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1 INTRODUCTION

1 Introduction

UML is a widely recognized modeling standard, used to creatabstract models
of a system |software or otherwise|, describing its structu re and/or behaviour,
see e.g. [8]. Its diagrams are generally understood by modgk, making UML
the language of choice when documenting systems. A problemith UML mod-
els is the restriction to their as-is behaviours; it is compétely unclear how to
recon gure a model, other than by complete substitution. This restriction forces
modelers to consider in advance which changes to the systemight occur in
order for the model to remain compliant with future demands on the system.

Paradigm is a component-coordination language in which thecomponents
can be recon gured without knowing beforehand what the recm guration is go-
ing to be. In addition, by the time the recon guration is know n, the component
need not be halted in order to achieve the desired change, nato all compo-
nents need to alter their behaviour simultaneously. This m&es Paradigm an
ideal language to describe systems which need to be capablé altering their
behaviour in the future |regardless of what those changes are going to be|
and of modeling long-term multi-step recon gurations of such systems.

In view of these observations, this Master's Thesis will inestigate to what
extent UML and Paradigm can be brought together. To that aim, Section 2
introduces Paradigm itself, describing each paradigm modeconstituent both in
theory and through an example based on the Worker-Schedulemodel from [3,
2].

Section 3 will handle a translation of these Paradigm constuents into UML
constituents, showing that Paradigm models without recon guration can be
translated consistently into UML models, without losing th e separation of con-
cerns of the various types of dynamics within the model. It abo shows how
the interaction between components can be dealt with withou having to halt
the execution of the model as a whole |and speci cally of the relevant com-
ponents themselves| while also preventing inconsistent situations. This allows
the various components within the model to run concurrently.

Section 4 will describe how Paradigm handles recon guratio in more detail
than shown in Section 2 and how this can be translated into UML This will
be shown using a new example based upon the Producer-Consumgroblem
(see [6]) with a variable sized bu er. Without recon gurati on, the bu er size
will be xed, but when the model ‘recognizes' the bu er is too small, a migration
can occur which increases the bu er size. The migration its# is foreseen, even
though the moment upon which it is executed is not.

Section 5 will describe a scenario for an unforeseen migratn of the Producer-
Consumer model from Section 4, and how the concepts from thaBection can
be used to execute such migrations as well, both in Paradigmral in UML.

Together, these sections provide a complete UML descriptio of Paradigm,
and have been used to create a multi-agent environment, speed through UML
2.0, in which Paradigm models can be visualized and both foreen and unfore-
seen migrations can be executed upon those models. This enwhment can be
perceived as a proof of concept for the methods used to trareste the Paradigm
models into UML models. A short description of the more compéx concepts
used in the environment have been described in Appendix A, wife the code
itself has been added in Appendix B.
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2 A DESCRIPTION OF PARADIGM

2 A description of Paradigm

This section will describe the component based modeling laguage Paradigm.
To facilitate this description, a Worker-Scheduler model will be used as an ex-
ample. The model shows the behavior of ve components:

Three Workers that need exclusive access to a resource, alsmmed a
critical section

A Scheduler which issues and revokes the access permissiaighe three
Workers,

A McPal component, which allows the model to change (migrat¢ to any
other model.

2.1 Detailed Behaviour

For each component in Paradigm, its behaviour can be split upinto two types.
The rst type is named detailed behaviour and describes the wmconstrained,
detailed behaviour of the component. This behaviour is desibed by a state-
transitions diagram (STD), which is a quadruple hS; A; T; s;i such that

S 6 ; is the set of states
A is a set of actions or transition labels

T is the set of transitions suchthatT S A S
(str ;@;St0) 2 T can also be denoted asy, 1 s

st 2 S is the current state, in a STD's initial con guration STD =g this
can also be namedsy

“Taking' an action a2 A and " ring' a transition s¢ ! & g, are equivalent
atomic operation which require s; = st to hold before the operation and
which results in s; = Sy

For example, the Worker components att = 0 can be described as

2 f free, nonCirit, pre, crit, postg,

f begin, occupy, pickUp, layDown, nishg,
8 (free, begin, nonCrit), g
W orkerworkerid = 5 (nonCrit, occupy, pre),=
(pre, pickUp, crit), ,
= (crit, layDown, post),
(post, nish, free)
free

However, in almost all cases, a graphical representation ahe STD will be
used instead. A graphical representation of the Worker and Sheduler models
is given in Figure 2.1. This gure is drawn in a UML-like style, with the states
denoted by the boxes, the transitions as arrows, the actionsas labels on the
transitions and sp pointed at by the black dot.
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2.2 Global Behaviour and Partitions
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Figure 2.1: Detailed behaviour of the Worke and Scheduler components

The Worker component starts in state free, where it does not need the
permission. When the actionbegin is taken, the Worker readies itself in some
way for the critical section in state nonCrit , after which it enters state pre
where it waits for the permission to use the critical sectionto arrive. That
eventually occurs and the actionpickU p is taken; now the state crit is reached
and the Worker can execute the critical part of its behaviour. It then takes the
action layDown and reset itself for another iteration in state post.

The scheduler uses a round robin strategy to determine whetér a Worker
wishes to enter the critical section in statecheck, allowing it if it does through
allow; and skipping it using skip;. When permission is given, stateasg is
entered, which can only be left by taking the action revoke after which the
next Worker is checked.

2.2 Global Behaviour and Partitions

The second type of behaviour is named global behaviour, andt ipresents a
view on the dynamicity of the restrictions on the detailed layer. For example,
the Worker-Scheduler model requires that at any given time,at most one of
the Worker models is allowed to access the critical sectionThis suggests that
each Worker somehow di erentiates between (at least) two plases: having the
permission (INCS) and not having the permission (OutCS). Also, in order for
the Scheduler to consistently determine whether a Worker dsires to enter the
critical section, a third phase exists (OutCSBlock) which equals the OutCS
phase, except that the Worker's \desire" to enter the critical section, as made
public, cannot change during this phase.

Each Worker traverses through these phases as if it were a noral statema-
chine, starting in OutCS, entering OutCSBlock when the Schaluler is checking
it, followed by entering InCS if the model was ready to enter the critical section
and followed by reentering OutCS otherwise. When InCS is reaehed, the Worker
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2.2 Global Behaviour and Partitions

is allowed access to the critical section, and when it is dongyermission is once
again withdrawn and the model reenters OutCS.

This global behaviour appears to be very similar to the detaled behaviour,
except that the detailed behaviour does not show how a modelsi prevented
from entering certain detailed states, i.e. how a Worker moel is prevented
from entering the crit state when it does not have permission. The global
behaviour does have such distinctions |during the OutCS and OutCSBlock
phase, a Worker does not have permission to enter the critidasection| and
can thus be used to restrict the detailed model to a certain sbset of allowed
actions during a certain phase, that is, if an action is not in a phase's set of
allowed actions, that action can not be taken. In our example the action pickU p
is not allowed during the OutCS and OutCSBlock phase, thus peventing the
detailed state crit from being entered during those phases. Similarly, during
the OutCSBlock phase, the \desire" as made public of the Worler to enter the
critical section |[denoted by being in the state pre| is prevented from changing
by not allowing the action occupy. Finally, not allowing occupy during phase
INCS ensures the permission to enter the critical section Wi be returned before
a new desire to enter the critical section can be expressedr@venting starvation
of other Worker processes.

Paradigm allows the use of sets of global statemachines and uttiple re-
straints with respect to precisely one detailed STD, in orde to present a model
with multiple views of its phases. For example, if we would want to extend the
Worker with an on/o switch in order to skip the free and nonCrit states [for

which we add the shortcut action and the post "™ nonCrit transition| we
can create a \view" on the model which has two phases: On and O, with the
rst allowing the action and the second disallowing it. Paradigm calls these
\views" Partitions and the phasesSubprocesses The term current subprocess
of partition  denotes the subprocess currently determining the allowed@ions
at the level of that partition; each partition has exactly on e current subprocess
at any given time. The set of allowed actions of the detailed tatemachine is
then determined by only allowing an action if each current sibprocess allows it.

These observations suggest a formal de nition for a partiton : a pair
FST Dgiobal ; AAi such that

STDgyiobal is a statemachine< S yigpal ; Agiobal ; Tglobal ; Stglobal > as de ned
in Section 2.1, of which its current state corresponds to thepartition's
current subprocess

AA is the set of allowed detailed actions per state 05T Dgopar SUCh that

AA = f(s; Aallowed )jS 2 Sylobal ; Aallowed Adetailed 9
with Agetailed the set of actions in the detailed behaviour.

The set of allowed detailed actions of STRetailed as restricted by partitions

1:::n is determined by
\n

i (AA(st))
i=1

In our example, the partition determining the critical section management from
the example is namedCSM , and can be described at =0 as
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2.3 Subprocesses and Traps

8 9
2 f OutCS, OutCSBlock, InCSg, 3
ftriv, stay, entering, left g,
 (outcs, triv, OutCSBlock) d

(OutCSBIlock, stay, OutCS),
> (OutCSBlock, entering, InCS), >’
(InCS, left, OutCS)

OutCSBIlock (i workerld = 0) or OutCS
(otherwise)

2 3
fOutCsS, ( nish, begin, occupy)g,

8 foutcSBlock, (nish, begin) g, £
fInCS, (pickUp, layDown, nish, begin) g

Just as with the detailed behaviour, a global behaviour willalmost always be
visualized, but, unlike detailed processes, a global pross is often shown in two
gures. The rst gure depicts the STD gopa , @S Shown in Figure 2.2; in this
gure, the starting state is a pseudo-starting state since dl Worker; (CSM) will
start in OutCS, except for Worker o(CSM) which starts in OutCSBIlock; upon
startup the scheduler will immediately be looking at that worker, see Section 2.3.

The second gure consists of multiple parts; each part repreenting one sub-
process and showing only the detailed actions it allows andhe states that can
occur ass; of the detailed STD while being restricted by that subproces. It also
shows the contents of the traps, all of which will be handled nore extensively in
Section 2.3, which will go into more detail on how subprocesss and traps work.
Figure 2.3 shows such a visualization for the subprocesse$ GMS.

2.3 Subprocesses and Traps

As mentioned in section 2.2, subprocesses are phases of a mbthat determine
which actions the detailed process is allowed to take. Thisd a kind of inclusive
restriction mechanism: in order for an action to be allowed n the detailed
statemachine, it needs to be allowed in each of the current daprocesses, thus if
any current subprocess does not allow an action, that actiorcan not be taken.
This suggests that a subprocess can be visualised like a déd process, but
showing only the allowed actions. This is done for the three sbprocesses of
CSM In Figure 2.3. Detailed states which are impossible to bethe current
state during a subprocess have also been omitted from thesegures in order
to increase the insight a viewer gets from the gure, even thoagh those states
are not explicitly forbidden by the subprocess. For example in OutCSBlock,

( oucs I—’<Za;y( OutCSBlock ="~ ncs )
L J
left

Figure 2.2: Global behaviour of the W orker; process at the level of Partition
CSM, i 2f0;1;29
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2.3 Subprocesses and Traps

the state crit is omitted, since it can not be reached. The statepre is not
omitted, even though it can not be entered during OutCSBlock since it can
be the current state of the detailed process when OutCSBlockrst becomes
current.

Changing the currently enforced subprocess is done by takopan action in
the STD of the partition, but these changes should not be uncaditional. For
example, as long as the state crit has not been left by the deféed statemachine,
we do not want the permission being withdrawn by the schedule We therefore
do not want the current subprocess of CSM to be changed from I8S to OutCS;
this restriction is enforced by traps. A trap  of a subprocess is a set of states
such that:

6 ;
Sdetailed
X2 , a2 AA(s) and x 1* x%imply that x°2

These de nitions show that when a trap has been entered, it ca not be left
again unless the current subprocess |and thus the set of allaved actions AA|
is changed. These traps can therefore be used to signify tha subprocess has
reached a sort of \goal" and the subprocess can be altered. lour example,
we could state that the InCS subprocess has the stated goal dfeaving” the
crit state, and we can thus de ne a trapleft which contains all the states after
crit . Reaching this trap signi es the partition's readiness to alter its current
subprocess into OutCS. Similarly, the OutCSBIlock has two traps, both of which
are reached immediately when OutCSBlock is entered. One tra allows the
subprocess to be changed to InCS; it contains only the deta#ld state pre, thus

triv

OutCS
stay
pre
entering
OutCSBlock

left AlEyl)own
crit DickUp pre

InCS

Figure 2.3: Subprocesses of the partition CSM of the Worker pcess
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2.4 Management and Consistency Rules

signifying the detailed model's readiness to enter thecrit state. The other trap
contains all of the other states, allowing the subprocess tde altered back to
OutCS, since the Worker is not yet ready to enter the critical section.

These same traps can also be found in Figure 2.2, where they @rshown
as the actions of the global process. In fact, paradigm allow the alteration of
the global state |and thus the current subprocess| only if th e corresponding
trap has been reached. In this way, the detailed process has @ertain amount
of control over which constraints are enforced upon itself i the global process.
However, traps do not enforce the taking of a global transiton; they only allow
them. The actual changing of the global state is triggered bythe manager,
which will be handled in Section 2.4.

2.4 Management and Consistency Rules

The actual change of a subprocess is restricted by the traps has entered, but
orchestrated by amanager. A model's managers consist of all the components
which can alter the current subprocess of any partition of the model; for exam-
ple, in the Worker-Scheduler model, we want the Scheduler tdoe able to alter
the Workers' current subprocesses of partition CSM, thus ganting or revoking
the Workers' permission to enter the critical section. Therefore, the Scheduler
is the manager of each of the Workers. In a similar fashion theemployeesof
a model can be determined: the Workers are the Scheduler's grtoyees, since
they are managed by it.

A manager determines when to alter an employee's current sytrocess through
its own detailed process. For example, when the Scheduler e Figure 2.1) is
in the detailed state checly, we want the Workerg to have OutCSBlock as cur-
rent subprocess of the partition CSM. If the scheduler then akes the action
allowg, the current subprocess of partition CSM of Workerp needs to change
to InCS, while taking skipp should change the current subprocess to OutCS,
simultaneously altering the current subprocess of Workef(CSM) from OutCS
to OutCSBlock, since it starts \looking" at that Worker. The se changes in
subprocesses are not always allowed though, but this can beetermined by in-
specting the trap information of the Worker; i.e. if Workery has entered trap
stay, the CSM partition's STD does not allow the action entering thus the ac-
tion allowg should not be allowed either. This type of consistency is emfrced
by the consistency rules

A consistency rule consists of exactly one detailed transion P : s 1° 0
with process P, origin state s, resultant state s° and action a, see the
de nition for STDs in section 2.1

If this transition is a managing transition, the detailed tr ansition is fol-
lowed by an asterix () and a comma-separated list of global transitions
i 0
Pi( i) Sy ! Sy,
employee proces$?; and resultant subprocessS
requirement of trap i; having been entered

with Sj; as origin subprocess of partition ;j of

i?j , as restrained by the

For a managing detailed transition to re, the following need to hold:

Tn
-a2 i=1 I(AA (St))
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2.5 Changeclauses

- 5= P(s)
- Pi( ij )(st) = Sij for each of the global employee transitions
- Pi(st) 2 i; for each of the detailed employee processes

If a managing detailed transition res, each of the employeés global tran-
sitions are triggered simultaneously

A consistency rule can also contain achangeclausewhich will be handled
in Section 2.5. These changeclauses do not enforce addit@nrestraints
on the consistency rule as a whole

For example, the consistency rules for the Workers are:

W orker; : free —=9. nonCrit
Worker; : nonCrit —. pre

W orker; : pre 2P ot

W orker; : crit  22MN host
Worker; : post AN L free

Since they are all nhon-managing transitions, they correspod to the Workers'
detailed transitions only. The Scheduler's consistency ries are:

allow

Scheduler: check ———— asg
Worker; (CSM):  OutCSBlock 2™, |hcs

Scheduler: asg %€ check.s
Worker; (CSM) : Incs — - outCs;
Workeri4; (CSM) : outCs —— QutCSBlock

Scheduler: check —2i. checks;
Workerj(CSM):  OutCSBlock —X— OutCS;
Workeri4; (CSM) : outCs —™— QutCSBlock

which are managing rules. They show the coupling of detailedscheduler tran-
sitions to the global worker transitions, as described eaiér. It also shows why
Workero(CSM) needs to have a di erent starting current subprocess fom the
others: if it also started in OutCS, none of the Scheduler transitions could ever
re.

2.5 Changeclauses

Besides changing the current detailed state and subprocess of employees,
consistency rules can also change variables that are inteah to the models.
Paradigm sets very few restrictions to the form such variabés can take, so it
can be used in order to store almost any information. For exarple, if we want
to \log" the number of times a Worker has had permission to enter the critical
section, we could add a variable to the Worker calledLog, a nhumber which is

{10



2.6 Hierarchy of Paradigm

increased by one each time the Scheduler takes acticadlow;. Paradigm de nes
these changeclauses through a new extension to an existingle, in the format

Pi[var := newV alue|

In order to model the \log" into the consistency rules as given in Section 2.4,
the rule for the allow; action would become

Scheduler: check M» asg
Worker;(CSM): OutCSBlock <M. |nCS;
W orker;[Log = Log + 1]

Particularly, in Paradigm models which are capable of selfadaptation, a spe-
cialized component, named McPal (an abbreviation of Managig changing Pro-
cesses at leisure), contains the variable CRS (or Consistey Rule Set), which
holds the current consistency rules. This way, the consistecy rules can be
altered using a changeclause and the model's behaviour carebaltered. Sub-
sequently, when a consistency rule contains a state which ds not yet exist,
it is implicitly created, therefore changes in the CRS also @& ne new states,
transitions, actions, subprocesses and traps. This condtites one of Paradigm's
biggest advantages; not only can separation of concern be iized in order to
accurately describe parallel models in a simple manner, buspecialized compo-
nents can even alter these on-the- y, keeping the model coristent during these
changes if the migration is properly modeled. How this can bedone will be
handled in more detail in Section 4.1.

While changeclauses can alter many variables in the model, ot everything
is open for change. The current states and subprocesses canly be changed
by taking an action in the relevant STD, since doing this could otherwise create
inconsistent models. Also, the number of components and pditions in the
model is immutable, since the creation and deletion of infomation is as yet
insu ciently researched. We speak of Solid Frame Paradigm as opposed to
normal Paradigm in order to highlight this restriction.

2.6 Hierarchy of Paradigm

Paradigm uses separation of concern in order to model conctent processes.
The concerns are separated into ve parts:

The detailed STD shows how the model would work if no restrictons
would be enforced upon it. The actions in this STD enforce changes in
the set of currently entered traps.

Traps show which goals have been reached in the current subpcess. A
change in a trapallows global state changes since the current subprocess
has achieved a certain goal.

Global states show which phase the model is currently in andallows
certain detailed actions. This indirectly forbids all the other detailed
actions. It also shows which goals (traps) need to be reacheith order to
continue into another phase.

{11



2.6 Hierarchy of Paradigm

Detailed manager transitionsalter the current global state of an employee
model, but are restricted in their actions by the traps.

Change clauses are unconditional changes to the state of thmodel, en-
forced by detailed (manager) transitions. These changes can be udén
order to migrate the complete model.

From this list, we can obtain the hierarchy within Paradigm: detailed actions

enforce trap changes, traps allow global transitions, whih in turn restrict the
detailed transitions, which yields a triangular hierarchy within a single compo-
nent (vertical consistency). Meanwhile, external managertransitions are both
restricted by the traps and enforce changes to the global st&s (horizontal con-
sistency). Finally, change clauses can alter the completeyshamics of the model
(third-dimension consistency). This is all shown in Figure2.4.

i alters
-~ - - - - = =~ ~
-~ ~
~ ~
7 ~
e N
7 N
7 N
7 N
/ N\
/ N\
/ \
y Model \
/2 \
/ .
/ Detailed of N

Manager \
\

restricts enforces \

/

\ Trap | allows [ Global |

\ /
\ . / I
N\ enforces restricts / !

N | Detailed | = /

—

N Traps of Global of 7
N Employee Employee| 7
\\ P
N 7
N 7/
\\ //
\\\ ///

=~ — —_—_—

Figure 2.4: Hierarchy of Paradigm
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2.6 Hierarchy of Paradigm

Finally, it needs to be noted that connecting traps (see [3])are not required
in this view. If each state in a trap is also contained in a subpocess, that trap is
said to be connecting to that subprocess. If a trap is not connecting to a certain
subprocess, but it is used as required trap to change the cuent subprocess to
that subprocess by a consistency rule, it might occur that upn entering the new
subprocess the current detailed state is not \expected" to @cur by the modeler.
This could lead to unforeseen |and thus inconsistent| situa tions. Therefore,
the connectivity of traps can be used in order to check the modl for inconsistent
situations by simply nding out whether the traps in the cons istency rules are
connecting to the resultant subprocesses; it does not enserthe model is well-
formed, but does ensure it is not if non-connecting traps araised by consistency
rules.

However, we will assume the models we translate into UML are eil-formed,
and thus traps which are not connecting to resultant subpro@sses will not be
used in the consistency rules. Since testing for connectityi of traps requires
subprocesses to have information about the states they coain, a piece of in-
formation not otherwise relevant, this explanation simpli ed this by removing
that information.

{13{



3 UML MODELING OF PARADIGM WITHOUT RECONFIGURATION

3 UML Modeling of Paradigm without recon-
guration

In this section, a UML component will be constructed which can be used to
model recon gurationless Paradigm models. This will be dor by rst explain-
ing aspects of Paradigm and then determining a method to hank these inter-
actions in UML and the demands on the model made by each of thasaspects.
The UML component will use a package of classes modeling a stdard statema-
chine, which has states and transitions. States can have a s&ed behaviour of
their own (i.e. another statemachine); the transitions hawe triggers, guards and
activities. The Worker-Scheduler model from [3, 2] will be wsed both to explain
each Paradigm aspect being handled and to show the complete ML solution.
The example uses 4 instances of components, three Worker c@onents (named
Workerg through Worker;), each of which desire exclusive access to a critical
section in order to enter the state crit, and a Scheduler compnent which de-
termines which Worker actually has permission to enter the citical section.

3.1 Detailed behaviour

A Paradigm model has any number of components, each of whichontains
exactly one detailed process, describing its behaviour at aletailed level. It
uses the notions of state and transition to describe the compnent's behaviour,
ensuring the component is always in exactly one state and adwing the state to
change only by ring a transition. To re, a transition requi res the current state
to be the source-state and, after ring the transition, the component enters the
target-state. In the case of the Worker-Scheduler model, tis detailed process
is shown in Figure 3.1. This gure resembles the UML model clgely, although
the triggers, guards and activities of the model are not yet @étermined. In
Paradigm, the method of triggering a detailed transition remains unde ned due

!
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crit
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pickUp

Detailed Worker; process { 2 f 0; 1; 20)
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allow o revoke o

ki
check) skip — skip

T\Z /

asg allow » Ched@ revoke |

Detailed Scheduler process

U_.
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Figure 3.1: Detailed behaviour of the Workel and Scheduler components
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nish[w free W parA
post nonCrit

layDown[ parG]/ parA occupy[ parG)/ parA
crit pickUp[ parG]/ parA pre

Figure 3.2: UML Model of the Worker component

to a lack of time in a Paradigm model; a component can not \wait' within a
state unless all transitions of that component are currenty forbidden for some
reason. At any time, if any number of transitions are allowed one of them always
res, atomically and immediately. Therefore, in Paradigm, all transitions are
considered triggered at all time, and a trigger de nition is not required. On the
other hand, the UML STD model is not \timeless", so a trigger de nition is
required. We will use the action of a detailed transition in the Paradigm model
as the trigger of a transition in the UML model. In Figure 3.2 we show a UML
model of the worker component, of which the guards and activies have been
shown asparG and parA, respectively. These will be handled in more detail in
Sections 3.2 through 3.4.

3.2 Subprocesses

The detailed models are relatively simple to translate, sirte the Paradigm model
and the UML model are nearly the same, but Paradigm does impos a few
additional constraints on the transitions. The rst of the c onstraints to be
modeled are the subprocesses and partitions. Paradigm coropents have one
or more partitions, each of which has one or more subprocesseand exactly
one current subprocess. Each subprocess has one or more tsapwvhich will
be handled in Section 3.3. A detailed transition can re only if each current
subprocess contains that particular transition. Using this constraint, we can
prevent certain behaviour from occurring. E.g., in the Worker model, we can
de ne a partition (named Critical Section Management, or CSM) in such a way
that only one of the subprocesses (INCS) allows the transitin from the pre to
the crit state. This partition will then be controlled by the Scheduler in some
way (see Section 3.4) such that InCS is a Worker's current suprocess of CSM
i the Scheduler is currently allowing that Worker to enter t he critical section.

The subprocesses of the partition CSM are shown in Figure 3.3The InCS
subprocess allows the Worker to enter the critical section ®actly once, so it
needs to return the permission in order to continue. The OutCS subprocess al-
lows all transitions except where it deals with the crit state, and the OutCSBlock
equals the OutCS subprocess, but doesn't allow the transitin from nonCrit to
pre. This allows the Scheduler to determine whether the Worler is ready to
enter the critical section, without requiring the worker to suspend most of it's
normal behaviour.

These restrictions to our component are handled in UML by theguards on
the transitions. They allow the transition to re if all of th e current subprocesses
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triv

OutCs

stay

pre

entering

OutCSBlock

left Al§yl)own
crit DickUp pre

InCS

Figure 3.3: Subprocesses of the partition CSM of the Worker pcess

allow it. This requires the component to contain a model of egh partition, keep-
ing track of the subprocesses, the current subprocess and ¢htransitions they
allow. These partitions models will themselves be statemdtines; the reason for
this choice and how these STDs can be obtained will be shown iSection 3.3.
For now, only the communication between partitions and the detailed STD is
needed, since it shows how the restrictions imposed by the &processes are
obtained by the detailed statemachine. Partitions have a sparate thread in
the component, which the detailed STD can communicate with firough a port.
Figure 3.4 shows the interaction between a detailed procesand a partition
port; the detailed process asks the partition whether the transition is allowed in
the current subprocess and acts depending on the reply. Thignteraction acts

[ detailed | | :partition-port |
try : I

|
|
|
transinCurrSub?y |
J@&%WQM%U;]]

Figure 3.4: The sequence diagram with respect to a detailedransition
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3.3 Partitions and Traps

as a guard on each of the detailed transitions farG in Figure 3.2), since the
transition should not re if it is not allowed by the current s ubprocess of the
partition. If the model has multiple partitions, multiple a synchronous messages
can be sent to all partitions, although the detailed transition needs to wait for
each partition to answer before handling the replies. In laer sections, we will
expand on this diagram in order to show the increasing compbety of the guards,
activities and triggers of both detailed and global STD's.

3.3 Partitions and Traps

As mentioned in Section 3.2, Paradigm allows the currently pescribed set of
constraints on a component, in the form of the current subpraess, to be altered
by another component. The component altering these subproesses is called the
Manager; the component being changed is named the Employee.

In the Worker-Scheduler model, the Scheduler is the manageof all of the
Workers. It is capable of altering the current subprocess othe partition CSM,
but to do so, it needs to be able to determine whether the currat subprocess of
a Worker should actually be altered. For example, if the Worler is in the state
crit and its current subprocess is InCS, the Scheduler shodl not change the
subprocess to OutCS, since the goal of the INCS subprocess haot yet been
achieved in such a way that the models consistency allows thehange. Paradigm
models these goals in the form of traps; a trap is a subset of ates which, once
entered, can not be left until the current subprocess change This ensures that
the trap information received by the manager doesn't changedue to detailed
transitions of the employee. In Figure 3.3 we can see the InCSubprocess has
one relevant trap: left. Once the process has entered this &p, the Scheduler can
alter the current subprocess to OutCS, since the stated goabf InCS, entering
and leaving the critical section, has been achieved.

In Paradigm, each partition de nes a global behaviour, which acts as a
statemachine. The transitions of this global process are laeled with the traps
the subprocess needs to have entered in order to be able to rehat transition.
Figure 3.5 shows this statemachine for the Worker models (tb model has pseudo
start states; in the case of Workeg, OutCSBIlock is the start state, OutCS is
the start state in the case of the other Workers).

In UML, these partitions can be modeled using another instae of the
statemachine package. The guards and the triggers of the tmasitions will be
handled in Section 3.4 and the activities can be left empty. Tese partitions
also need to keep track of the transitions allowed by the subpcesses to handle
the guards of the detailed transitions.

OutCs - OutCSBlock }-2meing InCS
t stay J
left

Figure 3.5: Global behaviour of the W orker; process at the level of Partition
CMS,i 2f0;1;29

{17



3.3 Partitions and Traps

The traps interaction can be considered as a separate behawir of the sub-
processes, and can thus be handled by a nested statemachini@, which the
traps are the states. Since each subprocess contains at Iledhke trivial trap
(a trap containing all states in the subprocess), we can usehis trap as the
start state for each of the trap-statemachines. The UML modé for the Worker
component is given in Figure 3.6 (once again with pseudo starstates). The
transitions in these statemachines need no activities andhe guards require the
current detailed state to be in the trap, meaning each trap-sate needs to keep
track of which detailed states are contained within the trap. The triggers of
these trap-transitions are a bit more complicated. Since eeh detailed transi-
tion could change the trap information, each detailed transtion needs to trigger
all of the trap-statemachine transitions. Also, whenever he subprocess is en-
tered, we also enter the triv trap, but this does not need to bethe innermost
trap. This means we also need to trigger all transitions wheever the subpro-
cess is altered. To handle either of these cases, we de ne aeusase |cascade|
which recursively attempts to trigger all of the transition s of the current state
of the trap-statemachine. This use case is triggered by the &ivity part of each
detailed transition, as well as by the entry activity of the subprocess state. Fig-
ure 3.7 shows the extended version of the sequence diagram Bigure 3.4; it
shows the cascade use case is called upon if the transition alowed.

The only problem with the cascade method arises when considag partially
overlapping traps; if we have entered a trap, we can not \go bak" in the STD
to also enter an overlapping trap. But, since the intersecton of these two traps
is a trap as well, we can solve this problem by modeling a new &p into the
subprocess. An example of this is modeled in Section 4.5.

7/ outCs "\ / OutCSBlock \ /7 InCS "\
entry/cascade() entry/cascade() entry/cascade()

T !

[state 2 sta \ |
w ] L [state 2 left ]

[state 2 enterlng

( stay ) enterlng @
- > 2

L )

Figure 3.6: The state machine belonging to the global behawaur of
Worker; (CSM)
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[ detailed | | :partition-port |
I T

try I I

® > I

transInCurrSub?, I
<« — — allowed! _ Jj

opt [allowed]

cascade

Figure 3.7: The sequence diagram with respect to a detailedransition, with
the cascade function included

3.4 Component Interaction

As mentioned earlier, Paradigm processes are capable of eftacting. This inter-
action is modeled in Paradigm by the consistency rules; theules for the Worker
models are:

begin
—

W orker; : free nonCrit
Worker; : nonCrit ——%> pre
Worker; : pre 2P oyt

W orker; : crit M post
Worker; : post 2 . free

The rules mention the process, the source state and the targestate of each
transition. A second form of consistency rule has the same dailed part, but
is followed by an asterisk, and then one or more global (empl@e) steps, sepa-
rated by a comma. An employee step shows the component, the piition, the
subprocess which needs to be the current subprocess, the prahat needs to
have been entered and the next current (target) subprocessThe consistency
rules for the Scheduler component (using +1 =0 if i = 2) are:

Scheduler: check Wi, asg
Worker;(CSM):  OutCSBlock ™. |ncs

Scheduler: asg %L checksy
Worker; (CSM) : Incs — - outCs;
Workeris; (CSM) : outcs —m— OutCSBlock
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3.4 Component Interaction

Scheduler : check —XP. check.,
Worker;(CSM):  OutCSBlock —2 -~ oOutCS;
Workeris; (CSM) : outCs —i OutCSBlock

These rules clearly show a connection between a detailed mi(e.g. Scheduler
changing the current state from check to asg) and one or more global rules of
any component (e.g. Worker changing the current subprocess of partition CSM
to subprocess InCS if the current subprocess is OutCSBlockral trap entering
has been entered).

In the UML model, we need to translate these consistency rulg into trig-
gers, guards and activities. The guards on the detailed trasitions of a manager
component need to have an additional part requiring each of he employees to
have the correct current subprocess in the prescribed partion, as well as having
entered the correct trap of that subprocess. After such coniions have been
veri ed for each of the employees, the transition is executd and, by execut-
ing, its activity triggers the corresponding global transitions of the employees.
Since the global transitions are only triggered when the trgps have already been
determined to be the correct, the global transitions need noguards for this.

We also need to add ports to the UML models in order to handle tte inter-
component communication. We need two types; one for each ohe partitions
and a mirrored one for the detailed manager statemachines. fie sequence dia-
gram of these ports is shown in Figure 3.8; whenever a trandiin is attempted,
it rst determines if all of its own subprocesses allow the transition. If they do,
it requests of all of its employees whether they are in the caect subprocess and
have entered the trap of that subprocess needed to execute ¢htransition. The
employee's global statemachine port sends back an answer dnvaits for either
an execute or a cancel message to return from the manager. At the manager
has received all employees' answers, it determines if all dhe employees are in
the correct subprocess and trap and if so, it executes the tnasition, simultane-
ously sending a trigger to all of the employees. If one of theraployees sends
a "not correct” message, the manager immediately sends a cael message to
all of the employees and does not re its own transition. Whenan employee
receives a cancel message, it knows it can stop waiting and asts accepting
other manager requests.
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3.4

Component Interaction

Manager Manager Employee
:detailed :partition-port ‘partition-port

| T |

try I I I
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Figure 3.8: The communication sequence diagram of a manag#ransition
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4 FORESEEN MODEL ADAPTATION

4 Foreseen Model Adaptation

This section will handle the translation of adaptation in Paradigm into the UML
model given in Section 3. First, the method used by Paradigm © handle adap-
tation will be explained and illustrated through an example. The example used
will be a Paradigm solution to the producer-consumer problen with a variable
bu er size. The size of the bu er will grow when needed through self-adaptation,
while the producer and consumer will be able to continue thei behaviour dur-
ing these migrations. After having explained adaptation in Paradigm, the UML
model from Section 3 will be altered in order to include this brm of behaviour.

In the discussion of adaptation, often we will use the terms R1-constituents
and UM-constituents, for Paradigm Model constituents and UML Model con-
stituents. These terms encompass the parts of the respectivmodels that can
get added, altered or removed during the adaptation. The PMeonstituents
are states, transitions, subprocesses, consistency ruleshange clauses and the
contents of partitions (including traps). UM-constituent s are states, transition,
triggers, guards, activities and nested statemachines (th trap-statemachines
embedded in the states of the partition statemachines). Corponents and par-
titions are themselves not constituents because Paradigm @kes not yet allow
the number of components and partitions in its product spaceto be altered.
However, if that was allowed, these would be added to the lid.

4.1 McPal

In order to make Paradigm models capable of adaptation, theyneed to con-
tain at least one component capable of adding and removing PMonstituents.
Paradigm allows any component to do this, but most models cotain a spe-
cialized component, McPal (an abbreviation of Managing chaging Processes at
leisure), to handle these actions. McPal has a generic formas seen in Figure 4.1,
and can be split up into four distinct stages; addition, startup, execution and
stabilization. These stages use self-management in ordeptensure the consis-
tency of the McPal model throughout the migration. This self management
occurs on the Migr partitions, as shown in Figure 4.2.

In the addition and stabilization stages, the behaviour of the model is
changed. This is done using a change clause; a special Pargui construct
capable of altering an internal variable of the model. The curent behaviour
speci cation of the model as described by the consistency Hes set (CRS) is one
of these internal variables, and can thus be altered using ahange clause.

The addition stage occurs between the Observing and NewRuget states
from McPal. It rst acquires the models constituents during and after the

foreseen;

ol )
[ Observing ]ﬂ{ JITting JM{ newRuleSet )

stabilize T start
[ Content J <—( StartMigr ]

Figure 4.1: A generic McPal model allowing JIT-modeling andself-adaptation

{22



4.1 McPal

migration, which it then adds to the model using a change clage. This implicitly
adds the new PM-constituents needed during the migration. h Paradigm, the
acquisition of the new PM-constituents is done either throwgh the addition of
new rules by an outside modeler (JIT-modeling) or through a pe-de ned step
(self adaptation). This section will restrict the discussion to the latter type, of
which McPal can have any number (as shown in Figure 4.1 by the sterisk),
each corresponding to a di erent pre-de ned migration.

The transition into NewRuleSet extends the rule set of the mael to re ect
the consistency requirements during the migration, which neans it should be
able to behave according to the current behaviour, the targébehaviour and any
behaviour in between those two. This is done using a changealise, making the
CRS equal to the union of CRS, the target behaviour Crgge and the behaviour
needed in order to ensure a consistent migration Crsg, . This makes all of the
new rules known, while none of them can be used yet; since chgeclauses
can not alter the current subprocess(es), the current behawur as described by
those subprocesses is not altered either and thus the “old'dhaviour still holds.
Therefore the changes to the model only in uence the compongs behaviour
after the migration is properly started. The general form of a consistency rule
allowing for this stage is

foreseen
pdlaiiaa NG

McPal : Observing NewRuleSet
McPal[CRS = CRS[ Crsmigr [ Crsioge |

In the startup stage, from NewRuleSet to StartMigr, the migr ation is started
by changing the current subprocess of the Migr partition of McPal to a subpro-
cess determined by the Crsigr . This new subprocess was added to the model
during the addition stage and contains all of the new rules rguired to propagate
the migration, including the rules which manage the global ransitions of other
components into new subprocesses during which the new stateand transitions
added in the addition stage can be used. The generic form of ik rule is

McPal : NewRuleSet —2% -  StartMigr
ready

McPal(Migr): StablePhase ——— ?

!

( StablePhase ]

|
=l

C

ready
StablePhase

ready migrDone

o

fe——. . .

= O

2 ]

? McPal(Migr)

migrDone

Figure 4.2: The generic form of the McPal Migr partition

{23{



4.2 A Producer Consumer for Paradigm

where the question mark denotes the new subprocess.

After this, we enter the execution stage, where the actual myration takes
place. During this stage, the behaviour of the components isltered in some
consistent way, as determined by the rules in Crgjgr , towards the new be-
haviour. The rules for this step can be as simple or complex athe modeler
decides; there is no generic form for these other than the ust form of the
consistency rules themselves.

Once the execution stage of the migration is nished, McPal aters the state
Content, starting the stabilization stage, which acts as the reverse of the addition
and startup stages, restricting the CRS to Crgoge and implicitly removing the
states and transitions no longer needed. This stage is geneally determined by
the rule

McPal : Content 22bZe.  Opserving
McPal(Migr ) : 2 MODNe, - SiapbleP hase;

McPal[CRS = Crsioge |

after which McPal has once again reached its initial state ad can execute new
migrations as desired.

4.2 A Producer Consumer for Paradigm

The producer-consumer (or bounded-bu er) problem is a wellknown problem
(see e.g. [6]), in which a producer produces an item, deliverit into a bu er and
starts producing again. The consumer retrieves an item fromthe bu er and
consumes it, after which it retrieves another item. In a stalde situation, the
bu er has a xed size, meaning the producer can add items i the bu er is not
full and the consumer can remove items i it is not empty.

The example consist of three processes given in Figure 4.3jttva bu er that
allows a maximum of size items. Bu er should not be able to take any actions
unless Producer or Consumer have allowed it to, suggesting partition (Stable)

@—{ Produce J=—=(_ Deliver )

Producer

®—( Retrieve J=={ Consume)

Consumer

? add 1 ~_add , add gjze add gjze
( Conto Jom={ Conty J= -+ =l CONtsize | CONtsize

Bu er

Figure 4.3: Detailed Producer, Consumer and Bu er
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4.2 A Producer Consumer for Paradigm

of Bu er with three subprocesses, one in which no transitiors are present (Idle),
one for adding (Fill) and one for removing (Empty) an item. The current
subprocess should be altered from Idle to Fill i the produce delivers an item.
This management occurs when the transition from Deliver to Roduce is taken
and the bu er isn't full, suggesting a trap (notFull, see Fig ure 4.4) containing
all states except Contze :

. d
Producer : Deliver —2Y. Produce

Buffer (Stable): Idlesze 2FUS  Fill gpe

The model should also ensure only one item is added to the buewhile in
subprocess Fill. This is ensured by delegation: if each tragition of the bu er
changes the current subprocess to Idle, the bu er is prevergd from continu-
ing to take any more transitions to another state without rs t having explicit
permission to do so:

Buffer : Contj 1 —addi Cont;

Buffer (Stable): Fill spe —— Idlespe

The removal of an item from the bu er by the consumer is modelel similarly:

get

Consumer : Retrieve Consume
Buffer (Stable): ldlesze =Y Emptysize
Buffer : Cont; —I> Contj

triv

Buffer (Stable): Emptysze ———— ldlegpe

Add to these the non-managing transitions of Producer and Casumer

C o C o~ (_Fillsee )

triv

Fill size

notFull triv

OO - O (Idlesze J—®

notFull pleaseGrow
Idlesize nOtEmpty

triv notEmpty

OO Empty size

triv

Empty size Bu er(Stable)

Figure 4.4: The generic form of partition Stable of Bu er
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Figure 4.5: Collaboration of the partition Stable

Producer : Produce —% . Deliver

Consumer : Consume —2 - Retrieve

and the model is complete. Figure 4.4 shows the generic formf dhe partition

Stable of Bu er with all the relevant traps and Figure 4.5 shows the collabora-
tion shown by the components in the model; Bu er is managed byProducer,
Consumer and by itself, which alter the current subprocesse of the partition
Stable.

4.3 Self-adaptation of the Producer-Consumer

In this section, the producer-consumer model of Section 4.2vill be extended
in order to allow it to add a new state to the bu er using self-adaptation. As
stated in Section 4.1, McPal handles this adaptation throudh the use of the
transition from Observing to NewRuleSet. That generic transition changes the
CRS variable in order to allow the migration to occur, but does so uncondition-
ally. Starting the migration only if the bu er is actually fu Il requires testing
the Bu er for fullness, which suggests a trap in the Stable patition; the trap
pleaseGrow from Figure 4.4 is used for this purpose. By addimpa global transi-
tion to the Stable partition going from Idle . back to ldles,e we can ensure the
migration is only started if the Bu er is currently in trap pl easeGrow without
actually changing the current behaviour of Bu er. The rule

McPal : Observing Y224 NewRuleSet
Buffer (Stable): Idlespe "2 |l e ;
McPal[CRS = CRS[ Crsgyrow

[ Crssize +1 ]

models the addition stage in such a way. In this rule, Crgize+1 IS known; it
is another parametrization of the behaviour as stated in Setion 4.2. It is also
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4.3 Self-adaptation of the Producer-Consumer

the desired result of the migration and as such takes the plae of the Crsgge
variable in the generic form of the transition. Similarly, the Crsyow variable
takes the place of Crgg . It contains the rules needed in order to ensure a
consistent migration, as determined by the startup, executon and stabilization
stages. The rst of these stages changes McPal's current sydnocess of the
partition Migr. For this migration, the unknown subprocess from Figure 4.2
has been named Enlarge, see Figure 4.6, which is the only infoation we need
in order to determine the rule for the startUp stage. According to its generic
form, this is

McPal : NewRuleSet —2% -  StartMigr
McPal(Migr): StablePhase —2%- Enlarge

The execution stage of the migration is relatively simple; ve merely need to
change the current subprocess of the Stable partition of Buer to allow for the
larger size. This is done by changing the current subproceskom ldlegj;. to
Idlesize +1 , Which was not strictly known prior to the migration, but imp licitly
added by the addition stage:

McPal : StartMigr -2€9. Content
Buffer (Stable): ldlespe —™— Idlespe+1

Finally, the stabilization stage is similar to the generic form; with the excep-
tion of the increase in the size variable, which is requiredn order to keep the
model internally consistent:

McPal : Content S&0ize,  Qpserving
McPal (Migr ) : Enlarge merboe, - StableP hase;
McPal[CRS = CrSsize +1 1;
McPal[size = size + 1]

These 3 rules combined make up the Ciggow set. The collaboration as
shown with this migration included is shown in Figure 4.7; it shows two di erent
collaborations; the Stable collaboration allows the normacoordination as shown
in Figure 4.5, while the Self Adaptation collaboration shows the architecture of
the coordination of the migration.

( Obsering ) ( newRuleSet )
stabilize | |start

( Content } —— { StartMigr ]

migrDone

Figure 4.6: Subprocess Enlarge of Migr partition of McPal
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Figure 4.7: Collaboration of the components including the elf-adaptation

4.4 Adaptation in UML

To model an adaptation in the McPal component, we need to modeeach of
the 4 stages. Of these, the startup and execution stages neetb additional
modeling; the component as given in Section 3 is already capée of modeling
these stages. However, the addition and stabilization stags use change clauses
to alter internal variables and to notify all components of the states, transitions,
subprocesses and traps to be altered or removed; these changlauses are not
yet present in the UML model.

Since change clauses are unconditional changes of internadriables, it makes
sense to model the change clauses as activities of the detl transitions to
which they belong, i.e., when, in Paradigm, McPal uses a chage clause to
alter the size variable upon taking the Content to Observing transition, the
corresponding transition in the McPal UML component should have the same
alteration to size as part of its activity.

Whereas this is enough for a simple change clause, the additi stage also
implicitly adds the missing PM-constituents. We can model this in UML by
creating a use case in which each of the components that needs alter its
behaviour is an actor. The key step in this use case is the créian of new
instances of the new UM-constituents. These new UM-constitents will not
yet in uence the execution threads since the current subpra@esses restrict the
enabled transitions to those contained within their de nit ion, which does not
include them. This also means the order in which the new UM-costituents
are created is irrelevant to the consistency of the model andhe component
can continue its normal behaviour during this stage. The chage of the current
subprocess towards a subprocess which does allow the newlgdded behaviour
to occur will not be allowed yet for the same reasons, ultimagly depending on
the McPal component to change its own current subprocess dimg the startup
stage. McPal should therefore wait for the use case to be congtely nished,
which ensures the overall model remains consistent.

The stabilization stage works similarly, except instead ofcreating new UM-
constituents, it removes the obsolete ones. Since this stagwill not start until
the model has adopted the new behaviour, the states which areemoved do not
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/ Idle size \ Fill size

entry/cascade()

entry/cascade()
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notEmpty PY size

[state 2 PreageGrow ] o entry/cascade()
pleaseGrow

- /

pleaseGrow : self adaptation test

Figure 4.8: UML Component of partition Stable of the Producer-Consumer
problem

create an inconsistent model either, assuming the originaParadigm migration
was consistent.

4.5 Self-Adapting Producer Consumer in UML

The UML solution to the Stable partition of the model described in Sections 4.2
and 4.3 is shown in Figure 4.8. The trap Intersection was not mcluded in the

original Paradigm model, but has been added to the UML compoent in order to

model the partially overlapping notFull and notEmpty traps , using the method

mentioned in Section 3.3. While normally the guards on tran&ions leading

into traps require that the state is in the trap, it suces to s et the guards
for the transitions into Intersection to determine whether the states are in the
overlapping trap not yet entered.

From Idlesi;e , four transitions exist that change the current subprocess
Three of these transitions did not have the trap from which they originate
as the trap required to have been entered in the Paradigm mod& consistency
rule. This is because the traps from which they do originate a nested within
the notFull or notEmpty traps; these transitions model spedal occurrences of
global transitions constrained by traps, namely those in whch the component
has also entered another, smaller trap. Those transitions &ve been labeled with

notFull and notEmpty respectively.

The transition leading from pleaseGrow into Idle does not atually alter the
current subprocess. This transition is still present in the model since the self-
adaptation steps in the Paradigm model uses this transitionin order to test the
model for its desire to grow, thus the UML model will re this t ransitions when
the self adaptation step is started.

The addition stage of a migration can be modeled in the UML McRal com-
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4.5 Self-Adapting Producer Consumer in UML

ponent as a use case which distributes the new UM-constituda to the actor
components. Figure 4.9 shows a McPal component in which thistage is added
to the Observing to newRuleSet transition as an activity; it shows the addi-
tion is not nished until McPal is done distributing the new U M-constituents
and has entered the newRuleSet state. The distribution its# is handled by an
additional signal in the sequence diagram of Figure 3.8; it ocurs within the
alt-condition, since the transition needs to be allowed, bu before McPal sends
the Execute message. After each actor is done, they send a fgpin order to
signify to McPal the addition is done. Then, when all actors have send this
message, the McPal thread continues.

In the example, growing the bu er will require a use case thatadds the
following UM-constituents:

a new state in the detailed process: Confze +1

three new subprocesses of the Bu er component in the Stableransition:
Idlegize +1 , Fill size+1 and Emptygize +1, as well as their traps and transi-
tions

a new subprocess of McPal in partition EvolMcPal: Enlarge
a new detailed transition in McPal going from StartMigr to Co ntent

new guards on the newRuleSet to StartMigr and Content to Obseving
transitions of McPal in order to start and stabilize the migr ations

the stabilization use case itself

Because the new transitions can only be taken after this usease is done, these
steps can be taken in any order. The stabilization use case isot an UM-
constituent, but is nevertheless always de ned in the addiion use case, since it
can only be determined which UM-constituents are obsolete féer the migration
itself is known. The UM-constituents to be removed in the exanple consists
of all of the McPal parts added by the rst use case as well as te Idlege,
Fill size and Emptysize Subprocess-states in the Stable partition statemachine.
The stabilization use case is enforced upon the actors usintie same message
type as the addition stage.

The addition and stabilization use cases allow us to alter tle behaviour of
the models in a consistent manner. Through the alternating ceation and dele-
tion of UM-constituents, we can create even more complex migtions allowing
complete recon gurations of any UML model capable of being tanslated into

T /addition _(grow)

-( JIT Model - /addition (JIT) 1

( Observing JATModle~{ JiTting F——{ newRuleSet )
A

/stabilization
!
( Content ] ( Startvigr )

Figure 4.9: McPal UML statemachine before the self adaptatbn
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a Paradigm model. Whereas the method in this Section shows ik for fore-
seen migrations, unforeseen migrations are not handled yetAn example of an
unforeseen migration will be handled in Section 5.
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5 Unforeseen Adaptation in Paradigm and UML

This section shows that very little additional modeling is required in order to
allow the McPal component presented in Section 4 to alter a mdel in an un-
foreseen manner. It will do this using the producer-consumemodel from that
section as an example. The migration will be based on the scenio described
in Section 5.1, where the bu er will be shrunk to a smaller si2.

5.1 Scenario

An outside modeler decides that the bu er size has grown toodrge, e.g. size
larger than 15, and should be decreased to size 10. This coulde done by
creating a migration during which the bu er ignores attempt s by the producer to
deliver products, that is, it somehow does not allow the prodicer to change the
current subprocess of its Stable subprocess. This would lasntil the consumer
had consumed enough items from the bu er in order to reduce tie number
of items in the buer to 10, after which the excess states of tke bu er would
be removed and the migration is done. However, the modeler aédes that
the producer should not be completely unable to deliver prodicts during the
migration; in fact, it is more preferable to have the migration last longer in
order to prevent this from occurring. Finally, in order to pr event the Bu er
from growing too large in the future, it is decided that maximum of size 15
needs to be maintained. To accomplish all of this, the folloving requirements
to the migration have been set:

1. The buer is not allowed to grow during the migration

2. The bu er will not shrink by more than one state simultaneo usly, which
will always be Contsjze

3. A state can only be removed from the detailed bu er if it contains less
than or equal to size 2 items

4. The execution stage will be done when the bu er reaches siz10

5. After the migration, the bu er is allowed to grow as before, except it can
not grow larger than size 15

Most notably, the combination of requirements 2 and 3 ensure that the state

being removed is never the current state of the bu er and that the producer
can always deliver at least one item after a shrinking step ha been undertaken.
The producer can therefore continue delivering products dudng the migration,

only needing to be delayed during the actual removal of a sta¢ or if the bu er

is full.

5.2 Shrinking the Buer

To model this behaviour, we rst need to determine Crsoge and Crsmigr . The
former is equal to the Crsj;e from Section 4.2 where size = 10. To determine
Crsmigr , We start by determining the PM-constituents that need to be added to
the Bu er, Producer and Consumer during the addition stage.

The Idlegj,e subprocesses of Bu er will need to be temporarily changed to
di erent subprocesses, which we'll denote as ldlgigr 1:size - The generic form
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5.2 Shrinking the Bu er

of these subprocesses is shown in Figure 5.1. When compared ldleg,e , it is
evident that a pleaseShrink trap has been added to the subproesses; it contains
all the states in which shrinking can occur |all but Cont ;e 1 and Contgjze |
and is used in order to test for requirement 3. The pleaseGrovirap however is
not present in the subprocess, since growth is not allowed byequirement 1.

The detailed Bu er needs additional transitions tasked wit h self-management,
because the existing transitions alter the current subproess of the Stable parti-
tion to Idle ;e , while we need them to alter it to ldlemigr 1:5iz¢ during the migra-
tion. Since these transitions are not present in the Filli;e and Emptygze Subpro-
cesses, we also need additional subprocesses Fill 1.:size and Empty migr 1:size
which allow these new transitions to occur instead of the oldones. Visually,
neither of these new subprocesses nor Bu er seem to dier frm Figures 4.3
and 4.4, but the consistency rules do change:

Buffer : Cont; ; —29 . Cont
Buffer (Stable): Fill mgr 1:5ize ~ —2—>  ldl€migr 1:size
Buffer : Cont; -‘&M%€, Cont; ;

Producer and Consumer need similar alterations. Their curent subprocesses
of the Migr partition will be changed from Stable to Migr ;, which di ers from
subprocess Stable only in that the transitions responsibldor the management
of Bu er are replaced by transition with these rules:

. d
Producer : Deliver —2%. Produce
Buffer (Stable): Idlemgr 1sze  “2FUs  Fill migr 1:size
. t
Consumer : Retrieve ge Consume
. notEmpty
Buffer (Stable): ldlemigr 1:52¢ ———> EMPLY migr 1:size

These four new rules ensure that the Producer and Consumer cacon-
tinue producing/consuming even though the Bu er is currently in subprocess
ldlemigr 1:size instead of Idlesie . Together with the new subprocesses, they de-
termine the behaviour shown by Bu er, Producer and Consumer during the
migration when not being shrunk. The new PM-constituents are implicitly dis-
tributed to the various processes by McPal during the addition stage. McPal
also adds PM-constituents to itself in order to model the other three stages.
The second of these, the execution stage, will be begun by MePwhen entering
a state Shrinking from the StartMigr state, see Figure 5.2, wich also changes
all the subprocesses of the Migr partitions to the new currehsubprocesses and
the current subprocess of the Stable partition of Bu er to Idlemigr 1:size :

( Conto )|( Conty ) .. (ContsiZe % [ContsiZe ﬂ ( Conte )
pleaseShrink

notFull

notEmpty
Figure 5.1: Generic form of subprocess ldiggr 1:size
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)

(
( Observing J=—(  JITting  }==T~(" newRuleSet )
stabilize
i s

(_ Content )<mm—{ Shrinking Jsmes—{ StartMigr |

doStep

growBuffer

Figure 5.2: McPal during the migration

McPal : StartMigr phaseout, Shrinking
P roducer(Migr ) : Stable — Migr 1;
Consumer(Migr ) : Stable — Migr 1;
Buffer (Stable): ldlesize —™— Idlemigr 1:size

The transition going from Shrinking to itself will manage a single shrinking
step. It acts like the StartMigr to Content transition in the foreseen migration
from Section 4.3, but in reverse; if Bu er is in trap pleaseShink, it changes
the current subprocess of the Stable partition of Bu er from ldlemigr 1;size 1O
ldlemigr 1:siz¢ 1 and reduces the size variable by one, ensuring requirement 2
and 3. To ensure this will not shrink the Bu er beyond size = 10, we need to
restrict this rule to n 11, and get:

McPal : Shrinking M Shrinking
Buffer (Stable): ldlemigr 10 " 222" Jdle migr 10 1]
McP al[size = size 1]

When size 10 has been reached, the migration is done (requireent 4) and
McPal needs to enter state Content to start the stabilization stage. We test
for this situation by including a global transition which ch anges the current
subprocess of Stable from Idlgigr 1:10 to Idleio. In addition to the test for the
size, it also resets the Buer to its original behaviour, so the Producer and
Consumer need to be reset as well in order to allow the correctonsistency
rules. Also, due to requirement 5, McPal needs to change theontents of Crs;s
to prevent the foreseen growth migration from occurring when the bu er is at
size 15. The new value of this variable will be Crgs.pew :

Crsis:new =
8 9
% McPal : Observing Y224, NewRuleSet %
Crous Buffer (Stable): ldle s PECY  |dle s; =
McPal[CRS = CRS[ Crsyrow
§ [ Crsae] §
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5.2 Shrinking the Bu er

We can now de ne the following consistency rule to take care ball this:

finalize

McPal : Shrinking ——— Content
Buffer (Stable): Idlemigr .10 —2— Idleyo;
Producer(Migr) : Migr; —®— Stable;
Consumer(Migr ) : Migr; —®— Stable;

McPal[Crsys = CrSisnew ]

Since we now know the detailed behavior of McPal during the ngration, we
can determine the contents of the subprocess Shrink, see kige 5.3. The rules
for the startup and stabilization stages are responsible fochanging the current
subprocess of the Migr partition of McPal to this new subprocess, and can be
determined by the generic forms given in Section 4.1:

McPal : NewRuleSet —2% -  StartMigr
McPal(Migr): StablePhase —%- Shrink

McPal : Content 22blZe.  Opserving
McP al (Migr ) : Shrink ™R, StapleP hase;

McPal[CRS = Crsioge |

Finally, we can determine the rule for the addition stage. Cisoge Was already
determined, and Crsyigr contains all of the rules given above. These rules can
now be added to the model by the rule

McPal : JITting 90837, NewRuleSet
McPal[CRS = CRS[ CrSmigr [ Crsioge ]

While this rule adds the new PM-constituents by changing the contents
of CRS, it does not state how the contents of these Crgg and Crsege iS
passed on to the model by the modeler. Paradigm handles the dang of these
variables implicitly during the JITting stage. The next Section will describe a
UML method for this implicit addition of variables to the mod el.

( Observing ) ( newRuleSet ]

stabilize T lstan

(_ Content )<wmm—{ Shrinking Jsmms—{ StartMigr |

migrDone

doStep

Figure 5.3: Subprocess Shrink of partition Migr of McPal
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5.3 JIT modeling in UML

Paradigm handles complex migrations by changing its CRS sethrough change
clauses, which can be modeled into UML as usecases, see Sat#.4. However,
the critical di erence between unforeseen (or Just In Time: JIT) and foreseen
migrations is the addition of the contents of the Crsmigr and Crsege Sets. These
are lled by implicitly allowing the modeler to input migrat ional and target be-

haviour during the JITting state of McPal. After this, the ne w PM-constituents

are implemented in the model as usual, see Section 4.

To model this in the UML component, we need to add another typeof be-
haviour to the generic component, a behaviour normally onlyshown by McPal,
and then only during the JITting state. This can be done by adding another
port to the model, which allows a external modeler to insert ax usecase similar
to the ones used in Section 4.5. The transition into JITting can only be trig-
gered by the modeler |see Figure 4.9] and will then have an ext ended activity,
that sends a request to the port. The request requires the moeler to enter an
usecase in some way (e.g.: through text, programming code, java-class etc).
This usecase is then added to the McPal model in the usual fagbn.
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6 Conclusion, Related and Future Work

This Master's Thesis illustrates how Paradigm models work ad how they can be
described through the use of UML constructs. This grants UMLmodelers access
to both Paradigm's separation of concern and its quiescenekess, unforeseen
migrations towards other models. This not only makes modelig of complex,
parallel processes easier, but it also solves UML's resttion to as-is models,
removing the necessity of predicting future model changes.

6.1 Solution

The UML description was achieved using a complex interactio between multiple
state machines. Each UML-style Paradigm component contais at least 3 state
machines:

Exactly one state machine for the detailed process.

One state machine per partition for the global processes, lisg the sub-
processes as states and subprocess changes as transitions.

One state machine per subprocess, using the traps as stateand each
possibility of entering a trap as its transitions.

The interaction between the state machines was achieved tlough two types
of interaction. The rst links the activity of a transition t o the trigger of a
transition of another state machine. For example, enteringa new state in the
detailed state machine could mean entering a new trap, ther®re each detailed
transition triggers all transitions of the trap state machi nes.

The second interaction is woven into the guards of state madmes. These
can obtain information from other state machines in order todetermine whether
a transition can be taken. E.g., the trap state machines uselteir guards in order
to ensure that a state change occurs only if the resultant trg state contains the
current detailed state.

These two interactions allow state machines to communicateand were used
for all interactions, both within a component [to keep it int  ernally consistent|
and between two components, in order to allow for manager-eployee dynamics.

Finally, it was shown that a transition's activity could als o be used to start a
use case, which contains all steps required to execute a chgeclause. Therefore,
foreseen on-the- y migrations could be executed by the mode while adding a
user-input port to the McPal component also allowed us to hae the migra-
tions be unforeseen. All these migrations are without quiesence, since they are
based entirely on the underlying Paradigm model, and do not equire additional
constraints on the operation of the model.

6.2 Environment

An environment was created which utilizes the concepts witlin this Master's
Thesis to visualize a Paradigm Model. The code of this enviroment is given
in Appendix B, while Appendix A contains a short description of some of the
more complex mechanisms in the environment. Within this emironment, some
Paradigm models were tested, including the Worker-Schedar from [3, 2] (both
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a stable and migrating version), the Producer-Consumer modl from this pa-
per and a hereto forth unpublished pipeline model which corgins some highly
complex dynamics.

6.3 Related Work

Recently, it has been shown that Paradigm (including migrations without qui-
escence) can be translated into Process Algebra (see [1, 4])The trap state
machine concept given in this thesis is reminiscent of how rcess algebra han-
dles traps; both make a split between the detailed states andhe traps they are
contained in, only to have the two separate methods communiate afterwards.

ParADE (see [5]) is another environment used to visualize Peadigm. Build
entirely in Java, it remains closer to the original conceptsof Paradigm in its
design. Whenever a process desires to take a step, it rst nd out which of the
transitions from the current state are allowed by each of itsprotocols, and then
takes a random allowed transition. This di ers from the environment created for
this thesis, in that ParADE only takes allowed transition, w hile our environment
triggers a random transition going from the current state and only then nds
out whether the transition is allowed. It depends on the actual model, which
method is more e cient; if we can expect an average of less tha half of all
transitions to be forbidden, the method employed by ParADE is probably less
e cient.

ParADE has one advantage in e ciency though: it uses a protoal layer to
keep track of the models consistency instead of direct commmication between
state machines. Whenever a detailed process makes a tranisih, it communi-
cates all the relevant information (i.e. traps entered and sibprocesses changed)
to the protocol. This means that when a process determines whh transitions
are allowed, it only needs to request that information from the protocol. It
also means no separate state machine needs to be maintainear fthe trap in-
formation. These two points cause a large reduction in the nmber of messages
required, which increases the e ciency of ParADE signi cantly. In the current
ParADE version however, the protocol layer allows a maximumof one manager
to each protocol though, so co-management of an employee (ahown in the
aforementioned pipeline model) can not be correctly modekt in ParADE.

6.4 Future Research

The environment shown in Appendix B can be used in order to visialize Paradigm
Models, so it presents an easily accessible platform for ttee unfamiliar with
paradigm and allows Paradigm to be used in a larger context, whout losing
information about the model in the translation to human understandable infor-
mation when required. This opens up the possibility of crossdiscipline research,
ranging from using evolutionary algorithms to optimize multi-role business pro-
cesses |e.g.: every actor explains to a modeler the requirednput and outputs
of his/her work process, and the evolutionary algorithm can nd the optimal
trap and global processes to maximize the amount of parallebctivities| to

a new view of the steps within biological or chemical reactias, allowing for
greater insight into the various parallel reactions taking place on the various
active groups of a molecule during synthesis.

{38



6.4 Future Research

With the addition of an intuitive user interface, the toolin g can also be
used to allow business modelers to try out complex parallel ppcesses without
requiring a deeper understanding of Paradigm, while still dowing automatic
testing and deadlock detection (using model-checking of te underlying process
algebra). Also, this can allow a modeler to obtain an automaéed migration from
one model to another, since the steps required to do so are eésidenti ed when
the from and to models are known; migrational patterns can beidenti ed and
applied more easily using new insights gained from the sepation of concern in
Paradigm. The solid frame requirement of Paradigm might leal to complication
though, so some sort of creation and deletion of componentsna partitions,
as well as a renaming operator, need to be more closely resebed, both in
Paradigm and in UML.
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A PROGRAM

A Program

The concepts described in this paper have been used to createn environment
in which Paradigm models can be simulated and visualised diing execution.
This appendix will describe the methods used to do so. This erironment also
acts as a proof of concept for the theories in this paper.

A.1 Technologies Used

In order to obtain an highly distributable environment, we chose to make the
environment entirely web-based. This allows us to use the HTP protocol
to easily distribute the component code |written in JavaScr ipt| among the
clients , since all a client needs is a web-browser. This alsallows the use of
HTML elements for Ul-widgets and the use of Dynamic HTML to have the page
content respond to changes in the model's state, ranging frm simple current
state changes to subprocess changes. Finally, using the XMHitpRequest ob-
ject, we can send and receive short messages to the server irder to create
communication channels. This method of client sided asyndonous messaging
is commonly known as AJAX.

In order to obtain a high grade of parallelization, server-éded coding was
kept to a minimum. The startup de nitions of the components are stored in a
SQL database, but distributed through a JavaScript le generated using PHP,
so that only the de nitions for the initialization needs to b e centralized.

A.2 Component Communication

Usually, when two components need to communicate, a directltannel can be
created between the two. However, using HTTP restricts the ommunication:
clients can only send requests and server can only send regdi to those requests.
Since all component threads are distributed among the cliets, this communi-
cation channel is too restrictive, because direct communiation between compo-
nents is not available. We therefore needed to store messagyef clients to other
clients on the server, which the other client can retrieve atleisure.

To do the latter, we created a Polling mechanism in JavaScript. This
mechanism allows us to send a Polling Request |using AJAX| to the server
once everyx seconds, which asks the server whether any messages haverbee
send to this component. Any such messages are then handled by Polling
Handler . In this case, the polling handlers are functions which takeone of the
messages from Figure 3.8 as input and calculate the correct @ssage to send
back. This response is stored in the exact same location on #hserver, allowing
the original client to pick up the response using a poll of itsown.

The server has a message table which acts as the location toose messages.
This table contains 4 elds; the messagethe message'source its target (which
the polling mechanism uses to identify the messages send to@mponent) and
anidenti er id. This last eld contains an auto incremented identi er and a cts as
the primary key. After the rst message in a communication has been received,
this identi er is send (in the server's reply) to the communication's originator.
From that moment on, it acts as a postal box number; if a participant  wants
to send a message to participant , it merely needs to send that message to a
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A.2 Component Communication

particular box, after which the target eld is setto  and the source state to ,
so 's polling requests will yield the new message.

The source eld is used to obtain anonymity in the channel: oy the server
knows the participants. When a message is send by one of the giipants, the
following query is used to store it:

UPDATE messages

SET target = IF(source = “$source’, target, source),
source = “$source’,
message = ‘$message’

WHERE id = $id

AND target = “$source'

resulting in the target to be the other participant, without the requesting par-
ticipant knowing who that is.
A typical message exchange (as based upon Figure 3.8) couletb

1. A manager Man tries to trigger a detailed transition and has checked this
against its own subprocesses. It therefore sends a messagethe server
asking it whether employee Emp's partition Part is in subprocess Sub and
in trap Trap. It also sends the target Subprocess SubTarget.

2. The server receives this message and stores it in the meges table in
its database. It sends the unique identi er i as a response to the Man's
request.

3. Man gets the response and tells the polling handler that wen a mes-
sage with id i comes in, it needs to be handled by the handleDetailedAlt
function, which contains the code for the alt box in the sequace diagram.

4. After a while, Emp executes a polling request, asking the erver for any
messages.

5. The server selects all messages for Emp by checking tharget eld of its
messages table and sends them as reply.

6. Emp receives the polling answer and receives the new meggg and passes
this on to the polling handler. The polling handler executesthe han-
dlePartitionOpt function, which checks whether partition Part's current
subprocess is Sub and its trap is Trap. Since it is, Emp sends eorrect
message to id. It also tells the poll handler that the next message with id
i needs to be handled by the handlePartitionAlt function and that the new
subprocess will be SubTarget if anexecute message is received. Finally,
it also sets the current partition on hold; any other messags that are
received by the poll handler for this partition are skipped, automatically
reoccurring at the next poll.

7. The server sets the message eld of the record with id to correct and
switches the target and source elds. Since a response to elits is manda-
tory, but no useful information can be send, it also sends an mpty re-
sponse to Emp.

8. Man sends a Poll.

9. The server selects and returns all messages for Man.
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10. Man receives a message with id. The poll handler knows to pass this
message on to handleDetailedAlt, which recognizes it as anorrect mes-
sage, and checks whether all messages of the employees hagerbreceived.
Since this was the only employee, they are, and it sends aexecute mes-
sage to the record with idi. It then executes the transition and starts at
the beginning with the next transition.

11. After sending a poll message and receiving the responsein the server,
Emp obtains the execute message and changes the current suipggess to
SubTarget. It then re-enables the partition so that the poll messages that
were previously ignored are once again handled in the normatay. Finally,
it sends adelete message to the server for the message with id

12. The server receives thalelete message and deletes the record with id

A.3 Making a JavaScript execution thread sleep

JavaScript is a single threaded language (per browser winde, that is), which
has its advantages and disadvantages. An advantage is that &do not have to
plan for inconsistency in the model due to one thread having ken cleared to
take a transition and another thread to take another transition, both of which
then occur (which should not be possible). A disadvantage ighat having a
thread sleep or wait causes the entire JavaScript executiomo stall.

Nonetheless, having a STD wait for some signal is sometimedils required
(e.g.: an manager waiting for each employee to send an answér a request).
Pseudo-multi-threading is available using the setTimeoutand setinterval func-
tions, after which thread control can be returned to the top level (allowing
events to gain control over the thread). Then, after a certan amount of time
has passed, an instruction prede ned in the setTimeout/setnterval call is han-
dled and thread control can be \continue" the earlier thread. However, this is
not responsive enough for our purposes, since using this meid the compo-
nent can not act immediately upon receiving a message, but f&to wait for
the Timeout to occur. We therefore designed a di erent (but similar) waiting
system.

To each STD, an array waitDefs of objects was added; each obgjecontaining
an identi er, a function to execute when a wakeUp is called, aad an object
containing any number of arguments to pass to the function. Await function
was added which pushes new elements onto that array, and a wakJp function
which takes an identi er as argument and executes each of théunctions within
the waitDefs array of which the object's identi er equals the argument.

By cleverly choosing the identi ers and functions, we can sinulate incoming
messages and immediate responses. For example, a typicalesxtion thread
of a manager could look like this (see Figure 3.8 for the sequee diagram
corresponding to this thread):

1. A manager tries to execute a transition which manages two mployees. It
therefore sends 2 trapOfSubprocess messages to the server.

2. The server replies with the identi ers i andj for the communication signals
(see Section A.2).
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3. The manager adds two waits to its detailed STD, one with idi and one
with id j. As functions it passes the handleDetailedAlt function.

4. Atthe next poll, the manager receives acorrect reply of one of the employ-
ees (corresponding to messagg and it calls wakeUp with the i as identi-
er. This calls the handleDetailedAlt function, which rst checks whether
the response was a&orrect. Since it is, the function checks whether all of
the employees have responded. Since the STD is waiting (for message
with the identier j), it apparently has not yet obtained all answers, so
the function returns. If the response had beenincorrect, it would have
woken up all other waits and all of those functions would havesend a
cancel message, after which the STD was no longer waiting.

5. Atthe second poll, acorrect message is received from the second employee,
and the handleDetailedAlt is once again called. Since the S is no longer
waiting for any employees, all employees are send an executgessage and
the transition res.

A.4 Creating a new model

This section will describe the databases and tables which ctain the initial-
ization de nitions of the models. Each component of a model las an entry in
the table models of database paradigmmodels, which consistof 6 elds, see
Table A.1.

Field Desciption

id This eld is auto-incremented and acts as primary key.
It is not required for anything else

database Refers to the database in which the de nitions for the
states and transitions are held. This database also con-
tains the messages table as described in Section A.2.

component | Refers to the base name of the component

numlds Contains the number of parametrizations, e.g.: Worker
contains one parametrization

variables Contains a variable description, which can be referenced
to in state and transition de nitions

display a boolean stating whether this component should be
displayed in the index page

Table A.1: De nition of the table models of Paradigmmodels

Two elds require additional explanation: the numlds eld and the variables
eld. The rst makes it possible to have an arbitrary number o f components of
a certain type, e.g.: there were three Worker components inection 3, that all
worked the same. Thevariables eld allows a single component to have mul-
tiple states and transitions, while only one de nition exists, For example, the
scheduler component needs an equal amount afsg states as there are Workers.
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Both the numlds and variables values are inputed by the user when the
component is started up, and the states and transitions tabés described later
in this section can use those values to determine not only theumber of states
and transitions, but also what the initial state needs to be.

Every model in the environment also has its own database, with contains
3 tables: messages, states and transitions. Messages wasdied shortly in
Section A.2, but requires no new actions when creating a new odel database.
We will explain the other two tables and their elds shortly. Table A.2 contains
the de nitions for the Transitions table.

Field Desciption

id This eld is auto-incremented and acts as primary key.
It is not required for anything else

compName Contains the name of the component the transition be-
longs to

stateMachine | Contains the STD within the component the transition
belongs to. If empty, the transition is considered to be-
long to the detailed STD, otherwise this eld contains
either the subprocess name (for trap STDs) or the par-
tition name (for global STDs)

source The source state

target The target state

triggerSig The signal for the transition
guard The guard for the transition
activity The activity of the transition

Table A.2: De nition of the table Transitions of a Paradigm M odel
Three elds in this table need further explanation. The rst is the triggerSig
eld. This eld can have 3 types of values:
The action label for detailed transitions
The trap names for global transitions
cascade for trap transitions

The STDs de ne a trigger function which takes a textual signal as their argu-
ment. If called, that function triggers each transition for which the trigger eld
equals the argument. This shows that the activities of the deailed transitions
only need to trigger all transitions with cascade as trigger in order to cascade
all trap STDs.

This is represented in the two possible values of the activig eld:

sendTrigger(‘'cascade)  for detailed transitions and trap transitions

changeSubprocess(this.from.name, this.to.name); for global tran-
sitions
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The traps and detailed transitions both trigger the cascade, just as required
of the cascade function. The global transitions change the wrent subprocess,
which requires four actions: changing the global state, diable the trap STD
belonging to the previous current subprocess and enable thieap STD belonging
to the new current subprocess, followed by a cascade call tdvat STD. The rst
action is implicitly taken by the transition, but the other a ctions need to be
executed separately, which the line given takes care of.
Finally, the guard eld also has three possible values:

paradigmGuard(this, = list of subprocesse's =~ optional list of employ-
ees); for detailed transitions

getSTD(a detailed STD).isTrapped( a list of detailed state); for trap
transitions

getSTD(this.from.name).isCurrent(this.trigger); for global tran-
sitions

The function paradigmGuard returns true i each of the curre nt subprocesses
occur in the listOfSubprocesses list, thus evaluating the gard using the eval
function, we get a simple true or false on whether the transiton is allowed. If
the optional list of employees is also de ned, each of the empyees is checked (as
described in A.2), the paradigmGuard function returns false and the STD sleeps
while waiting for responses of the employees. | all of thesénave send a correct
message back, the transition will once again be triggered, Wt unconditionally,
that is, the guard will not be tested.
Table A.3 shows the states table.

Field Description

id This eld is auto-incremented and acts as primary key.
Not required for anything else

stateName Contains the name of the state
compName Contains the component the state belongs to

stateMachine | Contains the STD within the component the state be-
longs to. If empty, the state is considered to belong to
the detailed STD, otherwise this eld contains either the

subprocess name (for trap STDs) or the partition name
(for global STDs)

initial A boolean statement determining whether this state is
the initial state, which can use the numids and vari-
ables from the paradigmmodels table upon startup as
arguments.

Table A.3: De nition of the table States of a Paradigm Model

A.5 Adaptation

The environment is also capable of on-the-y migration as decribed in Sec-
tions 4 and 5. It was stated that the migrational information is added to the
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model using the activity of the transitions into newRuleSet |the form of which
was stated to be a use case|, but how the use case was executedas left unde-
ned. In this environment, we chose to have the activity be ewaluable JavaScript,
evaluating it using the JavaScript eval function when the transition is taken.
These activities contain the calls to the object constructas as required. If the
use case calls for the creation of a new transition, but the sarce and/or target
states do not yet exist, those states are rst created. Simiarly, STD's are au-
tomatically initiated if states are created which belong to a non-existing STD.
Because of this, it is often enough to add only the transitiors of the new STD's.

Foreseen migration can be included in the activity eld of the database record
of the transition, so modeling foreseen migration occurs whin the model's de -
nition itself, as required. Unforeseen migrations requirea more exible approach
though, since we want the modeler to have complete control cer the migra-
tion. To handle this, the activity of the transition into the JIT state of McPal
(startJit) was set so it opens an upload le eld, where the modeler can input
a migration. After the modeler had uploaded a le, the guard on the transition
into NewRuleSet (doneJit) will request the new de nitions of the server, which
has generated the required JavaScript from the uploaded le The start and
stabilize transitions are then created with the correct useases included in their
activities, and the rest of the migration can occur.

A.6 Multiple views

The current model con guration can be visualized in any number of ways (i.e.:
textual, UML-style STD's, paradigm notation, etc), so some e ort went into
making sure any of these could be easily implemented. In ordeo do this, the
graphical interface was made dependent upon the underlyingbjects (statema-
chines), each of which contains an update function. Whenewvethis update
function is called, it executes all of the functions registeed to the STD (which
can be done using the addUpdate function), which are respoiisle for altering
their own particular piece visualization.

In particular, an UML-style STD visualization was added to t he program.
It uses an object de ning the drawing of the transitions and sates. Each state
has a DIV element corresponding to it, whose background dertes whether the
corresponding state is the STD's current state. Whenever tle objects update
function is called, the currently highlighted DIV is return ed to the default back-
ground color and the state corresponding to the underlying $D's current state,
if any, is highlighted. This update function can be registered to the update of
one or more STDs using the addUpdate function, and a visualiation of the
underlying model has been obtained. Using the STD's removepdate function,
it can also be unregistered.

In a similar way, any type of visualization capable of being epresented in
Dynamic HTML can be created, and each visualization can be ra simultane-
ously, since the underlying STD's do not change their behawur.

A.7 Wrap-up: Possible Improvements in Parallelism

Thus, in our environment, each client can be running any numker of components,
but each component occupies one browser window and thereferhas its own
JavaScript execution thread. It can also visualize the modkin any number
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of ways. The server is used only for the initiation of componats and as a
communication channel, the latter of which makes it the bottle neck of the
parallelism objective, since it has only a single thread wih which to control all
communication.

This problem can be solved in many ways. For starters, anothe platform
could be chosen in order to allow direct communication betwen components,
but this will still need central distribution of the compone nt locations. This
also enlarges the security related problems, which the pldborm chosen solves by
using the HTTP protocol and its inherent security.

Another solution could be to introduce multiple servers, at least one for
each client. Then, a channel could be handled completely @nt sided, and the
servers could run in parallel. This however would greatly ircrease the cost of
implementation, since a simple browser would no longer be eugh.

Finally, another bottleneck for the parallelism is that for each component,
all of its detailed STD, its global STDs and its trap STDs run on a single
thread. An increase in parallelism could be obtained by alsdistributing this
interaction over multiple clients. This could be set up in a dmilar manner as
described earlier in this Section.
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B CODE

B Code

B.1 script/Statemachine.js

function Statemachine (name,
var STD = f

name:
states:
transitions:
current: null ,
updateFunctions: Array(),
allows: allows!=""'?allows:
waitDefs : Array () ,
history: Array ()

allows) f

name,
Array () ,
Array () ,

null ,

g

STD. State = function(name) f
if (this .getState(name)) f
return _e("A state "+namet+"
parent.name) ;

already exists in statemachine "+

g

var State = f
name:
parent:

[*H

name,
STD

State .getName =
return  name;

g

function () f

this
return

. states .push(State);
State;
*H

STD. getState
for (var it
if (this

function (name) f
0; it < this .states.length;
.states[it].name name) return

- it++) f
this .states[it];

¢}
return false |
g,

STD. Transition = function(name, from, to,
if (!from jj !this .getState(from)) f
return _e("No state "+Hrom+" (from) found");

trigger, guard,

g
if (1to

return
g

I'this .getState(to)) f
_e("No state "+to+" (to) found");

il

Transition = f

name,

this .getState(from),
trigger,

guard ,

activity ,
.getState(to),

STD

var
name:
from:
trigger:
guard:
activity :
to: this
parent:

*H

enforce) f
this

Transition.doTrigger =
if (enforce jj (this .trigger = trigger &&
this .from && this .testGuard())) f

this .parent.former = this .from;
this .parent. history.push( this .parent.current.name);
this .parent.current = this .to;
eval( this .activity);
this .parent.update();
return true ;

function(trigger,

g
return false ;
*H
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Transition.testGuard = function(alsoCheckHistory) f
if (this .parent.isWaiting()) return false ; /I prevent evaluation of
guard if the STD is waiting for some other awnser
if (alsoCheckHistory & STD.hasBeenIn(Transition.from.na me)) return
true ;
return (this .guard = undefined jj eval( this .guard));
g

this .transitions.push(Transition);
return Transition;

g9;

STD. getTransition = function(name) f
for (var it = 0; it < transitions.length; it++) f
if (transitions[it].name = name) return transitions[it];

return false ;
[*H

STD. getTransitionsFrom = function(from) f
if (!from) return false ;
if (!from.name) from = this .getState(from);
var result = Array();
for (var it = 0; it < this .transitions.length; it++) f
if (this .transitions[it].from = from) f
result.push( this .transitions[it]);
g
g
return result.length==0? false :result;

g

STD.isTrapped = function(statesString) f
var regExp = "(~ j,)™ this .current.namet"(, j$)";
return statesString . match(regExp);

g

STD. isCurrent = function(test) f
if (test.name) test = this .getState(test);
return (test = this .current);

g;

STD. trigger = function(trigger) f
var transitions = this .getTransitionsFrom ( this .current);
for (var it = 0; it < transitions.length; it++) f
if (transitions[it].doTrigger(trigger)) return true ;
g
return false |

g

STD. triggerRandom = function () f
var transitions = this .getTransitionsFrom (  this .current);
if (transitions = false ) return false ;
var random = Math. floor (Math.random () transitions .length);
return transitions [random]. doTrigger (transitions [random]. t rigger);

g9;

STD.resetHistory = function () f
STD. history = Array();

g;

STD. hasBeenln = function(name) f

if (STD.current = null ) return false ; /I not even the
currently executing this statemachine

if (STD.current.name = name) return true ; /Il is it currently
there?

for (var it = 0; it < STD. history.length; it++) f

if (STD. history[it] = name) return true ; /I has it been there
and currently left it?

¢}
return false ; /I never seen a state by that name
in the current run
*H

STD.removeState = function(name) f
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var state = STD.getState(name);

for (var it = 0; it < STD.transitions.length; it++) f
var temp = STD. transitions[it];
if (temp.from = state jj temp.to = state) f

STD. transitions .splice (it, 1);
it |
g
g
for (var it = 0; it < STD. states.length; it++) f
var temp = STD. states.shift();
if (temp != state) f
STD. states . push(temp);
g else f
break ; // found the state. Since it is unique, it should be fine
to simply exit the loop
g
g
g;

STD.removeTransition = function(from, to, trigger) f
for (var it = 0; it < STD.transitions.length; it++) f
temp = STD. transitions[it];
if (temp.from.name = from && temp.to.name = to & temp.trigg er =
trigger) f
STD. transitions .splice (it, 1);
break ;
g
g
*H

STD.update = function(args) f
for (var it = 0; it < this .updateFunctions.length; it++) f
this .updateFunctions[it](args);
g
g

STD.addUpdate = function(func) f
if (eval("this."+func)) f
return _e(func+' already exists");

g
if (typeof eval(func) = 'function’) f
this .updateFunctions.push(eval("this."+func+" = "+eval(fu nc)));
9
g

STD.removeUpdate = function(func) f
for (var it = 0; it < this .updateFunctions.length; it++) f
var test = this .updateFunctions. shift();
if (test.toString() != eval(func).toString()) f
this .updateFunctions.push(test);
g else f
eval("delete this."+func+";");
it |
g
g
g

STD. wait = function(id, func, vars) f
this .waitDefs.push( fid: id, func: func, vars: vars g@);
g;

STD.wakeUp = function(id, vars, skipWaitFunction) f
var found = O;
var temp = undefined;

for (var it = 0; it < this .waitDefs.length; it++) f

temp = this .waitDefs.shift();

if (temp.id != id) f
this .waitDefs.push(temp);

g else f
it ;
found++;
if (temp != undefined & typeof temp.func = 'function' & !(

skipWaitFunction = true )) f

var updateVars = temp.func(vars, temp.vars);
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if (updatevars != false ) f
/I function does not return false: set back at start of the
list and increase it;
if (typeof updateVars = 'object") f
for (it2 in updateVars) f
eval("temp.vars."+it2+" = updateVars."+it2+";");

g
g
this .waitDefs .push(temp);
it++;
g
g
g
g
return found;
g
STD.removeWait = function(id) f
STD. wakeUp(id , fg , true );
g
STD.wakeUpAIl = function(txt) f
while (this .waitDefs.length > 0) f
var temp = this .waitDefs.shift();
if (temp != undefined & typeof temp.func = 'function"') f
temp.func(txt, temp.vars);
g
g
g
STD. isWaiting = function(skip) f
for (var it = 0; it < this .waitDefs.length; it++) f

if (skip != undefined) f
eval("var temp = this.waitDefs[it].vars."tskip+";");
temp = eval(temp);

g
if (skip = undefined jj !temp) return true ;/l please don't count
id = 0, they are placeholders.

g
return false ;

g;
statemachines.push(STD);
return STD;
g
statemachines = Array();
function sendTrigger(trigger) f
for (var it=0; it < statemachines.length; it++) f
statemachines[it]. trigger(trigger);
g
g
function getSTD(name) f
for (var it=0; it < statemachines.length; it++) f

if (statemachines[it].name = name) return  statemachines[it];

¢}
return false |
g

function numSTD() f
return statemachines.length;

g
B.2 script/Paradigm.js

function additionUseCase (arr, requestBy) f
/I this adds new states and transitions.
if (requestBy = undefined) requestBy = "McPal"; /I default requester
name
for (var it = 0; it < arr.length; it++) f

var def = arr[it];

{52



B.2 script/Paradigm.js

if (def.compName = undefined jj def.compName = "' jj def.compName
= 'self") f /I additions to self
var STD = getSTD(def.stateMachine);
if (!1STD) f
STD = Statemachine(def.stateMachine);

9
if (def.stateName != undefined) f
/I new states
STD. State (def.stateName);
g else if (def.from != undefined) f
/I new transitions
if (ISTD.getState(def.from)) STD. State(def.from);
if (I1STD.getState(def.to)) STD. State(def.to);

STD. Transition('',def.from,def.to,def.trigger,def.g uard, def.
activity);
g else f
_e('unknown addition def type');
g
g else f /I additions to send elsewhere
def.addition = true ;

var mess = Array();
for (var it2 in def) f

if (it2 != 'compName') f
eval('mess.push(it2+": n'"+def. '+it2+'+" n'");");
g
g
mess = "sendMessage.php?db="+database+'&source="+requ estBy+'&
target="+def.compNamet'&message="+tescape (" f "+mess.join (', ")+"
g"):;
send(mess);

9
9
statemachines[0]. update('redraw');
return true ;

g
function removalUseCase(arr, requestBy) f
/I Remove states and transitions.
if (requestBy = undefined) requestBy = "McPal"; /I default requester
name
for (var it = 0; it < arr.length; it++) f
var def = arr[it];
if (def.compName = undefined jj def.compName = "' jj def.compName
= 'self") f /I removes of self
var STD = getSTD(def.stateMachine);
if (!STD) continue ; // if the STD does not exists, nothing needs be
done
if (def.stateName = undefined & def.from = undefined) f
/I remove an entire statemachine
for (var it2 = 0; it2 < statemachines.length; it2++) f
var temp = statemachines. shift();
if (temp != STD) f
statemachines. push(temp);
g else f
1l break; // found the statemachine. Since it is unique, it
should be fine to simply exit the loop...
/I ... but actually, this changes the order of the

statemachines array, so the automatic
/I random triggerer doesn't like it this way and gets
broken. This way is slightly less
/I optimal, but oh well.
it2 ; /I this should of course be done in order to ensure
all STD's are checked
g

g
g else if (def.stateName != undefined) f
/I remove an state
STD.removeState(def.stateName) ;
g else if (def.from != undefined) f
/I remove transition based upon from, to and trigger
STD.removeTransition (def.from, def.to, def.trigger);
g else f
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_e ('unknown remove def type');

g else f /I removals to send elsewhere
def.removal = true ;
var mess = Array();
for (var it2 in def) f

if (it2 != 'compName') f
eval('mess.push(it2+": n'"+def. '+it2+'+" n'");"');
g
g
mess = "sendMessage.php?db="+database+'&source="+requ estBy+'&
target="+def.compNamet+'&message="+escape (" f "+tmess.join (', ")+"
g") s

send(mess);
g

9
statemachines [0]. update( 'redraw');
return true

g
function handleDetailedAlt(txt, vars) f
if (txt.match(/executel/i) jj txt.match(/cancel/i)) f
send("sendMessage.php?db="+database+"&id="+vars . mes sld+'&source="+
vars. src+'&message="+txt) ;
g else if (txt.match(/correct/i) & !vars.checked) f

if (txt.match(/not/i)) f /I subprocess does not allow the
transition, so cancel all.

vars.trans.parent.wakeUpAll('cancel');
send("sendMessage .php?db="+database+'&message=remov e&id="+vars.
messld+'&source="+vars.src);

g else if (vars.trans.parent.isWaiting('checked=true"')) f /I STD
is still waiting, so still more subprocesses need to awnser t he
correct? message

return f checked: true g;
g else f /I STD is not waiting anymore, so all the messages were
succesfull, send execute messages and enforce trigger
vars.trans.parent.wakeUpAll('execute"');
send("sendMessage .php?db="+database+"&id="+vars . mes sld+"&source="+
vars.src+'&message=execute");
vars.trans .doTrigger(vars.trans.trigger, true );
g
g else f

return true N

¢}
return false

’

9
function handlePartitionAlt(txt, vars) f
if (txt.match(/cancell/i)) f
send("sendMessage.php?db="tdatabaset+'&message=remov e&id="tvars.
messld+'&source="+vars. src);
/I canceled , remove channel and continue execution of STD, t o do
this:
/I do nothing, that is, don't execute the transition and don' t
return this to the STD waitlist
g else if (txt.match(/executel/i)) f
/I transition taken; change subprocess to do this:
/I execute the transition stored in var.trans
send("sendMessage.php?db="tdatabase+'&message=remov e&id="+vars.
messld+'&source="tvars. src);
vars.trans.doTrigger(vars.trans.trigger, true ); // enforce trigger
g else f
return true ; I/l return the listener to the wait stack

¢}
return false

’

g
function handlePartitionOpt(messld, mess, src) f
var STD = getSTD(mess.STD);
message = "sendMessage.php?db="+database+"&id="+tmessl d+'&source="+tmess

.target+'&message=";
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if (STD.current != null & getSTD(mess. state).hasBeenIin(mess.trap)) f
var transitions = STD.getTransitionsFrom (mess. state);
for (var it = 0; it < transitions.length; it++) f
if (transitions[it].trigger = mess.trap & (mess.next = un defined
j] mess.next = transitions[it].to.name) & transitions[it 1.
testGuard( true )) f
STD. wait(messld, handlePartitionAlt , fsrc: src, trans:

transitions[it], messld: messld g);
send(message+'correct");
return true ;
g
g

g
send(messaget+"notCorrect");
return false |

g
removeStack = fg ;
function handlePoll(txt, vars) f
if (txt = '") return false ;
var txtArr = txt.split("; nn");
for (var it = 0; it < txtArr.length; it++) f
temp = txtArr[it]. split("=");
messld = temp[0];
eval("var mess = "+((typeof temp[1l]!="number' && !temp[1] .match(/* ns
nf . . ngn s $/))?" ' "#emp[1]+"'":temp[1])+";");
if (typeof(mess) = 'object"') f
if (mess.addition != undefined) f
/I Addition Use Case
if (additionUseCase (Array(mess))) send("sendMessage.php ?2db="+
database+'&message=remove&source="+vars . src+"&id="+ messlid) ;
g else if (mess.removal != undefined) f
/I Removal Use Case
if (removalUseCase(Array(mess))) send("sendMessage.php? db="+
database+'&message=remove&source="+vars . src+"&id="+ messlid) ;
g else f
/I Global transition requested
handlePartitionOpt(messid, mess, vars.src);
9
g else if (mess.match(/noListener/i)) f
send("sendMessage .php?db="+database+'&message=remov e&source="+vars
. src+"'&id="+rmessld) ;
for (var it2 = 0; it2 < statemachines.length; it2++) f
statemachines[it2 ].removeWait(messlid);
g
g else f
var found = 0;
for (var it2 = 0; it2 < statemachines.length; it2++) f
found += statemachines[it2 ].wakeUp(messld, mess);
g
if (found = 0) f /I nobody listening, send noListener message
eval("var temp = removeStack.var"tmessld+'=undefined; "y,
but only if this is not the first time, to allow self
messages to be sent. Probably not needed though...
if (Itemp) f
send("sendMessage .php?db="+tdatabase+'&message=nolLis tener&id="+
messld+'&source="+vars. src);
eval("delete removeStack.var"+messld+";");
g else f
eval("removeStack.var"+messld+"' = 1;");
g
9
¢}
¢}
9
function alterWait(text, vars) f
var trans = vars.trans;
trans . parent.wait(text, handleDetailedAlt, fsrc: vars.src, trans:
trans, messld: text g);
trans . parent.wakeUp(vars.it);
return false |
9
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function paradigmGuard (trans, subprocesses, globalList ) f
if (trans.parent.isWaiting()) return false ; /I disallow if the
statemachine is currently waiting for some awnser
if (!(subprocesses = undefined & numSTD() = 1)) f /I test whether

current subprocesses exist and allow this transition
var subArr = subprocesses.split(";");
var part = fg;
for (var it = 0; it < subArr.length; it++) f /I order subprocesses
according to their partition
var temp = subArr[it].split(".");

eval("if (part."+emp[0]+"=undefined) part."+emp[0] +" = Array('"+
temp[1]+"'); else part."+#emp[0]+".push('"+Hemp[1l]+""' )"
g
for (var it in part) f
var correct = false ;
eval("var sub = part."+tit+";");
for (var it2 = 0; it2 < sub.length; it2++) f
if (getSTD(it) != false &&% getSTD(it).current != null &% getSTD(
it).current.name = sub[it2]) f
correct = true ;
break ;
9
9
if (correct = false ) return false ;
¢}
¢}
if (globalList=undefined) return true ;I pure employee transition,

allow at this junction.

/I handle asynchronous trapOfSubprocess signals
globalList = globalList.split("&");

var addr = "sendMessage.php?db="tescape(database);
addr += "&source="tescape(trans.parent.name);

for (var it = 0; it < globalList.length; it++) f
var addrTemp = addr;
var temp = globalList[it].split(".");
addrTemp += "&target="+escape(temp[0]) ;
addrTemp += "&message=";
addrTemp + escape(" ftarget:'"Hemp.shift()+"',STD: "+Hemp.shift()+"

',state: '"+#temp.shift ()+" ', trap:'"+Hemp. shift ()+(te mp.length
==0?"' g":"', next:'"#emp.shift ()+"" g9")).
trans . parent. wait( it 1);
send(addrTemp, alterWait, f src: trans.parent.name, trans: trans, it:
it 19);
g
return false ; // do not allow! Allow will be enforced by follow up
functions (alter wait etc)
g
function changeSubprocess(from, to) f

if (getSTD(from)) f //l just in case a migration has already removed the
original subprocess

getSTD(from) . resetHistory() ;

getSTD(from) . current = null
getSTD(from) . update () ;

’

¢}

getSTD(to).current = getSTD(to).getState('triv');
getSTD(to) . update() ;

sendTrigger('cascade');

g
var storeUseCases = "";
function handleMigr(txt) f
document. getElementByld("upload").className = "hidelF rame";

storeUseCases = txt;

g
function getMigr () f
storeUseCases = ;
document. getElementByld("upload").className = "showlF rame";
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g

B.3 script/Poll.js

var polls = Array();

function Poll (name) f

try f
var Poll = f
name: name,
timer: null ,
speed: O
g
g catch (e) f alert(e); g
Poll.poll = function () f
send("poll.php?db="+database+'&source="+ this .name, this .handle, f src
: this .nameg);
g
Poll.repeat = function(milisec) f
if (milisec != undefined) f
clearTimeout( this .timer);
this .speed = milisec;
g
this . poll();
if (this .speed & this .speed > 100) f
this .timer = setTimeout("getPoll ('"+ this .name+"') .repeat()", this
speed);
g else f
clearTimeout( this .timer);
g
g
Poll. _handle = function(message, vars) f /I standard function
/I handled here in order to show get message and removal from
database
if (message = "") f
return false ;
g
var messages = message.split(";");
for (var it = 0; it < messages.length; it++) f
var temp = messages[it].split("=");
var id = temp[0];
if (id ="") continue
var mess= temp[1];
send("sendMessage .php?db="+database
+'&target="+Poll.name /I only remove messages send to you!
+'&message=remove"
+'&id="+id ,
(typeof _e = 'function')? _e:alert
/I show the message (uses _e, a generic error function, if
it exists, otherwise, alert)
)i
g
g
Poll.handle = this ._handle; /I overload this!!!

/I Poll.repeat();
polls.push(Poll);
return Poll;

g
function getPoll(name) f
for (var it = 0; it < polls.length; it++) f
if (polls[it].name = name) return polls[it];
g
g

B.4 script/std.js

function _verbose() f
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var verbose = f
div: null
stateMachines: Array()
g
verbose.update = function(STD) f
if (STD.current) verbose.div.innerHTML = STD.name+". curre nt = "+STD.
current.getName()+' <BR>nn" + verbose.div.innerHTML;
g
verbose.draw = function(elem) f
for (var it = 0; it < this .stateMachines.length; it++) f
if (this .stateMachines[it] = elem) return true ;
9
this .stateMachines.push(elem);
if (verbose.div = null ) f
verbose.div = document. createElement('div");
verbose.div.id = 'print’;
verbose.div.className = 'report’;
document. body.appendChild(verbose. div);
g
var _print = " <DIV STYLE='border: 2px solid black; background: #
DDDDDD  >< B> Start "+elem.namet+" </B>= BR>nn";
for (var it = 0; it < elem.states.length; it++) f
_print += elem.states[it].getName()+" <BR>nn";
g
for (var it = 0; it < elem.transitions.length; it++) f
var trans = elem.transitions[it];
_print += "Transition ("+trans.namet"): "+trans.from.get Name ()+"
_print += trans.trigger=undefined?"":trans.trigger;
_print += trans.guard=undefined?’ ["+trans . guard+"] ;
_print += trans.activity=undefined?"":"/"+trans . activ ity ;
_print += " > "+trans.to.getName()+" <BR>nn";
g
_print += " <B>End "telem.name+" (current state: "+(elem.current?elem
.current.getName() :"null")+") </B> DIV >nn";
verbose. div.innerHTML = _print + verbose.div.innerHTML;
elem.addUpdate ("verboseUpdate") ;
elem.update();
g
verbose .unDraw = function () f
if (verbose.div = null ) return true ;
verbose. div.parentNode.removeChild(verbose.div);
verbose.div = null ;
for (var it = 0; it < this .stateMachines.length; it++) f
this .stateMachines[it].removeUpdate ('verboseUpdate ');
g
this .stateMachines = Array();
g
return verbose;
g
var verbose = _verbose();
verboseUpdate = function () f
verbose .update(STD) ;
g

B.5 script/umlPrint.js

function UML() f

var UML = f
stateMachines: Array(),
states: Array () ,
transitions: Array(),
drag: null ,
offset: f

X: 0,
y: O
g,
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begin: f
X: 0,
y: O
g
g
UML. update = function(STD) f
for (var it = 0; it < STD. states.length; it++) f
var div = document.getElementByld("uml."+STD.name+". "+ STD. states [
it].getName());
if (div = undefined) f
UML. unDraw () ;
for(var it = 0; it < statemachines.length; it++) uml.draw(
statemachines[it]);
g
else
div.className = 'state’;
g
if (STD.current) f
var temp = document.getElementByld("uml."+STD.namet+"." +STD. current
.getName());
if (temp) temp.className = 'currentState"'; /I might fail due to
removal of state
g
g
UML.draw = function(elem, width, x, vy) f
for (var it = 0; it < this .stateMachines.length; it++) f
if (this .stateMachines[it] = elem) return false
g

this .stateMachines.push(elem);
if (!width) width = 4;

if (!'x) x = 0;
if (ly) y=0;
for (var it = 0; it < elem.states.length; it++) f /I draw the states
var name = elem.states[it].getName();
newDiv = document.createElement('div");
newDiv.id = 'uml. '+elem .name+'. 'tname;
/I DB
var mess = "getLocation.php?state="+newDiv.id;
func = function(obj, vars) f

eval("var temp = "+tobj+";");

vars.div.style.left = temp. left+"px";

vars.div.style.top = temp.top+'px";

while (UML. transitions.length != 0) f
div = UML. transitions .pop();
div.parentNode.removeChild(div);

g
for (var it = 0; it < statemachines.length; it++) f
for (var it2 = 0; it2 < statemachines[it]. transitions.length;
it2++) f
UML. transitionDraw (statemachines[it]. transitions [it 21);
g
g
g
newDiv. style .top = ((Math. floor (it/width)) 100+y)+"px";
newDiv. style. left = (((Math. floor ((it%(width 2))/width)!=0) ?(width

1 it%width):it%width) 150+x)+"px";
send(mess, func, fdiv: newDiv, UML: UML g);

/I end DB

/I cookies

var temp = getCookie('locations');

if (temp & temp.match("#"+newDiv. id+"=")) f

temp = temp. split("#"+newDiv.id+"=");
temp = temp[1]. split("#");
eval("temp = "+temp[0]+";");

g else f
temp = undefined;

g
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newDiv. style .top = (temp != undefined)?temp.top :((Math. floor(it/
width)) 100+y)+"'px";

newDiv. style . left = (temp != undefined)?temp.left:(((Ma th. floor ((
it%(width  2))/width)!=0)?(width 1 it%width):it%width) 150+x)
+'px;

/I end cookies

newDiv.className = (elem.current&&elem. current.getNam e()=name)?"
currentState":"state";

newDiv.innerHTML = name+" <BR> ("+elem.name+")";
newDiv. style . height = "50px";
newDiv. style .width = "100px";

newDiv. setAttribute ('onmousedown', 'uml.startDrag(ev ent, this)"');
newDiv. setAttribute ('onmouseup ', 'uml.stopDrag(this) )5
this .states.push(document.body.appendChild(newDiv));

g

for (var it = 0; it < elem.transitions.length; it++) f

this .transitionDraw(elem.transitions[it]);

g

elem.addUpdate ("umlUpdate") ;

elem.update() ;

/I return the number of rows it occupies:
return Math. ceil (elem. states.length/width);

g;
UML. transitionDraw = function(trans) f
from = document.getElementByld("uml."+trans . parent.na met" . "+trans .
from.getName());
to = document.getElementByld("uml."+trans . parent.name +' . "+trans.to.
getName());

if (!from jj !to) return false ;
title = trans.trigger=undefined?"":trans . trigger;

title += trans.guard=undefined?"":"["+trans .guard+"] "
title += trans.activity=undefined?"":"/"+trans . activ ity ;
var from = f

X: parselnt(from. style.left),
width: parselnt(from.style .width),

y: parselnt(from.style .top),
height: parselnt(from.style.height)
g;
var to = f
X: parselnt(to.style.left),
width: parselnt(to.style .width),
y: parselnt(to. style.top),
height: parselnt(to.style.height)
if ((from.x >= to.x & from.x <= to.x + to.width) jj (from.x <= to.x
&, to.x <= from.x + from.width)) f Il vertical
this .drawlLine (
f
x: (from.x > to.x)?from.x + (to.x + to.width from.x)/2 1:
to.x + (from.x + from.width to.x)/2 1,
y: from.y + ((from.y <to.y)?from.height:0)
g,
f
x: (to.x > from.x)?to.x + (from.x + from.width to.x)/2 1:
from.x + (to.x + to.width from.x)/2 1,
y: to.y + ((to.y <from.y)?to.height: 2)
g,
title
)i
g else if ((from.y >=to.y & from.y <= to.y + to.height) jj  (from.y
<= to.y & to.y <= from.y + from.height)) f /I horizontal
this .drawlLine (
f
x: from.x + ((from.x <to.x)?from.width:0),
y: ((from.y > to.y)?from.y + (to.y + to.height from.y)/2:to.
y + (from.y + from. height to.y)/2) 1
g,
f

x: to.x + ((to.x <from.x)?to.width:0),
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y: ((to.y > from.y)?to.y + (from.y + from.height to.y)/2:
from.y + (to.y + to.height from.y)/2) 1
g,
title
)
g else f
this .drawLine(
f
x: from.x+from.width/2+1,
y: from.y + ((from.y < to.y)?from.height:0)
g,
f
x: from.x+from.width/2 1,
y: from.y + ((from.y < to.y)?from.height:0) + ((from.height/2)
((from.y < to.y)?1l: 1))
g,
title ,
true
)
this .drawlLine (
f
x: from.x+from.width/2+1,
y: from.y + ((from.y < to.y)?from.height:0) + ((from.height/2)
((from.y < to.y)?1l: 1))
g9,
f
x: from.x+from.width/2 1 + (from.width (from.x <to.x?.75: .75))
+ (from.x <to.x?3:0),
from.y + ((from.y < to.y)?from.height:0) + ((from.height/2)
((from.y < to.y)?1l: 1))
g,
title ,
true
)
this .drawLine (
f
x: from.x+from.width/2 1 + (from.width (from.x <to.x?.75: .75))
y: from.y + ((from.y < to.y)?from.height:0) + ((from.height/2)
((from.y < to.y)?1: 1))
g,
f
x: from.x+from.width/2 1 + (from.width (from.x <to.x?.75: .75))
y: to.y + ((from.y < to.y)?0:to.height) + ((to.height/2) ((
from.y < to.y)? 1:1))
9,
title ,
true
)i
this .drawLine(
f
x: from.x+from.width/2 1 + (from.width (from.x <to.x?.75: .75))
y: to.y + ((from.y < to.y)?0:to.height) + ((to.height/2) ((
from.y < to.y)? 1:1))
g,
f
X: to.x+to.width/2 1 + (from.x <to.x?3:0),
y: to.y + ((from.y < to.y)?0:to.height) + ((to.height/2) ((
from.y < to.y)? 1:1))
9,
title ,
true
)i
this .drawLine(
f
X: to.x+to.width/2 1,
y: to.y + ((from.y < to.y)?0:to.height) + ((to.height/2) ((
from.y < to.y)? 1:1))
g,
f
X: to.x+to.width/2 1

y: to.y + ((from.y < tt;.y)?O:to.height)
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g,
title
)i
g
g
UML. drawLine = function(from, to, title , noArrow) f
var elem = document.createElement("DIV");
elem.className = "line";
elem. style .width = Math.max(3, Math.abs(from.x to.x))+"'px";
elem. style.height = Math.max(3, (Math.abs(from.y to.y)+(((noArrow)
&&(from.y <to.y))?3:0)))+"'px";
elem.style.left = Math.min(from.x, to.x)+'px";
elem. style .top = Math.min(from.y, to.y)+'px";
elem. title = title;
if (!'noArrow) f
var arrow = document.createElement("DIV");
if (from.x < to.x) f
arrow.className = "harrow";
arrow .innerHTML = "&gt;";
arrow . style .width = to.x from.x + 5+"px";
arrow . style . textAlign = "right";
g else if (from.x > to.x) f
arrow.className = "harrow";
arrow .innerHTML = "&It;";
g else if (from.y < to.y) f
arrow.className = "varrow";
arrow .innerHTML = "&or;";
arrow . style .top = (to.y from.y 23)+"px";
g else f
arrow.className = "varrow";
arrow .innerHTML = "&and;";
g
this .transitions.push(elem.appendChild(arrow));
g
this .transitions .push(document.body.appendChild(elem));
return elem;
g
UML.unDraw = function () f
UML. stopDrag () ;
var div;
while (this .stateMachines.length != 0) f
div = this .stateMachines.pop();
g
while (this .states.length != 0) f
div = this .states.pop();
div.parentNode.removeChild(div);
g
while (this .transitions.length != 0) f
div = this .transitions.pop();
div.parentNode.removeChild(div);
g
for (var it = 0; it < statemachines.length; it++) f
statemachines[it].removeUpdate ('umlUpdate');
g
g
UML. startDrag = function(event, elem) f
this .drag = elem;
this .begin.x = event. clientX elem.offsetLeft + this .offset.x;
this .begin.y = event.clientY elem. offsetTop + this .offset.y;
document.onmousemove =  this .dragFunction;
g
UML. stopDrag = function(elem) f
if (this .drag) f
var mess = "updatelLocation.php?left="tparselnt( this .drag.style.
left)+"&top="+parselnt( this .drag.style .top)+'&state="+tescape (

this .drag.id);
send(mess);

var temp = getCookie('locations');
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if (temp) f
eval('var regExp = #'+ this .drag.id+'[ #] ($j#)lgi');
temp = temp.replace (regExp, " n#") ;
temp = temp.replace(/#+/lg, " n#") ;
if (temp = '#') temp = "";
g
temp = (temp?temp:"")+#+ this .drag.id+'= fleft:'"+ this .drag.style.
left+" ', top:'"+ this .drag.style.top+'"' g";

setCookie('locations', temp, 365); /Il expires after a year
g

this .drag = null ;

document.onmousemove = null ;

while (this .transitions.length != 0) f
div = this .transitions .pop();
div.parentNode.removeChild(div);

g

for (var it = 0; it < statemachines.length; it++) f
for (var it2 = 0; it2 < statemachines[it]. transitions.length; it2

++) f
UML. transitionDraw (statemachines[it]. transitions[it 21);

g

g

g

UML. dragFunction = function(event) f
if (UML.drag) f
if (levent) event = window.event;
UML.drag. style.left = (event.clientX UML. begin . x)+"px";
UML.drag. style .top = (event.clientY UML. begin.y)+"'px";

g
while (UML. transitions.length != 0) f
div = UML. transitions .pop() ;
div.parentNode.removeChild(div);
g
for (var it = 0; it < statemachines.length; it++) f
for (var it2 = 0; it2 < statemachines[it]. transitions.length; it2
++) f
UML. transitionDraw (statemachines[it]. transitions[it 21);
g
g
g
return  UML;
g

var uml = UML() ; /I create an instance of the class
function umlWaitForlt (STD) f
uml.unDraw () ;
for (var it = 0; it < statemachines.length; it++) f
uml.draw(statemachines[it]);
g
g

function umlUpdate(args) f /I function to append to the draw functions
array of the statemachine STD
if (args = 'redraw’') f
if (uml.waiter) clearTimeout(uml. waiter);
uml. waiter = setTimeout("umIWaitForlt()", 1000);
g else f
uml.update(STD) ;
g
g

B.6 script/script.js

function _e(message) f // an error message function
document. getElementByld("error ') .innerHTML = message + "<BR>nn" +
document. getElementByld('error ') .innerHTML ;
return false ;
g

function init() f
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for (var it = 0; it < additionallnit.length; it++) f
additionallnit[it]();
g
var height = 10;
for (var it = 0; it < statemachines.length; it++) f
height += uml.draw(statemachines[it], 4, 300, height) 100;
g
sendTrigger('cascade"');
g
function send(url, func, funcArgs, synchronous) f

if (func = undefined) func = function(a,b) fg ;
var req = (window.XMLHttpRequest)? new XMLHttpRequest(): new
ActiveXObject("Microsoft XMHTTP") ;

req.onreadystatechange = function() f
if (req.readyState = 4) f
try f
if (req.status = 200) func(req.responseText, funcArgs);

else alert("Error: "treq.status);
g catch (e) f
g
g
g;
req.open("GET", "ajaxFiles/"turl, !synchronous);

reqg.send( null );
return req;

9
function setCookie(name,value, expireln) f
if (expireln) f
var expire = new Date();
expire.setDate (expire.getDate ()+expireln);
¢}
document.cookie = name.split(".").join(" _")+'="+escape(value)+((
expireln=undefined)?"":"; expires="+texpire .toGMTStr ing());
g

function getCookie (name) f
if (document.cookie.length >0) f

var start = document.cookie .indexOf(name + "=");

if (start != 1) f
start = start + name.length + 1;

var end = document.cookie .indexOf(";", start);

if (end = 1) end = document. cookie .length;
return unescape(document. cookie . substring(start ,end));

[¢]

return undefined;
g

var timer = null ;
function setRandom(speed) f
clearTimeout(timer);
if (speed != 0) f
statemachines[0]. triggerRandom() ;
clearTimeout(timer);
timer = setTimeout("setRandom ("+speed+");", speed);
g
g

B.7 ajaxFiles/sendMessage.php

<?

/I @ATTR, required: database, the location of the messages t able

/I @ATTR, required: source, the sender

/I @ATTR, optional: target, the intended receiver, optiona I iff
removal message

/I @ATTR, required: message, the message

/I @ATTR, optional: id, the update location, insert if not se t

/I @RETURN, required: id, or the channel number, also the wai t id

/I first send no caching headers
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require _once "noCache.php";
require _once "/xampp/htdocs/paradigm/query.php";

if (!isset ($_REQUEST["id"])) f
$sql ="

INSERT

INTO messages (source, target, message)

VALUES (
'f $_REQUEST["source"] g°',
'f $.REQUEST["target"] g',
'f $.REQUEST["message"] g'

)

$'mysql _insert _id = 0;
$result = query($sql, $ _REQUEST['db']);
$reply = $mysql _insert _id;

g else if ($_REQUEST["message"]=="remove") f
$sql ="
DELETE
FROM messages
WHERE id = ' f$.REQUEST['id'] g
AND target = ' f$.REQUEST[ 'source'] g°'

$'mysql _affected _rows = 0;
$result = query($sql, $ _REQUEST['db']);

$reply = "deleted $mysql _affected _rows rows";
g else if ($_REQUEST[ 'message'] = ‘'cancel’) f
$sql ="
UPDATE messages
SET target = IF(source = ' f $_.REQUEST[ 'source '] g', target, source),
source = ' f$_REQUEST['source'] g',
message = 'cancel’
WHERE id = ' f$.REQUEST['id'] g
AND (
source = ' f$_REQUEST[ ' 'source'] g'
OR
target = ' f$_REQUEST[ 'source'] g°'
)

$mysql _affected _-rows = 0;
$result = query($sql, $ _REQUEST['db']);
$reply = "updated $mysql _affected _-rows rows";
g else f
$sql =
UPDATE messages
SET target = source,

source = ' f $_.REQUEST['source'] g°',
message = 'f$_REQUEST[ 'message'] g'
WHERE id = ' f$.REQUEST['id'] g
AND target = ' f$_REQUEST[ ' 'source']l] g'

$'mysql _affected _rows = 0;
$result = query($sql, $ _REQUEST['db']);
$reply = "updated $mysql _affected _rows rows";

¢]
echo $reply;

/ use below in case of debugging neccesities /
/ ksort( $_REQUEST);

unset( $_REQUEST["locations "]);

$temp = Array();

foreach ( $.REQUEST as $key => $val) f

$temp[] =" $key= $val”;
g
$temp = implode("&", $temp) ;
$sql ="
INSERT
INTO mess _log (tijd, message, reply)
VALUES (NOwW(), ' $temp', ' S$reply’)

$’result = query( $sql, $REQUEST['db']);
/
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B.8 ajaxFiles/poll.php

<?
/I first send no caching headers
require _once "noCache.php";

/I actions first

$sql ="
SELECT id,
message
FROM messages
WHERE target = ' f$_REQUEST["source"] g°'
ORDER BY message != 'nolListener', message LIKE ' f%g'

réquire "Ixampp/htdocs/paradigm/query .php";
$result = query($sql, $ _REQUEST["db"]);

$temp = array ();
while (($row = mysql _fetch _assoc ($result)) !== FALSE ) f

$temp[] =" f$row["id"] g=fS$row["message"] g";
9

echo implode ("; nn", $temp);

>
B.9 ajaxFiles/leavePage.php

<?
require _once "noCache.php";
require _once "/xampp/htdocs/paradigm/query.php";

$reply = "No db or comp found";

if (isset ($-REQUEST["db"]) && isset ($_REQUEST["comp"])) f
$sql ="
DELETE
FROM messages
WHERE source = ' f$_REQUEST["comp"] g
OR target = ' f$_REQUEST["comp"] g°'

$‘mysql _affected _rows = 0;
$result = query($sql, $ _REQUEST['db']);
$reply = "deleted $mysql _affected _-rows rows";

g
echo $reply;
>

B.10 ajaxFiles/JITForm.php

< IDOCTYPE HTML PUBLIC " /MBC//DTD HTML 4.01//EN" "http://www.w3. org/TR/
html4/strict.dtd" >

<HTML >

<HEAD >

<TITLE > File Upload Form </TITLE >

<LINK REL="stylesheet" TYPE="text/css" HREF"style.css" >

< HEAD >

<BODY >

<FORM ID="file _upload _form" METHOD="post" ENCTYPE="multipart/form data"
ACTION="uploadResult . php" CLASS='uploadForm' >

<INPUT NAMVE="file" TYPE="file" ONCHANGE='this .form.subm it()' SIZE=O >

< FORM >

< BODY >

<HML >

B.11 ajaxFiles/uploadResult.php
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B.11 ajaxFiles/uploadResult.php

< IDOCTYPE HIML PUBLIC " /MW3C//DTD HTML 4.01//EN" "http://www.w3. org/TR/
html4/strict.dtd" >

<HTML >

<HEAD >

<TITLE >Get and send Usecase </TITLE >

<?

/I some usefull variables to set:
$map = "/xampp/htdocs/paradigm/upload/";
$max = 1048576; // max size = 1Mb
$extAllow = Array (
"migr",
); /I mogelijke extenties (zonder punt), hoofdletter ongevoe lig
/I Controleren

if (isset ($_FILES['file'])) f
$bestand = explode (" nn", $_FILES['file '][ 'name’']);

$bestand = $bestand[ count ($bestand) 1];
$ext = explode (".", $bestand);
$ext = strtolower ($ext[ count ($ext) 11);

/I Toegestaande extensies opvragen

if ($extAllow == "") f
$extFout = true ;
foreach ($extAllow as $val) f
if ($ext= strtolower ($val)) f
$extFout = false ;
break ;
g
g
g else $extFout = false ;

if ($extFout) f
echo "Foutieve extentie van het migratie bestand (moet .migr zij n)"

g else f
if ($_FILES['file '][ 'size"] > $max) f
echo "max size error; hou het AUB onder 1Mb";

g else f
if (move _uploaded _file($ _FILES["file"]["tmp _name"], $map. $bestand)
== FALSE ) f
$content = file ($map.$bestand);
$toRem = $toAdd = Array();
echo "<SCRIPT TYPE='text/javascript' >nn";
foreach ($content as $key = > $val) f
$val = trim ($val);
$key++;
if (preg -match ("/ nw $/", $val)) f
1 echo "/I skip empty line $key ( $val) nn";
continue ;
g else if (stripos($val, "add:") =— 0) f
$mode = "A";
1 echo "// set mode $mode on line $key ( $val) nn";
continue ;
g else if (stripos($val, "remove:") = 0) f
$mode = "R";
1 echo "// set mode $mode on line $key ( $val) nn";
continue ;
g else if (!isset ($mode)) f
1 echo "alert('No mode set, assuming add'); // line $keynn";
$mode = 'A’;
1 echo "// using mode $mode on line $keynn";
if ($mode = 'A") f
$toAdd [] = " f".$val." g";
g else f
$toRem[] = " f".str _replace("'", " nnnn'", $val)." g";
9
g
$temp = "additionUseCase (Array (";
$temp .= " f stateMachine:'McPal',from: 'NewRuleSet', to:"'StartMig r
',guard: 'paradigmGuard (this , n"Migr. StablePhase n", n"McPal.
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Migr. StablePhase .ready n");', activity:'sendTrigger( n"cascade
n")"g.";
$temp .= implode ($toAdd, ",");
$temp .= ", f stateMachine:'McPal',from:'Content',to: 'Observing ',
guard: 'paradigmGuard (this , n"Migr.doMigr n", n"McPal. Migr.
doMigr. migrDone n");',activity:'sendTrigger( n"cascade n");";
$temp .= "removalUseCase(Array(";
$temp .= implode ($toRem, ",");
$temp .= "))' g)); storeUseCases = '';";
$temp = "window. top.window. handleMigr ('". str _replace("'", " nn'",
stemp) ") ;"
echo "$temp nn</SCRIPT >< HEAD > BODY >< P> BODY > HIML >";
g else f
echo "failed to move to $map$bestand”;
g
g
g
require ('JITForm.php'); /I dies if correct, so if it reaches this, the

upload failed. Retry please
>

B.12 ajaxFiles/updateLocation.php

<?
require _once "noCache.php";
require _once "/xampp/htdocs/paradigm/query.php";

$mysql _affected _rows = 0;
$sql ="
UPDATE " states '
SET  ‘left > = f$REQUEST['left'] g,
“top’ = f$REQUEST['top'] ¢
WHERE ‘name” = ' f$_REQUEST['state'] g°'

$re§u|t = query($sql, 'locations"');
if ($mysql _affected _-rows = 0) f
$sql ="

INTO “states ™ ('name’, “left , “top’)
VALUES(
'f $.REQUEST[ 'state '] g°',
f$_REQUEST[ ' left '] g,
f $_REQUEST['top'] g
)

$‘result = query($sql, 'locations"');

g9
>

B.13 ajaxFiles/getLocation.php

<?
require _once "noCache.php";
require _once "/xampp/htdocs/paradigm/query.php";

$sql ="
SELECT “top~, ‘left’
FROM “states °
WHERE ‘name” = ' f$_REQUEST['state'] g°'
$re§u|t = query($sql, 'locations');
if (($row = mysql _fetch _assoc ($result)) I== FALSE ) f
echo "ftop: f$row["top"] g, left: f$row["left"] gg";
g
>

B.14 ajaxFiles/noCache.php

{68



B.15 script/getComponents.php

<?

header ("Expires: Mon, 26 Jul 1990 05:00:00 GMT");

header ("Last Modified: " gmdate ("D, d MY H:i:s") " GMT) ;
header ("Cache Control: no store, no cache, must revalidate");
header ("Cache Control: post check=0, pre check=0", false );
header ("Pragma: no cache");

>

B.15 script/getComponents.php

additionallnit
<?

require _once

Array () ;

"/xampp/htdocs/paradigm/query . php";

function varParse ($varArr, $arr) f /I this got to be too complicated...
foreach ($varArr as $key = > $val) f
foreach ($arr as $arrKey = > $row) f
if ($temp = str _replace ($key, 'HELEMAALNIETS', $row)) !== $row) f
$row["id"] .= " _$key";
$row = str _replace ("max($key)", $val, $row);
for ($it = 0; $it < $val; S$it++) f
$temp = str _replace ($key, $it, S$row);
foreach ($temp as $tempKey = > S$tempVal) f
if (strpos ($tempVal, "CALC[") !== FALSE ) f
$temp2 = preg _replace ("/. CALC n[([*n]] )n]. /", "$1",
$tempVval) ;
eval ('$temp2 = '.$temp2.';");
$temp [ $tempKey] = preg _replace ("/CALC n[([*n]] )n]/",
$temp2, S$tempVal);

g
g
$arr[] = $temp;

g
unset ($arr[$arrkey]);

g
g
g
return $arr;
g
function idParse ($idAdd, $arr) f
foreach ($idAdd as $key = > $val) f
foreach ($arr as $arrKey = > $row) f
if (($temp = str _replace ("id$key", $val, $row)) !== $row) f
$arr[$arrkey] = $temp;
g
[¢]
[¢]
return $arr;
g
$componentNames = Array () ;
foreach (explode (";", $ -REQUEST["components"]) as $component) f
echo "var database = f $_REQUEST["db"] g';nn";
echo "var temp = function() fnn";
/ start states /
$sql ="
SELECT S.stateName,
S.compName,
S.statemachine
S.initial
FROM states S
WHERE S.compName = '$component’
$result = query($sql, $ _REQUEST["db"]);
while (($row = mysql _fetch _assoc ($result)) !== FALSE ) f

$comps[] = $row;
[¢]

if (isset ($_REQUEST["var"])) f
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$comps = varParse($ _REQUEST["var"], $comps);
g

if (isset ($.REQUEST["id"])) f
$comps = idParse($ _REQUEST["id"], $comps);

9
foreach ($comps as $row) f
$row = str _replace (Array("'", " nn"), Array(" nn'", " "), $row);
$comp = ($row["statemachine"]=="")?$component: $row["s tatemachine"];
$compLong = $comp;
if (isset ($_REQUEST["id"]) &% $row["statemachine"] = "") f
$compLong = $comp." _".implode (",",$ -REQUEST["id"]);

$detailedComp = $comp;
$detailedCompLong = $complong;

[¢]
if (! isset ($componentNames[$comp])) f
echo "ntvar $comp = Statemachine('$compLong'); nn";
if (comp = $component) f
echo "ntPoll('$compLong'); nn";
echo "ntgetPoll('$compLong').handle = handlePoll; nn";
g
$componentNames [$comp] =  true ;
9
eval ('$temp = '.$row["initial"].";");
echo ($temp?" nt$comp.current = ":" nt")."$comp. State (' f $row["

stateName"] g'); nn";
g
/' end states /

/ start transition /
$sql ="
SELECT T.id,
T.statemachine,
T.source ,
T.target,
T.triggerSig ,
REPLACE(REPLACE(T. guard , ' nnr', " '), ' nnt', '') as guard,
REPLACE(REPLACE(T. activity , ' nnr', ' "), " nnt', '') as activity
FROM transitions T
WHERE T.compName = ‘$component’

$‘result = query($sql, $ _REQUEST["db"]);

while (($row = mysql _fetch _assoc ($result)) !== FALSE ) f
$trans [] = $row;

g

if (Iisset ($trans)) f
echo " _e('No transitions found!!!l");";

g else f

if (isset ($_-REQUEST["var"])) f
$trans = varParse($ _REQUEST["var"], $trans);
g

if (isset ($_.REQUEST["id"]))  f
$trans = idParse($ -REQUEST["id"], $trans);

9
foreach ($trans as $row) f
$row = str _replace (Array("'", " nn",$detailedComp), Array(" nn'",
",$detailedCompLong), $row);
$comp = $row["statemachine"]=='"?$component: $row["sta temachine"];
unset ($row["statemachine"]);
foreach ($row as $key = > $val) $row[$key] = ($val = '')?'undefined
U$val 't
echo "nt$comp. Transition(". implode (",", $row)."); nn";
9
9
/ end transition /

/I foreach( $componentNames as $comp => $true) f
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1 echo " ntstatemachines.push( $comp); nn";
11 g
echo "gnn";
echo "additionallnit.push(temp); nn";
echo "sendTrigger('cascade'); nn";
g
>

B.16 index.php

< IDOCTYPE HTML PUBLIC " /MW3C//DTD HTML 4.01//EN" "http://www.w3. org/TR/
html4/strict .dtd" >
<HTML >
<HEAD >
<?
if (isset ($_REQUEST["components"])) f
echo "<TITLE >";
$pageTitle = $ _REQUEST["components"];
if (isset ($_REQUEST["id"])) f
foreach ($_REQUEST["id"] as $val) f
$pageTitle .= " _$val";
[¢]

g
echo $pageTitle." ;
?> Paradigm UML Tool </TITLE >

<LINK REL="stylesheet" TYPE="text/css" HREF"style.css" >

<SCRIPT TYPE="text/javascript' SRC="script/Poll.js" > /SCRIPT >

<SCRIPT TYPE="text/javascript' SRC="script/Statemachin e.js '> /SCRIPT >

<SCRIPT TYPE='text/javascript' SRC='script/Paradigm.js '>< [SCRIPT >

<SCRIPT TYPE='text/javascript' SRC='script/std.js" > [SCRIPT >

<SCRIPT TYPE="text/javascript' SRC="script/umlPrint.js '>< [SCRIPT >

<! SCRIPT TYPE='text/javascript' SRC="'script/paradigmPri nt.js' >/
SCRIPT >

<SCRIPT TYPE='text/javascript' SRC='script/getComponen ts.php? <?

$temp = Array();
foreach($ _-REQUEST as $key = > $val) f
if ($key = "locations") continue;
if (is —array($val)) f
foreach($val as $key2 = > $val2) f
$temp [] = "$key"."[$key2]=$val2";
g
g else f
$temp [] = "$key=$val";
[¢]

g
echo implode("&amp;", $temp);
?> '>< [SCRIPT >

<SCRIPT TYPE='text/javascript' SRC='script/script.js' > /SCRIPT >

< HEAD >

<BODY ONLOAD="init () ' ONUNLOAD='send("leavePage .php?co mp="tstatemachines
[0].namet+'&db="tdatabase , alert, undefined, true);" >

<FIELDSET STYLE="width: Opx" >

<LEGEND > Interface <? echo $pageTitle; ? > LEGEND >

<TABLE >

<TBODY >

<TR>< TD> INPUT ID="trigger ' VALUE='manager' >< [TD >< TD>< BUTTON ONCLICK="
sendTrigger(document. getElementByld('trigger ') .valu e);">Trigger </
BUTTON > /TD >=< /TR >

<TR>< TD> INPUT ID='randomSpeed' VALUE='0.5" >< [TD >< TD> BUTTON ONCLICK="
setRandom (document. getElementByld('randomSpeed') . va lue 1000);"
STYLE="white space: nowrap" >Rand Sec <BUTTON > /D > /TR >

<TR>< TD>< INPUT ID="'pollSpeed"' VALUE='1" >< /TD >< TD>< BUTTON ONCLICK="for (
var it=0;it <polls.length;it++)polls[it].repeat(document.
getElementByld('pollSpeed').value 1000);" STYLE="white space:
nowrap" > Pol Sec<BUTTON > /D >< /IR >

<TR>< TD COLSPAN=2 >< BUTTON ONCLICK="for (var it=0;it <polls.length;it++)
polls[it].repeat(0);" >Stop Poll <BUTTON > /TD > /TR >

<TR>< TD COLSPAN=2 >< BUTTON ONCLICK="statemachines[0]. triggerRandom() ;" >
Trigger Random </BUTTON > /D >< /TR >

<TR>< TD>< INPUT ID="toEval' VALUE="' >< [TD >< TD>< BUTTON ONCLICK="eval(
document. getElementByld('toEval ') .value);" STYLE="wh ite space:

nowrap" > Eval <BUTTON > /TD >< /TR >
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<TR>< TD COLSPAN=2 >< BUTTON ONCLICK="uml.unDraw() ;" >Undraw UML <BUTTON >< /
TD>=< MR >

<TR>< TD COLSPAN=2 >< BUTTON ONCLICK="for (var it = 0; it < statemachines.
length; it++) uml.draw(statemachines[it], 3, 300, (200 it)+10);" >
Draw UML <BUTTON > /TD > /TR >

<TR>< TD COLSPAN=2 >< BUTTON ONCLICK="for (var it = 0; it < statemachines.
length; it++) verbose.draw(statemachines[it]);" >Turn verbose ON </
BUTTON > /TD >< /TR >

<TR>< TD COLSPAN=2 >< BUTTON ONCLICK="verbose .unDraw() ;" >Turn verbose OFF </
BUTTON > /TD > /TR >

< [TBODY >

< [TABLE >

< [FIELDSET >
<DIV ID="error"' CLASS='report' STYLE='position: absolute
: 1000px; color:red; width: 75%' > DIV >
<IFRAME ID="upload" SRC="ajaxFiles/JITForm.php" CLASS=' hidelFrame' >/
IFRAME >
< BODY >
<HML >< ?
g else f 2>
<TITLE >Paradigm UML Tool; Select model <[TITLE >
<LINK REL="stylesheet" TYPE="text/css" HREF"style.css" >
< HEAD >
<BODY >
<?
$sql = "SELECT
FROM models
WHERE display = 1

; top: Opx; left

réquire _once "/xampp/htdocs/paradigm/query.php";

$result = query($sql, "paradigmmodels");
while (($row = mysql _fetch _assoc ($result)) !== FALSE ) f
$models[$row["database"]][ $row["component"]] = Array( "ids" = > S$row["
numlds"], "vars" = > explode (";", $row["variables"]));
g

ksort ($models);
foreach ($models as $db = > $compArr) f
ksort ($compArr);
echo "<FIELDSET >nn";
echo "<LEGEND >$db</LEGEND >nn";
echo "<TABLE >nn";
echo "<TBODY >nn";
foreach ($compArr as $comp = > $varArr) f
echo "<FORM METHOD='post' >< TR>nn<TD> $comp<INPUT TYPE='hidden"
VALUE="$db ' NAVE='db' >< INPUT TYPE='hidden' VALUE='$comp' NAVE
='‘components’ >< /TD >nn<TD> TABLE > TBODY >nn";
for ($it = 0; $it < S$varArr["ids"]; $it++) f
echo "<TR> TD STYLE='width: 50px' > Id[$it]: </TD > TD STYLE='width
© 50px' >< INPUT TYPE='text' NAME='id [ $it]"' STYLE='width: 50
px'>< /INPUT > /TD >< /TR >";

g
echo "</TBODY >< [TABLE >< /TD >nn<TD>< TABLE > TBODY >nn";
foreach ($varArr["vars"] as $var) f

if ($var == "") f
echo "<TR>x TD STYLE='width: 50px’ > $var: </TD >< TD STYLE='width:
50px' >< INPUT TYPE='text' NAME='var[$var]' STYLE='width:
50px' >< /INPUT > /D < /TR >";
g

g
echo "</BODY > /TABLE >< /TD >nn<TD>< INPUT TYPE=submit VALUE='Open
'>< /INPUT > /TD >< /TR >< FORM >nn";

¢}

echo "</BODY >nn";
echo "</TABLE >nn";
echo "< /FIELDSET >nn";

9
>

< BODY >
<HML < ? g ?>
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B.17 query.php

B.17 query.php

<?
function query($sql, $db, $server = "localhost", $user =" ", $pass =
i " f

global $mysql _insert _id;
global $mysql _affected _rows;

$link = mysql _connect ($server, $user, $pass) or die ('Could not
connect: ' . mysql _error ());

mysql _select _db ($db) or die ('Could not select database:
. $db);

$result = mysql _query ($sql) or die ('Query ' . $sql . 'failed
! mysql _error ());

$mysql _insert _id = mysql _insert _id ();

$mysql _affected _-rows = mysql _affected _rows ();

mysql _close ($link);
return $result;

g9
>

B.18 img/rounded.php

< ?php

foreach ($_REQUEST as $key = > $val) $$key = $val;
if (!isset ($w)) $w = 100;

if (!isset ($h)) $h = 50;

if (!isset ($cw)) $cw = $w/5;

if (!isset ($ch)) $ch = $cw;

/I create image
$img = imagecreatetruecolor ($w, $h);
imageantialias ($img, true );

/I allocate some solors

$trans = imagecolorallocate ($img, 0xCO, O0xCO, 0xCO0);
imagefill ($img, 0,0, $trans);
imagecolortransparent($img, $trans);

$white = imagecolorallocate ($img, OxFF, OxFF, OxFF);
$border = imagecolorallocate ($img, 0x00, 0x00, 0x00);

/I draw the corners and lines between them

imagearc ($img, $cw/2 1, $ch/2 1, $cw, $ch, 180, 270, $border);
imageline ($img, $cw/2, 0, $w $cw/2, 0, $border);

imagearc ($img, $w S$cw/2, $ch/2 1, $cw, $ch, 270, 0, $border);
imageline ($img, $w 1, $ch/2, $w 1, $h $ch/2, $border);

imagearc ($img, $w $cw/2, $h $ch/2, $cw, $ch, 0, 90, $border);
imageline ($img, $cw/2, $h 1, $w $cw/2, $h 1, $border);

imagearc ($img, $cw/2 1, $h $ch/2, $cw, $ch, 90, 180, $border);
imageline ($img, 0, $ch/2, 0, $h $ch/2, $border);

/I fill the corners (non transparent)
imagefill ($img, 0,0, $white);
imagefill ($img, $w 1,0, $white);
imagefill ($img, 0,%h 1, $white);
imagefill ($img, $w 1,$h 1, $white);

/limageellipse( $image, $w/2, $h/2, $cw, $ch, $white);

/I flush image

header ('Content type: image/png');
imagepng ($img);

imagedestroy  ($img);

>

B.19 style.css

.report f
height: 500px;
width: 250px;
overflow : auto;
text align: left;
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B.20 sampleMigrFiles/MigrDetSchedExtWorker.migr

z index: 1;

g

.state, .currentState f
background: #FO0E68C url ('img/rounded .php') ;
position: absolute;
text align: center;
vertical align: middle ;
cursor: pointer;
z index: 2;

9

.currentState f
background: #6B8E23 url ('img/rounded.php') ;
color: white ;
font weight: bold;
z index: 2;

.line f
position: absolute;
overflow : visible ;
background: black;
border: opx;
text align: center;
padding: 0px;
z index: 1;

9

.harrow,

.varrow f
position: absolute;
overflow : visible ;
font size: 25px;
left: 5px;
top: 12px;
font weight: 900;
z index: 1;

g

.harrow f
top: 16px;
left: 3px;
z index: 1;

g

button f
min  width: 75px;
width: 100%:;

9

.hidelFrame f
display: none;

.showlFrame f

border: Opx solid black;
position: absolute;
left: 380px;
top: 70px;
z index: 100;

g

.uploadForm f
border: 1px solid black;
width: 225px;
background: HAAAAAA;

g

B.20 sampleMigrFiles/MigrDetSchedExtWorker.migr

Add: McPal add:/remove: is enough, the rest can be viewed as ¢ omments

stateMachine: 'Migr',from: 'StablePhase',to: 'doMigr', trigger: 'ready ' ,guard
:'getSTD(this .from.name) .isCurrent(this.trigger);"', activity ;'
changeSubprocess(this.from.name, this.to.name) ;"'

stateMachine: "Migr',from: 'doMigr',to: 'StablePhase ', trigger: 'migrDone ',
guard: 'getSTD(this .from.name) .isCurrent(this.trigge r);"',activity:'
changeSubprocess(this.from.name, this.to.name) ;"'

stateMachine: 'doMigr',from: "triv ', to: 'migrDone"’, tri gger:'cascade’',guard:
'getSTD ("McPal") .isTrapped("Content, Observing") ', ac tivity ;'

sendTrigger("cascade") '
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stateMachine: 'McPal',from: 'StartMigr ' ,to: 'Both1lto2" ,guard: 'paradigmGuard
(this ,"Migr.doMigr","Scheduler.Migr. Stable . triv&Wor ker _0. Migr.
StablePhase . triv&Worker _1.Migr. StablePhase . triv&Worker _2. Migr.
StablePhase . triv")',activity: 'sendTrigger("cascade" '

stateMachine: '"McPal',from: 'Both1to2',to: 'Content',g uard: 'paradigmGuard (
this ,"Migr.doMigr","Scheduler.Migr.SchedMigr. finish ed&Worker _0.CSM.
OutCS. triv .OutCS") ', activity : ‘'sendTrigger("cascade" )!

Remove: McPal

stateMachine : '"doMigr’

stateMachine : 'Migr ' ,stateName: 'doMigr"

stateMachine: '"McPal ' ,stateName: 'Both1to2"

stateMachine: '"McPal',from: 'NewRuleSet',to: 'StartMig r'
stateMachine: '"McPal',from: 'Content',to: 'Observing '

Add: Scheduler

compName: 'Scheduler',stateMachine: 'Scheduler’, from: ‘check _0',to:"'asg -0",
trigger:'allow _0',guard: 'paradigmGuard (this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _0.CSM. OutCSBlock.entering");"',activity:'
sendTrigger("cascade")'

compName: 'Scheduler',stateMachine: 'Scheduler’, from: ‘check _1',to:"'asg -1",
trigger: 'allow _1',guard: 'paradigmGuard(this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _1.CSM.OutCSBlock.entering");"',activity:'
sendTrigger("cascade") '

compName: 'Scheduler',stateMachine: 'Scheduler’, from: ‘check_2',to:"'asg -2"',
trigger: 'allow _2',guard: 'paradigmGuard (this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _2.CSM.OutCSBlock. entering");"',activity:'
sendTrigger("cascade") '

compName: 'Scheduler', stateMachine: 'Scheduler’, from: ‘check _0"',to:'check _1
‘,trigger: 'skip _0',guard: 'paradigmGuard(this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _0.CSM. OutCSBlock . stay&Worker _1.CSM.OutCS. triv .
OutCSBlock"); ',activity: 'sendTrigger("cascade") ;"'

compName: 'Scheduler', stateMachine: 'Scheduler’, from: ‘check _1"',to:"'check _2
‘,trigger:'skip _1',guard: 'paradigmGuard (this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _1.CSM. OutCSBlock . stay&Worker _2 .CSM.OutCS. triv .
OutCSBlock"); ',activity: 'sendTrigger("cascade"); "'

compName: 'Scheduler', stateMachine: 'Scheduler’, from: ‘check_2"',to:'check _0
',trigger:'skip _-2',guard: 'paradigmGuard (this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _2.CSM. OutCSBlock.stay&Worker _0.CSM.OutCS. triv .
OutCSBlock"); ',activity: 'sendTrigger("cascade"); "'

compName: 'Scheduler', stateMachine: 'Scheduler’, from: 'asg_0',to:'check _1",
trigger: 'revoke _0',guard: 'paradigmGuard (this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _0.CSM.InCS. left&Worker _1.CSM.OutCS. triv .
OutCSBlock"); ',activity: 'sendTrigger("cascade"); "'

compName: 'Scheduler',stateMachine: 'Scheduler’, from: ‘asg-1',to:'check _2",
trigger: 'revoke _1',guard: 'paradigmGuard (this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _1.CSM.InCS. left&Worker _2.CSM.OutCS. triv .
OutCSBlock"); ',activity: 'sendTrigger("cascade"); "'

compName: 'Scheduler',stateMachine: 'Scheduler’, from: '‘asg-2',to:'check _0",
trigger: 'revoke _2',guard: 'paradigmGuard (this ,"Migr.SchedMigr; Migr.
SchedPhase2","Worker _2.CSM.InCS. left&Worker _0.CSM.OutCS. triv .
OutCSBlock"); ',activity: 'sendTrigger("cascade") ;"'

compName: 'Scheduler',stateMachine: 'Scheduler’, from: 'asg-0',to:'check _1",
trigger:'revoke _0',guard: 'paradigmGuard (this ,"Migr.SchedMigr","
Worker _0.CSM.Busy.done.OutCS&Worker _1.CSM. Free. triv . OutCSBlock&
Worker _2.CSM. Free . triv.OutCS"); ', activity:'sendTrigger("ca scade") ;"'
compName: 'Scheduler',stateMachine: 'Scheduler’, from: ‘asg-1',to:'check _2",
trigger: 'revoke _1',guard: 'paradigmGuard (this ,"Migr.SchedMigr","
Worker _1.CSM.Busy.done.OutCS&Worker _2.CSM. Free. triv . OutCSBlock&
Worker _0.CSM. Free . triv.OutCS"); "', activity:'sendTrigger("ca scade") ;"'
compName: 'Scheduler',stateMachine: 'Scheduler’, from: 'asg-2',to:'check 0",
trigger: 'revoke _2',guard: 'paradigmGuard (this ,"Migr.SchedMigr","
Worker _2.CSM.Busy.done.OutCS&Worker _0.CSM. Free . triv.OutCSBlock&

Worker _1.CSM. Free . triv.OutCS"); "', activity:'sendTrigger("ca scade") ;"'
compName: 'Scheduler',stateMachine: 'Scheduler’, from: ‘idle ',to:'check _0"',
trigger: 'leaveldle ',guard: 'paradigmGuard (this ," Migr . SchedMigr","

Worker _0.CSM. Free . triv.OutCSBlock&Worker _1.CSM. Free. triv .OutCS&
Worker _2.CSM. Free . triv.OutCS"); ', activity:'sendTrigger("ca scade") ;"'
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compName: 'Scheduler',stateMachine: 'SchedMigr',from: "triv',to: 'finished ",
trigger:'cascade',guard: 'getSTD("Scheduler").isTrap ped("asg -0,
check_0,asg-1,check_1,asg_-2,check_2")"',activity: ' 'sendTrigger("
cascade") ;'

compName: 'Scheduler',stateMachine: 'SchedPhase2 ', sta teName: "triv'

compName: 'Scheduler', stateMachine: 'Migr',from: 'Stab le',to: 'SchedMigr',
trigger: '"triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
); ",activity: '‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Scheduler',stateMachine: 'Migr',from: 'Sche dMigr',to: "
SchedPhase2 ', trigger: 'finished ',guard: 'getSTD(this . from .name) .
isCurrent (this.trigger);',activity: 'changeSubproces s(this.from.name

,this .to.name) ;"'

Remove: Scheduler

compName: 'Scheduler', stateMachine: 'Scheduler’, state Name: 'idle"’
compName: 'Scheduler',stateMachine: 'Stable '

compName: 'Scheduler', stateMachine: 'SchedMigr"

compName: 'Scheduler',stateMachine: 'Migr', stateName: 'Stable’
compName: 'Scheduler',stateMachine: 'Migr', stateName: 'SchedMigr’

Add: Worker _0

compName: 'Worker _0',stateMachine: 'CSM',from: 'Free',to: 'OutCS', trigge r:’
triv',guard: 'getSTD(this .from.name).isCurrent(this. trigger); ',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _0',stateMachine: 'CSM',from: 'Free',to: 'OutCSBlock",
trigger: 'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
); ",activity : ‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _0',stateMachine: 'CSM',from: 'Busy',to: 'OutCS", trigge r:'
done',guard: 'getSTD(this .from.name).isCurrent(this. trigger); ',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _0',stateMachine: 'CSM', from: 'OutCS',to: 'OutCSBlock ',
trigger:'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
);',activity : 'changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _0',stateMachine: 'CSM',from: 'OutCSBlock', to: 'OutCS",
trigger: 'stay',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
); ",activity: '‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _0',stateMachine: 'CSM',from: 'OutCSBlock',to: 'InCS",
trigger:'entering',guard: 'getSTD(this .from.name).is Current(this.
trigger);',activity: 'changeSubprocess(this.from.nam e, this.to.name);

compName: 'Worker _0',stateMachine: 'CSM',from: 'InCS"' to: 'OutCS', trigge r:’
left',guard: 'getSTD(this .from.name).isCurrent(this. trigger); ',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _0',stateMachine: 'OutCS', stateName: "triv'
compName: 'Worker _0',stateMachine: 'OutCSBlock',from: "triv ', to: 'stay"’,

trigger: 'cascade’',guard: 'getSTD("Worker _0").isTrapped("post, free,
nonCrit"); ',activity: 'sendTrigger("cascade") ;"'

compName: '"Worker _0',stateMachine: 'OutCSBlock',from: 'triv',to: 'enteri ng',
trigger: 'cascade’',guard: 'getSTD ("Worker _0").isTrapped("pre"); ",
activity : "'sendTrigger("cascade"); '

compName: 'Worker _0',stateMachine: 'InCS"' from: 'triv',to: " 'left', trigge r:’

cascade',guard: 'getSTD ("Worker _0").isTrapped("post,nonCrit, free");"
,activity : 'sendTrigger("cascade”) ;'

compName: 'Worker _0',stateMachine: 'Migr',from: 'StablePhase',to: 'Phase 2,
trigger: 'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
);',activity : '‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: '"Worker _0',stateMachine: 'Phase2', stateName: "triv'

compName: '"Worker _0',stateMachine: 'CSM',from: 'OutCS',to: 'OutCS"',trigg er:'
triv',guard: 'getSTD(this .from.name).isCurrent(this. trigger); "',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _0',stateMachine: 'Worker _0',from: 'free',to: 'nonCrit",
trigger: 'begin',guard: 'paradigmGuard (this ,"Migr.Pha se2;CSM. Free ;CSM
.OutCS ;CSM. OutCSBlock ;CSM.InCS"); ', activity : "sendTr igger("cascade")

compName: 'Worker _0',stateMachine: 'Worker _0',from: 'nonCrit',to: 'pre’,
trigger: 'occupy',guard: 'paradigmGuard (this ,"Migr.Ph ase2;CSM.Busy;
CSM.OutCS"); ', activity : "'sendTrigger("cascade") ;"'

compName: 'Worker _0',stateMachine: 'Worker _0',from:'pre',to:'crit',trigger
:'pickUp',guard: 'paradigmGuard (this ,"Migr.Phase2 ;CS M. Busy ;CSM. InCS
");"',activity:'sendTrigger("cascade"); "'
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compName: 'Worker _0',stateMachine: 'Worker _0',from:'crit',to: " 'post"’,
trigger : 'layDown',guard: 'paradigmGuard (this ,"Migr. P hase2 ;CSM. Busy ;
CSM.InCS"); ',activity: 'sendTrigger("cascade") ;"'

compName: 'Worker _0',stateMachine: 'Worker _0',from:'post',to: 'free"',

trigger: 'finish',guard: 'paradigmGuard (this ,"Migr.Ph ase2;CSM.Busy;
CSM. OutCS ;CSM. OutCSBlock ;CSM.InCS") ; ', activity : 'sen dTrigger ("
cascade") ;'

Remove: Worker _0

compName: 'Worker _0',stateMachine: 'CSM',stateName: 'Free'
compName: 'Worker _0',stateMachine: 'CSM',stateName: 'Busy’
compName: 'Worker _0',stateMachine: 'Free’

compName: 'Worker _0',stateMachine: 'Busy’

compName: 'Worker _0',stateMachine: 'Migr', stateName: 'StablePhase’
compName: 'Worker _0',stateMachine: 'StablePhase’

Add: Worker _1

compName: 'Worker _1',stateMachine: 'CSM',from: 'Free',to: 'OutCS', trigge r:’
triv',guard: 'getSTD(this .from.name).isCurrent(this. trigger); ',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _1',stateMachine: 'CSM',from: 'Free', to: 'OutCSBlock",
trigger: 'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
); ',activity : ‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _1',stateMachine:'CSM',from: 'Busy',to: 'OutCS", trigge r:
done',guard: 'getSTD(this .from.name).isCurrent(this. trigger); ',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _1',stateMachine: 'CSM', from: 'OutCS',to: 'OutCSBlock ',
trigger: 'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
);',activity: '‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _1',stateMachine:'CSM',from: 'OutCSBlock', to: 'OutCS",
trigger: 'stay',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
); ",activity: ‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _1', stateMachine:'CSM',from: 'OutCSBlock',to:'InCS",
trigger:'entering',guard: 'getSTD(this .from.name).is Current(this.
trigger);',activity: 'changeSubprocess(this.from.nam e, this.to.name);

compName: 'Worker _1',stateMachine: 'CSM',from:'InCS"' to: 'OutCS',trigge r:’
left',guard: 'getSTD(this .from.name).isCurrent(this. trigger); ',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _1',stateMachine: 'OutCS',stateName: "triv"'
compName: 'Worker _1', stateMachine: 'OutCSBlock',from: 'triv ', to: 'stay"',

trigger: 'cascade’',guard: 'getSTD("Worker _1").isTrapped("post, free,
nonCrit");',activity: 'sendTrigger("cascade") ;"'

compName: '"Worker _1',stateMachine: 'OutCSBlock',from: 'triv',to: 'enteri ng
trigger: 'cascade’',guard: 'getSTD("Worker _1").isTrapped("pre"); ",

activity : "'sendTrigger("cascade"); '

compName: 'Worker _1',stateMachine: 'InCS"' from: 'triv',to:"'left', trigge r:’

cascade',guard: 'getSTD ("Worker _1").isTrapped("post,nonCrit, free");"
,activity : 'sendTrigger("cascade”) ;'

compName: 'Worker _1',stateMachine: 'Migr',from: 'StablePhase',to: 'Phase 2"
trigger: 'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
); ",activity : '‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: '"Worker _1',stateMachine: 'Phase2', stateName: "triv'

compName: 'Worker _1',stateMachine: 'Worker _1',from: ' 'free',to: 'nonCrit",
trigger: 'begin',guard: 'paradigmGuard (this ,"Migr.Pha se2;CSM. Free ;CSM
.OutCS ;CSM. OutCSBIlock ;CSM. InCS"); ', activity : "'sendTr igger("cascade")

compName: 'Worker _1',stateMachine: 'Worker _1',from: 'nonCrit',to: 'pre’,
trigger: 'occupy',guard: 'paradigmGuard (this ,"Migr.Ph ase2;CSM.Busy;
CSM.OutCS"); ', activity : "'sendTrigger("cascade") ;"'

compName: 'Worker _1',stateMachine: 'Worker _1',from:'pre',to:'crit', trigger
:'pickUp ', guard: 'paradigmGuard (this ,"Migr. Phase2;CS M. Busy ;CSM. InCS
");"',activity:'sendTrigger("cascade"); "'

compName: 'Worker _1',stateMachine: 'Worker _1',from:'crit',to: " 'post"',
trigger : 'layDown' ,guard: 'paradigmGuard (this ,"Migr.P hase2;CSM. Busy ;
CSM.InCS"); ',activity:'sendTrigger("cascade") ;"'

compName: 'Worker _1',stateMachine: 'Worker _1',from:'post',to: 'free"’,

trigger: 'finish',guard: 'paradigmGuard (this ,"Migr.Ph ase2;CSM.Busy;
CSM. OutCS ;CSM. OutCSBlock ;CSM.InCS"); ', activity : 'sen dTrigger ("
cascade"); "'
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Remove: Worker _1

compName: 'Worker _1',6stateMachine:'CSM', stateName: 'Free’
compName: 'Worker _1', stateMachine:'CSM',stateName: 'Busy’
compName: 'Worker _1',6 stateMachine: 'Free'

compName: 'Worker _1',stateMachine: 'Busy’

compName: 'Worker _1',6stateMachine: 'Migr', stateName: 'StablePhase’
compName: 'Worker _1',stateMachine:'StablePhase’

Add: Worker _2

compName: 'Worker _2',stateMachine:'CSM',from: 'Free',to: 'OutCS"', trigge r:'
triv',guard: 'getSTD(this .from.name).isCurrent(this. trigger); ',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _2',stateMachine: 'CSM',from: 'Free', to: 'OutCSBlock",
trigger: 'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
);',activity : '‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _2',stateMachine:'CSM',from: 'Busy',to: 'OutCS"', trigge [
done',guard: 'getSTD(this .from.name).isCurrent(this. trigger); "',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: '"Worker _2',stateMachine: 'CSM', from: 'OutCS',to: 'OutCSBlock ',
trigger:'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
); ',activity: ‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _2',stateMachine: 'CSM',from: 'OutCSBlock', to: 'OutCS",
trigger: 'stay',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
);',activity : '‘changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _2', stateMachine: 'CSM',from: 'OutCSBlock',to:'InCS",
trigger: 'entering',guard: 'getSTD(this .from.name) . is Current (this.
trigger);"',activity:'changeSubprocess(this.from.nam e, this.to.name);
compName: 'Worker _2',stateMachine:'CSM',from:'InCS"',to: 'OutCS',trigge [
left',guard: 'getSTD(this.from.name).isCurrent(this. trigger); ',
activity : 'changeSubprocess(this.from.name, this.to.n ame) ;'

compName: 'Worker _2',stateMachine: 'OutCS', stateName: "triv'
compName: '"Worker _2',stateMachine: 'OutCSBlock',from: 'triv',to: 'stay"',

trigger:'cascade’',guard: 'getSTD("Worker _2").isTrapped("post, free,
nonCrit");',activity: 'sendTrigger("cascade") ;"'

compName: 'Worker _2',stateMachine: 'OutCSBlock',from: 'triv',to: 'enteri ng',
trigger: 'cascade’',guard: 'getSTD ("Worker _2").isTrapped("pre"); ",
activity : 'sendTrigger("cascade") ;'

compName: 'Worker _2',stateMachine:'InCS"', from: 'triv',to:"'left"', trigge r:'

cascade',guard: 'getSTD ("Worker _2").isTrapped("post,nonCrit, free");"
,activity: 'sendTrigger("cascade"); "'

compName: 'Worker _2',stateMachine: 'Migr',from: 'StablePhase',to: 'Phase 2,
trigger: 'triv',guard: 'getSTD(this .from.name).isCurr ent(this.trigger
);',activity: 'changeSubprocess(this.from.name, this. to.name) ;"'

compName: 'Worker _2',stateMachine: 'Phase2', stateName: "triv'

compName: 'Worker _2',stateMachine: 'Worker _2',from:'free',to: 'nonCrit",
trigger: 'begin',guard: 'paradigmGuard (this ,"Migr.Pha se2;CSM. Free ;CSM
.OutCS ;CSM. OutCSBlock ;CSM. InCS"); ', activity : "'sendTr igger("cascade")

compName: 'Worker _2',stateMachine: 'Worker _2',from:'nonCrit',to: 'pre’',
trigger: 'occupy',guard: 'paradigmGuard (this ,"Migr.Ph ase2;CSM.Busy;
CSM.OutCS"); ', activity : 'sendTrigger("cascade") ;"'

compName: 'Worker _2',stateMachine: 'Worker _2',from:'pre',to:'crit', trigger
:'pickUp',guard: 'paradigmGuard (this ,"Migr.Phase?2 ;CS M. Busy ;CSM. InCS
");"',activity:'sendTrigger("cascade"); "'

compName: 'Worker _2',stateMachine: 'Worker _2',from:'crit',to: " 'post’,
trigger: 'layDown',guard: 'paradigmGuard (this ,"Migr. P hase2 ;CSM. Busy ;
CSM.InCS"); ',activity: 'sendTrigger("cascade") ;"'

compName: 'Worker _2',stateMachine: 'Worker _2',from:'post',to: 'free"',

trigger: 'finish',guard: 'paradigmGuard (this ,"Migr.Ph ase2;CSM.Busy;
CSM. OutCS ;CSM. OutCSBIlock ;CSM. InCS") ; ', activity : 'sen dTrigger("
cascade") ;'

Remove: Worker _2

compName: 'Worker _2',stateMachine: 'CSM',stateName: 'Free'
compName: 'Worker _2', stateMachine:'CSM',stateName: 'Busy’
compName: 'Worker _2', stateMachine: 'Free’

compName: 'Worker _2',stateMachine: 'Busy’

compName: 'Worker _2',stateMachine: 'Migr', stateName: 'StablePhase’
compName: 'Worker _2',stateMachine: 'StablePhase’
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