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Defining a UMC (v3.2)  Model

Franco Mazzanti (mazzanti@isti.cnr.it)

1 Introduction

A complete UMC model description is given by providing by a set of class definitions and a
set of object instatiations. Class definitions represent a template for the set of active or non-
active objects of the system. In the case of active objects a statechart diagram associated to
class is used to describe the dynamic behaviour of the corresponding objects.
A state machine (with its events queue) is associated to each active object of the system.
Non-active objects play the role of "interfaces" towards the outside of the system, and can
only be the target of signals.
A system is constituted by fixed static set of objects (no dynamic object creation), and a
system is an “input closed” system, i.e. the input source is modelled  as an active object
interacting with the rest of the system.
There is a predefined non-active OUT Class, and a predefined OUT object, which can be used
to model the sending of signals to the outside of the system, and there is a predefined non-
active ERR Class, and a predefined ERR object, which can be used to model the notification or
error signals to the outside of the system; further non-active classes and objects can be
defined by defining classes without statechart.
At least one active object must be defined, and the declaration of an object must appear after
the declaration of the class to which it belongs.
In the following section we describe in more detail the two syntactic model components,
namely classes and objects, in the subsequent one we describe an overview of their semantics.

2 Syntax of UMC models

Classes

The behaviour of a the set of objects belonging to a class is defined by a statechart diagram
associated with the class itself.
In particular, the definition of a class statechart consists in the introduction of

- the class name
- the list of events which trigger the transitions of the objects of the class

(signals or call operations)
- the list of attributes (variables) local to the objects of the class
- the structure of the states of the class (nodes of the statechart diagram)
- the transitions of the objects of the class (edges of the statechart diagram)
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In the case of non-active objects, the corresponding class declations can only define the list of
accepted Signals and Operations (no Local Vars, States or Transitions can be introduced).

The events handled by the class are distinguished between asychronous signals and
synchronous call operations; the seconds can also have a return type which can be “void” or
on the basic "int", "bool" and "obj" types, or a Class name.

The attributes (local variables) of a class, and the parameters of events can be explicitly typed,
and the allowed types are just the "int", "bool" and "obj" types, or a Class name.  Parameters
can only have an implicit “in” mode.

The structural definition of the states of a statechart consists in a sequence of state definitions
which starts from the definition of the top level state. The definition of outer states must
precede the definition of its nested substates. The top level state of a statechart must be a
composite sequential state.
A composite sequential state is defined by a list of substates (which can be composite
sequential states, parallel states or simple states). The first substate of a composite state is
assumed to be its default initial substate. The name “initial” denotes the default initial
pseudostate (and must appear as first substate), if no “initial” pseudostate is explicitly
provided, the first substate of the sequence is implicitly assumed as default initial substate.
For any simple state appearing in the definition of a composite sequential state it is not
necessary to give any further explicit definition.
A composite parallel state is defined as a parallel composition of several composite sequential
substates also called "regions" of the parallel state. For each region must subsequently be
given an explicitly definition as a composite sequential state.
A state definition can also define the set of events deferred while active.
A Defers clause defines the list of events (matching those already declared as Signals or
Operations) to de deferred.

The definition of a transition contains a set of source states, a trigger, an optional guard, an
optional list of actions and a set of target states.

Each state of the source or target is identified by its composite_name which is a path (at most
starting from the top state) which univoquely identifies the state.
A transition with more than one source is called a "join" transition.
In the case of joins transitions, the first state in the source list is required to be "the most
transitively nested source state".  In this sense the first state univoquely determinates the
priority of the transition.
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A transition with more than one target is called a "fork" transition.
The trigger of a transition can be an event declaration (exactly matching one of the definitions
already given in the events section of the chart), or the hyphen symbol ( "-") which means the
absence of any explicit trigger (i.e. a "completion transition"). If the trigger is an event
declaration with formal parameters, the name of the parameters can be used inside the actions
part of the transition.  source -> target  is a shortcut for  source -(-)-> target .
The guard (if present) is a simple form of boolean expression involving the chart variables.

The Actions part can be a sequence of simple actions. Each simple action can be an
assignment of an expression to a local attribute, the sending of a signal to a target object, the
calling of a synchronous operation on a target object, or an assignment of a synchronous
function call to a local attribute.

A signal is similar to an event declaration, but its arguments are constituted by value
expressions instead that by formal parameters. A signal is preceded by a target specification:
the meaning is that the signal is sent to the events queue of the specified destination object
(“the term “self” can be used to denote the same object; if no destination is specified, then
“self” is implicitly assumed).

Examples

Let us consider the statechart diagrams shown in Figure 1,3 and 5. This statechart diagram
can be declared in UMC format using the textual description respectively shown in Figures 2,
4 and 6.

Figure 1:  A first sample statechart diagram

   Class Main is
   State Top =  S1, S2
   State S1 = R1 // R2
   State S2 = initial, s3, s4, s5
   State S1.R1 = s4
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   State S1.R2 = s3
      -- simple state are not explicitly declared
   Transitions:
      S1.R2.s3 -> S2
      S2.s3 -> S2.s4
      S2.s4 > s5
   end
Figure 2  A first sample textual representation of a statechart
diagram

Figure 3:  A second sample statechart diagram

   Class Counter is
   Signals: add(caller:obj, v:int)
   Vars:  x:int, limit:int
   State Top =  s3
   Transitions:
     s3 -(add(caller,v) [x+v <limit] /
             x:=x+v; caller.result(x) )-> s3
     s3 -(add(caller,v) [x+v >=limit] /
            caller.overflow )-> s3
   end
Figure 4  A second sample textual representation of a
statechart diagram

Objects

Once the needed classes are have their behavior defined by the appropriate statechart, we can
define the actual evolving system as a set of object instances. Each object instance is declared
by an object declaration which introduces the object name, the name of its class, and possibly
any specific initial values for its attributes.
This initial values can be literals or names of other objects (possibly also objects which will
be declared later in the text).

Other syntactic issues

Static type checking of the model is performed only in a limited way.
If some ot the vars or parameter types are not specified,  an attempt is made to
statically/dynamically infer them.
Attributes (variables) if not explicitly initialized, are initialized by deafault to 0 (or null)
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Inside a composite state definition, if no "initial" substate is defined, the first substate of the
list is considered the "default initial state"

-- line comments start with "-- " or  "//"  and end at the end of the line

           SYNTACTIC ALTERNATIVES

"," in Signature and Defer can be substituted by  ";"
 "and" in boolboolexpr can be substituted by  "&"  or  "&&"
 "or"  in boolboolexpr can be substituted by  "|"  or  "||"
 "not"  in boolboolexpr can be substituted by  "!"
 "/="  in boolexpr can be substituted by  "!="
 "="   in boolexpr can be substituted by  "=="
 ":="  in assignments can be substituted by  "="
"-(-)->"  in transtition can be substituted by  "->"
 "=>"   in Object can be substituted by  "="  or "->"

in a Statepath all the outer prefixes which are not necessary to
   univoquely identify a substate can be omitted.
   e.g. "Top.S1.R2.S3.s4" can be substituted by "s4"  if such "s4" is unique
   e.g. "Top." can be always omitted

Vars  Operations Signals  Transitions   keywords can be followed by ":"

"end" can be followed by the name of the class

Example:

 The initial configuration of a system is constituted by one object instance for each of the
classes "Counter" and "User":

  Object My_User: User (my_counter => My_Counter, incr => 1)
 Object My_Counter: Counter (limit => 10)

Figure 5:  A third sample statechart diagram



6

 Class User
 Signals: overflow, result(v:int)
 Vars:  my_counter:obj, x:int, incr:int
 State Top =  s1, s2, final
 Transitions:
    s1 -(mycounter.add(self,incr) )-> s2
    s2 -( result(v) / x:=v  )-> s1
    s2 -( overflow )-> final
 end
  Figure 6  A second sample textual representation of a
statechart diagram

Expressions and Identifiers

An integer expression is either an integer literal, the name of an integer attribute or parameter,
or a parantesized integer expression, or an composite expression built over one of the integer
operands  “+”, “-“ ,”*”, “/”, “mod” .

An object expression is either “self” or “null” or the name of object attribute or parameter.

A boolean expression is either an equality comparison between two object expressions
(obj_expr1 = obj_expr2,   obj_expr1 /= obj_expr2), or a relational expression between
two integer expression (int_expr1 relop intexpr2, where relop is =, /=, >, <, >=, <=), or a
sequence of boolean expression all joined by an “and” operator or all joined by an “or”
operator (boolexpr1 and boolexpr2 and ... ) .

Identifiers are case sensitive and built over letters, digits and ‘_’ (underscores).

Unsupported features

With respect to UML 1.4 there are several statechart features which are not supported by the
current release of UMC. The most relevant of these unsupported featues are History/Deep-
History/Synch states, state Entry/Exit/Do activities,  Dynamic Choice / Static Choice
transitions, Change and Time events.
None of the above limitations is intrinsic to the tool, and further versions of the prototype are
likely to overcome them

3 Overview of the Dynamic semantics of UMC models

In the UML-1.4 standard definition there is a first attempt to assign a reasonably defined
dynamic semantics (i.e. the possible behaviours) to the state machine associated with a
statechart. The basic concept used in the standard to define the possible evolutions of a the
state machine configuration is the concept of "run to completion" step .
UMC follows these standard indications, with a few simplifications due to the set of UML
features not yet supported by UMC. From a logic point of view , the possible evolutions of a
given state machine configuration can be discovered by performing the following substeps :
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a) Dealing with active states, triggers and guards:  It is identified the set of transitions whose
source states are active in the current configuration, whose trigger satisfies the current top
event  (if any) of the state machine events queue, and whose guards evaluate to true in the
current configuration.  The resulting set is called the set of enabled transitions (w.r.t. active
states, trigger, guards).

b) Dealing with priorities: According to the relative priority between transitions (which is a
partial ordering), we find a maximal subset of the transitions identified at the previous step
so that:
- there are no two transition inside the set, of which one has a priority lower than the

priority of the other.
 -  there are no transitions inside the set with a priority which is lower than the priority of

any other transition outside the set.

c) Dealing with conflicts: Given the set of maximum priority enabled transitions (some of
which might be executed in parallel) we must find all its maximal subsets, such that no two
transitions in the subset are in conflict (two transitions are in conflict if the intersections of
the set of states they exit is not empty.
Notice that if a statechart has no parallel substates then each of these subsets will contain
exactly one transition. These subsets represent a set of concurrently fireable transition.

d) Dealing with serialisation: For each subset identified at the previous step, if the subset
contains more than one transition, we generate the set of all the possible sequences of
transitions deriving from all the possible serialisations of the transitions in the subset.
Each such sequence of transitions defines a possible evolution of the given machine
configuration.

e) Computing the target configuration: The next state-machine configuration resulting after
this evolution if obtained by:

 - removing  the top event (if any) from state machine event queue.
- modifying the values of the state machine variables as specified by the sequence of

sequences of actions as requested by the firing transitions.
- modifying the events queue of the state machine by adding the signals specified by the

sequence of sequences of actions, in their order.

The above steps defines the possible effects of starting a nre “run-to-completion” step. Once
such a step is started it can atomically complete with the execution of all the involved actions
or become suspended over some synchronous call operation. In this second case the step will
be resumed when a return signal is received from the called object.

Notice also that implicit “completion events” are generated when the activity of a state is
terminated, and that these completion events have precedence over the other events possibly
already enqueued in the object events queue. In our model we suppose that all completion
events are dispatched all toghether in a unique step1.

The set of possible evolutions of an initial model are, in general, not finite.

                                                
1 From this poi of view the UML semantics is not very clear.
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In fact, even if we consider only limited integer types (which is a reasonable assumption), we
can still have infinitely growing queues of events.  The following is an example of very
simple model presenting an infinite behaviour:

 Chart Main is
 Signals: a
 State Top =  s1
 Transitions:
   s1 -( a / self.a; self.a )-> s1
 end

When coming to give a formal framework to the above informal description of a run-to-
completion step, and when coming to model the parallel evolution of state machines, some
aspects which are not precisely and univoquely defined by the UML standard (often
intentionally) have to be in some way fixed.
With respect to this, UMC makes certain assumptions which, even if compatible with the
UML standard, are not necessarily the only possible choice.

1) The whole sequence of actions constituting the actions part of statechart transition is
supposed to be executed (with respect to the other concurrent transitions of the same
object) as an indivisible atomic activity. I.e. two parallel statechart transitions, fireable
together in the current state-machine configuration, cannot interfere one with the other, but
they are executed in a sequential way (in any order). Notice that this does not mean that
statechart transition are atomic with respect to the system behavior, since its activity can
contain synchronous call causing suspensions/resumptions of the activity.

2) Given a model constituted by more than one state machine, a system evolution is
constituted by any single evolution of any single state machine.  I.e. state-machine
evolutions are considered atomic and indivisible at system level when no synchronoes calls
are involved.

3) The propagation of signals inside a state machine and among state machines is considered
instantaneous, and without duplication or losses of messages (this is an aspect intentionally
left as unspecified by the UML standard); the communication is direct and one-to-one (no
broadcasts).

4) The events queue associated with a state machine handles its events in a FIFO way (this is
an aspect intentionally left as unspecified by the UML standard).

5) The relative priority of a join transition is always well defined (identitied with the priority
of the first of its source states) and statically fixed.2

6) The return signal from an operation/function call occurs when the "return" statement is
executed inside the transition triggered by the operation-call. If more than one return
statements are executed by the run-to-completion step  triggered by a call the last return
event overrides the previous events (this should eventuallyt be an error syntactically and
staticaly checked) . If no return statement is execution by the run-to-completion  step

                                                
2  This assumption is related to an ambiguity of the UML definition of priority of join
transitions, in which all the sources have the same "depth". In this cases the priority being
defined as that of the "deepest source" leaves some open space to multiple interprations when
there is not a unique "deepest source".
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triggered  by a call no return event is generated and the caller deadlocks (this should
eventually be an error syntactically and staticaly checked).

4  A grammar for UMC

Model ::= {Class}
          {Object}

Class ::= "class" ClassName "is"
            [Signature]
            [Behaviour]
          "end;" [ClassName]

Object ::=  "Object"  Name ":" ClassName [Values]

Values ::=   "("  Name "=>"  ")" Simplexpr { ","  "("  Name "=>"  ")" Simplexpr}

Signature ::=  [ "Signals"   Signal, {"," Signal} ]
               [ "Operations"  Operation, {"," Operation} ]

Operation ::= Name "(" [Name [":" TypeName] {"," Name [":" TypeName]}] ")" [":" TypeName]

Signal ::= Name "(" [Name ":" TypeName {"," Name ":" TypeName}] ")"

Behaviour ::=  [ "Vars"  Attribute {"," Attribute}]
               "State" "top" "=" Composite {Defer}
               {"State"  Statepath  "="  State }
               ["Transitions"  {Transition} ]

Attribute ::= Name [":" TypeName] [":=" Simplexpr] ";"

State  ::= Composite  |  Parallel

Composite ::=  StateName { "," StateName} ["Defer" Defer {"," Defer}]

StateName ::=  Name  |  final | initial

Parallel ::=  Name { "//" Name} ["Defer" Defer {"," Defer}]

Defer  ::= Operation | Signal

Transition ::=   Source  "-("  Trigger [Guard] [Effect] ")->" Target

Source ::= Statepath |  Join

Statepath ::= ["top."]Name{.Name}

Join ::= "(" Statepath {"," Statepath} ")"

Target  ::= Statepath |  Fork

Fork  ::= "(" Statepath {"," Statepath} ")"

Trigger  ::=  "-" |   Signal  | Operation

Guard ::=  "[" BoolBoolExpr "]"

Effect ::=  "/" Stm {";" Stm}

 -----------------

Stm ::= Assignment | SignalSending |  OperationCall | FunctionCall

Assignment  ::=  AttributeName ":=" Expr

SignalSending ::=  Name "." EventName ["(" Expr {"," Expr} ")"]

OperationCall ::=  Name "." EventName ["(" Expr {"," Expr} ")"]
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FunctionCall ::=  Name ":=" Name "." EventName ["(" Expr {"," Expr} ")"]

BoolBoolExpr ::=  BoolExpr {"and"  BoolExpr}
                  | BoolExpr {"or"  BoolExpr}
                  | "not"  BoolExpr
                  | BoolExpr

BoolExpr ::=  "true"
              | "false"
              | IntExpr relop IntExpr

relop ::= "="  | "/="  |  ">" |  ">=" |  "<"  | "<="

IntExpr ::=   Simplexpr
             | (Intexpr intop IntExpr ")"

Simplexpr ::= Number | null | self | Name

intop ::=  "+" | "-" | "*" | "/" | "mod"

TypeName ::=  "void" | "int"  | "bool"  | "obj" | ClassName

-- line comments start with "-- " or "//"  and end at the end of the line

3  A final example - MUD

  The MUD case study is the proposal to specify and verify a system behaving like a role
playing game. We have players which have certain attributes (e.g. strength), and which move
across the rooms of a maze trying to reach a given place, and we have rooms (which may
contain objects or “monsters”, or be empty). The player in a room can interact with it
accordingly to their respective state. A player can dye, during the fight with a monster, which
implies restarting the game from the beginning after leaving all the collected objects in the
room where he has been defeated, or can com-plete the game by reaching the required place.
Several versions of this kind of system have been produced, and the version we are presenting
here is a carefully simplified model. The full code of the model classes (as taken by UMC) is
shown in Appendix A. The examples of system instantiations are shown in Appendix B.

In more detail, we have two classes, corresponding to the two kinds of active ob-jects in the
system: class Room and class Player. A System is supposed to be consti-tuted by a set of
Room instantiations plus a set of Player instantiations.
A Room object is characterized by a list of other rooms to which it is connected (at most
three), by the presence (or not) of a monster with given stength and healtness, by the presence
(or not) of a player inside it, by the presence (or not) of an object inside it (i.e. a sword). At
each step, if a moster and a player are present in the room, the room activity starts with the
communication to the player of the room content and of the damage inflicted to him by the
monster. If the player is engaged in a fight and survives from the attack he must respond to
the fight with another attack (until one of the moster or the player is defeated). If the room
contains only the player (no monster originally present or the monster having been defeated)
then the player can perform any other action among exiting from the room and entering in the
next, taking some object, or completing the game. If a room is empty it is inactive, waiting for
a player to enter.
A Player object is characterized by the room from which the game is started, from the room
where the game becames successfully completed, by the current location (the current room),
the initial and current healtness, and the current strenght (capacity of inflicting damage). Once
entered in a room its activity  consists in performing a cycle of observing the room content
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and doing an activity until the player dies or exits from the room for entering into another
room.

The statecharts for class Room and Player are shown in Figure 7 and 8.

The class diagram for classes Room and Player are shown in Figure 9

The object diagrams for a simple system constituted by one player and four room is shown in
Figure 10.

 
   Figure 7  Statechart for “Room” Figure 8  Statechart for “Player”
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Figure 9  Class Diagram for Room and Player

Figure 10  Object Diagram for the MUD system

Appendix A: UMC code of MUD model classes

Class Room is
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Signals:  enter(player:obj), sleep,
          fight(strength), take_sword
Operations: exit, dying(sword)
Vars: exit1:obj, exit2:obj, exit3:obj, current_player:obj,
      monster_life, current_life, monster_strength, sword_value

State Top = EMPTY, ACTIVE
Defers: enter(player:obj)      -- in case of multiple players

Transitions:
 --
EMPTY -( enter(player:obj) /
    current_player := player;
    current_life := monster_life;
    current_player.room_content(exit1, exit2, exit3,
                               monster_strength, sword_value)
    )->  ACTIVE
 --
ACTIVE -( exit /
    current_player := null;
    return )-> EMPTY
 --
ACTIVE -( dying(sword) /
    sword_value := sword_value + sword;
    current_player := null;
    return )-> EMPTY
 --
ACTIVE -( take_sword /
   sword_value :=0;
    current_player.room_content(exit1, exit2, exit3,
                               monster_strength, sword_value)
   )-> ACTIVE
 --
ACTIVE -( fight(strength) [current_life > strength ]/
    current_life := current_life - strength;
    current_player.room_content(exit1, exit2, exit3,
                               monster_strength, sword_value)
   )-> ACTIVE
 --
ACTIVE -( fight(strength) [current_life <= strength ]/
    current_life := 0;
    monster_strength :=0;
    current_player.room_content(exit1, exit2, exit3,
                               monster_strength, sword_value)
    )-> ACTIVE
 --
ACTIVE -( sleep /
    current_player.room_content(exit1, exit2, exit3,
                                monster_strength, sword_value)
    )-> ACTIVE
 --
end Room

Class Player is
Signals:  room_content(exit1:obj, exit2:obj, exit3:obj, damage, sword)
Vars: startroom:obj, endroom:obj, atloc:obj,
      start_life:=3, current_life:=3, sword_value:=0

State Top =  STARTING ,  PLAYING, ENDING

Transitions:
 --
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STARTING -( - /
    atloc := startroom;
    current_life := start_life;
    startroom.enter(self) )-> PLAYING
 --
PLAYING -( room_content(exit1,exit2,exit3, damage, sword)
 [damage >= current_life] /
    atloc.dying(sword_value);
    current_life := start_life;
    sword_value := 0;
    atloc := startroom;
    startroom.enter(self) )-> PLAYING
 --
PLAYING -( room_content(exit1,exit2,exit3, damage, sword)
 [(damage < current_life) and (damage > 0)] /
    atloc.fight(sword_value);
    current_life := current_life - damage )-> PLAYING
 --
PLAYING -( room_content(exit1,exit2,exit3, damage, sword)
 [(damage = 0) and (exit1 /= null)] /
    atloc.exit;
    atloc := exit1;
    exit1.enter(self) )-> PLAYING
 --
PLAYING -( room_content(exit1,exit2,exit3, damage, sword)
 [(damage = 0) & (exit2 /= null)] /
    atloc.exit;
    atloc := exit2;
    exit2.enter(self) )-> PLAYING
 --
PLAYING -( room_content(exit1,exit2,exit3, damage, sword)
 [(damage = 0) & (exit3 /= null)] /
    atloc.exit;
    atloc := exit3;
    exit3.enter(self) )-> PLAYING
 --
PLAYING -( room_content(exit1,exit2,exit3, damage, sword)
 [(damage = 0) & (sword > 0)] /
    atloc.take_sword;
    sword_value := sword_value + sword )-> PLAYING
 --
PLAYING -( room_content(exit1,exit2,exit3, damage, sword)
 [(damage = 0) & (atloc = endroom)] /
  OUT.gameover)-> ENDING
 --
end Player

Object room1: Room (exit1 => room2, exit2 => room3)
Object room2: Room (exit1 => room4, monster_life => 2, monster_strength =>
1)
Object room3: Room (exit1 => room2, sword_value=>1)
Object room4: Room
Object player1: Player (startroom => room1, endroom => room4,
                        start_life => 2, sword_value=>1)

Appendix B: UMC code of system deployment  (initial object instantiations)

-------------------- simplemud-4-1-----------------------------
--
Object Room1: Room (Exit1 => Room2, Exit2 => Room3)
Object Room2: Room (Exit1 => Room4,
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                    Monster_life => 2, Monster_strength => 1)
Object Room3: Room (Exit1 => Room2, Sword_value=>1)
Object Room4: Room
Object Player1: Player (Startroom => Room1, Endroom => Room4,
                        Start_life => 2,Sword_value=>1)
--
-------------------- end simplemud-4-1--------------------------


