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Abstract. Since multiagent systems become more and more applied and
as a consequence, more and more complex, designers need methodologies
and tools to help them. The graphical modeling language Agent UML
[9] is such an example. It particularly focuses on the analysis and design
stage. Unfortunately, few work is done on generating code for Agent
UML. This paper presents our approach to generate code for Agent UML
sequence diagrams. The generation is applied to the English Auction
protocol.

1 Introduction

Multiagent system designers have several methodologies and tools to help them
designing their systems. The graphical modeling language Agent UML [9] [10]
[1] is a particular language used in the analysis and design stage. Even if several
works are done on it [9] [10] [6], for the moment, there does not exist algorithms
and tools to generate code from a diagram. It is especially the case for sequence
diagrams which are used to model interaction protocols. This absence is a prob-
lem since current formal description techniques such as finite state machines
[12], Petri nets [7] or languages like LOTOS, ESTELLE or SDL [13] have al-
ready algorithms to this purpose [3]. Generating code is called protocol synthesis
in communication protocol engineering [4] and forward engineering in software
engineering [2].

Protocol synthesis is the next stage after validation [4]. The aim of the pro-
tocol synthesis stage is to generate a program which behaves like the formal
description of the protocol. Generating code is composed of two steps. In a first
step which is more or less automated, an algorithm converts the formal descrip-
tion of the protocol into a program skeleton. This program skeleton represents
the structure of the protocol, i.e. the transitions between the different states.
This step only deals with program skeleton since it is not possible for an algo-
rithm to insert the semantics of the transitions. Generally, this information is
not supplied on formal descriptions. Moreover, this task is too difficult to be
performed by a machine: for instance, protocols have to conform to complex



standards. Inserting semantics is performed in a second step. This step is real-
ized by designers. Readers refer to [3] for a detailed view of algorithms proposed
by communication protocol engineering.

As stated above, Agent UML sequence diagrams is less endowed in compari-
son with other formal description techniques: there is no algorithm for generating
code until now. The aim of this paper is to fill the gap by providing first elements
for protocol synthesis. We do not supply an algorithm for protocol synthesis in
this paper. It will be the subject of another paper. This paper presents the
well-known English Auction protocol and an implementation of this one. The
implementation is derived from the algorithm. Thanks to this implementation,
designers have several basic elements for generating their own protocols. We
generate a Java program since the Java programming language is the most used
within agent community.

The remainder of this paper is as follows. Section 2 describes the example
of English Auction. This is the example for which we generate code. Section 3
describes our implementation of this protocol. Section 4 presents a discussion
in order to help designers generating their own protocols based on this work.
Section 5 concludes the paper and gives future directions.

2 The English Auction Protocol

In English Auctions, the auctioneer seeks to find the market price of a good by
initially proposing a price below that of the supposed market value and then
gradually raising the price. Each time the price is announced, the auctioneer
waits to see if any buyers will signal their willingness to pay the proposed price.
As soon as one buyer indicates that it will accept the price, the auctioneer issues
a new call for bids with an incremented price. The auction continues until no
buyers are prepared to pay the proposed price, at which point the auction ends.
If the last price that was accepted by a buyer exceeds the auctioneer’s reservation
price, the good is sold to that buyer for the agreed price. If the last accepted
price is less than the reservation price, the good is not sold.

The corresponding protocol in Agent UML is shown on Figure 1. The first
message inform is sent by the auctioneer and informs participants that the auc-
tion is open. The cfp message advertises the good to be sold. It also gives the
price that participants have to pay to get the good. Participants can answer ei-
ther by not-understood or by propose. They answer with not-understood if they
do not understand the message or the content of the message. They answer
with propose if they want the auctioneer to know that they accept to pay the
announced price.

After a fixed delay, the auctioneer answers either with reject-proposal for
rejecting bids or with accept-proposal for accepting bids. The winner of a round
is the participant who sent first a propose message.

Two choices are then possible: (1) if more than two participants have accepted
to pay the price, the auctioneer announces a new round with an incremented
price (cfp message), (2) if less than two participants accept to pay the price, the
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Fig. 1. English Auction Protocol in Agent UML

auctioneer closes the auction (inform message). Then, a winner is announced
if the hammer price is greater than the privately known reserved price (request
price).

3 Generating Code for English Auction Protocol

Last section described a sequence diagram for English Auction protocol. This
section presents an implementation in Java of that one. This implementation is
derived from an algorithm not presented here. As stated above, the correspond-
ing program is limited to transitions and some elements adorned on sequence
diagrams since it is not possible for an algorithm to add some semantic infor-
mation.

Generating code for a protocol should not be limited to write the transitions
into a program. We want to take into account the agents using the protocol.
Figure 1 presents two agent lifelines: Auctioneer and Participant. A lifeline is
any combination of instances, roles and classes so we must be cautious how to
define the Java classes. If we have just a class, we define a Java class but if we
have roles and classes, we define a base class and several children, as many as
we have roles. Figure 2 sums up this point.

Except derived Java classes for agents, we need several other information such
as a message server class for exchanging messages. Figure 3 shows the different
elements in the derived program. We use the stereotype «agent» to distinguish
agents from objects.

Agents Auctioneer and Participant do not interact directly but through the
message server. The class Message is used to store messages.
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We let apart the classes MessageServer and Message since they do not have
an impact on code generation. A MessageServer class is an RMI object which
is accessible to agents. Agents send or receive messages through two operations
in the class MessageServer.

The algorithm for code generation is a semi-automated algorithm since it
needs some information such as the number of instances of each role and class.
For instance for the example shown on Figure 1, we have two classes: Auctioneer
and Participant but it does not correspond to the number of agents within the
multiagent system. The piece of information is supplied at the beginning of
the algorithm. Cardinality in the multiagent system is rendered on Figure 3: a
number is given in the right top corner of agent classes. For instance, designers
know that there is exactly one copy of Auctioneer in the multiagent system but
several copies of Participant. The number of copy is not yet fixed since it is
written n. In our implementation, we have one agent for the class Auctioneer:
kenny and three agents for the class Participant: kyle, stan and cartman. A
second case where users are requested is for the number of messages. Figure 1
contains n, m or k but they have no meaning for the translation algorithm.

The classes Auctioneer and Participant are symmetric, i.e. when one sends a
message, the second one receives it and vice-versa. However, we present the two
classes since the management of messages is not the same whether the agent is
sender or receiver.

Agent class diagram of the class Auctioneer is shown on Figure 4. The Auc-
tioneer class derives from the class Thread to show that this class is an active
one.



<<agent>>
Auctioneer

- server : InterfaceRMIServer

- name : String

— message_1 : String = "inform(start auction)”

— message_2 : String = "cfp(initial price)"

— message_3 : String = "not-understood(ontology)"
— message_4 : String = "not-understood(syntax error)"
— message_5 : String = "propose(price)"

— message_6 : String = "reject—proposal(price)"

— message_7 : String = "accept-proposal(price)"

— message_8 : String = "cfp(new price)"

— message_9 : String = "inform(end auction)"

— message_10 : String = "request(price)"

+ Auctioneer(server_name : String, name : String)
+run()

+ main(args : array of String) {static}

- interaction()

Fig. 4. Auctioneer Agent Class Diagram

The attribute server corresponds to the link to the message server. The
attribute name is the agent name. Figure 4 does not present that this attribute
is initialized to the name of the agent: kenny, stan, kyle or cartman. The dash
which prepends the attributes means that these attributes are private to the
class. The symbol plus used below means that this element is public.

In order to simplify the code, the algorithm stores the messages as strings
explaining why ten strings appear in the class diagram.

The operation Auctioneer is the constructor of the class. It links the agent
to the message server. The operation run launches the interaction through the
operation interaction. The operation main is the entry point in the agent. main
executes the agent.

The main operation is the method interaction one. It represents the execution
of the sequence diagram.

We now present the operation interaction which is the main part in the class.
It contains the execution of the protocol. Usual approach in communication
protocol engineering for the protocol synthesis stage is to represent a protocol
as an if...else structure [4] [8]. For instance, if we have one interaction state and
several outgoing arcs for this state. One represents that with several i fs. With
this method, one has two levels of i f: one level for messages for each interaction
states and one nested level corresponding to interaction states.

The interaction states are not implicitly written on sequence diagrams. In-
teraction states begin at 0 and they are incremented each time one has a new
transition on diagrams. This increment is done following the sender’s point
of view. It means that the algorithm does not index states resulting from re-
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ceiving messages: just one state for the messages not-understood(ontology), not-
understood(syntaz error) and propose(price).
We only present below the code for the operation interaction. We remind

readers that this code corresponds to the one coming from the algorithm. As a
consequence, some information is missing since they are dealing with protocol

semantics.

private void interaction () throws RemoteException {
int state = 0;
while (state != 4) {

if (state == 0) {
Vector tmp = new Vector ();
tmp.addElement ("stan");
tmp.addElement ("kyle");
tmp . addElement (" cartman");
server .sendMessage (name, tmp, message 1);
state = 1;

} /it

if (state == 1) {
Vector tmp = new Vector ();
tmp.addElement ("stan");
tmp.addElement ("kyle");
tmp.addElement ("cartman");
server .sendMessage (name, tmp, message 2);
state = 2;

} /7t
if (state == 2) {
try {

sleep (d < t units);

} /) ey
catch(InterruptedException e) {}
Message msg = (Message)server .getMessage (name);
while ((msg. getMessage ()).length () != 0)

msg = (Message)server.getMessage (name);
state = 3;

}o//if



if (state == 3) {

server .sendMessage (name,
loser,
message 7);

50 server .sendMessage (name,
winner ,
message 6 );

state = 4;
y /)it
if (state == 4) {
60 Random rand = new Random ();

int i = rand.nextInt (2);

if (i ==0) {

Vector tmp = new Vector ();

tmp.addElement ("stan");

tmp.addElement ("kyle");

tmp . addElement (" cartman");

if (k >=2) {

server .sendMessage (name, tmp, message_ 8);

70 state = 2;

}o// it
}o//if

else {

Vector tmp = new Vector ();

tmp . addElement ("stan");

tmp.addElement ("kyle");

tmp . addElement (" cartman");

80 server .sendMessage (name, tmp, message 9);
if (actual price >= reserved price)
server .sendMessage (name, winner, message 10);

} //else
}o//if
} //while

90 } //interaction




The attribute state (line 3) contains the current state in the interaction. Four
kinds of messages are on the sequence diagram of the Figure 1:

1. messages without conditions and with multiplicity inform(start auction)

2. messages with conditions and multiplicity ¢fp(new price)

3. parallelism with AND  connector reject-proposal(price),  accept-
proposal(price)

4. decisions with XOR  connector  not-understood(ontology), not-
understood(syntax error)

When messages are sent without conditions, it corresponds to a simple mes-
sage such as the one on line 12 or on line 22. Lines 8 through 11 and lines 18
through 21 give the list of agents which receive these messages. The algorithm
gets this piece of information when it begins to generate code. The variable n is
now linked to the value 3 and to the agents stan, kyle and cartman.

The code for messages with conditions and with multiplicity are more or
less the same. The algorithm adds one if...else structure for the conditions.
Conditions are written within the if without considering if the presentation
conforms to Java notation. Two examples are on lines 68 and 81. These conditions
respect Java notation but these variables are not defined and not initialized.

Parallelism does not exist in Java for communication, so the algorithm se-
rializes the messages (lines 46 and 80). Decisions with XOR. connector need in-
formation. This information is not supplied by the sequence diagram. Decisions
are for the moment performed through a random function (line 61).

The last point is the deadline management between the c¢fp message and the
answers from the participants. This deadline is rendered as a marker bar on
sequence diagrams and the duration d < t units. We replace this information by
a Java sleep (lines 29 through 34). Thus, the agent which uses this method sleep
does nothing during the time associated to the sleep.

This code is generated without adding semantics to the transition so, some
problems arise for the selection of messages or for the conditions. For instance,
the auctioneer receives several proposals but there is no way to link these pro-
posals to the two messages accept-proposal and reject-proposal. Moreover, the
generated code only corresponds to read all the messages without doing some-
thing on these messages.

The code for the Participant class is quite similar. We give below interesting
elements for code generation. The following code is when agents receive messages.
We also take into account when the message is not the expected one:

if (state == 0) {
Message message = (Message)server.getMessage (name);
if ((message.getMessage ()).length() != 0) {
if ((message.getMessage ()).equals(message 1))

state = 1;
else
System.out. println (name + "_unexpected_message");
}o//if

yo// it
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The second example excerpt from the Participant class is when sequence
diagrams have a connector: either XOR, OR or AND. Since it is not possible
for agents to know in advance what messages will be sent, agents retrieve one
message then compare this message to all the possible messages. Once again, only
the structure is given not the semantics associated to the sequence diagram.

if (state == 4) {

Message msg = (Message)server . getMessage (name);
if ((msg.getMessage ()).length() != 0) {
if ((msg.getMessage ()).equals(message 8))

state = 2;
if ((msg.getMessage ()).equals(message_9)) {
msg = (Message)server .getMessage (name);
state = 5;
} /it
}//if
yo//if

4 Discussion

In this paper, we present the code generation for English Auction protocol.
The elements described here can be applied to other examples. Most of the
graphical elements on Agent UML sequence diagrams are shown on Figure 1 [10]:
agent lifelines, threads of interaction, messages, multiplicity, conditions, AND
connector, XOR connector and deadlines. Some few elements are not present
in this example: OR connector, nested and interleaved protocols and types of
message delivery.

The OR connector for messages CA-1 to CA-n means that zero or several
messages from this set of messages are chosen. If several messages are chosen,
they are sent concurrently. OR connector is derived as an if...else structure where
each if corresponds to one possible message. A default case is also supplied to
deal with the case where no message has to be sent.

Nested and interleaved protocols are directly inserted into the program, i.e.
the corresponding code for these protocols are generated then it is inserted where
needed. If nested protocols have a condition in order to do iterations, a loop with
these conditions nests the program skeleton for this nested protocol.

Agent UML allows designers to use several kinds of message delivery: syn-
chronous, asynchronous and delayed. The example presented here only uses asyn-
chronous messages. Synchronous messages use a different version of the operation
sendMessage. The operation sendMessageSync sends message synchronously. It
means that the operation in the MessageServer does not return till the receiver



does not acknowledge receipt. Delayed messages are described as asynchronous
messages since the delay does not have to appear in the code.

Reusing this implementation for new protocols is quite straightforward. The
classes MessageServer and Message do not have to be modified. Agents defined
in this example can be reused: only names and the interaction operation have
to be modified. Informally speaking, the algorithm corresponds to read sequence
diagrams from top to bottom. First, one reads the different roles and classes used.
The structure of the multiagent system is then derived. Then, for each agent
lifeline, one considers if it is a sending message or a receiving message, if there
are some conditions, if there is multiplicity. The two last pieces of information
modify how the interaction state is generated.

5 Conclusion

Protocol synthesis is one stage of interaction protocol engineering [5] or com-
munication protocol engineering [4]. It deals with the generation of a program
which behaves like the formal description. This stage is performed in two steps:
a first step uses an (semi-) algorithm which generates a program skeleton. The
second step is realized by designers and implements semantics. Until now, there
is no algorithm for generating code for Agent UML sequence diagram.

The aim of this paper is to give some elements to generate code for sequence
diagrams. We present one implementation of English Auction protocol. This
implementation is obtained by an algorithm not presented here. The implemen-
tation allows designers to seize how to generate code.

Except deriving a program from a formal description, this protocol synthesis
presents some interest since it is then possible to find how accurate is the model.
Some elements are missing on the representation of English Auction protocol as
shown on Figure 1. For instance, it is not written how to link the propose message
to the messages reject-proposal and accept-proposal. It might be interesting to
add on the sequence diagram that all the proposals are stored in a bag, then
the accept-proposal is sent to the first received proposal. This operation could
be done with OCL [11]. A second problem arises for the condition {k > 2}. It is
not possible to link this variable to the number of propose messages.

Future directions would be improving the quantity of generated code. Com-
municative acts in FIPA’s ACL are supplied with semantics. It would be interest-
ing to generate the code corresponding to the communicative acts. For instance,
if an agent receive an inform message, the algorithm could generate code which
updates the agent knowledge base. This feature has a counterpart since it needs
more information from users thus reducing the automation.
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