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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
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i L [E] A 3815 15 5 A2 L BUR 5 A BRI A% O

Agent JEfFIET (agent communication language, ACL), Z—FHEIE Agent AF]. BEFNE, Y
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query and manipulation language, KQML) fJ3EAl I, £ T FIPA-ACL, —FHy Agent BFIES, HiE
TFTTENA, AT Agent BIFHFFHEET. HSE FIPA-ACL B9 MR, [HNAMITIRE 464 A S8
SRR, Xt FIPA-ACL $EAT T AT 5938, AT REHY LR Ee. STk [4] 456 JAKRY Agent fFET-H
MAZH IO A FIPA-ACL {ySEBL VAT T RS, SCHR [5] 480 T —F ACL SR8y, SCik
[6-8] 41Xt #1 A AG BM 2 A B A R ST, St *T FIPA-ACL ({9975, FEE T £ Agent 58 B ELREZ 32
TP WIEPRRE. ERBFF AR IR £%t &l s 80 FIPA-ACL #4719 R UGH A BT B, X Se s
RREEGTE Agent MRS HIEFET TS LA EAEENSFHIME

A TRBE Agent 52ReA TR IR R SR 2 [AFTEE TR R T —— X A BSN OG 2R, Agent Z [HJYAE
AR FE—FEE S REN E EMEGASRR, B, R REE Agent 2 [AIRYAC HIEF N AT 51
AR OCR, A FIPA-ACL FZEARI & — Agent Z [H]HFRISAERIOCHK, 54 FIPA-ACL H
B TR REE Agent B9, FAAERLIT MG Join238 505 B RE LTI E, TEH AR EdE
TH EXT ARSI TR, LGB FTE SO REHERR Y B0E (5 X007 BEAFSE. T, A SRR A PRIFE Agent
WEHERRE, I FIPA-ACL RUEEFIE R4 E0K, BRI w3 IREEIEEE R, XT FIPA-ACL
B IR E R E AT 70, MR RSB (5 A T X, [ H1iE GES (FIPA semantic language, FTPA-
SL) MHlAE A THTE, HATFTSGHI A R Agent SBIEIE 5 PEATSEM, H7E TR A A (R P RE(H EL
HEGT 5 RURE PG R AT IR Y ).

2 ETH R FIPA-ACL M3RERE Agent BISIESHIFEYT

2.1 FIPA-ACL MBEFERET R

T HET VIR, FIPA-ACL X T 22 ASEMMMEGEEE ©, WAropEEiy 1O, R
BRI T LS A (s BAGE . G E . SEDTE. SUTshEmEhRRR 5 1342 M. et -
i 5 PR fFIRER AT R L, —J7H, FIPA-ACL A KQML & R, HIL=AE F AR5 TH {5 R s
L, L5 H N FIER, B—J7T, B AR5 3 B R TEAR R X S VE LRI 21 Tl 2 W, S TA
[ 9 5 -2 P A e T A A8 B (12, BRI Agent 22 8] AP KE BUMPRZLLRLEH Ny L R ILRE, 1
BTN DR E TR, B, T2 FIPA-ACL FiJFIEI TR, BRI, T S 5 b
Agent 2 [E3C HIBE(GHITRE. AT B Y FER0E (5 RS E I EDR, — 7 k% AR A IR B R A A 2
FRARRE, BIRETY (S R 2 T A 25 R A IRl S I 2 TR IGO0, H—TJ7 T, AEHRT s R
B & R ERIE ORI E BRI T IR IS 2, e AR E] i 2 & PR P 5 2 T B 5, AR A
PR B R A B R, U R M AR A RS0 TR 2, T ELABAS 18 N ke A (R R R HE A
AR, Iy Rp B G RIEmSE 1 .

2.2 ¥ ISR % 1 I ROBIEEE
W FIPA BB 4T BRI, FIPA-ACL ft _EHRH HAEX RS
MBI AT RO E Y, f FIPA-ACL e g’i‘ R
- . N N . . ask-for-instruction B/ N
HEERRI Agent ZIFIZCH, FFUORRTIRAL s Agent il

AT HE. *Eﬁ%ﬂ?ﬁ, @:_‘/I\ ﬁfgﬁ%‘%ﬁ%’%y\fﬁ collaborate-task-broad ka9 il
B R HERNEMRE 4 TR, L collaborate-task-request  WHE{ESIER  KAEHRIERM
i BEY collaborate-task-broad JEIEH ], X H  collaborate-task-control  HHFEfES5#H  REE Agent Z[H]
PR X L collaborate-inform G SShE

1) 52

/] collaborate-task-broad 3 Hf—PEE A Agent KRB —PREEHEMAMES, FRUEIZHEH
Agent RIEFHREIFESFR.

2) ik

Bis Agent i INAIESTREHAM Agent j SEREIBFEZEM, I EARGHHA Agent j SEEAEIZES,
N RAFIA collaborate-task-broad A5 JRIE, KL TR EHHAL Agent 5.
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3) HEANE

collaborate-task-broad JRHEHIHE NZAEMERERILES, BT FIPA-ACL FHiHEHAESEMA
HENAET TR, B, HE WA E SCR RS EARZEE T SR E RO

Task Template={{F-4528%] Task Type, {L55 %4 Task Object, L45H1 & Task Pos, {L45¢E] Task Time,
145 % Task Resource}.

4) 4l

PUATRAIEBAESFHY Agent ¢ RATIHEEXTR object-k 2 BB LS TR, KT 2015 48 10 A
12 H 12 i 30 43, (AT 123 S object-k $24 ID 5704 100202 HI4EEEAF, 10 4> EALH PRI

(collaborate-task-broad

:sender (Agent-Identifier :name 1)

: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 ¢10

)

3 ETH R FIPA-ACL BRERE Agent BEESHATEN

3.1 HREMRE Agent BIEESHAEFREEN

FIPA-ACL HEE AR S BMRMTE SGE 5 I, (B S2 B0 B & SCHI 815 ISR 1 15 B AR,
LT WA SRR, JITEZEORTE FIPA-ACL HfS FIM N AE 5 L TRER S8 X Z N A S8 AL T30k
WA S5 A 2 i BRI A, T8 o] DA gE— P Ak o 2ko0. B, SRS, 181A] (Predicates) FILA
RGP EI R, 5 1 A ANTEEREBGEER AR, BUEN True 5 False; 25T (Primitives) 3
TRILAFHERT, IR B FAFEREE, MES (Concepts) FREVIX GRSk, MAESARRM 1 AEE
JRYEREZLN, JR RS R R PR R R AL, SRR AT Oy ETTAB AT LU HARME S 3t (Actions) F7REt
XA Agent AIPUTHIRMAATH.

ETWESHRARNARRIS AT @B F NS, TEAR Mg, SEmshEr <
X, RAEGEO A FAR AR E X, A RE A LA T B AR & S0 13 (R, e fRe
Agent 2 [BJH IR T FRAEF R BT AE, SeUHE CREA, T A RIS AR TE RN, X {R
F I BEAAELT TR E S, 0 SCT IRFEA B . R4S, 02y, A%, mHi), #isl, SpigesL, fr
PEAE S5 SF M, FRREORIEE, PRI, SCIRIRIRE. BRI, RS, SRZyshZ | SRR 255, JaR0. fefk. 2y
KA. ASAPGEENAE, LASSAF . PERERBEAI S IANS B, B RE SCARINE 2 BiiR.
3.2 KRERFE Agent BIEIESHATEEEX

FIPA-SL J2—# FIPA & XHJiE SGES, M —IriEirEHEFRR Agent Z AL TH B NARE X, "
TIIX NESH AR FIR 14715 F FIPA-SL (IERHITE, ASCEECR A FIPA-SL 35 FIPA-SL 244
KA G TR Agent TIFIE T N ATELIATE L

1) FIPA-SL T

JREREARTN, FomH MBI FIAEERRA, B B B ABER . TGS H A
<YYYYMMDD>T<HHMMSSMMM > 7.

HET, AT RE5FFIPI, e MRS TIRFICR, FFAH IS BB FAHE, SEETEN (set <eleml>
<elem2> - - - <elemN>), JFFIFAH (sequence <eleml><elem2> - -- <elemN>).

FEON, HERA . SHARBRALE, AW (function :propl valuel :prop2 value).
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x 2 ZEREFEEX
Eill G4 T X
<Equipment>
<name>STR< /name>
B Equipment(345)  <id>INT</id>
<state>STR< /state>
</Equipment >

<Damage>
<object>[Equipment]< /object>
<type>[Damagetype| </type>
<pos>[Position]</pos >
<time>[Time|</time>
</Damage>

<Rush-Repair >
<object>[Equipment]|< /object>
<supporter>[Equipment]< /supporter >
<pos>[Position]< /pos >
<time>[Time]</time>

</ Rush-Repair >

81 Damage (&AM H)

ZfE  Rush-Repair(#:1&)

BIERIRR, HiEk4EMh (action <actor><action-type>), HHt actor FRHATEIVERT Agent, action-
type — M R BARSIVERT R EL.

TERFEE, TR B — B ARFMFRIRR, HiFEEH A (<quant><var><formula>), HH quant 32
REA] (iota, all, any, some), var /3458, B H “7x” /R, formula i FIPA-SL A%

2) FIPA-SL Azt

JFFA, BI—MBIRZHRA— DS HINZHN, HIBEEEHA (predicates(item1) (item2)- - - (itemN)).

HENAR, BRTARXMHZBHEERLST (not, or, and, implies il equiv) EHHBE S AR, R
{5 FIAETE 1A (exists) FIRFRELA (forall) X «?x” ASEHEFTEMG, SIFEFAXERMME G AR
3.3 KRERE Agent BIEESHATREENX

HT P AR Agent SBFIE T W NAIEIEINIELEN, #HRABRSHRIAIEOR, B %
PR IREE Agent SEFIE T W NAAME G MY FERRAIRIE Agent @515 S IRIEHVE G NARITHIE, 22
SIS PRRE Agent [HIE{ERITE CRAR I ZEA

1) order, collaborate-task-broad &5 collaborate-task-control I IEENZE

order, collaborate-task-broad 5 collaborate-task-control JRIEHEE N M EMEE FHEHHE G E
MHA Agent HATHIMESS, B, i — A BEE R BFF AU E G TE%77R, LiE ID 524 1200222 ()
MRAE 2015 4 9 F 12 H 12 W 30 43 25 #, T° 129 SEtiabss 123 AFALLRY SRS AR, HNE R

(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 &5 collaborate-task-request JRIEHEENE

ask-for-instruction 4 collaborate-task-request JFIEIEE NN — BT 3IHERE0E R, Fit, 8
S A SRR B AT AT, B 1D 5 2100212 A9{RHE Agent FRATHIRT ID 5% 1200222 f5f%,
TE 2015 4F 1 H 21 H 16 B 30 43 45 £, F 130 S ra s mil, ZHah:

(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 55 collaborate-inform JFI1ZHEfE N2

state-report 45 collaborate-inform JRIEMIRE N NIBOLHRA, B, @it —NEFARKE S A
R, YL ID 52 1200222 MI{RIEXIS, 76 2015 4£ 9 H 12 H 12 B 30 43 25 &P, T° 129 w8 atiE i
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A, F A

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

<20150912>T<123025000>)).

4 EFH R FIPA-ACL {36 R0 Agent BIEESHLI
4.1 BEHBREEFIEWEI

S B S F L SurpportACLMessage KT, PRk IBL T MBI BLATEDE, Wi UK
BORHERID M, SR80 T SIS I A X, B SRR AR SRR, WL T BRI S K 2

RE, ey LB S R mER 3 .
% 3 SurpportACLMessage XM T ERMSHH

YL/ Ik ke

string performative TEEEE R

string language THEREES

string encoding FrAtfEnT 5 5307
string ontology Pt A A

string content TEEEE A
Surpport ACLMessage(string performative)  PA{EFIE NS EHMEL
void addReceiver(AID ID) W ImE BRI Agent
void setLanguage(string languagename) WEREES

void setOntology(string ontologyname) WA G A A
void setContent(string content) WEEGHA

void ParseACLMessage(string messtring) H B AT

void WrapACLMessage() HEEE

void SendandReceiveMessage() THE KRR SRR

4.2 BIEAREE XK
AR E A SEHE T Surpport ACLOntology 25, SchemaBase 2K, ConceptSchemaBase 25, Predicate-
SchemaBase 251 ActionSchemaBase Z25LA X 21 ANEHARBIAARFIA LI, 4282 MR 2 ME 1

SurpportACLOntology

1
0..%

SchemaBase

i

[ [ |

ConceptSchemaBase PredicateSchemaBase ActionSchemaBase
JAY Ay [AY
Person ——  Equipment Follow-Support —— Fixed-Support Rush-Rescue —t— Rush-Repair
Ammo T Material Assist-Support —— Damage Ammo-Supply —t— Material-Supply
Time . Position Person —— Lack-Ammo Move — Defense
Task — Person —— Lack-Person

1 BEAGENHTREREXR
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7. Surpport ACLOntology 285281 T 25464 Agent SBIFHIAMRIE, TR AL, RIER 1, 21
A BAR AR B SRS (ConceptSchemaBase), 1HIAIREZE (PredicateSchemaBase) MIB)/ER
R 2 (ActionSchemaBase) B2, [FEMEE. IHIRAINERRIEH SchemeBase ZBHYT2E, PIEF Surppor-
tACLOntology Z&Xt HaEf & 2.
4.3 FT XML HiBEHEHESHNE T

FETRIVEA IR Agent HIFTEF WL FEA TIE Agent MFELSLRA N EEIE F H%E, EEE
EEITHE ARG D RERY LB, B T HM T GEARR P HE 19, (B, AARE Agent (FESRGRAFELNR
[ EF- 6 Z M TR E A0 E., B 2RI bS50, e Toikse @i s T el fE i wReE. Wi e
WidiES (Extensible Markup Language, XML) J&—fCAMEHEIRFIBES, FAlE SR RARR
GEROCRINTEE, & BT BB sCinEE & 2 —, BRI ST R ATNE, (T 1615 B8R
ZCH. T FIPA-ACL 55 ME MM FIPA-SL 15 5 A A A# 2 —Fh 2L BB A, FIE 1
i XML X S 7505, SHRENAF T, Ei, 2R REE Agent HFIHET RA XML #1755
KL, DA 2502 451, 12 XML #: 1 EE3mE 2 prs.

<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>

B 2 T XML HiB{EH B350l

5 {AREFBSIESEEE MR

5.1 {HESLHIBRIESRM

e B HARG IR — Bk 07 R BRI AP 8 FIPA-ACL ## fkE Agent MfFIEH
SRR Agent FAEVMUN L BBCR, I 5F4 FIPA-ACL 3847, EF AR5 TR T4, 4
BTG MERIEAE A RE  ZR T LR e, EENAELE:

G AR AR R

YRR BEXI 2 WLBh. 2Emk . AR -HFIBT AR -}

YRR R IBIRL: 7 —RFR, 7 — R EE,

5 RUEBR L 4, BT/ B4R A BB

PFERLE: TR

PHEAE R X — T e ETHE K

PET-G: B FRA R AR R SRR IS R A (R VEAR LS 2014SR201727);

PRRETTZE: A 7% BEBNAIRPARET R, B 15 ML BIHIRRE 2.
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1) A 7 BRI IRIRTT 5

TERNAA IR TT I PRI Agent ZidLAnE] 3 PR, WA T 1 DNIHAGAEAE IRIEAEE Agent, TJ& 2
PMERGERED N, ST EBLG R ANIEITIEYE Agent MIRFEEIR Agent (4E1Z. 1B, FZ4MH
ik, ASpriRE. BB, EAIRRINGE P E AL, ATEEORREIARE 20T mAT3h, SRR TE—1
PREEPRIFAE, R MR RIEA PSS 14515 Agent MRIRER Agent (R0 A8, $L0iD), 3t 65 4-RER
Agent, ENRZEDESAGE G PAGERR, MR LR RS R,

[ o REdREAgent |
I
[ T 1
| HEAREEITEN | | 32 R BA | [ pefrmas ) |
| 5 BA\TE#5 Agent | Sy B\SE 5 Agent FE¥% Agent
" B fiAgent3) | - g HEAgent 3) |
| HefzAgent (5) 5 Agent ) | | A& Agent (5) yy— | AEIZAg
3 t J t ]
[ sdagem W | [Tt e |
3 nt i t ;
| sz ftAgent 3) —-E | #2ifhftagent3) ——E

3 BOMERRRESRNORE Agent FHl
2) B 7% PRI RIR TS
W Z AL BRI T SR BRI Agent ZRZHANIE 4 FvR, BB T 1 AICR S IRIEIETE Agent, EHEISHE
TRESZER Agent (ZEME. 10, FLGRELL. AxbAoEE. BIAS RIS, & IREEEER S AL ETEARSHuEPy, MR YE
RIS AT P AL INRATE), SRS AT R — R TR, AR TR PHALES 14514 Agent A1
TRESZER Agent (0%, 818, £5ifD), I3t 65 MREE Agent, L TFRZMBMISESBARERR, FRZMH
FERARIEED R R,

| wsARbEEAgent |
| 4itAgent10)  —1—1 bR G |
| $oftAgent (10) —
[ suzsitftagent6) |
[ bk ftAgent ()
[ #%Agent@ |
[ Hfiagen@  |—

4 MBEAERRIETRIVRE Agent ZR4

5 MBEERE Agent BIEESHHRRFETHE

5.2 {HEEIITIZIE

AT Surpport ACLMessage 2, Surpport ACLOntology 3%, SchemaBase 3%, ConceptSchemaBase
2%, PredicateSchemaBase 2f1 ActionSchemaBase 254 F 21 MBI AR, 4 Microsoft Visual Stu-
dio 2010 ZwPEIEETHERT T 4k, A2 SurpportACL.dIl SR, KM SIS 8B IREEgm 21
BRI SR RE FHEH (ReAHH2AF A FIPA-ACL #F51ES).

FT R A R R LR B SRR IEAE R, 1RO E SRS 1F s & VR a R e I ARIB T %,
AN IEAE FIPA-ACL & S MIASCHH A IRIE Agent @515 S HEAT T WA, #HA7IREEIGIESCH BT
WIRGUEAT R EWE 5 BR, Gt T —DRSEEA T3 iR, EaRRBIEALE, 7 AEHE R IR R
PREEJTRET B Z A DB R, UK EZ MW Agent BERERGEAM (WA 6 Fi/R).

5.3 {FELERIVEEES R

F— MR RESEAFEERDT AT R4 50 ek, WA T RH FIPA-ACL #£47 Agent [f]
WESNMAEAE FIPA-ACL #H4T Agent HIEFRITESHHEE, R 4 FrR (RHHIESE: A RESET
3. B W[ RBREEISEESE C BEREELASL D EfBERALR).

X SR EARR ST AT, WA T 8RR FIPA-ACL #47 Agent [H3@ {5 5 AR FIPA-ACL #H47
Agent [HE{FAIRCR BEIEIR 5 s, HEERINE 7 FiR, Hr R EE SGRIBTEE 248 T RiB i
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& RERSSEEER = m} X
EEEmE

L BENRISHRS U XHERRS  BERSDE  FNIelit: 21156 1801

[ BiFgentFlE

O iBErEss

BIEHES
Fiie] AiEE EiE BERE AEEE "
16:12:35 1V1LZAgent SURComAgent  state-report fipa-sl
16:13:45 SURComAgent AmmoSAgent  order fipa-sl
16:15: 21 RepairAgent  SURComAgent  ask-for-instru... fipa-s|
16:20: 16 SURComAgent RepairAgent order fipa-sl
16:25: 56 RepairAgent allagent collaborate-ta... fipa-s| )
< >
BIERE
<content> fad
<task>
<object>1200222</object>
<type> ammosupply <type>
<time>20150912T123025000</ time>
<posttion> v

Bl 6 Agent B{EHEFE
*® 4 (FEKES
PREETT% RN IRIETTR A MEEHBRIRIE TR B
GeiFiH A B C D A B C D
i FIPA-ACL 5338 4030 18135 16231 8328 7537 26380 24665
PJERY FIPA-ACL 5338 5338 8007 8007 8328 8328 20820 20820

*® 5 ¥R FIPA-ACL R RSREE
Y ES PRETTR A e
REREHEE  REREEE RERELEL  RERERE  RERERE  RERELEX

EEES e p o it e o
H HIGERIE  EETSEE HBERE  EGEREE FETHEE HBERE
JFA: FIPA-ACL 75.50% 4.5 89.50% 90.50% 3.5 93.50%
PR FIPA-ACL 100% 1.5 100% 100% 2.5 100%
100 5 100
80 4 95
60 B ik ’ @ik % @ ik
0 04 2 i o 4 65 0 e
20 1
: : o e . 80 -
UEIN VES:] EIN Ji%B HRA Ji%B
(@Y REEEE LT (0 BB i PR B R (Y BRMEE SRR

7 ¥R FIPA-ACL BB RMRIER

BERSEEAE S B S IRFEHE S5 B0 A (A/B), TREESE(E B8R B e — MR A 55 5L 4, BT
BT R ENE EA4AE (B/C), fRELE PR IE RS R IR 7 R IR B H S0 CH MO IE#
R (D/C).

A ARFEREE TS 3 DMERESEUN BT, 4SO R Agent JRFIES TEWFMRIE S
FHHMT A FIPA-ACL, W2 T2 T2 Agent WA RIBEITE RSHT, Agent Z [A]RIEHGHER F1E AL
HELR, Fr TR RE A RS R T T R R IE I R TR Agent MBIFTE F ABE B A MRS
BT, 245 REE Agent 2 ARG FRE, MU EHEAME. FATHEMARNE R RARENES. 1§
XFRTRIFER.
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6 it

AR ORI Agent $54FACH T SGEATIBE TSR PR T2, 2T FIPA-ACL &3t T —
Fipe s IRk Agent SFTES, BAL T XIS MIEGEES M IRESEUE G ARATEE, 2T FIPA-SL Xt
PR B AT T AL, IR d 26/ XML Xt R S 5T 192 BE. it 7 2 5 R
P ZH Y REHET S 8RBTl R PRIRE Agent SBAETE 5 M54 FIPA-ACL TEAFIF AR A T FR b
TR T AT B, Rl T AU B A B R R AR AR Agent BFIE TR LARNME. T—
PR EIBFEIE TS Agent WM I JOAEIERE, WA RIE Agent BFTES M LREEMLLLEIT
) GRS

SEH
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