trees

Prototype Tool Support

Overview Examples Tool Support

Quantitative Semantics

o/ Performance Query Editor | o seate Editor
File Edit View Tools Helf [ Gtats mformation

1| state Mame: il state
av
e Performance Query Lol ||~

U &5 & & &

to st up conditions that uniquely identFy the state

heakhy

patient ass

treated by gt

waiting to be treapéd

Iniial Marking

Al Zera Marking Al Clear Marking

‘%\sveﬂm:
ok Cancel

Knottenbelt




Performance Trees

Overview Examples
Prototype Tool Suppor

Quantitative Semantics

& Performance Query Editor - New Performance Query 1xmi [
File Edit View Taols Help
U@ & B % 5 0m L4
av
New Performance Query 1.l  State Label Assignment =)

T+ Stat= Labsl

start stakes
Crete State Label
State Labal Defintion

Define State Edit State Delete State
Skates Defined On The Modz!
ritial state

States Assigned To Label

Cancel

Knottenbelt PIPE




Performance Trees

Prototype Tool Suppor

Overview Examples

Quantitative Semantics

o/ Performance Query Editor -+ New Performance Query 1xml

File Edit View Toals Help

U sed® & B & 5 w0 4
av

Ner Performancs Query |l

o state Label Assignment
State Label

start states

State Label Definition

Define State
States Defined O The Mods

kil state

Create State Label

Edit State Delete State

States Assigned To Label

it stae

Cancel

Knottenbelt PIPE



Performance Trees

Overview Examples Tool Support
Prototype Tool Support

Quantitative Semantics

o Performance Query Editor — New Performance Query Lxmi

File Edit View Tools Help

U@ & EH| = = o @
Pt

New Performance Query 1.xml

[ER e

start states

Knottenbelt PIPE



Performance Trees Overview Examples Tool Support
Prototype Tool Support

Quantitative Semantics

& Performance Query Editor -~ New Performance Query Lxmi
File Edit View Taols Help

U ® & B

= [ )
% | = 100% @

New Performance Query 1l

start skates

&2l

Knottenbelt PIPE



Performance Trees Overview Examples Tool Supp Quantitative Semantics

Prototype Tool Suppor

o/ Performance Query Editor - New Performance Query 1.xmi ik

File Edit View Tools Help
0 s ® & B = = w00 @
av

New Performance Quary 1l +/ state Label Assignment

State Label

— Select —

Create state Label

State Label Definttion

Define State Edit State Delete State

===

States Defined On The Model—{ of” Create New State Label

inital state

New Seate Label: < 3 patients recovering

Create State Label Caneal

Cancel

Knottenbelt PIPE



Performance Trees Overview Examples Quantitative Semantics

Prototype Tool Suppor

o/ Performance Query Editor - New Performance Query Lxmi

File Edit View Tools Help

U & & & & EH = = wm @

av

New Performance Query 1.xml + State Label Assignment =]

State Label

<3 patiznts recavering

Create State Label

State Label Definition

Define State Edit State Delete Stake
States Definad On The Mode States Assigned To Label
initil state
>
=

Cancel

Knottenbelt PIPE



Performance Trees

Prototype Tool Suppor

Quantitative Semantics

o/ Performance Query Editor

o' State Editor
File Edit

Toals  Helf | -seate mormation
I s & & &
-

1) state Name;

observed state
New Performance Query Ll

places to st up condions that uniqualy idzntify the state

waking ko be treapdd

surgery done

1l
]j Automatic Configurations
Initisl Marking
xe[% X,

Al Z2ro Marking

|l

Allclesr Marking

oK Cancel

E!a\eFunt

Knottenbelt




Performance Trees Overview Examples Quantitative Semantics

Prototype Tool Suppor

/" Performance Query Editor - New Performance Query 1xml

File Edit View Tools Help

OB & B ¢ = oo

New Performance Query 1.xml o/ State Label Assignment

State Label 2

<3 patiznts recovering

Create State Label

State Label Defiition

Define State Edit State Delete State

States Defined O The Mods!

States Assigned To Label
initis state

bserved state

Cancel

Knottenbelt PIPE



Performance Trees

Overview Examples
Prototype Tool Suppor

Quantitative Semantics

o/ Performance Query Editor - New Performance Query 1xmi [
File Edit View Tools Help
0 dc® & H % s 0 14
av
New Performance Query 1.xml + State Label Assignment =)
State Label
< 3 patients recovering
Create State Label
State Label Definition
Define State Edit State Delete State
‘States Defined On The Model States Assigned To Label
initial state ipbserved state
observed state
>
=
Cancel

Knottenbelt PIPE



Performance Trees

Overview Examples Tool Support
Prototype Tool Support

Quantitative Semantics

o Performance Query Editor —- New Performance Query Lxmi

File Edit View Tools Help

U@ & EH| = = o @
Pt

New Performance Query 1.xml

[=]E i

start state <3 patiznts recovering

Knottenbelt PIPE



Performance Trees Overview E

Quantitative Semantic

Prototype Tool Suppor

o Performance Query Editor - New Performance Query Lxml o6
¢ Edit View Tools Help

O E® & H = = w0 @

av

Nen Performance Query L.l

stark state <3 pabiznts recovering 1200

[fnTnterval ia boolean operator that determines whether a numerical value is within an interval o possibly within multipie intervals]|

Knottenbelt PIPE



Performance Trees

Prototype Tool Support

Overview Examples Tool Support

Quantitative Semantics

& Performance Query Editor -~ New Performance Query Lxmi
File Edit View Taols Help

U ® & B

= [ )
% & 100% @

New Performance Query 1l

start state

< 3 patients recovering

&2l

@t
-0--)
Range. Bool StateFune

Range (represents a numerical range or intervall

Knottenbelt




Performance Trees

Overview Examples Tool Support
Prototype Tool Support

Quantitative Semantics

o Performance Query Editor — New Performance Query Lxmi

Bl Ear view Toos Help

U@ & EH| = = o @
Pt

New Performance Query 1.xml

[ER e

start state 23 patiznts recovering 1200

Knottenbelt PIPE



Performance Trees Overview Examples Tool Support Quantitative Semantics

ntitative Semantics

@ Evaluation of Performance Tree operators is either trivial or
possible using existing scalable algorithms

@ Semantics give the formal mathematical meaning of
operators but do not dictate solution techniques

@ Full semantics for each operator are available
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Summary
Conclusions

@ We have presented Performance Trees, a new formalism
for performance query specification

@ We believe that they are an accessible alternative to
existing query specification formalisms, such as stochastic
logics

@ We have introduced a prototype tool that enables the
graphical composition of Performance Tree queries

@ Our paper also addresses quantitative semantics
underlying Performance Trees
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Summary
Future Work

@ Grid-based computational back-end, combining existing
toolkits, to provide analysis capabilities for very large
models

@ Integration of query specification front-end and analysis
back-end into a complete performance analysis toolset

@ Support for state specification on other modelling
formalisms

@ Optimisation strategies to increase evaluation efficiency
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Summary
The End

Thank you for your attention.

Any questions?
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