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Equipment support agent communication language based on
extended FIPA-ACL

PU Wei, LI Xiong

(Laboratory of Army Equipment Warfare Simulation, Academy of Army Armored Forces, Beijing 100072, China)

Abstract Aiming at the problem that the semantic description of primary FIPA-ACL in the equipment

support agent communication is not enough, the communication efficiency is low and the semantic recog-

nition is not accurate, design and implementation of agent communication language based on extended

FIPA-ACL is proposed. Firstly, the communication performatives of FIPA-ACL are extended, and the

formal semantics of the primitive is described. Secondly, the communication ontology is defined. Thirdly,

the content grammer is defined and the communication content is described based on FIPA-SL. Finally,

the agent communication language is implemented. The feasibility and effectiveness of the proposed lan-

guage is verified by a study case of military equipment support simulation demonstration and effectiveness

evolution system.

Keywords FIPA ACL; Agent; Agent communication language; equipment support

1 ��

�����	�����
���,	��
	��	�����,
�� Agent���	

� [1],

	��
	�����	
��,�	����
	���	���
�������	���

�
�.�� Agent���
		
�,� Agent���������������,���
	 Agent

���������������������.

Agent ���� (agent communication language, ACL), �
����� Agent ��������, �

��� Agent ����������� “��” �� [2−3]. ����� (speech action) ��, ����
Agent ��� (The Foundation for Intelligent Physical Agents, FIPA) ���������� (knowledge
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query and manipulation language, KQML) ����, ��	 FIPA-ACL, 
�*� Agent ����, ��

�	 !+�, �	 Agent ���"#��. ,� FIPA-ACL �+��	, !�-.�$ "#�!/�
�$�#, 	 FIPA-ACL ��	.��"$, �#%����$0�. 12 [4]  "$�� Agent ����
���3	&� FIPA-ACL ���
���	.�; 12 [5] ��	
� ACL �"%45'
6; 12

[6–8](	 �&�%'&��%�!/, �(	 FIPA-ACL�"$, )		� Agent����
6, #%
	����$0�. �!.�"���(	)7!/�		 FIPA-ACL��"**��.�#&,	���
�
	�� Agent ����������+���$�+��&',,.

��
	 Agent���
	�����'�-(�-()8�

	+�9$��, Agent����
�).��
�**
+�,������+,��, :-, ��
	 Agent �������+���/.
�./.���,�&� FIPA-ACL������
� Agent���%"����,�&� FIPA-ACL0
-���
	 Agent ���, '��8�	: ;�	&/���	��<��.!, 0��/��'0

=		0//.(0��.!,�1���<%�#)�.��*
���.:-,)120��
	 Agent

����$0�, 11 FIPA-ACL 23
6=	 )���, ->1?��
	/.(�, 	 FIPA-ACL

���&���"$,	��
	!/���)���+<,��<�� (FIPA semantic language, FIPA-

SL) 	������%4, +	"�+���
	 Agent ��������, ��(/5��
	����
@A���23�����,54+�.

2 ���j FIPA-ACL 2k34l Agent  !m�2nm�5

2.1 FIPA-ACL 6"#o$%&'p
�������, FIPA-ACL +<	 22 /��4���&� [9], B36����� [10], 20��

&���C3�-��	78����	�"��%�7�9�:D;� 5 /�)�4< [11]. �(	�

! 5 ���&��-E34, 

1, FIPA-ACL = KQML>*��, -�F+���
1���&�/
�, .G���&�//, 5

1, "+<�.G��&�?�(	"��%58��8+�, @/0"

�H����%���	����3 [12]. ��
	 Agent ���I6�19�� )�����, �+

,/.������
2, :-, 0�	 FIPA-ACL ��&���"*, ��
	/.�3, #%��
	
Agent �������0�. �#%""$���&����4��, 

1I611��
	/.���
4,%+, )
""$���&�&178��
	/.���&/Æ6, 5

1, %(	��
	/.
���#�$�Æ6�	46��&�"*, �(	%����
	/.��46���,AJ, )
"

"*���&�$�/9���4, %7#%B5��
	/.
2�0�, �+�:0+��
	/.

2>*C�, ""*���&�6� 1 "7.

2.2 ':o$6$()*
20 FIPA�����8%4, FIPA-ACL�

���&�?�I6��<+<,  FIPA-ACL

=	�%�� Agent ����, �.#)��
�3�. 20%4, 9
/��&�?0�=;
��.!�=	��7: 4/
1��.!. �

""*� collaborate-task-broad &��:, 	-

���<+<:

1) ;�

< 1 +=>,-q.
#$?% �D;K LMEN

order ;<
8O<�"
Agent @=ask-for-instruction 9:

state-report Æ>

collaborate-task-broad PQ;RFG

F<PQ?'�

�" Agent @=
collaborate-task-request PQ;R9=

collaborate-task-control PQ;R=A
collaborate-inform PQ$S#Æ

� collaborate-task-broad@->
/A�/ Agent >?
/0�-T�.G, �H@IB=	�

Agent >?��.GA�.

2) .!

>? Agent i ��.G0�-> Agent j ����T, �+���-> Agent j ���JKB.G,

B3�>� collaborate-task-broad��&�, C.G0�D�-> Agent j.
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3) =	��

collaborate-task-broad &��=	���$����
	.G, U FIPA-ACL ��=	���$�
=	����;�, :-, =	���+<L�.G
M�!=	��B)�:

Task Template={.G46 Task Type,.G	J Task Object,.GN# Task Pos,.GC� Task Time,

.GCD Task Resource}.
4) 7:

7���DV.G� Agent i>O	DV	J object-k �EWV�P�.G0�,�� 2015? 10E
12 E 12 C 30 -, ?X 123 �N� object-k �E ID F� 100202 �WV�P, 10 /0X�
	:

(collaborate-task-broad

:sender (Agent-Identifier :name i)

:receiver(Agent-Identifier :name all)

:ontology equipment-support

:language FIPA-SL

:content “(Task :type “material support” : object “object-k” :pos “123” :time 20151012T123000000z :

material (set (mat :id 100202 :count 10)))”

:reply-with c10

)

3 ���j FIPA-ACL 2k34l Agent  !m�2/0F1

3.1 rGHs Agent "#$2634I5J(
FIPA-ACL �������$���<��;��, Q����	"+<���&���	��.!,

	@	��&'
6, %4��� FIPA-ACL �������RY�:T&	B��&'
6����.

��&'
6��UZS[�, [G3��
�\�-���K�HA�9��. ZS (Predicates)��

.![�4.A[���, � 1 /A�/[��)ZSI2, F,� True A False; �K (Primitives) �

7�)'046, 6L', J#', MKT�; HA (Concepts) �7BL	J��, UHAC6 1 /A�/

G4U�, G4UUG4C6G4,�, G4,3���KB3��->HA; 9� (Actions) �7(
	HA/� Agent 37��$���.

���&'
6�)��/	�!)!/�����
2�M", ��**	ZS�HA9��+
<, N���*
D����)�+<, V�:����	
�����N< [13]. :-, �����
	
Agent��11""*���&�����,���<��,11��
	!/�)7H�%4,	��
	
!/���)���	]2��+<, -<+<	
	IO����W^��P�C��N#��J46�

	.G�HA, XK
	�+#
	�PQ
	��J�_`�W^LY��PLY�ZS, DE�DV�W^

Z@��PZ@�9�, ��P�XK
	�PZ@�:, "+<�)�6� 2 "7.

3.2 rGHs Agent "#$2634$RJ(
FIPA-SL �
� FIPA +<��<��, �
FZSGO�7 Agent ��78=	����<, 3�

��	��&'
6��! [14−15]. � FIPA-SL ���%4, )1��L� FIPA-SL[ FIPA-SLI

2� "�
�	��
	 Agent �����������+<.

1) FIPA-SL [

&M'0[, �7[��&M'046, 'M0-�L'AJ#'�7�MK�*aF�7EN�
<YYYYMMDD>T<HHMMSSMMM> �7.

�"[,**	M"�bHI�,M"��#[Ob;�,bH��#[Ob��,M".!� (set <elem1>

<elem2> · · · <elemN>), bH.!� (sequence <elem1><elem2> · · · <elemN>).

P'[, UP'C�&'C&',�, -62� (function :prop1 value1 :prop2 value2).
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< 2 tSTuU6V7
�\ J] ^K

QK Equipment(��)

<Equipment>

<name>STR</name>

<id>INT</id>

<state>STR</state>

</Equipment>

c_ Damage(F<�P)

<Damage>

<object>[Equipment]</object>

<type>[Damagetype] </type>

<pos>[Position]</pos >

<time>[Time]</time>

</Damage>

`� Rush-Repair(Qd)

<Rush-Repair >

<object>[Equipment]</object>

<supporter>[Equipment]</supporter >

<pos>[Position]</pos >

<time>[Time]</time>

</ Rush-Repair >

9���2, -�� )� (action <actor><action-type>),-� actor�77�9�� Agent, action-

type 
a��7$�9��P'.

/6��2, �7#%
+WR40�	J,-�� )� (<quant><var><formula>),-� quant�

7�S (iota�all�any�some), var �7C�, � “?x” �7, formula � FIPA-SL I2.

2) FIPA-SL I2

&XI2,U
/ZSC6
/[&'H��, -�� )� (predicates(item1)(item2)· · ·(itemN)).

�"I2, C&XI2�GOL-K (not�or�and�implies  equiv) L-��"I2, �C3�

�'��S (exists) &6�S (forall) 	 “?x” C���VS, �&XI2��)�"I2.

3.3 rGHs Agent "#$2634Y8J(
�"+<���
	 Agent ������������%B, 11��&'
6��, �	@��

�
	 Agent �������)�+<, 	""$���
	 Agent����&��������.!, �

����
	 Agent ����<������.

1) order�collaborate-task-broad� collaborate-task-control&������
order�collaborate-task-broad � collaborate-task-control &�������$�0�8�A����

�-> Agent 7��.G, :-, �(
/P'[AP'bH���"[�7, �? ID F� 1200222 �

	J� 2015 ? 9 E 12 E 12 C 30 - 25 M,  129 �NZ@ 123 /0X�W^�:, -���:

(task :object(object :ID“1200222”) :type“ammosupply” :time(time :value<20150912>T<123025000>)

:pos(pos :name “129G” :latitude 43.234 : longitude 102.234) :things(ammo :type “bullet” :count 123)).

2) ask-for-instruction � collaborate-task-request&������
ask-for-instruction � collaborate-task-request&�������
/$��9�A7AA�, :-, �

(
/9���2	�����7, � ID F� 2100212�
	 Agent A�5�	 ID F� 1200222�	J,

� 2015 ? 1 E 21 E 16 C 30 - 45 M,  130 �N��DV�:, -���:

(action(agent :ID“2100212”)(task :object(object :ID“1200222”) :type“rushrepair” :time(time :value

<201501021>T<163045000>) :pos(pos :name “130G” :latitude 33.234 : longitude 112.234))).

3) state-report � collaborate-inform &������
state-report � collaborate-inform &�������Æ6�bD, :-, �(
/&XI2A�"I2

�7, � ID F� 1200222 �
		J, � 2015 ? 9 E 12 E 12 C 30 - 25 M,  129 �N>��JÆ6
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�:, -���:

(damage(object :ID “1200222”)(pos :name “129G” :latitude 23.234 : longitude 113.234)(time :value

<20150912>T<123025000>)).

4 ���j FIPA-ACL 2k34l Agent  !m�29:
4.1 "#;<%"#o$6=>

��=	���&��( SurpportACLMessage 4����, B4��		��=	�R�, �(B4

�G4
�, ��	��&��SS+<, =	KB�+<�'c, =	��E�R�=	�>?�T
�, 4���G4�
�6� 3 "7.

< 3 SurpportACLMessage ?>v@ABCZ[
Te/�� UN

string performative de#$?%
string language de#$%&

string encoding deOf)V��U
string ontology deDV�g

string content de#$PW

SurpportACLMessage(string performative) h#$?%ifXW\�
void addReceiver(AID ID) YXjS�QZ Agent

void setLanguage(string languagename) []#$%&
void setOntology(string ontologyname) []#$DV�g
void setContent(string content) []#$PW
void ParseACLMessage(string messtring) jSOf

void WrapACLMessage() jSV�
void SendandReceiveMessage() jSF\)QZ

4.2 "#I5J(6=>
��)�+<����( SurpportACLOntology4�SchemaBase4�ConceptSchemaBase4�Predicate-

SchemaBase4 ActionSchemaBase4�1 21/$��)�
24��,#4���YJ���6k 1"

SurpportACLOntology

SchemaBase

ConceptSchemaBase PredicateSchemaBase ActionSchemaBase

Person Equipment

Ammo Material

Time Position

Task

Follow-Support Fixed-Support

Assist-Support Damage

Person Lack-Ammo

Person Lack-Person

Rush-Rescue Rush-Repair

Ammo-Supply Material-Supply

Move Defense

1

0..*

D 1 ,-U6V7>EF?GHIJ
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7. SurpportACLOntology 4��	��
	 Agent ���)�8, �"�)�
2�M", 20k 1, 21

/$��)�
2-<�HA
24 (ConceptSchemaBase), ZS
24 (PredicateSchemaBase) 9�

24 (ActionSchemaBase) �X4, �CHA�ZS9�
24� SchemeBase4�X4, �g Surppor-

tACLOntology 4	-��&�.

4.3 KL XML 6"#;<MrN34OPQR=>
�4���
	 Agent ����������� Agent ����)N	�����R�, ��'

0�'c��T����, g����'0�b�� [16], Q�, -O2� Agent ������0��%
��������������, 0h�4�bH��
�, G;�T&#%R�����0�. 3"*
"Z�� (Extensible Markup Language, XML) �
�1)�� )'0�!��, �<0".!$�23

 )���'0, �S5HT'0�[�"#���
, �1)
2����.!, gR���	'0

��. U FIPA-ACL ���=	62 FIPA-SL �����62?�
�23��'0]2, :-0

� XML 	=	��R�, 	��������. :-, ��
	 Agent ����L� XML ���[6

2���. �Z@W^�+,�:, 
� XML ��=	R�6k 2 "7.

<message>
    <performative>order</performative>
    <sender>commanderagent</sender>
    <receiver>ammosurpportagnet</receiver>
    <ontology>equipment-support</ontology>
    <language>FIPA-SL</language>
    <content>
        <task>
            <object>1200222</object>
            <type> ammosupply </type>

            <time>20150912T123025000</
time>

            <position>
                < posname>129G </posname>
                < latitude >43.234</latitude>
                < longitude >102.123</longitude>
            </position>
            <things>
                <ammo>
                    <type>bullet</type>
                    <count>123</count>
                </ammo>
            </things>
        </task>
    </content>
</message>

D 2 �S XML >,-TUVtEW

5 ^w9XYxZ_[`\

5.1 ay=]^z_`
11��
65'�
a�� [17], ���5'"���"* FIPA-ACL ���
	 Agent ����

	
	 Agent ���3�Pi�\, ��&� FIPA-ACL ��@/-E, ���
	���5��, )

�	**
/���)Æ6I/
	
j����5l+, ����**:

�k]U: ��]^^VN;

��F�_-: 59�m_�b`�l`n�l;

��m%
: a

/�bW, X

/�no;

�	�YÆ6: a�X*
-<�	�H�YH;

��Z,: 0����;

�� R40: 	[*


.&/=\;

����: ����
	o���@A���23�� (a0c�bpZF: 2014SR201727);


	
j: A 
j: c5�1�
	
j, B 
j: HT�
]
	
j.
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1) A 
j: c5�1�
	
j
c5�1�
	
j�
	 Agent o�6k 3 "7, �d	 1 //5���
	/. Agent, 8G 2

/0Ge"
	-5, 9/0Ge"
	-5�/**/. Agent 
	�B Agent (WV�DE�W^c

E��PcE�dGcf), �)
	5M�d+^d, 5�
	5K��
?�9, #��-58G
/
XK
	�, 9/XK
	��/**	/. Agent 
	�B Agent (DE�DV�cf), �+ 65 /
	
Agent, �8���]/.�./.��, ����]
	����.

Agent

Agent

Agent(5)

Agent(5)

Agent(3)

Agent(3)

Agent(2)

Agent(2)

5

Agent

Agent

Agent

Agent

Agent

Agent(5)

Agent(5)

Agent(3)

Agent(3)

Agent(2)

Agent(2)

D 3 ag{hbTuZi>Tu Agent j{

2) B 
j: HT�
]
	
j
HT�
]
	
j�
	 Agent o�6k 4 "7, �d	 1 //5���
	/. Agent, 0-/.


	�B Agent (WV�DE�W^cE��PcE�dGcf), #
	�B-e^d���N/�, 20


	.G��HT����9, #��-58G
/XK
	�, 9/XK
	��/**	/. Agent 


	�B Agent (DE�DV�cf), �+ 65 /
	 Agent, �8���]/.�./.��, ����
]
	����.

Agent

Agent(10)

Agent(10)

Agent(6)

Agent(6)

Agent(4)

Agent(4)

5

Agent

Agent

Agent

Agent

D 4 cdefgTuZi>Tu Agent j{
D 5 h�tSTu Agent ,-.i>k|Jj}klm

5.2 ay^z~nol
C)1"�+� SurpportACLMessage4�SurpportACLOntology4�SchemaBase4�ConceptSchemaBase

4�PredicateSchemaBase4 ActionSchemaBase4�1 21/$��)�
24,� Microsoft Visual Stu-

dio 2010 op]U���	op, � SurpportACL.dll 9f8, C��9f8gh “����
	o�
��@A���23��” �� (��)i$�&� FIPA-ACL ����).

� “����
	o���@A���23��”, 11��5'40")+���l+1
	
j,

-<	&� FIPA-ACL ��)1"�+���
	 Agent ������	+�, ��
	/.����
���
�_16k 5 "7, k`*7	
/(ja�9/-Je, �b�JÆ6f, -5/.Ob�XK

	�5�V��kW�kflk`, �1��	+� Agent ��gc��_1 (6k 6 "7).

5.3 aypq6mrns
9
/
	
j%(�������408�# 50 3�5, +�	"*� FIPA-ACL �� Agent �

���+�&� FIPA-ACL �� Agent �������+'0, 6� 4 "7 (�+[**: A 
	/..
G'�B 3�!
	/..G'�C >?��	4'�D o)��'�).

�(	�5'0��+-E, +�	"*� FIPA-ACL �� Agent ����+�&� FIPA-ACL ��

Agent �����\@/'06� 5 "7, @/ \6k 7 "7, -�
	/.�<�!4,�/3�!
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D 6 Agent ,-tulm
< 4 k|vwjx

�"�q mrps<�"�q A Ædhef�"�q B

(iqg A B C D A B C D

?< FIPA-ACL 5338 4030 18135 16231 8328 7537 26380 24665

�!� FIPA-ACL 5338 5338 8007 8007 8328 8328 20820 20820

< 5 +� FIPA-ACL >h�yzvw
�"�q �"�q A �"�q B

#$%&
���"qj
%KtnEN

���"qj
$ShiXj

���"%K
�Orok

���"qj
%KtnEN

���"qj
$ShiXj

���"%K
�Orok

?< FIPA-ACL 75.50% 4.5 89.50% 90.50% 3.5 93.50%

�!� FIPA-ACL 100% 1.5 100% 100% 2.5 100%

0

20

40

60

80

100

A B

(a)

0

1

2

3

4

5

A B

(b)

80

85

90

95

100

A B

(c)

D 7 +� FIPA-ACL >h�yzs{
	/..G'�
	/.G'�@, (A/B), 
	/.�	�D'��/T
/
	/..GA(0, "

0���D>?��	4' (B/C),
	�<��o))�/>?
>?=	����<S�.-@
o)
���@: (D/C).

�(%�
	
j� 3 /4�&'�@/-E, )1"�+���
	 Agent �����I�
	

j�Dr&� FIPA-ACL, #%	�� Agent ���
	�����, Agent ��
	/.���<�
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