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I ntroduction

Thispart of SO/IEC 14478 definesthose ohject types and non—objeqt typeswhich be-
long to the Foundation Component. Any*conforming PREMO impllementation shall
support these object types. The deseription of object types categories are given first
and then the foundation object typesin each category are described.
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Information technology — Computer graphics and image
processing — Presentation Environment for Multimedia Objects
(PREMQO) —

Part 2: Foundation Component

1

This part
and intera
14478-1.

2

The folloyving standards contain provisions which, through reference.ifi this text, constitute provisions of this

14478. A
ments bas
the standg

ISO/IEC
Multimed

ISO/IEC
media at

3

31

This part

Scope

bf | SO/IEC 14478 listsan initial set of object types and non—object types useful for the construction o
ction with multimediainformation. This part is dependent on the PREMO object model definedin clg
he foundation component does not depend on any other components.

Normativereferences

the time of publication, the editions indicated were valid. All standards are subject to revision, and
ed on this part of 1SO/IEC 14478 are encouraged to investigate the possibility of applying the most
rds indicated below. Members of IEC and SO maintain registers of currently valid International Stal

14478-1:1998, Information technology — Computer graphics and image processing — Presentation
a Objects (PREMO) — Part 1. Fundamentals of PREMO.

11172 (all parts), Information technolegy — Coding of moving pictures and associated audio fo
Ip to about 1,5 Mbit/s.

Definitions

PREM O Patt -1 definitions

bf | SO/IEE“14478 makes use of al terms defined in I SO/IEC 14478-1 (Fundamentals of PREMO).

, presentation of,
use 8 of ISO/IEC

part of ISO/IEC
parties to agree-
ecent editions of
ndards.

Environment for

I digital storage

3.2

Additional definitions

For the purposes of this part of | SO/IEC 14478, the following definitions apply.

321

322

3.23

basic data type: Non-abject data type which cannot be expressed via other data types. Examples are integers, float-
ing point numbers.

constructed data type: As opposed to basic data type; non-object data type which is constructed with the help of
permitted type constructors using basic data types.

time: A non—object data type which is appropriate for the representation of real time in the execut

Itistypically realized through either float numbers or large (64 bit) integers.

ion environment.
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3.2.4 extended coordinates: An extension of real, integer, or time coordinates with the symbols —¥ and ¥ , and the nat-

ural comparison operators. It gives a succinct way of describing unlimited intervals on these coordinate systems.

3.25 key—valuepair: A constructed data type, consisting of akey (described as a string) and a corresponding value.

3.2.6 foundation object type: Object types defined in the foundation component of PREMO.
3.2.7 structure: A category of object typesin PREMO; these objects are characterized through attributes only.
3.27.1 structuretag: A synonym for an attribute for a structure.

3.28 property: Key with associated value or sequence of values, which can be attached to any PREM O object, and which

can be inquired, possibly created and deleted through operations defined on the object.

3.2.8.1 1{ead-only property: A property whose value or values cannot be set by operations of the object.

3.29 fundamental object behaviour: Operations defined on the PREMOObject type; this type is the'supert
PREMO aobjqct types.

3.2.10 finitg state machine: Implementation of an abstract finite state automaton.

3.211 condgraint: A constructed datatype, consisting of akey-value pair and an associated constraint operation;
is used to commpare the values, in case the keys are identical.
3.2.12 event: A constructed data type, serving as a basic building block for the PREMO/Event Model.

3.2.12.1 ¢vent source: Object (instance) which creates events. Thisis a structlretag of an event.
3.2.12.2 gvent client: Object (instance) which consumes events.

32123
Thisisagtructure tag of an event.

3.2.12.4 g¢vent data: List of non-object typesin the form of key~value pairs attached to an event. Thisis a str
of an event.

3.2.13 eventt handler: An object which provides event processing services to other objects.

3.2.14 era: [The base date for all PREMO systems to measure the amount of elapsed time. Thisvalueis set to 00
January 1970, UTC.

3.2.15 refejencepoint: A point in the internal coordinate system of a synchronizable objects, to which a synch
element is attached.

3.2.16 synchronization element: _Synchronization information for a synchronizable object; it contains informat
other object gnd its operation which)shall be invoked if synchronization is set up.

3.3.17 capdbility: Descriptionof the property values an object type can take for a specific key.
3.3.18 natiye property.value: Description of the property value an object instance can take for a specific key.

3.3.19 privéte properties. Propertiesof the object which are not defined as part of the functional specification of

ype of al

this latter

ent name: A means to denote and/or to refer to a specifiCevent. This name is also referred to as gvent type.

ucture tag

00am, 1st

Fonization

on on an-

he object.

The following alphabetical list gives the sub-clause of each definition.

basic datatype 321
capability 3.3.17
constraint 3211
constructed data type 322
event 3212
event client 32122
event data 32124
event handler 3.2.13
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event name 3.212.3
event source 32121
event type 3.212.3
era 3214
extended coordinates 324
finite state machine 3.2.10
foundation object type 3.2.6
fundamental object behaviour 3.29
key—value pair 3.25
native prqperty vatte 3318
private prpperties 3.3.19
property 3.28
read—only| property 3281
reference|point 3.2.15
structure 3.2.7
structure {ag 3271
synchronifzation element 3.2.16
time 323
4 Symbols and abbreviations
AIFF: Audio Interchange File Format.
FSM: Finite State Machine.
|EC: International Electrotechnical Commission.
IS International Standard.
| SO: International Organization for Standardization.
M PEG: Moving Picture Experts Group.
PREM O: Presentation Environments for Multimedia Objects.
2D: Two-dimensional.
3D: Three-dimensional .
5 Conformance
A conforrping implementation of the PREMO Foundation Component shall comply with the general conformgnce rules defined
in clause B Of 1SO/EC 14478-1 and the component qpp(‘ifir‘minn inclause 10
6 Foundation non-object types

The foundation non—object typesin PREMO are defined in two categories. basic datatypes, and datatypes directly defined from

these basic data types in terms of the notations described in clause A.2 of ISO/IEC 14478-1.

The basic data types are (with their type names):

a) N: non-negative integer.
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b) Z:integer.
¢) R:rea number.
d) ObjectType: adatatype uniquely identifying an object type.

€) Eventld: adatatype uniquely identifying an event registration for a PREMO event handler.

f) Time: a data type to measure progression of real world time. Thistypeis either areal number or a (possibly large) inte-

ger. The choi

ce among these is implementation dependent.

0) Asdescribed in 8.5 of ISO/IEC 14478-1, for each object of type T an object reference type, which is a non—object type,
referring to object instances of type T, automatically existsin PREMO. As a notational convention, RefT denotes the non—
object type of object reference referring to object instances of type T.

The envi ronmen] shall provide comparison facilities for each basic data type which unambiguously decide whether. twi

uesareidentical
refer to the same
alized depends o

Coordinate spacs
not have adirect
types alows the
used:

h) Extended
Ry ==RE {
i) Extended
Z,==ZE{
j) Extended
Time, ==T

Thefoundation d
in 9.2 (page 27).
thereforedso lis

— Boolean:

Boolean ::=

— Character|

Dr not. |n the case of object referencesthe environment shall aso include afacility to test whethep{wo

h the programming language and the execution environment in which PREMO isimplemented.

Fepresentation of these types, the obvious extension of the notion of “ greater than™,.* smaller than”, etd

real numbers:
¥, ¥}
integers:

Ly |y}

time:

meE {-¥,¥%}

oj ect types, described in thispart, make al so use of anumber of (constructed) non—object types, definef
Some of these non—object types play akey rolein the behavioural description of several object type;
ed here, to make the semantic description in clause 7 easier to follow.

TRUE ¥FALSE

String:

D dataval-
references

object instance or not, or whether the value of the object reference is NULLObject. How thesefacilifies are re-

s can be “extended” to include positive and negative “infinity”. Although the undefilying implementiation may

., onthese

behaviour of objects to be defined more succinctly. The following extended coordinate space defifitions are

I formally
; they are

String ::= seq Char

— Constraint specification for key—value pairs (used, for example, by property management, event handlers, and aggregate

object types):


https://iecnorm.com/api/?name=489ce8d554c87e54e943db5d20fe6229

© ISO/E

C | SO/IEC 14478-2:1998(E)

ConstraintOp ::= Equal ¥2NotEqual

Y45reater Than %Greater ThanOr Equal Y%:LessThan %L essThanOr Equal
YPrefix ¥2Suffix Y2NotPrefix ¥2NotSuffix

YIncludes¥ Excludes

Values in an operation request are constrained to values which satisfy these type constraints and the constructions defined in
clause A.2 of ISO/IEC 14478-1 (see dso 8.6 of ISO/IEC 14478-1). No particular representation for these values is mandated by
the PREMO functional specification, although bindings of PREMO to programming languages or to distributed programming
paradigms may specify such formats.

v

7.1

Foundatei)In objects types are those which support afundamental set of services suitablefor use by awide varig

compon
cludedin
dation obj

Foundation object types

| ntroduction

ts. PREMO conformance rules require that, whenever a PREMO implementation includes these ol
he manner specified in this clause. Thisisthe basisfor interoperability (The following criteriaare useq
ects:

a) th

b) together they provide an adegquate minimal functional set;
¢) thgy are needed to support output on widely available presentation resources,
d) adorithms exist for decomposing more complex functionality into the foundation object types.

In this cl
may cr
these obj4

7.2

All PREM
not instan

Operatior]

721

are used by amajority of higher level components;

se, foundation object types are identified. By means of subtyping the application developer or col

ct types, clause A gives an pictorial gverview of all object types defined in this clause.

PREM O objects and fungdamental object behaviour

O objects are assumed te be subtyped from a type called PREMOObject. PREMOObject is an abstr
tiable.

s on PREMOOQbject type fall into two categories described bel ow.

Creationand destruction of objects

ty of higher level
jects, they be in-
toidentify foun-

mponent supplier

objects and object types for their own.gpecific needs. Clause 9 of this part gives the detailed definitions of each of

pct type, i.e, itis

(see8.11b

ed and destroyed

Hd destruct opera-

tions are defined to be protected i.e., no other PREM O Ob] ect canre-i nltlallze a PREMO Obj ect or d| rectly call the destruct op-
eration, only through the facilities provided by the environment.

7.2.2

Inquiries on types

These operations return information on the object type, the sequence of supertypes, or the complete type graph of the object. Us-
ing the information returned by these operations, complex negotiations are possible to optimize the behaviour of various other
PREMO objects.
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7.3 Simple PREM O objects

SmplePREMOObject is an abstract subtype of PREMOObject. SmplePREMOObject does not extend the behaviour of PRE-
MOObject, but serves as a common supertype for afamily of PREMO objects, called structures. Using such a supertype alows
operation specifications to impose type constraints on their arguments.

7.3.1 Structures

The term “structure” does not denote a specific object type in PREMO but, instead, a category of types. These object types are
characterized by:

a) they are theSubtypes of SmplePREMOOUD]ECt DUt are not subtypes of EnhancedPREMOODN)] ect,
b) they are not abstract types, although they may be generic types;

c) their behgviour in PREMO is expressed in terms of attributes rather than explicit operations (apart-from the pperations
inherited from the supertype PREMOODbject).

The attributes of |a structure are also referred to as “ structure tags’ .

NOTE — Implemgntations, or further components, may define subtypes of structures by adding operations to the type specificafion. Item ¢
above does not preclude this. However, as a use of terminology, such types are not labelled as “ structures’ any more.

Structures can b¢ used as tools to encapsulate various non—object data into the object-hierarchy. As an example, the|following
object type is usgd to describe constraints on key—value pairs:

,: Constrdint

SmplePREMOOb;ject

constraintfOp: ConstraintOp
kv: Key ~ Malue

—— Constrdint

(This structure, fprmally defined in 9.5, plays an important role in the behavioural description of various objectsin PREMO.)

NOTE — To incrgase the efficiency of the implémentations, some programming languages may choose to implement structures as special
data types and not jgs objects.

One of the most jmportant structuresused in PREMO is the event structure. Events structures consist of the following structure
tags (see 9.5 for the precise specifications): an event name that provides a means to denote or refer to the event, also feferred to
as event type, an|event data which is a sequence of key—value pairs, and the event source, which is the reference to|the object
instance which hps created-thisevent.

74 Callbjack ‘ebjects

Very often object instances have to be notified by other objects on some status change, event occurrences, etc. This is done by
‘registering interest’ in some events. PREMO defines an abstract type, called Callback, to facilitate such mechanisms.

The Callback object type defines one single asynchronous operation, called callback. The signature of this operation consists of
one input argument, which is a reference to an Event structure (see 9.5.2 for a detailed specification of this structure). Various
PREMO abjects, which may have to be notified under various circumstances, are defined to be subtypes of Callback, defining a
type-specific behaviour to the callback operation.

NOTE — A typical example for the usage of the callback mechanism is the PREMO Event Model, described in detail in 7.7.1.
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Whereas, in simple cases, the semantics of the callback operation may be defined to affect the state of the object directly, it is
very often the case that this operation acts only as an entry point to call other operations on the object. To facilitate this second
case, PREMO also defines a subtype of Callback, called CallbackByName. The (inherited) asynchronous callback operation of
CallbackByName has the following behaviour: the eventName structure tag of the Event structure (appearing as the input argu-
ment of callback) is interpreted to be the name of alocal operation which is then internally invoked by the callback operation.
By default, all other structure tags of the Event structure are disregarded by the callback operation; subtypes of CallbackByName

may add an additional behaviour to the operation which also takes these tags into consideration.

75 Enhanced PREM O Objects

EnhancedRPREMQQOhject |
hanced object behaviour. The operatlons on EnhancedPREM OObject are related to object propertm

Enhanced
for exampl
EnhancedH
14478-1).

PREMOODbject represents the common, abstract supertype for PREMO objects with a more ¢cemplex

PREMOODbject can appear in the provides service sub—schemas of profile specification (see claus

75.1 @bject properties

Properties pre used to store values with an object that may be dynamically defined-and are outside of the type sy
are pairs of keys and a sequence of val uest) which are conceptually stored within-aPREM O object. Operations g
define, undefine, and inquire properties on PREMO object instances. Becallse, in general, the same key refers
possible values, operations are also defined to add and to del ete val ues from-a sequence associated with akey. R
used to implement various naming mechanisms, store information onithelocation of the object in a network, cr

on object ipstances, etc.

Properties may be defined as read only. This means that they cannot be defined through an operation on the objg
or their
are used tg describe the various capabilities of the object.

Propertles f an object can also be matched agai nst another list of key—val ue pairs using the matchPropertl& op

may be usgd as part of complex-negotiations.
NOTE — Aln exampl e of using property matching is identifying the possible file formats of an audio service. The object prg
may define p (read—only) sequence of values for the key “AudioFormatK”, e.g., <"AIFF”, “IRCAM">, describing the file fj

The matchProperties gperation may be invoked with a pair consisting of akey and avalue, e.g.,

[“AudioFormatK”, “AlFF"]

red to asthe en-

behaviour than,

e, structures. An important restriction in PREMO, which also reflects this characterization, is that ¢nly subtypes of

e 9 of ISO/IEC

stem. Properties
re introduced to
0 a sequence of
roperties can be
Pate annotations

ict, nor can they,

ciated values, be changed or deleted. Read only.Jproperties are typically set by the object when being initialized, and

bration. This op-
, and returnsthe
non—obj ect data

sense, the result

. This mechanism

viding the service
ormats it can use.

using the co —Theresattwittbe:

mparrsoroperator-“Equat™

satisfied: [* AudioFormatK”, <" AIFF”>]
unsatisfied: [“AudioFormatK”, <*IRCAM”>]

Another call, using:

[ AudioFormatK” , “IRCAM”]

DA sequence may have only one element
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will result in:

satisfied: [“AudioFormatK”, <>]
unsatisfied: [“AudioFormatK”, <* AIFF” , “IRCAM” >]

Based on this information the client may choose the AIFF file format which can be managed both by itself and the audio service. By using
more than one key in the invocation of the matchProperties operation (e.g., also include sampling size), powerful negotiations may be
implemented.

Asanotational convenienceif, in the case of atype hierarchy, it is necessary to stress that a certain property key isdefined on a
specific type, the notation Type::key will be used.

NOTE — For exa ' ject; onthe
other hand, AudigDevice::InputEncoding refers to a property which is defined on the type AudioDevice, but not (necessafily) on its
supertypes.

By default, if apfoperty valueisdefined for akey which aready existsfor the object instance, the old valueisoverwritten. How-
ever, the client hps the possibility to add the reference of a Callback object, with a corresponding event\name, to a praperty key.
The callback is activated whenever a new value is defined for the key; the event structure instance sent to the Callback object
contains the keytvalue pair corresponding to the new setting.

The detailed fungtional specification of PREMO objects may contain property specifications, too. This means that the corre-
sponding propertly keys are automatically defined for these objects at object creation time,; together with the values the functional
specification may also contain. These keys are therefore always available for an object instance. This property inifialization
mechanism is copceptually part of the object’s behaviour, and is inherited by all its.subtypes.

7.6 Controller objects

A PREMO objedt may want to communicate with other objects by operation requests. Some of these request may bdrelated to
events generated|by event sources such as input devices, synchrorization requests, etc. An event may reguire actions py several
different objects] The Controller object type provides facilities te'coordinate this cooperation among the different objgcts.

An instance of the Controller object typeis a programmable finite state machine (FSM), i.e., an abstract automaton w|th afinite
number of internpl states and a set of state transition,rules. Transitions among states are produced when other objects invoke the
handleEvent opgration, which receives a referenee to'an Event structure as input argument. Subtypes of Controller define the
exact set of statep and the corresponding state tranaition rules; implementations may also choose to defer the definition of states
and transition rulles for a specific subtype of €ontroller to the final application and offer means to the end—user to program these
statesand rules. (The set of al possible states for a specific Controller instanceis defined as aretrieve only attribute of the object,
i.e., aclient can glways find out what,states the object may take.) Typically, acontroller object registersitself with an gvent han-
dler or another cpntroller. This evént handler can cause a transition of states within the controller object. Actions taken by the
FSM may include invoking operations of other objects, including other controller objects. Thus, ahierarchy of control|er objects
can be built.

NOTE — Controller objécts can be used for different purposes. An example for their use is to implement complex interactigns such as
dragging graphical| objects! In thisinteraction, a mouse-down event puts the interaction in a different mode that causes an object tobe dragged
on the screen using thevnouse, until a mouse-up event is received. This can be viewed as an example of an FSM going through diff¢rent states,
where the user events trigger the transitions.

State transitions in controllers may be subject to constraints and are monitorable. Constraining state transitions mean dynamic
control over whether a state transition should really occur or not, and this decision may also depend on the data associated to the
event appearing as the input argument of handleEvent. Monitoring state transitions means that callbacks and local operations can
be associated to the various steps of astatetransition, i.e., the targets of the callback operations can be notified if astate transition
occurs.
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1. check validity of State; 2. %i:ll_lg;\?é? peration /
to State; transition 3. perform callback for A
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4. perform callback for
eEvent (Stateq,Statey) |

The detai

— Each state in a Controller isidentified by a symbolic name,i,e./a string.

5. call local operation
‘onEnter’
6. perform callback for

‘Enter’ \

\_ /

Figurel— Controller objects

ed specification of acontroller is as follows (see also Figure 1):

— A ppecid structure type, called ActionElement, is defineth(see also 9.5.4), containing an event name anf areferenceto a
callbafk object. Operations are defined on the Controller object type to add or remove such ActionElement structures to each
state. Each state may have two such associated structures/labelled respectively ‘ Enter’ and ‘Leave'. Also, and independently

of the

— Th
onEnt
redefi
for Cg

— W
1

structures associated to the states themselves, such structures may be associated to pairs of states.

e following protected operations are defined on Controller: checkTransition, handleUnknownEvent, onLeave, and
br. Although a default behaviour is defined for each of these operations, the intention is that subtypes of Controller
Ne these operations to suit the subtype’s behaviour. A retrieve only attribute, denoting the current state, is also defined
ntroller.

th these definitions, the basic steps for a state transition of a Controller are as follows:
A dtate transition is requested by a client through the invocation of the operation handleEvent. The event name is

interpreted to be the state'name to which the Controller object should transit. For the sake of this discussion, State; isthe

nal
2)
dlg
3)
me

Me of the current state of the object, and State, is the name of the requested state.

The contraller object invokes the local, protected operation checkTransition, forwarding the afgument of han-
Event. This)operation returns a boolean value indicating whether the transition is allowed.

If the transition is not allowed, the local, protected operation handleUnknownEvent is invoked, forwarding the argu-
nt‘of handleEvent, and handleEvent finishes.

4)

If the transition is allowed, the following steps are executed:

i) The local, protected operation onLeave is invoked. This operation receives as arguments the event structure
appearing as the argument of handleEvent, as well as (the strings) State; and State,. The operation returns data suita-
ble for an event datatag in an event structure.

ii) If thereis no ActionElement structure associated to State; labelled as‘Leave’, this step isignored. Otherwise, an
event instance is created, using the event name in the ActionElement structure associated to State, labelled as* Leave’,
and the event data returned by onLeave. A callback is executed with the newly created event instance as argument.

iii) The value of the attribute denoting the current state is set to State,.
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iv) If an ActionElement is associated to thetuple Sate; © Sate,, anew event instance is created using the event name
in the ActionElement and the tuple Sate; © Sate, as event data with the key “ Transition”. The callback operation on
the Callback object referenced by the ActionElement is then invoked using this new event instance.

v) The local, protected operation onEnter is invoked. This operation receives as arguments the event structure
appearing as the argument of handleEvent, as well as (the strings) State; and State,. The operation returns data suita-

ble as

an event datatag in an event structure.

vi) If thereis no ActionElement structure associated to State, labelled as ‘Enter’, this step is ignored. Otherwise, an
event instanceis created, using the event namein the ActionElement structure associated to State, labelled as* Enter’,
and the event data returned by onEnter. A callback is executed with the newly created event instance as argument.

NOTE — The onEn

interaction.

Controller objec
identified with th
tion patterns.

1.7 Even

7.7.1 Basic

Events form a sp

model isbased o asmall number of basic concepts: events, event registration, and:évent handling. An event can model

that occursat ag
stances. A basic
in which it isinte

When using norn
objects, as show

it wishesto receiT/

EventHandler ol
operations (see g
a) registerin
b) unregister
c) dispatch g

The operation to|
then forward the

The choice of th
specific event ty

s are themselves defined to be subtypes of Callback, where the callback operation, inherited'from C

handler objects

Fvent Handler objects
ecial category of PREMO structure types and are the basic building-block for the PREMO Event M

efinite time. Events are created by event sources, and are censumed by event clients, which are both
Characteristic of an event isits name, which is one of thefeatures that an event client uses to identify
brested.

nal operation requests among objects the caller spegifies the recipient of each request. When using eve
in Figure 2, events are not addressed to specificrecipients. It isthe recipient that determineswhich e
e. Event recipients are operations defined-on the recipient object.

j ects provide the necessary event management servicesto other objects. This object type provides the)
so Figure 2):
terest in events (the registeroperation),
interest in events (the unregister operation), and
In event (the asynchfonous dispatchEvent operation).

dispatch an event‘is usualy invoked on the EventHandler object by the event source. The EventHg
event to allteeipients which have expressed their interest in this specific event.

b recipients for the event to be handled is determined by the way the recipients have registered their
bes./This choice is based primarily on the name of the event (i.e., its type), but may also be associg

constraint list, i.d

a Ssequence of key—value pairswith constraint operations This constraint list gives afiner contral

y step in an

bl [back, is
e operation handleEvent. Consequently, controller objects may aso be chained to form mare compléx interac-

pdel. This
by action
object in-
the events

nt handler
vent types

following

ndler will

nterest in
ted with a
whether

the event client is notified of the arrival of an event or not. The semantics of the constraint matching is as follows: the key—value
pairs of the constraint list are compared to the event data of the incoming event instance. If thereisamatch in the keys, the com-
parison operation of the constraint is applied to compare the values. Comparison is based on the boolean operation defined within
the structure ConstraintOp, (see 9.5), where the | eft operand of the operation isthe value stored in the event handler, and theright
operand of the operation is the value appearing in the incoming event instance (if the operation is undefined on these operands,
e.g., thetypes are different, the result of the comparison is FALSE). During registration, the prospective event client can control
whether the result of the full constraint matching isthelogical conjunction or the disjunction of theindividual constraint matches.
If thisresult is TRUE, the event client is notified; if it is FALSE, it is not.

10
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Figure2— PREMO event-model

Objects, Which can be registered within an event handler, shallbe 'subtypes of Callback (see 7.4). The event|handler cals the
operation|callback on these objects to achieve dispatching.

Theregisfration of an event recipient within an event handler isidentified through a non—object data type Event}d; avalue of this
typeisreturned when an event isregistered. Thisvaluéshall be used when, subsequently, the object isno longelf interested in this
event, and the event is unregistered. Event registration using the Eventld type is unique across different event handler instances,
i.e., two distinct event handler objects shall not.share a common Eventld value. Event registration is also unjue for one event
handler irjstance, i.e., an event handler instanceshall not reuse an Eventld value, even if the corresponding evert registration has
been unregistered.

The EvenfHandler object typeisdefined as a subtype of Callback, where the callback operation, inherited from {Callback, isiden-
tified with the operation dispatchEvent. Consequently, event handler objects may also be chained to form mofe complex event
handling gnd filtering.

7.7.2 Synchronization Points

objects (ske 7.9.1 for more details on the synchronization model in PREMO). Whereas general event handler gbjects do not im-
pose any peneral constraint on the dispatched events, synchronization points also maintain an internal set of fegistered events,
events are dispatched if and only if they have been previoudly registered in this set. Because the event structure also contains a
referenceto the event source (see 9.2) thisrestriction also meansthat only registered object instances may dispatch eventsthrough
a synchronization point.

A wnch%gi zatienpoint is a subtype of EventHandler. Its instances are particularly useful in conjunction Wi(iv synchronizable

A further specialization is offered by the ANDSynchronizationPoint object type (defined as a subtype of SynchronizationPoint),
which redefines the behaviour of event dispatching. In an AND SynchronizationPoint object events are not automatically forward-
ed to event recipients; instead, the arrival of the event is recorded using a boolean flag associated with each element of the set of
registered events. If al events, having the same event Nane and event Dat a values, have this flag set to TRUE, the original
behaviour of the dispatchEvent operation applies, i.e., the event recipients are notified, and the corresponding flags are set back
to FALSE.

11
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7.8 Time objects

7.8.1 Clock object

The Clock object type is an abstract type which provides PREMO with an interface to any notion of time supported by its envi-
ronment. The clock object type assumes the existence of two non—object types: Time, to measure elapsed ticks (realized, for ex-
ample, as a 64 bit integer), and TimeUnit, which (as an enumerated type) defines the unit represented by each clock tick, for
example an hour or a micro—second. Specifically, the clock object type supports an operation, inquireTick, to measure the time
elapsed since a specific moment. Subtypes of the clock object shall attach a more precise semantic to what kind of value this
operation returns.

vary, and
[. This ac-
blue of the
is E then,

The accuracy in various units wi
for this reason the clock object type defines a retrieve-only attribute to determine the performance of the clock ahjed
curacy can be mgasured in adifferent unit than the elapsed time. Suppose that the output of inquireTick is T, and-the v
attribute accuragy is A (both values are of type Time). If the moment used by inquireTick as a starting paint.in time
mathematically, fhe actual time T, , when inquireTick is called, follows the relation:

E+T—‘1252£Tr£E+T+‘12Az

where f(A) isthe function which converts the accuracy value from its own unit to the-units of T. |.e., an accuracy yalue with

f(A) = 0 repregents the most accurate timing possible, and increasing values represent-a/l oss in precision.
7.8.2 Systen clock object

SysClock is a sulitype of Clock, and provides real—time information (modulothe accuracy of the clock) to PREMO sygtems. Sy-
sClock does not gdd any new operation to Clock, but attaches afinal semanticsto the operation inquireTick. SysClock.inquireTick

isdefined toretu
to be 00:00am, 1

7.8.3 Timer

Timer is asubtyy
the state transitig

The Timer objec
operation. Timer

n the number of ticksthat have occurred sincethe start-of era. Thisstart of eraisdefined for all PREM
St January 1970, UTC.

object

e of Clock, and provides facilities modelled after a stop—watch. Timer is defined as afinite state mag
n diagram in Figure 3 (see 7.8.3for a more detailed specification of all possible state transitions).

inquireTick is defined te return the elapsed time the object spent in TSTARTED state since the registe

D systems

hine, with

contains an internal time register, set to zero either when leaving the TSTOPPED state or by an explicit reset

I has been

reset to zero (i.e the time spent in TRAUSED is not counted).

7.9 Synchronization

79.1 Event [Synchr.enizable objects

ation pat-

Synchronization[in\RREMO is based on the use of events and possibly event handlers to achieve complex synchroniz
terns. Synchronization events are generated by special PREMO objects, called Synchronizable objects.

Synchronizable obj ects are autonomous obj ects which have an internal progression along an internal one dimensional coordinate
space. The specification of the objects makes use of the notion of generic types; the formal type symbol C is used to denote this
internal coordinate space. This space can be:

a) extendedreal (Ry),

b) extended integer (Zy), or

c) extended time (Timey).

12
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Figure3— Statetransitionsin a Timer object

TSTOPPED

See clausk 6 (page 3) for the specification of these extended spaces. Subtypes-of synchronizable objects may add a semantic
meaning fo this coordinate space, e.g., media objects (audio, video, etc.) may represent time, or video frame numbers. Attributes
of this prggression (e.g., the span, i.e., the relevant interval on this coordinate space) can be set through appropriate operations.
This coorflinate space will also be referred to as the (native) progressien space of the Synchronizable object.

Reference points are points on the progression space of synchronizable objects where synchronization elements$ can be attached.
Synchron|zation elements contain information on an event instance, a reference to a Callback object (this objéct is typically an
event hanpler, acontroller, or another synchronizable object), and a boolean “wait” flag. When a reference point is reached, the
synchronizable object uses the Callback object referencein the synchronization element to dispatch the event by calling the call-
back operption, and possibly suspendsitself if the “wait” flag is set to TRUE. Through this mechanism the synchronizable object
can stop dther objects, restart them, suspend them, &te: The use of the subtypes of event handlers oriented toward synchronization

Operatiorls are defined to set and retrieveSynchronization elements, either individually, or in a sequence, using a base reference
point and g sequence of offsetsfrom that;base. Similar operations are defined to del ete areference point; thereisjal so an operation
to delete @l reference points in one step.

In more precise terms, a Synchronizable object is defined to be afinite state machine. The different states are described in more
detail in 7.9.1.1 below. The-possible states, important state transitions, and the operations resulting in state fransitions, are in
Figure 4 ¢n page 14. Fhefigure does not include all state transitions; some of the trivial ones (i.e., transition[from STOPPED
state to SfOPPED (state) are not depicted. See 9.11 for a detailed specification for al possible state transition|operations. Note
that no operation-isdefined to transit into state WAITING,; the only way a Synchronizable object can go into WAITING state is
through its internal processing cycle (see 7.9.1.1.1 below). The initial stateis STOPPED.

The behavt ate:

currentDirection: Direction (can be either Forward or Backward)

startPosition: C

endPosition: C

currentPosition: C

repeatFlag: Boolean

nloop: N

loopCounter: N

13
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STOPPED PAUSED ‘pa\Uie/
stop
Figure4 — Statetransition diagram for a Synchronizable 6bj ect
7.9.1.1 Semarftic specification of states
7.9.1.1.1 StatgSTARTED

If the object’s state is STARTED, the object carries on itsinternal processing in aloop of processing stages. Each stag

of the following

a) The valug
object’s spec
b) This requ
formed if the

1) If ther
ence poir
which theg

- Cs
tion. A

end pqgint; data fepresented by this interval will be presented by processData.

- In

Steps:

e consists

of the current position is advanced using the (protected) operation progressPosition (defined as part of the

fication), which returns the required next'position.

red position is compared with the<current position and the end position, and the following action
value of currentDirection is Forward:

e are reference points lying\between the current position and the required position (including a poss
t on the required position itself), then all associated synchronization actions are performed (in th
y are defined on C) jp.afoop. This means:

| the (protected). processData operation (defined as part of the object’ s specification) to perform datd
rguments fonthis call arethe current position or the previous reference point and the next reference p

oke the callback operation on the Callback object, whose description is stored in the reference point

S are per-

ble refer-
P order in

| presenta-
bint or the

using the

stored

event as an argument (if the object reference is NUL L Object, no operation invocation takes place at t

his point).

- Ifthewai t flag stored in the synchronization element bel onging to the reference point is set to TRUE, the current
position is set to the reference point, and the object’s state is changed to WAITING. If the state of the object is set
back, eventually, to STARTED, the processing stage continues at this point.

2) If there are no reference points between the current position and the required position, perform data presentation for
any dataidentified by the points on the progression space between the current position and the required position.

14
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Figure5— Synchronizable object
3) [ If the required position is smaller than the end position, then this becomes the local\position and the

is
4)
fol

If the va

reversed and, if the start position is reached, the current position is automatically set to the end position instes

direction
menting v

Each prog
STARTEL
issuer of t

invocation of progressPosition:

Note that

— wh

— wh

|owing occur:

inished.
If the required position is greater or equal to the end position, the current¢position is set to the start

if the repeatFlag is TRUE the processing stage is finished (i.e., the processing continues at step |

and the processing stage is finished (i.e., the loop counteb al ue represents the number of times the
the defined span);

otherwise, the complete loop of processing stages is finished, and the object’ s state is changed tc

e of currentDirection is Backward, the difference in behaviour is that, in 4, the role of the start ar

bf synchronization actions and data presentation is reversed. The specification of progressPosition i
alues are generated if the value aficurrentDirection is Backward.

essing stage, as described above, is “atomic”, meaning that no operation requests are accepted by th

state and performing anyof the steps of the stage. In other words, servicing al other requests will be
he request suspended),;and serviced only when afull stageisfinished, and beforethe next is started, i.

two aspectsofthis specification are left unspecified in the definition of Synchronizable:

at “ datapresentation” exactly means (i.e., the detailed semantics of processData), and

at’ pregression” exactly means, (i.e., the detailed semantics of progressPosition).

| SO/IEC 14478-2:1998(E)

processing stage

position, and the

a’ above);

if the repeatFlag is FALSE, but the loop counter value.s greater than 1, the loop counter valug is decremented,

bbject has to play

STOPPED.

d end position is
d. Also, in 1, the
5 such that decre-

e object whilein
delayed (and the
p., beforethe next

Both these aspects shall be specified in the appropriate subtypes of Synchronizable.

79.1.1.2

States PAUSED and WAITING

If the object state isin PAUSED or WAITING, only alimited subset of operation requests are accepted by the object. These in-

clude:

— retrieve operation for the attributes defined for the Synchronizable object; see 9.11 (page 47) for the detailed specifica-
tion of these attributes;

— resume and stop, resulting in state transitions.

15
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Some attributes as well as the synchronization elements may also be set; see9.11 (page 47) for the detailed specification of these

operations.

If the state of the object is changed from PAUSED to STARTED, a new processing stage (described in 7.9.1.1.1) is started. If the
state of the object is changed from WAITING to STARTED, the processing stage continues where it was interrupted (seeitem 1
in7.9.1.1.1 ahove), i.e., no new invocation of the operation progressPosition occursin this case.

79.1.1.3 State

STOPPED

If the object stateisin STOPPED, only alimited subset of operation requests are accepted by the object. These are;

— retrieve

tion of these
— start and

eration for the attribites defined for the Synchronizahle object; see 9 11 (page 47) for the detailed
pttributes,

bause, resulting in state transitions.

specifica-

Some attributes gs well as synchronization elements may also be set when in STOPPED state; see 9.11 (page47) for the detailed

specification of t

Any transition tg
default values, a
to FALSE, and b
STARTED, anev

7.9.1.2 Monit

he operations.

STOPPED means resetting all the attributes to their default values (i.e., start and.end positions are §
defined in the subtypes of Synchronizable, the current position is set to the start position, the repeat

pth the values of nloop and of loopCounter are set to 1. If the state of the:object is changed from ST(
infinite loop of processing stages (described in 7.9.1.1.1) is started.

Dring state transitions

External clients
element structur
object occurs,
chronizable obj
The callback, ap
the state transiti
7.9.2 Time
A TimeSynchro
subtyping (see d

Multiple subtypi

and introduces spme new attributes and operations on TimeSynchronizable. These aspects are as follows.

a) Boththe]

these finite stiate machinés’are merged, using the following state identifications:

TSTAHR

f a synchronizable object may also require to be notified when a state transition occurs. To achievet
an action element is associated with the relevant pairof states, a new event instanceis constructed H
t using the event name tag of the action element, and the pair of states as event datawith the key “Tr
earing within the action element, is invoked withthis newly created event instance as input argum
n effectively occurs.

nchronizable objects

zable object type is a Synchronizable object type enriched with a Timer interface (see 7.8.3) throug
Figure 6 on page 17).
hg means that the behavieur of Timer and Synchronizable objects are merged. This merge has sever

[imer and the.Synchronizable object type are defined in terms of finite state machines. In TimeSynch

RTED is\merged with STARTED,;

et to their
flag is set
DPPED to

nis, action

(see 9.5.4) can be associated with each pair of valid states. Whenever a state transition of the Synchyronizable

y the Syn-

ansition”.

ent before

h multiple

bl aspects,

Fonizable,

TSTO

TPAU

SED is merged with PAUSED.

Merging means that the finite state machines governing TimeSynchronizable has the same states as Synchronizable, but the
semantics of each of these states includes the semantics of both the Timer and the Synchronizable. The state transition oper-
ations defined both in Timer and in Synchronizable are inherited by the TimeSynchronizable object and result in the appro-
priate state transitions.

b) An attribute is defined, called speed, which relates progress through the progression space, inherited from Synchroniza-
ble, with time as measured by the Timer. The value of speed defines the number of units (e.g., number of frames) that the
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For tHat purpose, the reset operation (inherited from Timer).is redefined in TimeSynchronizable to, co|
marker against the current position on the native progression’space as well asto reset the time register. Thig
on the progression space will serve as zero point for¥élative positioning expressed with the time valu

toget
two 0|

d) Th
native
space,
by the
timea
tion o

may r

Different

racy of tining maybecome worse) than for other TimeSynchronizable or Timer objects if the implementatior]

chronizah

7.9.3

Callback reference

pause, resume

Event Instance Synchronization Element

Wait Flag

Figure 6 — TimeSynchronizable object

will progress through in one tick. By default, this value may be set by the“application, which can
ne playback speed. Subtypes of TimeSynchronizable objects may restrict the behaviour so that th
e—only.

nchronizable has a number of attributes and operations to set/retrieve reference points, set/retrieve mi
positions, etc. which are expressed in terms of the native progression space. When using TimeSynch
want to use the abstraction offered by the notion of relative time, i.e., the time returned by theinqui

with speed, defines a linear transformation between the progression space and time. TimeSynchr
erations, timeToSpace and spaceToTime,which transform the two coordinate spaces.

e operations and attributes defined for.Synchronizable to set, retrieve, inspect, etc., reference points h
version in TimeSynchronizable which take relative time as input argument rather than values or
Using the current linear transfarmation between the two spaces, reference points defined in time ar
main processing loop of TimeSynchronizable (see page 14). Note, however, that reference points de
Fe, conceptually, also stored in terms of time. This meansthat if the linear transformation changes (th

bsult in some of these reference points being used again or, conversely, never being used.

le objectisnot able to perform in its execution environment at a higher precision.

Time slave obj ects

herefore control,
b speed becomes

nimum and max-
Fonizable the cli-
reTick operation.
hceptually, put a
marked position
es. This marker,
bni zable includes

ave also an alter-

the progression
b also considered
fined in terms of
ough theinvoca

the reset operation orby changing the speed), all reference points defined in terms of time are re-transformed. This

TimeSynchr onizabl e objects may have different accuracy attribute values; this value may become larger (i.e., the accu-

of the TimeSyn-

A TimeSave object is asubtype of TimeSynchronizable which permits synchronization over multiple TimeSynchronizabl e object
instances. A master can be attached to a TimeSave object, and the latter will attempt to synchronize its progression with its mas-
ter. This means the following (see aso Figure 7):

a) The speed value of the TimeSave object (relating the progress through progression space with time ticks) is measured in
terms of the ticks as returned by the master. This also meansthat if the client changes the way the master Timer operates (i.e,

changi

ng the ticks) this will influence all TimeSave objects attached to the same master.
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79.4 Timel

Figure 7— TimeSlave objegct

H ave object measures the alignment between its own-Tifrer values and the one of the master. A cl
ject may inquire the alignment, and may attach Callback-s to various thresholds values. The TimeS
Cific eventsif the alignment between the master and the slave time val ues exceeds the threshol d.

ate the possible alignment between the mastér and the slave time values, the reset operation of Time

Ed to in the units of TimeSave. Using.these terms, the alignment valueis:

|Ti Cksl ave g(Ti Ckmaster)|
nction which transforms.the ticks of the master into the units of the slave, and takes into account the
En the reset operation-has been invoked on TimeSave.

[ by TimeSavebjects when thresholds are exceeded, have the following structure tags. event name
contains onekey—value pair, using “ Discrepancy” askey and the actual alignment asa (float) value. H
bed, i.e., theclient has to set the threshold values and the corresponding callback references through

ent of the
hve object

Save dso
ent values

tick value

s “ OutOf-
y defaullt,
bn explicit

neebjects

The TimeLine object is a subtype of TimeSynchronizable, where the progression space is defined to be Timey and the value of
speed is set to be of constant value 1. This object can be used to send events at predefined moments in time, or periodically, to

dedicated PREM

18

O objects, and may thereby serve as a basic tool for time—based synchronization patterns.


https://iecnorm.com/api/?name=489ce8d554c87e54e943db5d20fe6229

© ISO/IEC | SO/I EC 14478-2: 1998(E)

8 Enhanced property management and factories

This clause contains the specification of various object types which form an extension of the fundamental objects as described in
clause 7. Because not all components or PREMO applications may need the additional complexity of these extensions, objects
in this clause form an extended profile of the foundation component of PREMO (see clause 10 for the detailed component and
profile specification of the Foundation Component of PREMO). Objectsin this clause fall into two categories:

a) enhanced property management;
b) object factories and factory finders, which give afiner control over the life cycle of PREMO objects.

8.1 Toperty TarragenTent

8.1.1 M otivation

All objectsin this clause are subtypes of EnhancedPREMOObject. As such, they also inherit thelproperty opefations defined in
7.5.1 (sed aso 9.7). These properties refine the definition of the objects and their behaviouribeyond that defiped by their type

(i.e., the gperations in their interfaces). Some properties are common to many PREMO objeets, and others arg particular to the
object tyde to which the object belongs.

Properties, and the various property management operations described in this clause, are the basic building Qlocks for various
configuration and negotiation mechanismsin PREMO. Such negotiations may benecessary to have, e.g., an optimal control over
media flopv, to control the quality of service of various multimedia devices,to-ensure proper coding and decod|ng of media data
when necgssary, etc. Asagenera principle, the parameters governing the behaviour of objects are described ir) terms of proper-
ties, rathgr than attributes, if they may be subject to dynamic negotiations.

ional convenience, most property names defined as part.ofithe functional specification of objectsin this clause end with
the charagter “K”. Also as a notational convenience, the informal‘term “property space” will aso be used to refer to the various
iegavailablefor an object (property keys playing thetal e of naming the “ coordinate axes’ in this* space’| and values play-
ing the ro|e of points on these axes).

Various ofther PREM O componentsrely on afurtherfefinement of the usage of properties, embodied by the type Propertyl nquiry
and its subtype PropertyConstraint. These typeswill be defined in detailsin 8.1.2 and 8.1.3 bel ow; this clause gives only an over-
view and p motivation for the further refinement of property management.

Figure 8 ¢n page 20 gives a schematie-view of the notions involved. The figure represents the range of values|belonging to one
property key. The capability associated'with this key describes the possible range of values which may belong to this key. This
is a read—-pnly information which belongs to a specific type. An instance of this type may have a native propgrty value for this
key, whigh describes the possible range of values this instance can associate to this key. Obvioudly, the natiye property value
represents a subset of the capability. Capabilities and native property values give a dynamically accessible information on the
possible hehaviour of an:object instance, which can be used in negotiations procedures. A Propertylnquiry type stipul ates that it
isawayspossible to-refrieve the native property values for a property key for all properties explicitly defined a$ part of the func-
tional specificationof the object within PREMO. In other words, athough the actual values of the property|may be changed
through the invogation of the various property management operations, it is always possible to access the native property values,

PropertyConstraint offers additional facilities to constrain the actual values associated to a key within the range of the native
property values of the object. The constrain operation, defined for thistype, allows a client to set the values associated to a key,
automatically checking whether the values represent a subset of the native property values of the object. Finally, these objects
have a select operation, which determines an optimal range of valuesfor agiven key within the range of the (possibly constrained)
current values. Note that the select operation involves an internal, semantic knowledge of the object, and specific subtypes are
supposed to provide an implementation for this operation which reflect the specific features of the object type.

NOTE — For example, an audio object type may be defined in terms of the sample rate it can process. The possible values for the audio
sample rates are characterized by its capability, e.g., <8KHz, 11.3KHz, 22.05KHZ, 44.1KHz>. When instantiating such an object, the object
may find out that on the hardware environment it is running it cannot honour, say, the 44.1KHz range. Consequently, the corresponding native
property value for thisinstance and this key will be <8KHz, 11.3KHz, 22.05KHz>. As a next step, aclient may constrain the acceptable range
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of sample rates fol
the key becomes
choose 22.05KHz

property value) cap aways be inquired by a client.

8.1.2 Capab

~
Constrained values

Figure8 — Type properties, capabilities, constraining propérties
this instance by requesting that the sample rate should be either 11.3KHz 0r-22°05KHz; i.e., the current propert

as a sample rate to increase the quality of the output. Note that the <8KHz, 11.3KHz, 22.05KHz> range (i.e.

ilities and native property values: the Propertyl nquiry type

y value for

£ 11.3KHz, 22.05KHZz>. Finally, as a result of a subsequent select operation invocation, the audio object may decide to

the native

A capability of gn object is a special type of read only property that’describes the value or values another property of {hat object

type may take or]

same for all instgnces of that type. Capabilities, like other properties, are specified as key/value pairs, where the key

. Capabilities are defined as part of the type spectification of the object, i.e., the information they pro

ideisthe
identifies

the characteristiq of interest, and the value is of the generahdata type Value, as defined in 9.2 (note that a Value may alfso refer to

a sequence of ot
mainder of the n

NOTE — For ex
property can assu

A Propertylnqui
its native proper

defined to be thejrange of values(associated to a key) that object instance may take on. An operation, called inquireN

ertyValue, is defi

values associated to thekey. This operation returns a sequence of values (e.g., if the type of the corresponding property

her values). As a notational convenience, the symbolic name for a type property ends with a“CK” 3
bme is the same as that of the corresponding property.

e for the specific type.

y values for all keys which are explicitly defined as part of the object specification; the native proper

Ined for the Propertylnquiry object type, which always returnsthe native property value, regardl ess of

asagring), or

return type of the result of operation invocation if thisis not the case.

minimum—maximum range (if the value is anumerical type). The specification of the property shall

Ind the re-

ple, the InputEncodingCK praperty has a set of values that represent the range of possible values that the InputEncodingK

[y is an object type-farwhich a number of capabilities are also defined. Furthermore, such an object &lso stores

y vaueis
tiveProp-
he current
isdefined
define the

The type of the value that can be associated with a particular property is specified along with the key definition, as part of the
object’ s specification. When querying the capabilities of a property of an object, the value associated with akey may be asingle
datum, a sequence, or arange.
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NOTE — For example, an audio capture device might report a variety of properties (e.g., through the getAllProperties operation defined for
EnhancedPREMOObject type), some of which are limited to only asingle value, and some of which might take arange or sequence of values.
After initialization, the values associated to the various keys may be asfollows:

Key Value

AudioDevice:: Inter netLocationCK <“ mymachine.com” ," yourmachine.com” ,* theirmachine.edu” >
AudioDevice:: InternetLocationK “ mymachine.com”

AudioDevice:: InputEncodingCK <“alaw”, “ulaw”, “linear” >

AudioDevice: :InputEncodingK <“alaw’, “ulaw”, “linear” >

Here the Idcation of the device INStance 1S a S ngle value (where 1t 1S wanted 1o be), although the obj ect might hiave been insjantiated on arange
of possiblg machines, whereas the encoding that can be used at the input can take on several values.

The clienf can discover an object's type properties and its capabilities, as well as the current settings of ‘its properties, using the
operation

— getPairs
Fairsoy: S8 (Key ™ seq Value)

If the client isinterested only in the value or values a particular property takes;thefollowing operation can be used:

—t getProperty

Keyin: Key
alue, : seq Value

<

Both of these operations are defined for al EnhancedPREMOODbject types (see 7.5.1).

The detai|ed functional specification of PREMO objécts may contain capability specifications, too. This megns that the corre-
sponding property keys are automatically defined-for these objects at object creation time, together with the val fies the functional
specificat|on contains. Subtypes may extend the/possible values for a capability.

8.1.21 [Required properties

PREMO tequires all objects of type Propertylnquiry to provide three property values (i.e., these keys are defifed for the object
type Progertylnquiry):
a) Ngtwork location (key “LocationK”)
b) Vendor tag (key “Vendor TagK”)
¢) Rdease(key “ReleaseK”)

All these propérties have strings as possibl e val ues; the content and the interpretation of these values are impl enjentation depend-
ent.

8.1.3 Property constraint and selection: the PropertyConstraint type

PropertyConstraint is a subtype of Propertylnquiry which offers two more operations to manipulate properties: constrain and
select.

The constrain operation receives a sequence of key—value pairs (each value may refer to a sequence of other values) as a param-
eter and tries to set the values for each of the keysinvolved. The new value for a specific key isas follows:
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Figure9 — PropertyConstraint state transition diagram

e property value is defined for the key, then:
alue is associated to the key yet, the new value is the value appearingin the input parameter; else
v value is the intersection of the values appearing in the argument'with the current val ues associated

property value is defined for the key, then:

H with the native property values; else

v value is the intersection of the sequenceiof values appearing in the argument, the current values ass
nd the native property values.

urns the new set of values set foreach key.

vays return to the native property values. Indeed, the client can inquire the native property values, cl
ith an empty sequence,‘and use the native property values to restore the current value for the propert

meter and the.current values assigned to the key. To the extent that multiple values are feasible, the
selects val@estor the client. The selected key—value pairs are returned as the operation’ s output.

Figure 9 gives aﬂx overview of the state transitions related to the properties associated to one key. The initial state is

o the key.

alue is associated to the key yet, the new value is'the sequence of values appearing in the input parameter,

oci ated to

bar the as-
y key.

I's appear-
Property-

the native

ed at all

property values Known-to the object (if defined). The values can be inquired by the various inquiry and the matchProlethi es op-
eration (see 7.5.1) but these operations do not change the property values. Note that the constrain operation can be i

states.

8.1.3.1 Propertiesand object behaviour

The behaviour of the PropertyConstraint object may depend on the properties associated with the object. This sub—clause defines
these relationships.
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8.1.3.1.1 Private properties

The PropertyConstraint object is a subtype of EnhancedPREMOObject, hence it also allows clients to add properties beyond
those which are defined as part of the object’ s functional specification, i.e., the client can extend the property space with private
properties (e.g., for annotations). The client can annotate the space with private properties.

The semantics of the constraint and select operations are such that they ignore these private properties.
8.1.3.1.2 Interactionsamong properties

Considering the properties of an object one at atime, an object may appear to have the possibility to assume all possible combi-

na[l n f_nraopnartiec \Ahan-thanranerties-ara-considaered-in-combination—anbceartarn-combinations-mas banocs bl
ons of-preperties-\When-the-properties-are-considered--combination-ork-eertan-combinationsay-bepossible.

NOTE — To illustrate this, consider afictitious audio value space. Two properties— one with the key SampleS ze@nd thg other with the key
SampleRate — describe the object. The sample size can be 8bit or 16bit, while sample rate can be 8KHz or 40KHz. If @l combinations of
properties pre possible, then the possible options are shown in Table 1:

Sr=8KHz Sr=40KHz
Ss=8bit Sz=8hit,Sr=8KHz Sz=8hit,Sr=40K Hz
Ss=16bit Ss=16bit,Sr=8KHz Ss=16bit,Sr=40KHz

Table 1 — All combinations of samplerate and sample size

The compljcation is that, in practice, media objects abstract real media devices. These media devices often alow only restricted combinations
of property values. The audio device, for example, could support the specific vauesin Table 1 only.

Sr=8KHz Sr=40KHz
Ss=8bit Sz=8hit,Sr<8KHz
Ss=16bit Ss=16bit,Sr=40KHz

Table 2 — Restricted-combinations of samplerate and sample size

For this pprpose, an additional property isdefined that allows the precise values of such combinations to be expfessed. The Prop-
ertyConsfyaint type provides a ValueSpaceNameK property for this purpose. If the value of the property is empty, then all com-
binationsfare allowed. If the value is not_empty, then it is a sequence of key—value sequences which describe the allowable
combinations.

NOTE — Following the example above, the value for the ValueSpaceNameK for the fictitious audio object may then ing¢lude the following
two sequerjces:

<<“SampleSze’ ,8>,<"“ SampleRate” ,8>> ,<<* SampleSze” ,16>,<" SampleRate” ,40>>
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The operation bind (see also 8.1.3.1.3 below) checks the consistency of the properties against the values stored in ValueSpa-
ceNameK. If the value in ValueSpaceNameK for a specific key is a sequence and the corresponding property value is not, then
the valueis checked against the elements of the sequence (i.e., the ValueSpaceNameK property describes all allowable valuesin
a combination); otherwise equality is used. Also, if akey does not appear in a specific sequence, than all values are permissible.
An exception israised if the values are incorrectly set.

NOTE — For example, if the value for the ValueSpaceNameK is:

then, for example,

<< Keyl” <“A" "B’ "C'>> <“Key2' " P">>, <<“Keyl” <“X" "Y' 7' >>>

the following key—value combination is accepted by bind:

because, by virtue

is also accepted be
the value for Key2

8.1.3.1.3 Dynsg

During the lifeti
properties becon
while the media
properties may 3
change these val
change as aresu
guantization mat
as dynamic prop:

<"Keyl” *“A’'><"Key2',"P">
pf the first rule cited above, the first constraint pair of ValueSpaceNameK is used to check a subset; the. combing
<“Keyl” X' > <"Key2' " W' >

cause, by virtue of the second rule, the second constraint pair of ValueSpaceNameK allowsferan unconstraine
provided that the value for Keylisoneof X, Y, or Z.

Imic changesto properties

tion

 setting of

where the

he of a PropertyConstraint, some of the properties may become staticor changeable. For an example|
e static, consider the examplein the previous sub—clause: the sample size and the sample rate should
stream flows, i.e., neither the client nor the object itself should change these values in this period.

t of decoding a protocol found within the media streant which defines the mutable a property valu
fix of an MPEG flow). Finally, there may be propesties which may be changed at any time; these are
brties.

The PropertyCo

object type, namgly bind and unbind, which determine the'interval in the life cycle of the object when the values ass
certain keys cantpot be changed. On the other hand, thetype reserves some keys and capabilities which characterize th
changeabl e nature of other properties. These are asfollows:

— Thekey N

the client may not change these val ués bétween a bind and an unbind call. The value for this property is a sequend

erty keys.

— The capalpility MutablePropertyListCK is defined for various subtypes to describe the values the property Mut

ertyListK can
8.1.2).

— The key
property isa

straint type anticipates these situations. Onthe one hand, two operations are defined on the Property

lutablePropertyListK identifies the public properties which can be changed by the object itself at any

take. Various:instances may have a more restrictive native property value for MutablePropertyl

ot change
angeable

pain fall into two categories: mutable or dynamic. Mutabl€ properties are such that no client should|be able to
les when the media stream flows, although the object itself may change them. Such values might, fott example,

(eg., the
eferred to

Constraint
ociated to
e static or

time, but
e of prop-

ableProp-
ListK (see

DynamiePropertyListK identifies the public properties which can be changed at any time. The vadie for this

sequence of property keys.

— The cap

ity DynmamicPropertyLiStCK 15 defimed for various subtypes 10 describe the values the property

Dynamic-

PropertyListK can take. Various instances may have amore restrictive native property value for DynamicPropertyListK (see

8.1.2).

All properties, whose keys are not listed in either MutablePropertyListK or DynamicPropertyListK, are defined to be stétic, i.e.,
their values can be changed neither by a client nor by the object itself between a bind and an unbind call.
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8.2 Creating PREM O objects

The general object and object reference life cycle facilities of a PREMO environment are defined in 8.11 of 1SO/IEC 14478-1.
Thesefacilitiesallow clientsto create and destroy the objects required to perform the mediafunctions and servicesrequired. This
sub—clause defines some other objects which allow clients to create objects subject to certain constraints, expressed in terms of
key—value pairs.

8.2.1 Generic Factory objects

The purpose of the generic factory object isto provide awrapper around the object creation facilities, but taking alist of properties
into consideration, too, when creating an object. These properties describe the required characteristics of the object to be created.

The factofy object has only one operation, createObject, which takes an object type name and a list of key=vgue pairs as input
arguments, and returns an object reference if an object can be created or found, or raises an exception, if the requirements cannot
be met. The constraint imposed by the factory object isthat the native property value of the returnedobject, cgrresponding to a
key in thellist, should be a superset of the values in the argument list. The signature of the operation'is:

—t createObject

type,: ObjectType

cpnstraints;,: seq (Key ~ seq Value)

initArg;,: Value

abjectRef, +: RefPropertylnquiry

exceptions: { InvalidCapabilities, CannotMeetCapabilities, Invalidlype}

Note that the return value is of type RefPropertylnquiry; this reference has to be cast to areference to the desirgd type, using the
cast faglity (see 8.11 of ISO/IEC 14478-1). Also, the properties of the returned object are not set by the fagtory; thisis to be
done by the client (using, for example, a subsequent invocation of the constrain operation). Because the factofly uses the notion
of native property values, the type of the object to be created shall be a subtype of Propertylnquiry. The factdry object is itself
defined tq be a subtype of Propertylnquiry, too. Thisyneans that factory objects may also have properties andl these properties
can be inquired and/or set (e.g., using the operations‘described in 8.1.3 of this part), and that factories may alsq create other fac-
tories.

The specification of the generic factory deesnot require that a new instance of the object, corresponding to the fype and the con-
straints, shall be created. In some cases, the factory may just return anew object reference to an already existing object (although
subtypes ¢f the factory object may impose additional restrictionsin this respect). In the case anew object is created, the value of
initArgiy, ifs used as an argument«of the new object’ sinitialize operation (see also 7.2)

8.2.1.1 [Finding factories

The purpgse of thefactory finder object is to locate factory objects, using an object type and a set of capabilifies to restrict the
set of pospible chaices. The object provides one operation, whose signature is:

—t findFactories

type;,: ObjectType

objectConstraints;,: seq (Key "~ seq Value)

factoryConstraints;,: seq (Key " seq Value)

factoriesy;: seq RefGenericFactory

exceptions: { NoFactory, InvalidCapabilities, CannotMeetCapabilities}
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1. Client requests a reference to a
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ence

@ capable of satisfying a capability list
m passed as parameter.
Factory
Finder

factory

2. Factory Finder returns a Factory refer-

3. Client requests the creation of an object

from the Factory, with a constraint list on
@ the object to be created.
@ @ 4. Factory possibly creates the object...
Y and returns the reference to its client.

which eventually leads to the-des

\ of the object.

Figure 10— PREMO Object life cycle with factories

6. Later, the client destroys the refgrence,

ruction

This operation rgturns a sequence of references to GenericFactory objects, all capable of creating an object of type type,, and

matching the comstraints described in objectConstraints;,,. The objectConstraints;, input argument is a sequence of
pairs, describing|what sort of factory is sought in terms of the properties-of\the objects it is capable of creating. An

Key—value
additional

sequence of congtraints, factoryConstraints;,,, refers to the generic factory ‘objects themselves (as opposed to the congtraints re-

ferring to the objlect which can be created).

NOTE — For example, the factory finder object may be used to locatefactory objects which can create video objects capable of

processing

MHEG files (the pbjectConstraints;,, can be used to describe thisfact) and which are on a restricted internet location (a constrgint on the

location of the facfories themselves can be expressed by the factoryConstraints;,).

Figure 10 gives an overview of the life cycle of a PREMO object when using factories and factory finders.

8212 Persislency of factoriesand factory-finders

Because factorieg are used to create objectsin which the caller isinterested, some of them may be persistent objects. Al
one factory findgr object shall be persistent. This means that PREM O makes the assumption that some factory finder
well as some f
object referenceg are known. Details of how thisis doneisimplementation and environment dependent.

8.2.1.3 Implementation-of Factories

50, at |east
bbjects, as

ory objects, are automatically created by the PREMO environment when a PREMO system is starteq and their

PREMO does nat dictate how factories are implemented. A number of different implementations are possible. These

nclude:

a) A single factory for all of PREMO: A single executable could provide all the client services including the object and

object reference life cycle facilities, the factory, al the virtual devices and connections, etc.

b) A single factory per node in a network: Each node in a network could have a single factory that is responsible for the
management of the virtual devices and connections on that machine. The factory could implement the virtual devices and

connectionsin its own address space or spawn processes for that purpose.

c) A factory per object type: There could be a factory for each type of device and connection that can be created. These

could be network wide, or per machine.

There are other possibilities and combinations. All of the implementation choices are compliant if they adhere to the type defini-

tions.
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9 Functional specification

9.1 | ntroduction

This clause provides the detailed functional specification of the non—object types, structures, and other PREM O object types that
together define the PREM O Foundation Component. The notation used in this clause follows the rules detailed in annex A of
ISO/IEC 14478-1.

Additionally to the object type definition, each PREM O type may have predefined set of properties and/or capabilities. These are
defined in separate tables following the type specification schema. These tablesinclude the name of the key, the type of the value,
a flag whether-theproperty rsreactonty (R-O)or not(RW)and-possibty ershortdescriptionof theproperty;, Capabilities are

defined in) a separate table.

9.2 Common non—obj ect data types
This sub—clause defines al data types used by structure tags and operations defined on PREM® foundation object types.

Boolean values:
Boolgan ::= TRUE % FALSE
Used to dpscribe type graphs and/or sequence of immediate supertypes:
TypeGraph == seq ObjectType
Keysfor key—value pairs, and key—value sequence pairs:
Key 9= String
Action typesin controllers:
ActignType ::= Enter ¥ Leave
Types for|event identifications:
Even{Name == String
Enumeratjons controlling\comparisons in key-value pairs, used, e.g., by the property operations or the event handler:

AndOrs:= And ¥ Or
ConsfraintOp ::= Equal “2NotEqual

1100 + Tk 1 Fal + Tk Ol L L Tl 1 L - O\ L
AJ1T TAlLCTT 111anl 1T TALCT TTT1alriut |_\,|ua| oot iiarnl ZLLToo T T1IAaAlniuJl |_\,|ua|
YPr efix Y2Suffix ¥2NotPr efix ¥2Not Suffix

A ncludes ¥2Excludes

Units of time, used by clock objects.

TimeUnit ::= Picoseconds ¥2Nanoseconds ¥2Microseconds ¥2Milli seconds
¥Second ¥2Minute ¥2Hour “2Day “2Month % Year
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Type synonym for the description of states:

State ==

Constants identifying the states of a Timer object:

TSTOPPED : State. TSTOPPED = 0
TSTARTED : State2TSTARTED = 1
TPAUSED : State2TPAUSED = 2

Data types and

Direction::
STOPPED
STARTED

PAUSED
WAITING

Thefollowing di
tion being part o

Value:=ul
Y4
%1
E%
%=
%
%!
71
%
%3
%

%3

%3

ale constants used Tor synchronizable obj ects:

- Forward % Backward
: State%2STOPPED = 0
: State %2STARTED =1
: State 2 PAUSED = 2
: State 2WAITING = 3

scriminated union is used, e.g., when the argument type of an operation-is not fully specified (the full
the semantics of the type), or as part of properties and key—value pairs:

nt «N »

nt «Z »

eal «R »

bj ect Type «ObjectType »

cti onType«ActionType »

vent | d«Eventld »

i me«Time»

renoQbj ect «RefPREMOQDbject »

i mpl ePr enohj ectw«RefSimplePREMOODbject »
al | backPr emoQbj)ect «RefCallback »
nhancedPr enbbj ect «RefEnhancedPREMOObject »

xt endedReal «Ry »

xt endedl nt eger «Zy »

%<

xteendedTi ne«Time, »

specifica

Ybool ean«Boolean »

YstringVal ue«String »
YandOr «AndOr »

Yconst rai nt Op«ConstraintOp »

%1

i meUni t «TimeUnit »

i recti on«Direction»

Yaal ueSequence«seq Value »

Yval uesTupl e«Value” Value»
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Note that

| SO/IEC 14478-2:1998(E)

— The definition of Value is recursive in the sense that it also contains tags to a sequence or atuple of Value;

— Three object references are part of Value, which allow for operations to refer either to any PREMO object, or to restrict
to either simple or enhanced PREM O objects.

9.3

Exceptions

Exceptions are defined in PREMO as a data tuple:

Exce

Asacony
to the sec
of ISO/IE

The PRE]
aconvent

ption == String~ seq Value

pnd tag of the exception when raising it. Details of how exceptions are raised is not defined’in PREN
C 14478-1).

110 foundation component defines a number of exceptions, and further components.may add their ow
on, exceptionsin PREMO are defined to have their data type name used as the exception name. For

ention, thefirst tag of the exception isreferred to as the name of the exception. Operations may-0r may not assign data

10 (see also 8.12

n exceptions. As
example, the ex-

ception Injcorrectlnit, defined below, has the first tag set to the string “Incorrectinit”.
The list of the exceptions raised by operations defined on PREMO foundation object types are as follows.

CanngtMeetCapabilities== Exception

Incornectinit == Exception

InvalifiCapabilities == Exception

InvaligiElementld == Exception

InvalifgKey == Exception

InvaligType == Exception

Invaligivalue == Exception

InvaligiReference == Exception

NoKey == Exception

NotInTypeGraph == Exception

OpergtionNotDefined ==<EXception

Read®nlyProperty =="Exception

RepeatedEvent == Exception

UnkngwnEvent == Exception

UnkngwnType == Exception

WrongState == Exception

WrongValue == Exception
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94

PREMOODbject and fundamental object behaviour

PREMOODbject is an abstract type. It is a supertype for all object types defined in PREMO.

— PREMOObjeCtabstraCt
__ Xinitialize

initValue,,: Value
exceptions: { Incorrectlnit}

Thisoperation isinvoked by thecr eat e facility of the PREMO environment when an object instance is created
(8.11 of ISOfIEC 14478-1). This operation is usually overloaded by specific implementations on various subs
types. In subtypes, this initialization operation may also invoke the initialize operations of its supertypes.

Exceptions raised:

Incorfectinit The parameters for initialization are incorrect.

— XinitializeDnCopy

This operatign is invoked by the copy facility of the PREMO environment when(an‘object instance is copied
(8.11 of ISOfIEC 14478-1). This operation is usually overloaded by specific imyplementations on various sub-
types. In suljtypes, this initialization operation may also invoke the initializ€OnCopy operations of its super-

types.

Exceptions raised: None.

__ Xdestruct

This operatign is invoked by the PREMO environmentyvhen an object instance is destroyed. This operation is
usually overlpaded by specific implementations on vartous subtypes. In subtypes, this destruction operation may
also invoke the destruct operations of its supertypes.

Exceptions raised: None.

— inquireTyq

]

typeg: ObjectType

This operatign returnsitheimmediate type of the object.

— inquireTypeGraph

Exceptions rfised: None.
[

typeGraphg,: TypeGraph

This operation returns the type graph of the immediate type of the object.

Exceptions raised: None.

30


https://iecnorm.com/api/?name=489ce8d554c87e54e943db5d20fe6229

© ISO/IEC | SO/I EC 14478-2: 1998(E)

—inquirel mmediateSupertypes

immediateSupertypes,,;: TypeGraph

This operation returns the set of the immediate supertypes of the object.

Exceptions raised: None.

—— PREMOObject

9.5 Simple PREM O object and structures

951 SimplePREM OObject

This objegt is acommon, abstract supertype for all other object types appearing in this clause;

PREMOObject

== SnjplePREMOODbject

95.2 Event structure

I: Eveant

SmplePREMOObject

eventiName: String
eventData: seq (Key ~ Value)
event$ource: RefEnhancedPREMOODbject

The vBlue of eventSourceis usually set to the reference of the object which has created the structure instan|

Ce.

—— Evgnt

9.5.3 Constramt-structure

,: Constraint

SimplePREMOObject

constraintOp: ConstraintOp
keyValue: Key "~ Value

—— Constraint
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954 Action

I: ActionElement

SmplePREM

2:1998(E)

Element

OObject

eventHandler: RefCallback
eventName: EventName

© ISO/EC

9.55 Synch

— SyncElemant

SmplePREM

eventHandl e}
syncEvent: R
waitFlag: Bd

—— ActionElefnent

onization Element

OObject

: RefCallback
efEvent
olean

—— SyncElem¢

Nt
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9.6 Callback objects

| SO/IEC 14478-2:1998(E)

PREMOObject

— callbacky

callbackValue,: RefEvent

[Shallow Copy]

is asypchronous.

Excepjtions raised: None

Subtypes of Callback should redefine this operation to give a more precise behaviour. Note that this operat{on

—— Calfback

l: CalllbackByName gy act
Callbgck redef (callback)
— callbacky

callbgckValue,: RefEvent
exceptions: { OperationNotDefined}

Exceqjtions raised:

OperationNotDefined

[Shallow Copy]

The |gcal operation, referred to by the eventName tag in callbackValue,, is invoked. All other structure tggs
are digregarded. Note that this operation is asynchronous.

The operation, referred to by eventName, is not defined on the
object.

—— CalflbackByName
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9.7 Enhanced PREM O object

This object type adds the property management operations to PREMOObject.

——= EnhancedPREMOODbject iy act

PREMOObject

— defineProperty

keyin: Key
value: seq Yalue
exceptions: {|[ReadOnlyProperty}

This operatign adds a new property to the object. If the key identifies a property already definedfor the object,
the new valug is assigned to the property replacing the previous value(s), unless key, refers to.aread only prop-

erty. Otherwise, anew property is created with key;,, and value;,.

Exceptions raised:
ReadQnlyProperty keyi, refersto aread only property of\the object.

—undefinePrioperty

keyin: Key
exceptions: {|[ReadOnlyProperty, NoKey}

This operatign removes the property identified by key;,,;tinless the property is read only.

Exceptions raised:
ReadQnlyProperty key; refersto aread only property of the object.
NoKey No property has been defined with key;,.

__ addValue

keyin: Key
valug,: Valye
exceptions: {|[ReadOnlyProperty}

If the key identifresaproperty-atready-defined-for-the-obectanctheproperty-tsnot-read-ontythenew-vatuets
added asthe last element of the sequence of properties identified by key;,,. If the key has not yet been defined for
the object, a new property is created with the value of key;, referring to sequence of length one and containing

valug,.

Exceptions raised:
ReadOnlyProperty key;, refersto aread only property of the object.
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__ removeValue

keYin:

| SO/IEC 14478-2:1998(E)

Key

value,: Value
exceptions: { ReadOnlyProperty, NoKey, InvalidValue}

If the key identifies aproperty already defined for the object, and the property is not read only, and valug, is ele-
ment of the sequence associated with key;,,, the value is removed from the sequence of properties identified with

keyin.

Exceptions raised:
ReadOnlyProperty keyi, refersto aread only property of the object.
NoKey No property has been defined with key;p,.
Invalidvalue valueg, does not refer to a value associated with keyj

— inglireProperties

keysojr: seq (Key = Boolean)

Thisa
tiond

Excey

peration returnsinformation on the properties defined for the object. #he information includes the k¢
Ependent, and does not necessarily reflect the order in whichroperties have been defined.

tions raised: None.

by and

a boolean flag notifying whether the property is read—only or not. Theerder within the sequence isimplementa-

— geth

KeYin:
value]
excep

Property

Key

at- Seq Value
ion: { NoKey}

Thisa

Excey

peration returns the val ue associated with the property identified by key,.

tions raised:

NoKey No property has been defined with key;.

— geth

pairsy

Pairs

ut: S€d (Key ~ seq Value)

(Note

that Value structure tag in pairsy,; may also refer to a sequence of values, see 9.2).

Exceptions raised: None.

This operation returns the sequence of all properties associated with the object. The order within the sequenceis
implementation dependent, and does not necessarily reflect the order in which properties have been defined.
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—— EnhancedH

| SO/IEC 14478-

— matchProperties
constraintList;,,: seq RefConstraint
satisfiedy:: seq (Key ™ seq Value)
unsatisfied, : seq (Key ~ seq Value)

2:1998(E)

© ISO/EC

[Shallow Copy]

key appearin

straintListj,
result of the
The structurg
TRUE. The
resulted in F

The properties defined for the object are matched against the property sequences in constraintListj,. For each

g in constraintList;, the value is compared against the value or values stored with an identical key in

the object. Comparison is based on the boolean operation defined by the non—object data type ConstraintOp, see
9.2 (page 27), and appearing in the corresponding structure tag of constraintList;,. The left operand of the opera-

tion is the property stored in the object, and the right operand of the operation is the value appearing in the con-

Structure (if the operation does not make sense, e.g., the operands are of incompatible types, the
comparison is FALSE).

 satisfied,,; contains those keys with associated values for which the comparison has resulted in
tructure unsatisfied,; contains those keys with associated values for which the comparison has
NLSE.

Exceptions raised: None.

__ setPropert

keyin: Key

callback,: R
eventName;,
exception: {1

/Callback

efCallback
Sring
NoKey}

The eventN
the associ
the argumen
structure tag,

Exceptionsr
NoKe

n and callback;,, pair is stored, associated to key;,,.IT anew valueis set for the property key;,,, and

at?fa] Iback;,, is not NULLObject, the operation ¢altback;,.callback is invoked. The event structure of

will be constructed with eventName,, with a'copy of the newly set key—value pair as the eventData

hi sed:

Y Noproperty has been defined with key;,.

PREMOODbject

36



https://iecnorm.com/api/?name=489ce8d554c87e54e943db5d20fe6229

© ISO/IEC

9.8

Controller object

For adetailed description of the behaviour of controller objects, see 7.6 (page 8).

—— Controller gpgract

EnhancedPREMOObject

Callback redef (callback)

currei\tState: Sring [Retrieyve’Only]

possiljleStates: seq Sring [Retrieve Pnly]
— hardleEvent,

newEyent;,; RefEvent [Shallow Gopy]

async|

Excey

IrONOUS.

tions raised: None.

Initiate state transition. See 7.4 (page 6) for a detailed specification of this gperation. Note that the operation is

callbg

ck == handleEvent

__ Xch

e'venti
check

eckTransition

- RefEvent
Result,, ;- Boolean

only @
othery

Excey

This gperation checks whether the state transition, as requested by event;,,, is possible. By default, this ope

hecks whether the new state is part of the possibleStates sequence, in which case it returns TRUE; H
Vise. Subtypes of Controller may add more complex checks.

tions raised: None.

ration
ALSE

eventi

__ XonLeave

- RefEvent

oldsa

tas - DyantNlamn

newst

TR =V ot e

ate,,: EventName

eventData,,;: seq (Key ™ Value)

(page

6) for a detailed specification of how this datais used by the Controller object.

Exceptions raised: None.

This operation isinvoked before a state transition occurs from oldState;,, to newState;,. event;,, is the event struc-
ture which resulted in this state transition. By default, eventDate,  is a copy of the event data in event;,; see 7.4

| SO/IEC 14478-2:1998(E)
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__ XonEnter

eventDatag

2:1998(E) © ISO/IEC

event;,: RefEvent
oldSate,,; EventName
newSate,: EventName

: seq (Key ~ Value)

Exceptions raised: None.

This operation is invoked after a state transition occurs from oldState,, to newState,,. event;y, is the event struc-
ture which resulted

(page 6) for @

in this state transition. By default, eventDate,,; is a copy of the event data in event;,,; see 7.4

Ol O OW O orner Op[eCL.

__ XhandleU

event;,,: RefE

nknownEvent

vent

This operatiqg
current state.
cificimplem

Exceptions raised: None.

n handles the case when the Controller object type receives an event that‘ean not be handled in its
The default effect of this operation is to do nothing; subtypes of Controler may assign a more spe-
bntation to this operation.

__ setAction

state,,: Even
action;,: Ref
actionMode,
exceptions: {

Name
f\ctionElement
. ActionType
\WrongState}

Anactionis
by the Contr

Exceptionsr

Wron

bssociated to the state state;,; see 7.4 (page 6) for a detailed specification of how this action is used
ller object.

hi sed:

jState state;,, does not identify avalid state for this object instance.

state,,: Even

__ removeAction

Name

exceptions: {

actionMode, ;—Actiontype

WrongState}

WrongState

If an action has been previously set by a setAction operation, it is removed.

Exceptions raised:

state;,, does not identify avalid state for this object instance.
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— setActionOnPair

stateOld;,,: EventName
stateNew;,: EventName
action;,: RefActionElement
exceptions: { WrongSate}

An action is associated to the tuple stateOld;,, © stateNew;,,; see 7.4 (page 6) for a detailed specification of how
this action is used by the Controller object.

Exceptions raised:

WrongState One of the states stateOld;, or stateNew;,, does not identify¢ valid

state for this object instance. The exception data Contains the
invalid state name(s).

__ removeActionOnPair

stateQld;,: EventName
stateNew;,: EventName
exceptions: { WrongSate}

If an gction has been previously set by a setActionPair operation to stateOld;, ~ stateNew;,,, it, is removed.

Exceqjtions raised:

WrongState One of the states stateOld;,, or stateNew;,, does not identify g valid
state for this’object instance. The exception data contairjs the
invalid.state name(s).

—— Controller
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9.9

991

— register

EventHandler objects

—— EventHandler

Basic event handler objects

© ISO/EC

EnhancedPREMOObject
Callback redef (callback)

eventType,,:
constraintsy,
fullConstrair
objectRefi,:

idg,t: Eventld

EventName

seq RefConstraint
tMatchMode;,,: AndOr
RefCallback

[Deep.Copy]

This operati
data values
event registr
If the sequen
erwise, see 7
to be dispatc!

registers interest in an event. The name of the event, a constraint list.thé’specifies which event

n
%e of interest, and an object reference (to a Callback object) are supplied. An identification of the

ionis supplied as an output value to uniquely identify this registration.

Ce constraints;,, is empty, no constraint comparison occurs, and the.event is always dispatched. Oth-
7 (page 10) for a detailed description on how the constraintdist is interpreted for an event instance
ned.

Exceptions raised: None

— unregister

id;,: Eventld
exceptions: {

I nvalidEvent! d}

This operatig
ter call.

Exceptionsr

Invali

N reverses the effects of register.-The single parameter is an Eventld obtained from apreviousregis-

hi sed:

pdEventld Theid;, valueis not valid for the event handler instance.

— dispatchE

newEvent;,:

ent,

RefEvent [Shallow Copy]

When an object (i.e., the event source) wishes to generate an event it calls this operation. The event (containing
the event name, the event data, and the event source) is provided as parameter. The operation is asynchronous.

Exceptions raised: None.

callback

dispatchEvent

40

—— EventHandler



https://iecnorm.com/api/?name=489ce8d554c87e54e943db5d20fe6229

© ISO/IEC | SO/I EC 14478-2: 1998(E)

9.9.2 SynchronizationPoint object

SynchronizationPoint object is a subtype of EventHandler objects; it adds constraint on the behaviour of the dispatchEvent op-
eration.

——= SynchronizationPoint

EventHandler redef (initialize, register, unregister, dispatchEvent)
— Xinitialize

initVajue, - Value

Theinterna array of synchronization eventsisinitialized.

Exceqgtions raised: None.

— register

eventType,: EventName
constrfaints,,: seq RefConstraint [Deep Qopy]
full CdnstraintMatchMode,,,: AndOr
objectRef;,,: RefCallback

idgyt: Eventld

exceptions: { InvalidEvent!d}

This gperation overloads the operation EventHandlefregister. The only difference in behaviour is that the|opera-
tion raises an exception if eventType,, does not refer to an event which has been previously added to the ipternal

set of synchronization events through addSyncEvent.

Exceqgtions raised:
InvalidEventld The eventType,, refers to an event which is not present in the intefnal set
of synchronization events.
—_unregister
idi,: Bventld

exceptions: { InvalidEvent!d}

This gperation reverses the effects of register. The single parameter is an Eventld obtained from a previous regis-

NE operaion 1eaves [NE TNIErnal SEL OF SYNCAIONIZall On ever) NCNANQE0
Exceptions raised:
InvalidEventld Theid;,, valueis not valid for the event handler instance.
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—addSyncEvent

syncEvent;,,; RefEvent [Shallow Copy]
exceptions: { RepeatedEvent}

The event isregistered in the internal set of synchronization events. The same event cannot be registered twice.

Exceptions raised:
RepeatedEvent The event syncEvent;, is already registered.

— deleteSyncEvent

syncEvent;,,: RefEvent [Shallow Copy]
exceptions: {{UnknownEvent}

The event is fleleted from the internal set of synchronization events.

Exceptions rIised:

UnkngwnEvent syncEvent;,, has not been registered in the interfal set.

— dispatchEvent,

newEvent;,: RefEvent [Shallow Copy]
exceptions: {{UnknownEvent}

The original pehaviour of dispatchEvent, as defined for the object.type EventHandler, is modified by filtering the|
incoming evéent: newEvent;, is dispatched if and only if it hasheeén registered in the internal set. If not, the event is

ignored, and pn exception is raised.
Exceptions rIZ sed:

UnkngwnEvent newEvent;,, has not been registered in the internal set.

——SynchroniZationPoint
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9.9.3 ANDSynchronizationPoint object

As a subtype of SynchronizationPoint, ANDSynchronizationPoint objects attach an additional boolean flag to each event stored
in the internal event set of the object; settings of these flags may also influence dispatching of incoming events. Essentialy, a
logical “and” on the incoming event sequences is performed.

’: AND SynchronizationPoint

SynchronizationPoint redef (initialize, initializeOnCopy, addSyncEvent, deleteSyncEvent, dispatchEvent)

_ Xinitialize

initVajue - Value

The internal array of synchronization eventsisinitialized; all internal flags, attached to the' elements of this set,
are sef to FALSE.

Exceqgtions raised: None.

— XinitializeOnCopy

All infernal flags, attached to the elements of this set, are set to FALSE:

Exceqtions raised: None.

—addByncEvent

syncEpent;,,: RefEvent [Shallow Copy]
exceptions: { RepeatedEvent}

The eyent isregistered in the internal set of synchronization events. The same event cannot be registered tyvice.
The velue of the associated flag is setto FALSE.

Exceqgtions raised:
RepeatedEvent The event syncEvent;, is already registered.

— delgteSyncEvent

syncEpent; . ‘RefEvent [Shallow Cppy]
excep]ions {UnknownEvent}
|

The event is deleted from the internal set of synchronization events. Also, all events, having the same event-
Name and eventData structure tag values as syncEvent;,,, have their associated flag set to FALSE.

Exceptions raised:

UnknownEvent syncEvent;,, has not been registered in the internal set.
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— dispatchEvent,

newEvent;,,: Event
exceptions: { UnknownEvent}

The original behaviour of dispatchEvent, as defined for the object type SynchronizationPoint, is modified by
possibly delaying the notification of event reception. The incoming event is compared with the events stored in
theinternal set of synchronization events; if amatching event isfound (i.e., the event stored in the set is equal to
newEvent;,,), the flag associated with this element is set to TRUE. If all events, having the same eventName and
eventData structure tag values, are flagged with a value TRUE, the origina behaviour of dispatchEvent applies
(i.e., the event clients are notified) and al registered events, having the same eventName and eventData struc-
ture tag val ugs-havetheir-assoctatec =arecHtoFALS

PS ave asso ad B

If newEvent;{ is not registered in the internal set, the event is not dispatched, and an exception is raised.

Exceptions rIlsed:

UnkngwnEvent syncEvent;,, has not been registered in the internal set.

\: AND Synchy onizationPoint
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9.10

9.10.1

— CI OCkabStr act

Timing objects

Clock object

EnhancedPREMOObject

accur
accur

tickURIt Timeonit

hcyUnit: TimeUnit
bey: Time [Retrieve

object

ticky,

Unit ¢f ticks, of the accuracy measure, and the current accuracy value of the clock. See thedescription

— inqtireTick

behaviour in 7.8.1 (page 12) for further details.

Dnly]

Df the

: Time

Retur

Excey

ns the number of ticks elapsed. Subtypes of Clock shall attach a precise semantics to this operation.

tions raised: None.

—— Clo

9.10.2

:S{S

Clock

ticky,

— inglireTick

ck

SysClock object

Clock

redef (inquireTick)

: Time

Retur

NS the number of ticks elapsed since the start of the PREMO era, i.e., 00:00am, 1st January 1970, UT|

Exceptions raised: None.

—— SysClock

| SO/IEC 14478-2:1998(E)
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9.10.3 Timer object

The Timer object is described as a finite state machine; the state transition table is as follows:

From: To:| ISTOPPED TSTARTED TPAUSED
TSTOPPED Y Y N
TSTARTED Y Y Y
—— Timer
Clock redef (inquireTick)
timer CurrenfState: State [Retrieve Only]
start == s(TSTARTED, TSTOPPED | TSTARTED)
stop == s(TSTOPPED)
pause == s(TPAUSED)
resume == s(TSTARTED, TPAUSED | TSTARTED)

— reset

Theinternal fime register is reset to value 0.

Exceptions raised: None

— inquireTic

tickgye: Time

The operatio returns the el apsed time the object spent in TSTARTED state since it the internal time register has
been set to zgro.

Exceptions raised: None.

—— Timer
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9.11  Synchronization objects

9.11.1  Synchronizable object

The Synchronizable object is described as afinite state machine; the state transition table is as follows:

From To: | STOPPED STARTED PAUSED WAITING
STOPPED Y Y N N
STARTED Y Y Y I
PAUSED Y Y Y N
WAITING Y Y Y N

’: Syn¢hronizable[C]

EnharLcedPREMOObj ect redef (initialize, initializeOnCopy)

CallbackByName

curr:l:tState: Sate [Retrieve Only]
curremtPosition: C [Retrieve Only]
minimumPosition: C [Retrieve Only]
maxi mumPosition: C [Retrieve Only]

Mininmum position shall always be smaller thanthe maximum position.

startPosition: C
endPqsition: C

End ppsition of progression. The relation

minimumPosition £ startPosition < endPosition £ maximumPosition

shall glways hold,

Exceqtiansraised (when setting the attributes):

WrongValue The new position does not abide to the required relation, or is not
allowed for the current object type.

WrongState The object state should have been STOPPED
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loopCounter
repeatFlag:
nloop: N

currentDirection: Direction

*N [Retrieve Only]
Boolean

Wron

__ Xinitialize

initValue,,:

The direction flag, loop counter, the repeat flag, and the number of loop of progression.

Exceptions raised (when setting the attributes):

gSate The object state should have been STOPPED.

© ISO/EC

alue

The start and|end positions are set to their default values (defined in the subtypes of Synchronizabl€), the current
position is sdt to the start position, the repeat flag is set to FALSE, and both the values of ‘nlagp™ and the loop
counter issefito 1. The state of the object is set to STOP; initValug, is disregarded.

Exceptions rgised: None.

initValue,,:

— XinitializenCopy

alue

The start andlend positions are set to their default values (defined inthe subtypes of Synchronizable), the current
position is sdt to the start position, the repeat flag is set to FALSE, and both the values of ‘nloop’ and the loop
counter isseffto 1. The state of the object is set to STOP. initValue, is disregarded.

Exceptions rgised: None.

— XprogressiPosition

newPosition{;: C

than the curr:

This operati
progress on,

A new possilhle position, as used/bythe object in state STARTED, is calculated. The new value shall be greater

bnt position if the(Valde of currentDirection is Forward, and smaller otherwise. The function shall

return aval uI between minimumPosition and maximumPosition, and shall not return the values of “¥” and “-¥".

N is protected;* specific subtypes of Synchronizable should redefine this operation to implement
P.g., variousmedia.

Exceptions rzrised: None.
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— XprocessData

| SO/IEC 14478-2:1998(E)

intervalMin;,,: C
intervalMax;,: C

proce

Exceq

ESing on, e.g., various media.

tions raised: None.

Data on the progression space between intervalMin;, and intervalMax;, are “ processed”, for example, presented

directly, or extracted for processing within some containing component such as a media device. If the value of
currentDirection is Forward, data should be processed from intervalMin;,, toward intervalMax;,, including the

datum at interval Min;,, but not including intervalMax;,,. Otherwise, data should be processed from intervalMax;,
toward intervalMin;,,, including the datum at intervalMax;, but not including intervalMin;,.
This operation is protected; specific subtypes of Synchronizable should redefine this operation to implement data

Thec
if the

Irrent-pasition of the object is changed. No synchronization actions are performed during this change|

shoul d-be-either RAUSED or SFTORRED-

interval defined by the current position and newPosition;, includes reference points. The object’s

tions.

Start == s(STARTED, STOPPED | STARTED)
stop == s(STOPPED)
pause == s(STOPPED, STOPPED) A s(PAUSED)
resune == s(STARTED, PAUSED | WAITING | STARTED)
Exceqgtions raised:
WrongState The state transitiofn operation cannot be issued in the current|state.
— resgtlLoopCounter
exceptions: { WrongSate}
The vilue of the loop counter is set to the currentvalue of nloop.
Excegtions raised:
WrongState The object state should have been in PAUSED or STOPPED.
— jump
newPgsition;,: C
exceptions: { WrongState, WrongValue}

even
State

Exceptions raised:
WrongState The object state should have been in PAUSED or STOPPED.
WrongValue The new position should be between the start and the end

posi-
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— setSyncElement

refPoint;,,;: C
syncData;,,; RefSyncElement
exceptions: { WrongState, WrongValue}

The synchronization element syncData,, is stored at reference point refPoint;y,.

Exceptions raised:
WrongState The object state should have been in PAUSED or STOPPED.
WrongValue The value of refPaint;,, Is not between the start and the end posi5

tion, or a synchronization element was already defined for-that
position. The first tag in the exception data is set to thestring
“WrongPosition” or “Overwrite”, respectively.

— deleteSyncElement

refPoint;,,;: C
exceptions: {WrongState, WrongValue}

The synchronization element, stored at reference point refPoint;,, is deleted.

Exceptions raised:
WrongState The object state shouldhave been in PAUSED or STOPPED.
WrongValue The value of refPoint;, is not between the start and the end posi-
tion, or no synchronization elements have been stored at refPoin-
t- The first“tag in the exception data is set to the string
“WrongPRosition” or “ NoSync” , respectively.
— getSyncElgments
refPointl;,: €
refPoint2;,: €
syncDatay, ;: [seq (RefSyncElement 5:.C) [Shallow Copy]

exceptions: {WrongValue}

All synchronjzation elements, together with the corresponding reference points defined between refPoint1;,, and
refPoint2;,,, gre returned: The returned sequence includes the synchronization elements defined through the set-
PeriodicSyndElement operation, too.

Exceptions raised:

WrongValue The values areinvalid; either refPointl;,, > refPoint2;,, or the val-
ues are not within the bounds of the object.
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— setPeriodicSyncElement

startRefPoint;,: C

endRefPoint;,: C

periodicity;;: C

syncData;,,: RefSyncElement
exceptions: { WrongState, WrongValue}

The same synchronization element is defined for reference points at:
startRefPoint;,, startRefPoint;,+ periodicity;,, startRefPoint;,+ 2* periodicity;,, ¥4,

etc., until the end position of the object is reached or the value of endRefPoint;, is exceeded. The reference points
may gxtend beyond the current span, but only those which are within the span are considered when the©bject is
in STARTED mode.
Exceqgtions raised:
WrongState The object state should have been in PAUSED.or STOPPED.
WrongValue startRefPoint;,, or endRefPoaint;, is not between the minimum and

maximum positions or their values are'incorrect, the periodcity;,
valueis not positive, or a synchranization element would befover-

tively.

written. The first tag in the-exception data is set to the Ftring
“WrongPosition”, “WrongReriodicity”, or “Overwrite’, respec-
tively. In the last case, the rest of the exception tags list the con-
flicting positions.
— delgtePeriodicSyncElement
startRefPoint;,: C
endRgfPoint;,: C
periodicity;,,: C
exceptions: { WrongState, WrongValue}
The synchronization elements defined.for reference points at:
startRefPoint;,, startRefPdint, .+ periodicity;,, startRefPoint;,+ 2* periodicity;,, ¥4,
etc., until the end position of the object is reached, or the value of endRefPoint;, is exceeded, are deleted.
Exceqgtions raised:
WrongStaté The object state should have been in PAUSED or STOPPED,.
WrongValue Either startRefPoint;, or endRefPaint;,, is not between the [mini-
mum and maximum positions, the periodicity;,, value is not| posi-
tive_or no synchronization elements have heen stared atlthese

points. The first tag in the exception data is set to the string
“WrongPosition”, “WrongPeriodicity”, or “NoSync”, respec-
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_ setActionOnPair

stateOld;,; State

stateNew;,: State

action;,: RefActionElement

exceptions: { WrongState, WrongValue}

An action is associated to the tuple stateOld;,, ~ stateNew;,,; see 7.9.1.2 on how this action element is used by the
Synchronizable object. This operation replaces any action which has been previously defined on the same tuple.

Exceptions raised:
\NrontState The object state should have been in PAUSED or STOPPED.
WrongValue One of the states stateOld;,, or stateNew;, does not identify avalid

state The exception data contains the invalid state name(s).

— removeActionOnPair

stateOld;,: Sate
stateNew;,: tate
exceptions: {WrongSate, WrongValue}

If an action has been previously set by a setActionPair operation on the tlple stateOld;, = stateNew,, it is
removed.

Exceptions raised:
WrongState The object statehould have been in PAUSED or STOPPED.

WrongValue One of thestates stateOld;,, or stateNew;, does not identify avalid
state. Theexception data contains the invalid state name(s).

— clearSyncHlements

exceptions: {WrongSate}

All synchron|zation and action elements are removed.

Exceptions raised:
\Nroantate The object state should have been in PAUSED or STOPPED.

\: Synchronizgble
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9.11.2

’: TimeSynchronizable[C]

TimeSynchronizable object

| SO/IEC 14478-2:1998(E)

Synchronizable[C] redef (start, stop, resume, pause)

Timer redef (start, stop, resume, pause, reset)

speed: R

Number of unitson C for each tick in Time. The value depends on the current value of the attribute unit (inher-
ited fronrtheCtockobject)—See 792 page 16y for further detats—————————————————————
Exceqjtions raised (when setting the speed):

WrongState The object state should have been PAUSED orSTOPPED.
currmposition: Time [Retrieve dnly]
minimumPosition: Time [Retrieve dnly]
maximumPosition: Time [Retrieve dnly]
startHosition: Time
endPgsition: Time
Thesq attributes have the same semantics as the attributes with similar names of Synchronizable, except that the
values are expressed in relative Time rather than progression.space. See page 47 for further details.
start == Timer.start ; Synchronizable. start
resume == Timer.resume , Synchronjzable.resume
pauss == Timer.pause ; Synchronizable.pause
The tjansition operations affect the merged finite state machine of the object. See 7.9.2 (page 16) for fufther
detail 5.

_ sto
The Tjmer.stop ,-Synchronizable.stop action is performed; furthermore, a marker is put against the default [start
positipn in thé\progression space. This marker serves as a zero point for relative positioning expressed in fime
values.
Exceptionsraised None
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— reset

The internal time register is set back to zero (this behaviour is inherited from Timer), and a marker is put
against the current position in the progression space. This marker serves as a zero point for relative positioning
expressed in time values.

Exceptions raised: None

— timeToSpace

positionTime,,: Time

positionSpaceg—€

Returns the transformed value; takes into account the current value of speed, and the marker put by a previous
reset operatign, or the value of startPosition (if no reset has not been invoked).

Exceptions raised: None.

— gpaceToTifne

positionSpacg,;: C
positionTimeg, .- Time

Returns the tfansformed value; takes into account the current value of spéed, and the marker put by a previous
reset operatign, or the value of startPosition (if no reset has not been invoked).

Exceptions raised: None.

— jump

newPosition;},: Time
exceptions: {|WrongSate, WrongValue}

The value of| newPosition;,, is transformed,onto the progression space (using timeToSpace), and the resulting
value is used|to invoke Synchronizabl etjump.

Exceptions raised:
WrongState The object state should have been in PAUSED or STOPPED.
WrongValue The new position, calculated by timeToSpace, should be between

the start and the end positions.



https://iecnorm.com/api/?name=489ce8d554c87e54e943db5d20fe6229

© ISO/E

— setSyncElement

C

| SO/IEC 14478-2:1998(E)

refTime,,: Time
syncData;,: RefSyncElement
exceptions: { WrongState, WrongValue}

The synchronization element syncDatg;, is stored at the time value refTime,,,. Using the values of speed and the

time register, a corresponding reference point is also set on the progression space; however, if the speed and/or
the time register change, the reference point on the progression space must be re-set.

The synchronization element, stored at the time value refTime,, is deleted.

Exceptions raised:
WrongState The object state should have been in PAUSED or STOPPED.
WrongValue A synchronization element is already defined at the tite Value
refTime,. The first tag in the exception data is set to the s{ring
“Overwrite”.
— delgteSyncElement
refTime,: Time
exceptions: { WrongState, WrongValue}

Exceqjtions raised:
WrongState The object state'should have been in PAUSED or STOPPED.
WrongValue No synehfonization elements have been stored at the time alue
refPointj,. The first tag in the exception data is set to the s{ring
“NoSync” .
— get$yncElements
refTimel;: Time
refTime2;,: Time
syncData,,: seq (RefSyncElement © Time) [Shallow Copy]
exceptions: { WrongVal ye}
All synchroni zation-elements, together with the corresponding reference points defined between refTimel; { and
refTimez;,, arereturned. The returned sequence includes the synchronization elements defined through the set-
PerioflicSyncElement operation, too.
ExceptionsTaised:

WrongValue

Thevauesareinvadlid; i.e, refTimel;, > refTime2;,.
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_ setPeriodic

startRefTime,

periodicity;,:

© ISO/EC

SyncElement

o Time

endRefTime,,: Time

Time

syncData;,,; RefSyncElement
exceptions: { WrongState, WrongValue}

The same synchronization element is defined at the time values:
startRefTime,, startRefTime,+ periodicity;,, startRefTime,+ 2* periodicity;,, ¥4 ,
etc., until the value of endRefTime,, is exceeded. Using the values of speed and the time register, corresponding

reference poi

reference poi"u

Exceptions raised:
WrongState
WrongValue

ts are also set on the progression space; however, if the speed and/or the time register change, the
nts on the progression space must be redefined.

The object state should have been in PAUSED or STOPPED.

startRefTime;,, or endRefTime,, have incorrect values, the perio-
dicity;, value is not positive, or a synchrorniization element would
be overwritten. The first tag in the exception data is set to the
string “WrongPosition”, “WrongReriedicity”, or “Overwrite”,
respectively. In the last case, therestof the exception tags list the
conflicting time values.

startRefTime
endRefTime,
periodicity;,;
exceptions: {

— deletePerigdicSyncElement

o Time

: Time

Time

\WrongState, WrongValue}

startR
etc., until the
Exceptionsr
Wron

Wron

hi sed:
jSate
hValue

The synchrofi zation elements defined at the time'values:
efTime,,, startRefTime, ,+ periodicity;,,, startRefTime, ,+ 2* periodicity,, ¥4,
value of endRefTime, is exeeeded, are deleted.

The object state should have been in PAUSED or STOPPED.

The values of startRefTime;,, or endRefTime,, are incorrect, the
periodicity;, value is not positive, or no synchronization ele-

ments have been stored at these time values. The strings
“WrangPasition”  “\WWrongPeriodicity” or “ NaSync”  respec-

tively, are set asthefirst tag in the exception data.

\: TimeSynch
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