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1. Rationale
This paper proposes two sets of extensionsto SDL [8]:

» Gate Types and dynamic Gate Instances to make SDL more suitable for the specification and
description of open distributed systems.

»  Concepts for the dynamic creation of blocks and services to harmoni ze these constructs with
processes and to enable a more flexible specification design.

The decomposition of asystem into objectswhich interact at their interfacesis acommon baseline for
all technologiesfor the design and implementation of open distributed systems. This holds aswell for
the abstract framework, the Reference Model of Open Distributed Systems (RM-ODP, [2]-[5]) asfor
concrete architectures as CORBA [1], COM/DCOM or TINA [11].

Objectsare dually characterized by their state and their behaviour. They are always encapsul ated, that
is, changes in an object’s state can only occur as a result of an internal action or an interaction with
its environment. Interfaces again are abstractions of the behaviour of an object consisting of a subset
of the object’s interactions and constraints on their occurence. An object may support multiple oc-
curences of interfaces (of the same or different types). In order for two objects to interact, they have
first to obtain references to the respective interface instances, what is supported by the infrastructure.

These concepts are also reflected in the different languages for the computational specification of dis-
tributed systems, e.g. CORBA IDL or TINA ODL [12]. The computational languages provide means
for the specification of interface types/templates (interface definition in ODL, IDL) and for object
types/templates (object definition in ODL). On the other side, the concrete computational languages
are missing features for the descrition of behaviour and the actual configuration of the system to be
developed. To overcome this shortcome different approaches to combine SDL and IDL or ODL have
been made (cf. [5], [15], Y.SCE tool of GMD and other). These techniques start with a computational
specification in IDL or ODL, map them to SDL-92 and add the behaviour specification at the SDL
level. A major obstacle is however SDL's lack of concepts directly reflecting the concept of objects
and interfaces. This implies that the ODP concepts themselves have to be modelled with SDL. Dif-
ferent combinations of blocks containing processes and being connected by channels are used instead
of asingle ODP construct, what implies additional specification overhead.

2. Definition of Gate Types
Gate Types are defined by a gate type definition similar to the other structural type definitions:

<gate type> ::=[<virtuality>]
gate type <gate name>
[<formal context parameters>]
[<specialisation>] <end>
[adding]{<entity in gate type>}*
<gate constraints> <end>
endgate type [<gate name>] <end>



<entity in gate type> ::=
<signal definition>
| <signal list definition>
| <remote variable definition>
| <remote procedure definition>

<gate constraints ::= <gate constraint> <end> [<gate constraint> <end> ]

A <gate type> can be defined in those scope units where <service type>s can be defined. A <formal
context parameters> can be a <signal context parameter>, a <remote procedure context parameter>,
a <remote variable context parameter> or a <sort context parameter>. It is assumed, that the declara-
tion of remote procedure or remote variable identifiersin agate constraint implies the existence of the
appropriate implicit xCallA and XReply signalsin the respective gate constraints.

Gate typesreflect the concept of computational interface templates. The signals, remote variables and
remote procedures of the in gate constraint denote that an object supporting an interface of that type
will accept these stimuli in a server role, whereas having the same elements in an out constraint de-
notes that the supporting objects usesthem in aclient role.

Thefollowing example shows a definition of an interface typein CORBA IDL and the corresponding
definition of agatetypein SDL. The definition of the datatypes as well as the use of exceptions have
been omitted to keep the example small. Theinterface specifiesasimple broadcast service, where chat
clients can register or unregister themselves and can broadcast messages to all registered chat clients.
The derived interface NickBroadcaster adds two operations to change the nickname and to receive a
description of the receiver object belonging to a nickname. Additionally an attribute has been intro-
duced containing the number of currently registered chat clients. The example will also be used in the
subsequent chapters to visualize the application of gate types and type based gate definitions.

interface Broadcast gate type Broadcast;
remote procedure register

void register( fpar in rcvr Receiver, id, nick charstring;
in Receiver rcvr, remote procedure registerWCheck
in string id, fpar in rcvr Receiver,id, host, nick charstring;
in in string nick);

) . remote procedure getRecvrNames
void registerWCheck returns StringSeq;

(in Receiver rcvr,
in string id, in string host, in string nick);
void unregister(in Receiver rcvr);

StringSeq getRecvrNames(); endgate type; ) )
oneway say(in string text): gate type NickBroadcast;inherits Broadcast

% adding

signal say (text) ;
in with register,registerWCheck,getRecvrNames,say;

interfaceNickBroadcast : Broadcast remote NoOfClients integer;
{ remote procedure setNickName

fpar in rcvr Receiver, nick charstring;

readonly attribute long NoOfClients; remote procedure getReceiverByNick

void setNickName(in Receiver rcvr, fpar in nick charstring;
in string nick); in/out desc ReceiverDesc;
void getReceiverByNick(in string nick, in with setNickName,getReceiverByNick, NoOfClients;

out ReceiverDesc desc); endgate type;

}

3. Type Based Gate Definition

Gates may be defined directly or based on a gate type definition. Therefore the following changes
have been made to in Z.100 Chapter 6.1.4:



<gate definition ::= <type based gate definition>
| <direct gate definition>

<direct gate definition> :;=gate <gate>
[adding] <gate constraint> <end>
[ <gate constraint> <end> ]

<type based gate definition> ::=gate <type based gate heading> <end>
<type based gate heading> ::=<gate name> [<number of gate instances>] : [reverse] <gate type expression>

A type based gate definition defines a set of gates. Several instances may exist at the sametime. The
initial number of type based gate instances which exist when the systemis created, is zero. Thisisdue
to the fact that a gate instance is always related to a behaviour unit (i.e. its creator). However, to boot-
strap the communi cation at most one type based gate definition of a<block type definition>, a<proc-
esstype definition> or a<servicetype definition> may be preceded with the keyword initial. Number
of instances represents the maximum number of simultaneousinstances of the gate, if it isomitted the
number of simultaneous instances is unbounded. The keyword rever se indicates that the in and out
gate constraints of the gate instance set are in reverse direction to the constraints of the gate type.

4. Gld sort

The GId sort is a speciadization of the Pld sort or syntype to Pld. Gld values denote unambiguously
gateinstances and will bereferred to as gate references. Gld expressions can be used at the same plac-
es as Pld expressions.

5. Creation and Deletion of Gate instances

The creation and deletion of instances of type based gate definitions is part of the behaviour. A be-
haviour instance (i.e. process or service instance) must only create gate instances which are directly
attached to itself or to one of its surrounding units (i.e. process or block). To create gate instances the
create request has been changed as follows:

<create request> ::= create <create body>
<create body> ::= {{ pracess identifier> | this} [<actual parameters>]}

| <gate identifier>
The create action causes the creation of a new gate instance in the gate instance set denoted by <gate
identifier>. The creating process offspring expression has the same unique new Gld value as has been
assigned to the new gate instance (i.e. offspring is areference to the new gate instance).

If an attempt is made to create more gate instances than specified by the maximum number of instanc-
esin the type based gate definition, then no new instance is created, the offspring expression of the
creating process has the value Null and interpretation continues. As soon as a new gate instance has
been created, all signals, remote procedures and remote variables routed inward through that gate in-
stance are further routed directly to its creator. Only the creator itself may use the gate instance for
outward directed communication. (cf. Sect. 6.). Dynamically created gate instances must only be de-
leted by its creator. Deletion of a gate instance is done by a delete action:

<action> ::=
| <delete action>
<delete action> ::= delete <Gld expression>

A delete causes the immediate removal of the referenced gate instance. All further attempts to com-
municate via this gate instance lead to a discard of the signal resp. remote procedure. If a behaviour
unit ceasesto exist (i.e. it interprets astop), all existing gate instancesit has created cease to exist too.

The next example shows a fragment of the chat client process. After receiving areference to a broad-



cast server the process creates a gate instance for chat communication and registers itself with this
gate instance at the chat server. Thisleadsto abinding between a gate of the broadcast server and the
new created gate. After participating for some time in the chat session the process deletesits gate and
leaves therefore the chat session

C wait_for_Serverld > < Chat >

Serverld (id)

|
— |
ChatAccess F- —| retry

delete melrecinterface

null
C some_state >

offspring

| melrecinterface := offspring | | delete melrecinterface |
register .
(ogsprlng, ‘me‘,'sam’) to id
| ael id Gld -
| v
< Chat > me ReceiverDesc = (. null, ‘me‘,‘'me .");

6. Communication using type based gates

Gates based on gate types can be used in <output>s, <import expression>s and <remote procedure
call>s. This may be done using the <gate identifier> in a<via path> or using areferenceto agatein
a<viapath> or as <destination> (cf. Sect. 4.). Thisimplies the following changes to the syntax:
<via path element> ::=  <signalroute identifier>

|<channel identifier>

|<gate identifier>

|<Gld expression>
If a<Gld expression> isused in a<destination> the <signal>, <remote procedure call> or the <remote
variable> is delivered to the behaviour instance supporting the reference gate instance. Explicit or im-
plicit channels and signalroutes will be used. If the gate instance does not exist, the <signal>, <remote
procedure call> or the <remote variable> is discarded. The same holdsin case that the gate type of the
referenced gate does not contain the <signal>, <remote procedure call> or the <remote variable> in a
<gate constraint> with direction in.

If a<Gld expression> is mentioned as <viapath element> it must reference a gate instance supported
by the sending behaviour unit or by the receiving behaviour unit. If no via all is stated at most two
<Gld expression>s must occur within a <via path>. Where two such <Gld expression>s are used one
must reference agate in the reverse direction of the other. If these conditions do not hold the <signal>,
<remote procedure call> or the <remote variable> will be discarded. The same holdsin case that the
gatetype of thereferenced gate does not contain the <signal>, <remote procedure call> or the <remote
variable> in a <gate constraint> with direction out in case of a sender gate. Otherwise the <signal>,
<remote procedure call> or the <remote variable> will be delivered to the behaviour instance support-
ing the referenced receiver gate or will be transmitted viaa communication path connected to the ref-
erenced sending gate (in case no receiving gate is mentioned).



If a<gate identifier> of atype based gate definition is mentioned explicitly in a <via path element>
or if in the communication path to be used exists a <channel endpoint> or a <signalroute endpoint>
denoting atype based gate definition, an arbitrary selection between the delivery of the <signal>, <re-
mote procedure call> or the <remote variable> to one of the behaviour instances supporting a gate
instance within the gate instance set <gate identifier> or the discarding of the <signal>, <remote pro-
cedure call> or the <remote variable> in case of an empty gate instance set will be done. The delivery
can be made deterministic when additionally a<Gld expression> is mentioned in the <via path> or as
<destination> or a <Pld expression> is used as <destination>.

If <destination> is given by a <Pld expression> or a <Gld expression> and a <Gld expression> is
mentioned in a<viapath> the <destination> must identify that behaviour instance which supportsthe
gate instance referenced in the <via path> or the gate instance must be supported by the sending be-
haviour instance.

The following additional semantics applies to the consumption of <signal>, <remote procedure call>
or the <remote variable>: The sender expression of the receiving behaviour instanceis given the Gid
value referencing the outgoing gate instance of the originating process in case such a gate was men-
tioned in the <viapath> of the <output> <import expression> or the <remote procedure call> and the
Pld value of the originating process otherwise. These values will be implicitly assigned by the origi-
nating process and carried by the <signal>, <remote procedure call> or the <remote variable>.

7. Additional Concepts

The concepts explained below are not necessary for the introduction of gate types. However, together
with the gate type concepts these concepts ease the model ling of open distributed systemsusing SDL.

Dynamic Services

Services can be created dynamically similar to processes. The creation rules, the number of initial in-
stances and the maximum number of instances follow semantically and syntactically the rules for
processes. A service instance may only be created by another service instance of the same process.
Thenewly created serviceinstance executesits start transition when its creator reaches astate. At least
one service instance set of a process must have an initial number of instances greater than zero. At
most one of the services with an initial number of instances greater than zero may be preceded with
the keyword initial. The complete valid input signal sets of two service instances within one process
may overlap.

The concept of dynamic gates allows a server process to support multiple gate instances at the same
timein an interleaved fashion. Although all services have their one state body, they do share the var-
iables of the process. The figure shows a service decomposition for the MultiChatClient processtype,
where each single chat session is controlled by a separate service instance. The service instances are
created on request by the Manager. In order to communicate with the Broadcaster the serviceinstanc-
esdo create in their start transition a new gate instance of type ChatClient.

Dynamic Blocks

Blocks can be created dynamically similar to processes. Again the creation rules, the number of initial
instances and the maximum number of instances follow semantically and syntactically the rules for
processes and at least one process instance set of a block must have an initial number of instances
greater than zero. The offspring expression of the creator references an arbitrary initial process in-
stance within the created block instance. The par ent expressions of all initial processinstanceswithin
the new block instance have the same Pld value as the creating process self. At most one of the proc-



service type SessionType
<gate g atleast ChatClient>
|| fpar ChatServer Gld;

| MultiChatClient

process type MultiChatClientS
inherits MultiChatClient
adding

g

ChatAccess

/= null

Session%_O,S) :
SessionType
<ChatAccess>

( Chat >

esses with an initial number of instances greater than zero may be preceded with the keyword initial.
In this case the offspring expression of the creator references an arbitrary instance of the initial pro-
Cess.

register
(offspring, ‘me‘,'sam’)
to ChatServer

The rules may be applied recursive in case of adynamic block being decomposed into blocks. In this
case at most one of the blocks with an initial number of instances greater than zero may be preceded
with the keyword initial. A dynamic block instance ceases to exist if all its contained process instan-
ces or block instances cease to exist.

Initial Gateinstances

At most one type based gate definition of a <block type definition>, a <process type definition> or a
<service type definition> may be preceded with the keyword initial. Thisimpliesthat after the crea-
tion of an instance of atype based definition of such atype implicitly also an instance of the initia
gate will be created. The offspring expression of the creator as well as the offspring expression of
the behaviour instance supporting the gate instance both have the same value referencing the initial
gateinstance. If theinitial gateisnot directly attached to a behaviour instance, the defining unit of the
gate must contain an initial instance. This rule may be applied recursive until the initial instanceis a
behaviour instance. Thisinstance implicitly creates the initial gate and supportsit.

With the concept of dynamic blocks the creation of configurations of processes is possible. The ex-
ample shows, how arelay broadcaster can be build by using the existing BroadcastServer.

Dynamic Binding

Dynamic binding allows the configuration of the communication infrastructure (channels, signal-
routes) at interpretation time. The bind action sets up a communication path between two interfaces:
<imperative operator> ::= ...

|<bind expression>
|[<unbind expression>

<bind expression> ::= bind (<GId expression> , <Gld expression>)
<unbind expression> ::= unbind (Gld expression [ , <GId expression>] )

Both expressions are of the predefined Boolean sort. The <bind expression> sets up a dynamic com-



block type RelayServerT;
block ChatServer (1,): BroadCastServer

block LocalBroadCaster (0,) :BroadCastServer

BroadCastAccess UserAccess UserAccess

b g

BroadCastAccess

A

initial block LocalManager

Manager (1,) :RelayManger
initial Manager(1) : ManagerlF

block SimpleClients A

ChatAccess A
User(1,) :UserClient | [~~~ """~ """"""7°7°°"°7°°"7

munication path between the gates referenced by the two <Gld expressions>. The following condi-
tions apply:

1. both referenced gate instances must exist.

2. at least one of the referenced gate instances must be supported by the calling behaviour unit

3. thetypes of the two gates must be compatible, i.e. al <signal list items> within the out gate
constraints of one gate type must be contained in the <signal list> of the in gate constraint of
the respective other gate type and vice versa.

If these conditionsarefulfilled, the <bind expression> yieldsthe value true otherwisefalse. In the suc-
cessful case a dynamic communication path is set up. Aslong as the conditions are fulfilled multiple
gate instances can be bound to a gate instance. Unbind del etes the dynamic communication path be-
tween the two referenced gate instances. The caller of unbind must support at least one of the gates
referenced in the unbind expression. If only one <Gld expression> is given, all bindings to the refer-
enced gate are deleted. Unbind yieldstruein case where the deletion is performed and otherwise fal se.

An <output>, <remote procedure call> or an <import expression> having a bound gate supported by
the sending unit in its <via path> will always be transmitted to the behaviour unit which supports the
gate instance the sending gate is bound to. If multiple gates are bound to the sending gate, the via all
semantics applies.

8. Conclusion

The introduction of gate types and the dynamic creation of blocks and services enhance SDL for the
computational specification of distributed systems.

The concept of gate typesis currently under consideration at the ITU-T SG10/Q6. An extended ver-
sion of this paper has been presented at the Q6 Expert meeting in Erlangen and at the Study Group
Meeting in Geneva (March/April 1998).

Wewould especially liketo thank Mr. Anders Olsen from Cinderellal/S/ TeleDenmark, whose paper
on gate types [14] was a starting point for our work, for the helpful and intensive discussions which
have significantly contributed to this paper.
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10. Annex

package Chatlnterfaces;

gate type Broadcast; /* Instances of this gate allow a user to register at a broadcaster, to get the list of
registered users and to submitt messages to be broadcastet */
remote procedure register fpar in rcvr Receiver, id, nick charstring;
remote procedure registerWithCheck fpar in rcvr Receiver, id, host, nick charstring;
remote procedure getRecvrNames returns StringSeq;
signal say (charstring) ;
in with register,registerWithCheck,getRecvrNames,say;
endgate type;

gate type NickBroadcast; /* Users of instances of this type may use additional nicknames, ask for receivers by
their nickname and can obtain the number of registered clients */
inherits Broadcast
adding
remote NoOfClients integer;
remote procedure setNickName fpar in rcvr Receiver, nick charstring;
remote procedure getReceiverByNick fpar in nick charstring;
in/out desc ReceiverDesc;
in with setNickName,getReceiverByNick, NoOfClients;
endgate type;
gate type NickBroadcast2; /* instances of this type will be used by to broadcast messages to its clients */
inherits NickBroadcast
adding
out with <<gate type ChatClient >> print ;
endgate type;
gate type Client /* chat users can use this interface to receive messages */
signal print(charstring);
in with print;
endgate type;
gate type ChatClient /* chat users use this interface to contact the broadcaster and to receive messages */
inherits Client;
out with register, registerWithCheck, getRecvrNames, say, setNickName,
getReceiverByNick, NoOfClients;
endgate type;
syntype Receiver = Gld endsyntype;
newtype ReceiverDesc;

struct  recinterface Receiver; I* references the gate instance of a client */
id, nickname charstring; /* name and nickname of the client */
endnewtype;
newtype
ReceiverDescSet array(Gld, ReceiverDesc)
endnewtype;
endpackage;

use Chatlnterfaces;
use Infrastructure / gate type TraderInterface;
package ChatObjects;

block type BroadcastServer;

initial gate BroadCastAccess : NickBroadcast;

initial UserServer(1,)

. gate UserAcess : reverse Client;
virtual ServerT —




virtual process type ServerT

. irtual virtual

virtual ’ ‘ v ’ ‘

p exported exported
del ‘ registered registerWitCheck setNickName
string charstring, virtual virtual virtual
users ReceiverDescSet := (.null.); exported exported exported

register getRcvrNames getReceiverByNick
< virtual > working
| [
virtual
BroadCastAccess - ~| interface creation say(string)

call false

parent null registered(sender)
/=null true
;Soe[)v:frgfjl t(offspring) %Jf?r%%%pg CHATSVRY) \F;P; ;I(Isgiggr)Access
- -t
working

< working >

virtual process type Client;

gate ChatAccess (1) : ChatClient;
endprocess type;
virtual process type MultiChatClient;

gate ChatAccess : ChatClient;
endprocess type;

process type MultiChatClientS
inherits MultiChatClient
adding

Session(0,5) :
SessionType
<ChatAccess>

ChatAccess

Manager(1,1) :
ManagerType

virtual service type SessionType
<gate g atleast ChatClient>
fpar ChatServer Gld,

user Gld, id, nick charstring;

virtual

g

/=null

register
(offspring, id,nick)
to ChatServer

( Chat )




virtual exported procedure register /* other procedure definitions have been omitted */
fpar in rcvr Receiver, id, nick charstring;
dcl g Gld, Rdesc ReceiverDesc := (. null, * *,* * .);

C )

/=null
ReceiverDescSet (Receiver .
- -| already registered
UserAccess -- ~| interface to communicate to the new user
I
g := offspring,
Rdesc := (. rcvr,id,nick .),
ReceiverDescSet(rcvr) := Rdesc
bind (offsping,rcvr) F- ~| set up communication path for broadcasting
virtual process type Client; del L
. | id Gld, text charstring,
virtua me ReceiverDesc := (. null, ‘me‘,'me .%);

< wait_for_Serverld > ( Chat )

virtual Serverld (id) irtual print(text)
virtual print(tex

= |

ChatAccess - — { retry
I Chat

null

offspring

melrecinterface := offspring delete melrecinterface

register. .
(offspring, ‘me‘,'sam’) to id

C o

endpackage;




use ChatObijects;
use Chatlnterfaces;
use Infrastructure;

system ChatApplication;
block ChatServer (1,): BroadCastServer

BroadCastAccess UserAccess

block type RelayServerT;

UserAccess

BroadCastAccess

block LocalBroadCaster (0,) :BroadCastServer

A

initial block LocalManager

*

Manager (1,) :RelayManger ’
initial Manager : ManagerlF

block SimpleClients

ChatAccess
User(1,) :UserClient

‘..

gate type ManagerlF;

signal enlist(Gld),
leave (Gld);
in with enlist, leave;
endgate type;

\

Trader :TraderInterface

block MiddleWare(1,1) : <package infrastructure>Infrastructure

[*User processes in SimpleClients can obtain a
gate reference to a ChatServer from the trader or
can create RelayChatServers.

They can participate in many chat sessions,
moderate their RelayChatSessions an add a
RelayChat session to a chatserver.*/

process type RelayManager
adding gate Access (0,) ChatClient;

inherits ChatClient

LocalBroadCaster

myBroadCaster := offspring

wait_for_Serverld

else

tsc? )llﬂgt/%gadcaster

[ I ]
enlist (svr) leave (svr) redefined print(text)<
Access

unbind (svr)
null
sender
/= null myBroadcaster
register delet i
(offspri%g, fd,nick) elete sessions(svr)
to svr
sa t
sessions(svr) := offspring Vla/ éha/y&cess
( Chat ) ( Chat ) Chat ) ( Chat

Chat

) ( )




