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= Model-driven development (MDD)

= Application of Eclipse Coordination Tools (ECT)
to process verification

= Formalization of process models (control flow)

= Formalization of compliance requirements

= Modeling data flow

= Model checking data-aware Reo models with
MmCRL2

= Conclusions and Future Work
Models for QoS analysis
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= COMPAS
Compliance-driven Models, Languages, and Architectures for Services
= Goal

Ensure dynamic and on-going compliance of software services to business
regulations and user requirements

= Methodology, terminology and research results
http://www.compas-ict.eu/
Compliance is conformity in fulfilling compliance requirements

Compliance requirement is a constraint or assertion that results from the
interpretation of the compliance sources

Compliance source is a document that is the origin of compliance requirements
(e.g., SOX, HIPAA, licenses)

Compliance rule is an operative definition of a compliance requirement

Business process is a composition of activities into a structured order that
implements the procedure to be followed in order to achieve a business goal

Behavioral model is a description of how an actor (e.g., stakeholder, service)
acts or interacts with other actors

= Check whether compliance rules hold for formal behavioral
models of business processes

CQI\/% SYANCO winter school 3 __7;_

MMMMMMMM




mo el-driven developmen

= A software development methodology which
focuses on creating models (i.e., abstractions),
close to domain concepts rather than computing
(i.e., algorithmic) concepts
Maximizes compatibility between systems
Simplifies the design process

Promotes communication between people working on
the system

Enables system refinement and adaptation through
model transformation
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= Green-field scenario:

Design a system using a widely-known modeling notation
(preferably standard)

Convert a model to an equivalent (as much as possible)
model suitable for automated analysis

Check the model (structural checks, simulation, model
checking, theorem proving, etc.)

Explain the results, locate problems on the model
Generate executable code
Generate tests and/or controls

= Non-green field scenario

Extract a model (high-level or formalized) from
executable specification
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DD with ECT s

= Green-field scenario:

Design a system using

UML (Activity Diagrams or Sequence Diagrams)
Tool support: Eclipse UML Designer, BOUML

Business Process Modeling Notation (BPMN) - Eclipse BPMN Designer
Convert the model to Reo

Check the Reo model

Use animation and/or simulation plug-ins

Use model checking tools

1. Specify properties in LTL/ASL or p-calculus

2.  Convert Reo to constraint automata or mCRI2 specification
3. Verify using mCRL2 or Vereofy model checkers

Show counterexamples on the Reo model
Generate executable code
= Non-green field scenario

Extract a Reo model from Business Process Execution Language
(BPEL) specification
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= Good Petri net-based tools for business process analysis
should deal with:
Extra arcs (e.g., reset and inhibitor)
Zero safe nets for modeling of distributed transactions
Colored Petri nets
Hierarchical Petri nets
Timed and stochastic Petri nets

= ECT:
Propagation of synchrony is good for transaction modeling
More concise models of compensation and exception handing
Timed channels

Conversion of connectors to components and their reuse in
higher-level models

Distinction between connectors (coordination code) and
components (external functional code) helps to imitate the
architecture of a service-based system

CQI\/% SYANCO winter school 7 __7;_

PROGRAMME



= Formalization of process models (control flow)
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ormalization or pusiness processes

Evaluate
ustomer banking|
profile

request

yes

Send official form

BPMN;’,Reo convertion

ActivationCondition = false

A'i;-'iivationCondition = true

Perform check . : E
'.: Sz Credit broker

checkci'nditicns V'createLoanIr createLoanOu‘_f morel10M

isCreditAuth

evaluateln evauateOut conditionsOk getAuthlr getAuthOu cregithotAuth

c;heckoi'('-.f true

i conditionshotok :
checkOK = ‘Eal,ge —— creditAuth
N stop
req est reject preparefFormin prepareFormOUt sendrormin sendFormOut
Wiriter Reader Readér
= requests=1 = reguests=1 = requests=1

Arbab, F., N. Kokash and M. Sun, Towards using Reo for

4‘ UMLADSZRGOCODVel’tiOH Compliance-aware Business Process, ISOLA

2008 (2008), pp. 108—-123.
Tasharofi, S., M. Vakilian, R. Z. Moghaddam and M.

£ Check—fragmt'—::f'it-.,.~

K K - Reader Sirjani, Modeling web service interactions using

— = requests=1 the coordination language Reo, Proc. of the

Tiriter N Vielation Int. Workshop on Web Services and Formal

: o " Methods, LNCS 4937 (2008), pp. 108—123.
= requests=1 activationCondition
Y e Changizi, B., Kokash, N., Arbab, F.: A Unified Toolset for
o = requests=1 Business Process Model Formalization,
doNoerformCheck  ~ stop International Workshop on Formal Engineering
approaches to Software Components and

Architectures (FESCA\2010), tool
demonstration paper accepted for §ublicati
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= Vereofy
http://www.vereofy.de/
Developed at University of Dresden (SYANCO project)
Constraint-automata based symbolic model checker

= mCRL2 behavioral specification language and
associated toolset

http://www.mcrl2.org/
Developed at TU Eindhoven
Based on the algebra of communicating processes (ACP)
Extended with data and time
Expressive property specification format (u calculus)
Abstract data types, functional language (A calculus)

Automated mapping from Reo to mCRL2

N. Kokash, E. d. V., C. Krause, Data-aware Design and Verification of
Service Compositions with Reo and mCRL2, in: ACM Symposium on
Applied Computing, 2010
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= Actions are atomic events (e.g. a firing of a port or a request arrival
In a Reo connector)

= Processes are the active entities defined as expressions over
actions and other processes
Multiaction: a/b (synchronized actions)
Alternative composition: a + b (nondeterministic choice)
Sequence composition: a.b (b started after a)
Conditional: exp — a ¢ b (if-then-else)
At operator: a‘t (action a happens at time ?)
Parallel composition: a//b (interleavings a.b + b.a + a|b)

Renaming: pg(a) where Ris a set of renamings of the form b — ¢, meaning
that every occurrence of bin ais replaced by ¢

Hiding: ry(a) renames all actions of Hinator

Restriction (allow): Vz(a) where R specifies which actions are allowed to
occurin a

Blocking: dg(a) where B is a set of actions that is not allowed to occur in a

Communication: I's(p), where Cis a set of allowed communications of the
form a,/.../]a,— ¢, n 21 which means that every group of actions a,/.../a,
within a multiaction is replaced by an action ¢

= Actions and processes can be parametrized with data
Summation: ) ,.pa(d) (a(d;) +a(d,) + a(dy)...)

CQI\/% SYANCO winter school 11 7
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S Example of mCRL specification

Dining philosophers

eqn K=2;
map K: Pos;

act get, put, up, down, lock, free: Pos#Pos;
eat: Pos;

proc

Phil(n: Pos) = get(n, n) . get(n, if (n == K, 1, n+1)). eat(n). put(n, n)
.put(n, if (n==K, 1, n+1)) . Phil(n);

Fork(n: Pos) = sum m: Pos . up(m, n) . down(m, n) . Fork(n);

init allow( { lock, free, eat },
comm( { getlup->lock, put/down->free },
Phil(1) || ... || Phil(K) || Fork(1) ||...|| Fork(K) ));

CQI\/% SYANCO winter school 12 __7;_
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S Example of mCRL specification

Brief overview of the mCRL2 toolset:

* Process linearization — mcrl22Ips

« Labelled Transition System (LTS) generation — [ps2lts

« LTS minimization (e.g., branching bisimilarity) — /tsconvert

« LTS visualization — ltsgraph
r:l LIFS Gy - i2gi s EE‘

File Taonols Help

«  mCRL2 model checker
» IpsZpbes -formula IpsFile
pbeSF”e lock(l, 1
» pbes2bool pbesFile
« Other tools (simulation, lock(2, 7
converters, etc.) £ tree2, 2)

Dining philosophers

CQ'VF%S SYANCO winter school 13 __7
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mapplng !90 IO m!!!! l!onslralnl aulomala semanllcs;

= Data flow observed at a channel end = action
= Synchronous channel, synchronous drain
Sync = A/B.Sync;
= Non-deterministic synchronous lossy channel
LossySync = (A|B + A).LossySync;
= Asynchronous drain
AsyncDrain = (A + B).AsyncDrain;
= FIFO1
FIFO1 = A.B.FIFO1;
FullFIFO1 = B.FIFO1;
Alternative encoding: FIFO1(b: Bool) = (-b— A 0 B).FIFO1(-b);
= Replication node
Replicator = X|Y|Z.Replicator;
= Merge node
Merger = (X|Z + Y|Z).Merger;

Synchronize and hide actions corresponding to the connected channel

A B C D A B|C —T1 D

Cgl\/% SYANCO winter school 14 7
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File Edit

[# Package Explorer &2

=

&=

B 5

8

-

E
E
E
3
E
E
E
E
E
E
E

-‘EJ; cwi.reoZea 2385 [svnt+sshffsvn.omi,
-H’ cwi,Sreo2ea 2402 [svn+ssh:ffsvn.on

Jﬁp‘l example

H-1ef » FESCA 3166 [svntsshifjsvn, cwinl
1= MewBPELTaolTest

:IE.—E} = PCAZPRISM 3032 [swn+sshffsvn.c
2 ReaTest

- (2 BPMNZRen

H-BE, JRE System Library [irea]

t- (= Access conkrol

(= BPELZRea

H- (= Check Fragment

(= CONNECT

[=-[= Data agnostic loan request

@ Copy of loanRequest-refined
® Copy of lnanRequest.reo
@ loanReguest-refined.ren
® loanRequest.rea

= Data-aware loan request

= examples

= Four-eyes-principle

& LRT

#- (= PurchaseOrder

#- (= Tests

#-(= UMLZReo example

@ Auction-YariableAsZonnector, reo
@ Auction-verification.reo

@ Auction-verificationZ2.rea

@ Auction.reo

@ AuctionClean.reo

@ Copy of Auction-verification.reo
{E D3.2-examples.zip

Example.ea

@ example.reo

(2] examples.zip

@ loanRequest.rea

E
E
E
E
E
E

B

JE_% cwi.ren,animation 2395 [svn+ssh:,|’,|’s‘|
]5__% owiven,diagram 2368 [svn+sshifser
ZIE:& cwiren.edit 2297 [svn+sshefsvn.ow
:l'[;ﬂ cwireo.feature 2297 [svndssh:/fsvn
]E& owiren.ui 2297 [svn4sshiffsvn.owi.r

&

Run  Window Help
[ #inanRequest ren 53 \\__ =
S Crecit broke [~ o Palette [
E P ]
eheckCondilions erestet neviln erestel aniTut fhereli isCredittuth
S Connector
Component
) Mode
|| Source End
[ Sink End
— Link
0 i 1 B mess 1 2] Faster— 1 o Property
1 requesta=-1 £ requests=-1 1 requests=-1
L J | J ! J @ (= Channels £
|
G — Sync
<] ST ——_—_——_—| e, [~
E_g Problems (@ Wereofy (@‘ Progress (E Properties &3 @ Animation} ) | B |:'=:5> Bl |
@ Connector
Specification
Core
T oOptions: [¥]'with components [ |'with data [] with colours ] Intensional encoding
mCRL2 Traversal: ('none (%) depth-first () breadth-first
Rl =t Output: Reject'', Rejectld, EejectD', Rejectd'', Request, Regquest', Request'', Recquestld, Reguestl', Regquest0'', SendFormIn, Send
Appearance SendFormIn'', SendFormInd, SendFormInd', SendFormIn0'', ZSendFormInl, SendFormInl', ZSendFormInil'', SendFormOut, SendFormmes
SendFormCuc0'', Stop, Stop', Stop'', Stopl, Stopd', Stopd'', 3topl, 3topl', 3topl'':
proc
Writerl = Reguest''.Writerl:
Feaderz = Reject''.Readerz;
Readerd = Stop''.Reader3d;
3vyncd = [(Reguest0'' | EvaluateIn'') .3yncd;
FIFOS = EvaluatelInl''.EvaluateOut'' . FIFO5;
Synce = (EvaluateOutd'' | CheckConditions'').Syncd:
S3ync? = (CheckConditions0'' | ConditionsOk'') .3ync?;
Syncd = (CheckConditionsl'' | ConditionsNotOk'') . 3yncS:
| |
Formula: | [true™] <true =true | [ Check ][Show LTS]
Elernent Properties
Datakype: | |
Expression: | |

COIVPAS

SYANCO winter school
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= Formalization of compliance requirements
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FINRA Organizational
A= (NASD/SEC) m guidelines
MIFID S‘ﬁ‘i‘:}fﬁ” Tabaksblat Public policy

Orchestration

Protocol

CQI\/% SYANCO winter school
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= Extract relevant requirements from legislation documents
Which documents/requirements are relevant for a given

process?

Help of a domain expert is required
= Convert extracted requirements to formally specified

Web Service® ‘

properties
A technical expert is required
I: Compliance Compliance
Source Risk
1. 0.*
0." 1.0
Compliance |- Compliance | 0+
Requirement 0. Request
| po
Q.* - 1.*
Control = — Cogséi:pce
1 2
Compliance Busi Business
o || o
CQI\/% SYANCO winter school

ENT
MMMMMMMM



compliance source and target selection

Compliance Request (UI-110)

Select A Compliance Target Select A Compliance Source
= = Loan Processing + ' [5) Basel II
% ] Loan Originating = & [= Sarbanes-Oxley m
| | Loan Monitoring v || SOX-404
|| ] Loan Closure | _] SOX-302
|_| ] Loan Development b = w3 IS0 17799
+|_|[> Sales Processing : ~ 115017799 - 10.1.3 :

# | [P Purrhase and Pavahles = &3 Tnternal Polirv - P

(‘Open Request ) ( Save Request As )

Requirement - Risk - Control Profile
# C.Target C.Requirement C.Risk Control C.Sources

Loan Ensure customer is legally Customer's loan request is rejected If customer's
™ Originating eligible for loan AR sy pricoseng banking privileges are suspended Basel I} Section 744
Customer initial credit worthiness check s
# Loan Ensure loan is granted with e tion of du § ' k. which is performed by S0X Section 404

Originating adequate level of assurance IS0 17799 -10.1.3

supervisor role
Iif the loan request is greater that 1M Euro, Loan Bank Internal Policy

Loan Ensure loan is granted with Lack of independent
M : contract is approved by the Manager otherwise itis P.S01
Originating adequate level of assurance management review ed by the Su g SOX Section 404
E Loan Ensure adeguate response time Bank waits for customer's sign for "10" days (legal Directive No: 11
Originating is provided to the customer delay) before it terminates the request i

CQI\/% SYANCO winter school 19
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requirement formalization

Compliance Profile
Compliance Target Degree of Compliance
Loan Originating (Definition 1) (Last Update: 2009-04-01) < 100% Details
Loan Originating (Definition 2) (Last Update: 2009-05-01) r" % Details
Compliance Profile Details
Compliance Requirement  Risk Control Source Weight
2 Customer's loan request is rejected if
4 [Ensurecustomerislegally oo a0 processing customer's banking privileges are  Basel Il Section 744 High <
eligible for loan
suspended
2 Ensure loan is granted with e 2 f duti Cus.‘zmer eigions D{B;'fl wom'n,ﬁ: " S0X Section 404 High
adequate level of assurance - Y SRS N O cr‘lulc T SEFUPIEEC FUm poe. ek, 190 17793 - 10.1:3 9 Sy
which is parformed by supervisor role
D Stat ¢ Formal Dnd'rhl."n"l-uthl
Logic Used Time  time Remedy
Initial Cradit Worthinass Chack (CWC) should ba ok ] " o
21 preceded by Post CWC G(InitialCWC) W (PosiCWC) LTL v v (V)
22 Post CWC should be performed by the Supervisor G(PostCWC) — LTL J V »
“ role G(PostCWC.Role(Supervisor)) v
e ; 3 Activities
(InitialCWC) SegregatedFrom (PostCWC) G(PostCWC) — ) |
%3 (supervisor) G(PostCWC.Role(Supervisor)) o " N LR Fj;"fsﬂgggdr;i
This rule can be
54 Initial CWC and Post CWC should be performed  G(InitialCWC. Actor) — o @ R -
" by two different actors G(~PostCWC.Actor) 3 g
information is
available
If thie loan request is greater that 1M
. E::“::“F“I 216 1%SPONSE  Lack of independent Euro, Loan contract is approved by E‘;'a”u': e Hh <
etrtoalan management review the Manager mherme_ it is approved SOX Saction 404
by the Supervisor.
Ensure adequate response Bank waits for customer's sign for "10"
4  time is provided to the days (legal delay) before it terminates Directive No: 11 High a
customer the request
Loan Monitoring (Definition 1) (Last Update: 2008-05-01) < 100% Details
Loan Monitoring (Definition 2) (Last Update: 2009-05-02) < o Details
( Close )
( gl\/% SYANCO winter school 20
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COIVPAS

Property template designer

Compliance Rule Modeler

File Edit View Tools Help

Rule Pattern

- General GDNTOI__: Customer initial credit worthiness check is sagregated from post
3 " | check, which is performed by supervisor role

R —
Initial Credit

Worthiness Check

Sa°= .

Rule 1 - Properties
Rule Statement:  G(~InitialCWC) W (PostCWC))

Dascription:  Initial Credit Worthiness Check {CWC) should be precaded by Post CWC

Phase’: @
Designtime W  Run-time

Rule Stalement. G(PostCWC) — G(PostCWC.Role(Supervisor))

Description:  post CWE should be perlormed by the Superdsor role

Phase*: &
Designtime [ Run-time W

Hule Stalement.  G(InitialCWC.Role) — G(-PostCWC.Role)

Dascription:  initial CWC and Post CWE should be perfarmad by two different roles

Phase*: © =
Design-time [  Run-ime [w

®xm®mn @on

Fule Stalement GinitialCWC.Actor) — G(-PostCWC.Actor)

Descriplion: ininal WG and Post CWG should bo performad by two different actors

@"M > oy

Design-time ||  Run-time [ v

SYANCO winter school
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*y-ca culus

= Modal logic with fix points operators
Extends Hennessy-Milner Logic

Regular formulas (allow the use of sequences of
actions in modalities)

Fixed point modalities

Data and time
a:=talt,....t, oo
of ::= tlaltrue| false E‘ogf N Og“Og‘ U Og“Vd  Daf|[3d : D.af |af ‘u
R:=¢elaf|R-RR+RR'|R'

AulVIVu

CQI\/% SYANCO winter school 22 __7;_
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expressed in p-calculus
Template: If an action a happens, it is eventually followed by an

action b: [true * .a.true *]<true *.b.true *>true

“If customer banking privileges are suspended a customer’s
loan request is rejected”

[true * . priviligesSuspended true *]<true * loanRequest.true * .reject.true *>true

Template: An action b happens within some time after an action a:

“If a credit card fraud was discovered, the card should be blocked
within ten minutes”

|true |Vt : R.[ fraudDiscovered °t]<tme>§|u ; R.(u <t+10A suspendCard Cu)
Template: An action a must unavoidably be done:

uX .[E]X
“If a requested loan amount is higher than 10M, a manager
authorization must be obtained”

[true * damount : N.loanRequest(amount) A (amount > 1000000)],uX [authorization]X

CONPAS SYANCO winter school 23 _7;



= Modeling data flow
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CUSTOMER INTERFACE HOTEL BOOKING SERVICE

OE‘:TPLHT

T requestidate,loc)

T 1_olericost, schedule) 6(

check_avail{date,loc)

I requesticdate, loc)

f_mot_avail

F_MOT_AVAIL — ! cancel

_REFUSED

I not_avail
? h_not_gvall

OT_AVAIL

H_NOT_AVAaIL

7 cancel 7 olher

? ack
| cancel

Hh_ack CANCELED

O<

H_REFUSED

booked
T booked(zost, inho)

KED KED

CONPAS SYANCO winter school 4

GRAMME



C.request.date g

S

>@ Frequest date

>® Frequest loc
Curequest.loc @

W

-

=4 H.request.loc

= C.h_offer.cost

L > C hooked.cost

® pl‘-EP_CﬂS[
>

H.offer.cost @

()

Fooffer.cosi @

-

>4 C.f_offer.cost

* =| get_date =@ H.request.date
F.offer.schedule .—)-C & C.f_offer.schedule
* > get_airport —).—)@H.M.mque.\-[_fmm_]m:
* get_loc  —— @ Mrequestio_loc

H.offer.info .—}C

=8 C h_offerhotel

O prep_info >® C booked.info

F.hooked.info @ I
M.info.map @ ‘-@ =@ C.h_offer.disi_map

[MPTO06 ] Marconi, M. Pistore and P. Traverso: “Specifying Data-Flow Requirements for the Automated

Composition of Web Services”, Proc. of the Int. Conf. on Software Engineering and Formal Methods
(SEFM’06), IEEE, pp.147 — 156.
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dlda-aware service cooraination wi

Data flow requirements language

Reo
[MPTOT]
Basic element Graphlca.l Graphical representation Description
representation
Reonode (replication/merge,
Hode ® (O route and joirn)
et a | L\ 2 O——0Ob Synchronous channel or
¥ . a O—_ F—+0Ob FIFO1 channel
b - .
a — b Replication node with
Fork -— : a : : :
g incoming/outgoing channels
c
LI " & Merge node with
Iderge b — ¢ : j b h I
b incorming/outgoing channels
1 b 4 b | Acircuit consisting of two
Cloner . + . FIFO1 and three
synchronous channels
. i b o @-=-=-—2@b
Filter a G b Lossy channel or
. a O—AN—0 b Filter channel
) a b
Last —1 . o 1+o---+0 Shift lossy FIFO1 circuit
3 s || g c Component or a circuit
COperation E— >ﬂl\/\—-0 consisting of a join node and
b a transformer channel

COIVPAS

Data streams vs. timed data streams

SYANCO winter school
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= Writers/readers/components
Data domain:
S = Struct ¢;( P11 :Sy1, s Pr1:Sk1) ?ril---1Ch ( Pin ‘St s Prn'Skn) 7l
Constraints
Writer = Y yena-(d < 10) —A(d). Writer
= Channels in a circuit must accept any data items
Data = struct D,(e,: DT,)?isDT,|...|D,(e,: DT,)?isDT,
Join nodes:
Join =3 41,42 epata- (X(03)]Y(d2)|Z(tuple(d;, dy)).Join;
Data = struct D,(e,: DT,) ?isDT,|...|D,(e,: DT,) ?isDT,[tuple(e,: Data, e,:
Data)?isTuple
Timers:
DataTimer = struct reset?isReset | off?isOff | timeout | other(e : Data)?isOther

Coloring semantics (to support context dependency):
Coloured = struct flow(data: Data) | noflowG | noflowR

= Filter conditions

d: Data

(isDT,(d) — (e,(d)==0)) —...
= Functions for data transformation

f: Data — Data

Wrappers: ¢: InputDT— Data

Projections: p: Data — OutputDT,

Example: square_sum(x,y) = z*z whr z = x+y end;

( Ql\/% SYANCO winter school 28 _7;



act A, B: Data
Synchronous channel
SYNC = 3 yepara - A(d)/B(d) . Sync;
= Synchronous drain
SyncDrain =} 41 4o epaia - A(d;)/B(d,) . SyncDrain;
= Synchronous lossy channel
LossySync =3 jepaa- (A(d)/B(d) + A(d)) . LossySync;
= Asynchronous drain
AsyncDrain =} jopas - (A(d) + B(d)) . AsyncDrain,
= Filter  e—yAf—e

Filter = sum ) ,opaa- (€xp(d) — A(d)|B(d) O A(d)). Filter, where exp(d) is a boolean
expression

= Transformer e—{>—>
Transformer = ) ycpam - A(Q)[B(f(d)) . Transformer;
= Replication node
Replicator =Y jcp.ia - X(d)]Y(d)/Z(d) . Replicator;
= Merge node
Merger = Y jcpaa- (X(d)[Z(d) + Y(d)|Z(d)) . Merger;
= FIFO1
DataFIFO1 = struct empty ?isEmpty [ full(e:Data) ?isFull;

FIFQ1(i: DatafIFO1 . ISEmpty(f)—A(d).Fifo1 (full(d))
Ble(f)). FIFO1(emp)t ))ZdED“ pty(f)—A(d).FifoT(full(d))

CQ'VF%S SYANCO winter school 29 7
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S2d Cherl-fragment

Writer ]

activated(el1{d))==true

{ o reguests=1 I;]

struct el(activated:
Bool, amount: Nat)

&

activationCondition
tivated{el(d))=="false

amount{el(d))»2 Reader ]

[Fl':' requests=1 J
isCheckolk: violation

amount{el({d))<2
ut Reader ]

[FID requests=1 J

doMotPerformCheck:

LR STy TR N C LR Vo=l TN A 0 Sl =

TempireoZmonle(= [B]X]

{81 S G R LT O Col k=l BT Y AL Sl ] EE

File Tools Help

File Tools Help

No data

COIVPAS

In({dl(el(false, 0)))|Out{dl(el(false, 0))

/l |l o R I LS o =] BT el e EE

File Tools Help

In(di(el{true, 0)})) Out (d1
y In(dl(el(false, 2)))|0ut(dl(el(false, 2)))

In(ai(el(talse, 0)))|Qut(ai(el(talse, O

In(dl(el(true, 2)))

(amount(d)<1)

(amount(d)==2)

SYANCO winter school 30
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@ AuctionHost

auctionClosed closeAuction
(e 7\

[ Wiriter ] HrHE Ol Reader |
o reguests= ) {)—*’—4-*—’1 )] |1 rejUESTS=
l pResent l:I‘] startAuction annourkeTheWinner S ‘
out fina[Result
t=5
Variable BidInfo
_ ] et | | o
(auctionOpen(e(d0)) == true) 88 (sellerlD(e(d0)) '= newBidderlD(e(d1))) &8 (bidderPrice(e(d0)) < newBidderPrice(e(d1))) & (startPrice(e(d0)) <= newBidderPrice(e(d1)))
=] Writer ot
s_uE:mi idT‘IEWBid > oldBid
= DataWriter1 = struct = DataWriter2= struct bidInfo(
aUCt’Qn Info( newBidderID: Nat,
auctionlD: Pos, newBidderPrice: Nat) ?isBidInfo;
auctionOpen: Bool,
sellerlD: Nat, =« Data = struct d1(
startPr ce. Nat, e1 : DataWriter1)?isDataWriter1 |
biaderlD: Nat, d2(e2: DataWriter2) ?isDataWriter2

bidderPrice: Nat) ?isAuctioninfo;
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_ t write
write ; read 18 iy O rite
— ShiftLossy A wr1te§
. < " l—l-u;;
ShiftLossy s i : , Router ; j[_h read

ng Variable gj

write read

1 am}ur...a]ﬂ.

LIRSS iy = S E G R Py e

File Tools Help

Variable = Write.(Write +
Read).Variable

Variable(f: DataFIFO) =3 , cpata-(
(f == empty) —
Write(d). Variable(full(d)))
O (Write (d).Variable(full(d)) +
Read(e(f)).Variable(f))) Reanto)

Data = struct a|b

CONPAS SYANCO winter school 2 [
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= Model checking data-aware Reo models with
MmCRL2
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R Example (Auction, data flow)

= A problem with constraint propagation:
= DT, =structd,(a: Nat), DT, =struct d,(b: Nat)
= Writerl = 41eprqs (a(d;)==10)—A(d})

" D a1epT1, d2ept2 -(A(d1)==b(d,))—B(d;)/C(d,)
= comm(A/B — X)

#2d AuctionHost
) Wiriter _ E| Reader
—~ announceThewinner

O requests=1 O reguests=1

startAuction timeExpired

out finalResult
I 1
wiiteBidInfo readBidInfo
: pranll i g WY -

submitBi newBid oldBid

(bidderPrice(e1(d0)) < bidderPrice(e1(d1)))

= DataWriter1= struct bidInfo(
newBidderID: Nat,
newBidderPrice: Nat)?isBidInfo;
= Writer! = Y yepaa. ((bidderlD(d)==1) && (bidderPrice(d)==10))...
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AnnounceTheWinner

fubmitBid

AnpounceTnedWinner |3

SubmitBid

submitBid startAuction|5ubmitB LnnounceTheWinner

StartAuction
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SubaitBid(dl(bidInfo(l. 10)})

AnngunceTheWinner (gl1(bidInfo(l. 10)))|SubmitBid(dl(biglnfo(l. 10))) ‘
0 0
itei foll.
A it AnnounceTheWinner (dl(bignTdl(l. 10)))
o

SubmitBid(dl(bidInfo(l. 10)))

StartAietion(dl(bialnfate._0)))|SubmitBid(dl(bidlnto(l, 10Y))
A

L

StartAuct fonidlteddinfold, 0)

AnnounceTneW innerrdlibidlnto(d, 0)))
b
& 1
AnnounceTheWinner (dl(bidInfo(0, 0)))|SubmitBid{dl(bidlnfo(l, 10))) .I

SubnitBid(dl(bpidInfo(l, 101))
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AnnounceTheWinner (noF LowR ) | StartAuct ion(noF1owR ) | SubmitBid(noF LowR )

nounceTheWinner (noFlowR ) |StartAuction{noFlowR) |5

AnnounceTheWinner (noF lowR ) |StartAuction{noF lowR ) | SubmitBig({flow(dl{pidInfo(l, 10))))

AnnounceTheWinner (noF lowR) | StartAuct ion(noFlowR) |SubmitBifi{ flow(dl(bidInfo(l, 10))))

Winner (flow(dl{bidInfo(l, 10))M)|5tartAuction(noflowR) |SubmitBid(noFlowR)

AnnounceTheWinger (noF LlowR ) | StartAuct jond flow(di{bidInfo(0, 0))))|SubmitBid(jpoF lowk )

ringFlowR)|StartAu
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= Conclusions and Future Work
= Models for QoS analysis
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!ulure “OI‘!

= Work on tools usability
Analysis across several connectors
User friendly environment for data annotation
Import mMCRL2 component specifications
Libraries of useful components
Better verification algorithms

Integration with service interface description
standards

Automatic service binding
= Models and tools for QoS analysis

Observe different events (actions) on Reo ports (e.g.,
‘port A Is ready to accept data”, “port A is accepting
data’”, ‘port A finished a data transfer ")
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e Synchronous transactions
with explicit data flow modeling

S2d Exarnple 424 Exarnple
t, t,
A A O B E.O
’ t, ts tg
C C O o F.O
[2] Example
e
=
{B,&} = {C.D,F.BEA}
“{B.A} Y
b >>1 Data transfer delay:
This automaton does not allow max(t,, t,)+max(ts,t,,ts) or
multiple transitions {A,B} while C is max(t;+max(ts,t,),
reading data. t,+max(ts,te))
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with explicit data flow modeling

= Actions observedinaport A: B ciaon

bIOCk (bA) = h (IS GTap I EE Al S ﬂﬂ1
start data flow (SA) bAIb8 SA|sB File Tools u ~
finish data flow (7A) o - A oA DAIDE cAls
() 0
unblock (uA) - .- e
Port behavior: bA.sA.fA.UA yne -
[ ] Synch ronous Chan nel EEUID;:E;D i3, 1 A=EI ossySync

bA|bB.sA|sB.fA|fB.uAluB
= LossySync

bA|bB.sA[sB.fA|fB.uAJuB + bA.sB.fB.uB
= FIFO1 (empty)

bA.sA.fA.uA.bB.bB.sB.fB.uB
= SyncDrain

bA[bB.(sA.fA || sB.fB).uAjuB  [PEESHIFEL
= AsyncDrain o

bA.sA.fA.UA + bB.sB.fB.uB 0 - oo

SyncDrain

AsyncDrain
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with explicit data flow modeling

= Block and unblock actions are synchronized as in
constraint automata | LTSGraph et CIEX)|

File Tools Help

= Sink/Source —

fA|sB
= Sink/sink

Merge node
bX|bZ.sX|sZ.tX|fZ.uX|uZ + bY|bZ.sY|sZ.fY|fZ.uY|uZ

= Performance analysis:
Port A pumps data = state between sA and fA
Time delays can be assigned to “finish” actions

( QI\/% SYANCO winter school 42 __7;_

Merge node



BE0)|

TZ|ry

0 £

S
e

CONPAS SYANCO winter school 43 _7;



R Conclusions | m—

= ECT is a suitable environment for business
process analysis
Model-driven development
Fits service-oriented computing paradigm
Automated conversion
Formal models

Data flow model checking
Possible!
Quite expressive
Difficult to use

= Tools and models for QoS analysis are needed
MCRL2 is an easy way to test new semantics for Reo
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