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Agent-Oriented Programming (AOP)
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0a﹎ ﹏﹞1︻ ÁhÃ³± ·﹞1±a?

AGENT-ORIENTED PROGRAMMING (AOP)

0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a?č
 ﹉ÃĞÁhÃ³± ·﹞1±a? «Ã0\0`1C ĝ>i1V﹞ ·? Á︻1¬FO0 ¶1﹍± f1i0 a?D1

AOP

BDI

 ªcÂ±1﹊﹞ ﹉Ã ®0³°︻ ·? Á¬Â½1﹀﹞ ¯Â°S b0 1½ ®1h±0 ·﹋ `³y ®1¬½~0cF±0 ? À0a
 ċ]°°﹋ Á﹞ ¶\1﹀Fi0 ¶]ÂRÂC À1½ «FhÂi n0³[ ÁÃ1¬±b1?

«Â°﹋ ¶\1﹀Fi0 cÂ± 1½ ̄ Âm1﹞ ÁhÃ³± ·﹞1±a? À0a? 1¼±2 b0 «Â±0³G Á﹞Ċ

 wi³G ¶]m ~0]?0Shoham
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Agent Object

]½\ Á﹞ ®1l± لaF°﹋ \³[ `1F﹁` À²`  `1F﹁` À²`Ě]F﹞ ę]½\ Á¬± ®1l± لaF°﹋ \³[
ÀaÂ﹎ «Â¬pG Ei0 Á¨﹞1︻ À ¶]¼︻ ·?

Ei0 ¶\a﹋ E﹁1Ã`\ 0` Ei0³[`\ ·﹋
À ¶]¼︻ ·? ÀaÂ﹎ «Â¬pG Ei0 ÁÆÂm

Ei0 ¶\a﹋ Ei0³[`\ 0` À]F﹞ ·﹋
·? 0` Ei0³[`\ ﹏﹞1︻ ]½\ Á﹞ ª1N±0 \³i À0b0 Ei0³[`\ ÅÂm ]½\ Á﹞ ª1N±0 ®1﹍Ã0` ·? 0`

﹐1? ÀaÃ_C 1فx︺±0 ¯ÂÃ1C ÀaÃ_C 1فx︺±0
Ei\ `\ ﹏﹞1︻ لaF°﹋ À ·Fm` Ei0 ﹏﹞1︻ \³[ ÅÂm Á©aF°﹋ À ·Fm` Ei0 «FhÂi Ei\ `\

1Âm0 ² 1½ ﹏﹞1︻ À ·hÃ1﹆﹞

AGENTS VS. OBJECTS
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0a﹎ ﹏﹞1︻ ÁhÃ³± ·﹞1±a? ² 0a﹎ ÅÂm ÁhÃ³± ·﹞1±a? À ·hÃ1﹆﹞

OOP VS. AOP

0a﹎ ﹏﹞1︻ ÁhÃ³± ·﹞1±a?
AOP

0a﹎ ÅÂm ÁhÃ³± ·﹞1±a?
OOP

 ﹏﹞1︻  (Agent)  ÅÂm (Object) ]W0² ·Ã1C

 ċ1½ ·°Ãc﹎ ċ1½]¼︺G ċ1½`²1?Ċ Ċ Ċ ]Â﹆﹞1± À ¶]°°﹋ ︿Ãa︺G À1½aF﹞0`1C 
·Ã1C ]W0²

Yi1C ² ª1ÂC ®\0\ `_﹎ À1½ j²` À1½ j²` Yi1C ² ª1ÂC ®\0\ `_﹎ ·>i1V﹞ ]°Ã0a﹁

 \1¼°lÂC ċ®\0\ Ei0³[`\ ċ®\0\ ~﹑y0
ċ®\0\ ³ل﹇ ċ®\0\  ċ¯F﹁aÃ_B±Ċ Ċ Ċ ]Â﹆﹞1± 1½ ª1ÂC ~0³±0

ċÀ`1﹎b1i ċE﹇0]q Ċ Ċ Ċ QÂ½ À²` À1½]Â﹇ 1½]ÖF﹞
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0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? «FhÂi <³S`1¼S

 ®³﹎1±³﹎ ¾1½ ·FÂ©0]﹞ ﹏﹞1m
Ě]¼︺G ² `²1? ]°±1﹞ę

Uu0² ¿i1°m1°︺﹞ ² ³V± 1?
¿°½^ ¾1½ E©1W ︿Âq³G ¾0a?

¶]m\²]V﹞ ¾`³q ®1?b ﹉Ã
A Restricted Formal Language

¾ah﹀﹞ ¿hÃ³± ·﹞1±a? ®1?b ﹉Ã
An Interpreted PL

1½ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ² ︿Ãa︺G ¾0a?ċ
¿Ã0]F?0 ¾1½ ®1﹞a﹁ 1?

]°±1﹞č
REQUEST, INFORM

 «FhÂi ﹉ÃAOP Ei0 ¿¨q0 ¾ ·﹀©µ﹞ ·i ﹏﹞1m ﹏﹞1﹋č

 ﹉ÃĞb1i ﹏﹞1︻ĝ
An “Agentifier”

¿J°[ ¾1½ ¶1﹍Fi\ ﹏Ã]>G ¾0a?
¿hÃ³± ·﹞1±a? ﹏?1﹇ ¾1½ ﹏﹞1︻ ·?
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﹏﹞1︻ Á﹞³¬︻ ah﹀﹞

A GENERIC AGENT INTERPRETER

¿¨q0 ¾ ·﹆¨Wč
o² ċ¾`1O ¾1½ ª1ÂC ®]±0³[

 ¿°½^ E©1W ¾b1i ª1﹍°½ ·?ĚD0]¼︺G ² 1½`²1? ﹏﹞1mę
oċ¾`1O ®1﹞b D0]¼︺G ¾0aO0

Ěm `²1? `\ aFlÂ? D0aÂÂ︽G ·? aN°﹞ Ei0 ¯﹊¬﹞\³ę

\³m ]¼︺F﹞ 1¼±2  ·? ]±0³G ¿﹞ ﹏﹞1︻ ·﹋ ¿Ã1½ k°﹋č
۱ ę ﹏J﹞ v1>G`0 ¾`0a﹇a? ¾1½ k°﹋REQUEST, INFORM

۲ ę ¶0³Z©\ ¾1½ k°﹋Ğ¿q³p[ĝ
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o ﹉Ã ﹏﹞1m ċ]¼︺G À ¶]︻1﹇ ﹉Ãª1ÂC vam ċ Á°½^ vam ﹉Ã ²k°﹋ Ei0Ċ
o ¶]︻1﹇ ﹉ÃĞaÃ1﹁ ĝ¶1﹎a½ ċ\³m Á﹞

 . ª1ÂC vam 1? ¶]m E﹁1Ã`\ ª1ÂC² ]°﹋ E﹆?1x﹞ ﹏﹞1︻ wi³G
 . Á°½^ vam 1? ﹏﹞1︻ À1½`²1?]°﹋ E﹆?1x﹞Ċ

o ]¼︺G ¾ ¶]︻1﹇ ﹉Ã ÁF﹇²ĞaÃ1﹁ ĝ ﹏﹞1︻ ċ\³m Á﹞]¼︺F﹞ m Á﹞ k°﹋ ª1N±0 ·?\³Ċ

    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

AGENT-0 AGENT-ORIENTED PROGRAMMING LANGUAGE

 «Ã0\0`1C b0 Àb1i ¶\1ÂC ¯ÂFhZ±AOP ®1?b ċAGENT0 \³?Ċ

 ®1?b `\AGENT0 \³m ¿﹞ oZl﹞ aÃb \`0³﹞ =hW a? ﹏﹞1︻ a½č

 b0 ¾0 ·︻³¬N﹞
1½ EÂ¨?1﹇

Capabilities

 b0 ¾0 ·︻³¬N﹞
1½`²1?·Â©²0 ¾

Beliefs

 b0 ¾0 ·︻³¬N﹞
 D0]¼︺G·Â©²0

Commitments

 b0 ¾0 ·︻³¬N﹞
]¼︺G ]︻0³﹇

Commitment Rules

 ]±0³G ¿﹞ ﹏﹞1︻ ·R±2
]½\ ª1N±0

¾1½`²1? k﹆± `\
BDI

¾1½]p﹇ k﹆± `\
BDI

=©1﹇ `\
k°﹋ . vam
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

1½ ª1ÂC ² 1½ k°﹋

 ﹏﹞1︻ ®²`\ ·﹋ ÁÃ1½ 0²ل`
\³m Á﹞ 0aO0

1½ k°﹋
Actions

¿q³p[
Private

v1>G`0 ¾ ¶]°°﹋`0a﹇a?
Communicative

1½ ª1ÂC 1لi`0
 1½ k°﹋ ª1N±0 À0a?

1½ k°﹋ ︹°﹞ 1Ãč
Ě aÂÂ︽G ·? aN°﹞ Ø﹐³¬︺﹞

\³m Á﹞ 1½ ﹏﹞1︻ D0]¼︺Gę

 1½ ª1ÂCĚÀ`1F﹀﹎ À1½ k°﹋ ®0³°︻ ·?  ę
Messages (as Speech Acts)

Ei0³[`\
Request / Unrequest

®\0\ ~﹑y0
Inform

ċD1︻﹑y0 ®\0\ `_﹎

Ě aÂÂ︽G ·? aN°﹞ Ø﹐³¬︺﹞
\³m Á﹞ 1½ ﹏﹞1︻ À1½`²1?ę
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

]¼︺G ¾ ¶]︻1﹇

If

I receive a message from agent
requesting me to do action
at time, 

and I believe that

o agent is currently a friend;

o I can do action;

o at time, I am not committed to doing any other action,

Then

commit to doing action at time.
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

﹇1J﹞ č]¼︺G ¾ ¶]︻1ل

COMMIT(
( agent, REQUEST, DO(time, action)
), ;;; msg condition
( B,
[now, Friend agent] AND
CAN(self, action) AND
NOT [time, CMT(self, anyaction)]

), ;;; mental condition
self,
DO(time, action)

)
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

aF°﹋ ®1ÃaOل
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

THE SYNTAX OF AGENT0

 ³V±AGENT-0

 ®1?bAGENT0  ¾0a? w﹆﹁ 0` 1½ vam 1½]¼︺G ^1ZG0]°﹋ ¿﹞ oZl﹞Ċ

]±³m ¿﹞ ª1N±0 `1﹋\³[ `³y ·? ¾]︺? =i1°﹞ ¾1½ ®1﹞b `\ gBi ² ċ]±³m ¿﹞ ^1ZG0 Ø1︺﹇0² 1½]¼︺GĊ

1½]¼︺G  ]°Fh½ ¿Ã0]F?0 ¾1½ k°﹋ 1¼°G
Ě]±³m ¿﹞ 0aO0 ﹏﹞1︻ wi³G Ø1¬Â﹆Fh﹞ ·﹋ęĊ
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

FACT STATEMENTS

 ³V±AGENT-0 :EÂ︺﹇0² ¾1½ ·¨¬O

 ¾b1i oZl﹞ ¾0a? ·﹋ ¿Ã1½ ·¨¬O
 1½ k°﹋ ¾0³FV﹞ ²1¼±2 ¾0aO0 ¾0a? ªb﹐ ¾1½ vam ]±³m ¿﹞ ¶\1﹀Fi0Ċ

EÂ︺﹇0² ¾1½ ·¨¬O
Fact Statements

1J﹞čل
(t (employee smith acme))
(NOT (t (employee jones acme)))
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

PRIVATE AND COMMUNICATIVE ACTION STATEMENTS

 ³V±AGENT-0 :v1>G`0 ¾`0a﹇a? ² ¿q³p[ k°﹋ ¾1½ ·¨¬O

 ]°±0³G ¿﹞ 1½ k°﹋¿q³p[ď ¾`0a﹇a? 1Ã v1>G`0¿yamď ¿yamaÂ︾]°m1?Ċ k°﹋ ¾1½ ·¨¬O
Action Statements

(DO t p-action)

The syntax for a private action 

t¿±1﹞b ¾ ·x﹆±
p-action¿q³p[ k°﹋ ª1±

 ¾²1W ]±0³G ¿﹞ ¿q³p[ k°﹋IO aÂ[ 1Ã ]m1?Ċ
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

PRIVATE AND COMMUNICATIVE ACTION STATEMENTS

 ³V±AGENT-0 :v1>G`0 ¾`0a﹇a? ² ¿q³p[ k°﹋ ¾1½ ·¨¬O

 ]°±0³G ¿﹞ 1½ k°﹋¿q³p[ď ¾`0a﹇a? 1Ã v1>G`0¿yamď ¿yamaÂ︾]°m1?Ċ k°﹋ ¾1½ ·¨¬O
Action Statements

(INFORM t a fact)

The syntax of informing

 ¾²1W ·lÂ¬½ v1>G`0 ¾`0a﹇a? k°﹋IO Ei0 کaFl﹞ 1½ ﹏﹞1︻ ¾ ·¬½ ¾0a? ² Ei0Ċ

AGENT0 \`0\ v1>G`0 ¾`0a﹇a? k°﹋ ~³± ·i w﹆﹁č

(UNREQUEST t a action)

The syntax of canceling a request

t¿±1﹞b ¾ ·x﹆±
a﹏﹞1︻ ª1±
fact¾ ·¨¬O ﹉Ã EÂ︺﹇0²
action¾ ·¨¬O ﹉Ã  k°﹋Ě¿Fl﹎b1? ︿Ãa︺Gę

(REQUEST t a action)

The syntax of requesting

(REQUEST 1 a (DO 10 update-database))
(REQUEST 1 a (REQUEST 5 b

(INFORM 10 a fact)))
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

CONDITIONAL ACTION STATEMENTS

 ³V±AGENT-0 :¿yam k°﹋ ¾1½ ·¨¬O

o ċ¿yam ¾1½ k°﹋ ¾0a? 1½]¼︺G
\³m kÃ1﹞b2 ®\a﹋ k°﹋ b0 kÂC Ø1﹆Â﹇\ ]Ã1? ·﹋ Ei0 ¿Ã1½ vam ﹏﹞1m ·﹋Ċ

oEi0 ªb﹐ EhZ± EÂ︺﹇³﹞ `\ 1½]¼︺G ·? \²`² ¾0a? ·﹋ ¿Ã1½ vamĊ

¿yam k°﹋ ¾1½ ·¨¬O
Conditional Action Statements

 ﹉Ã¿yam k°﹋  a? ¿﹊F﹞¿°½^ vam  Ei0Ě]°﹋ ¿﹞ ·︺O0a﹞ ﹏﹞1︻ ¿°½^ E©1W ·? ·﹋Ċę
\³m ¿﹞ ¿i`a? ®1﹞b ®2 `\ ¿°½^ E©1W ċ]Âi` k°﹋ ¾0aO0 ®1﹞b ¿F﹇²

aÂ[ 1Ã Ei0 ¶]m 1u`0 ¿°½^ vam 1Ã2 ·﹋ ]Â°Â>? 1GĊ

Ei0 aÃb ¾1½ D`³q ·? ¿°½^ ¾1½³﹍©0 b0 ¿﹆x°﹞ =Â﹋aG ﹉Ã ċ¿°½^ vam ﹉Ãč

E.g.: (B (t (employee smith acme)))

(B fact) ((CMT a) action)
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

CONDITIONAL ACTION STATEMENTS

 ³V±AGENT-0 :¿yam k°﹋ ¾1½ ·¨¬O

¿yam k°﹋ ¾1½ ·¨¬O
Conditional Action Statements

 ¿﹆x°﹞ ¾1½ w?0` ¾²1W ]°±0³G ¿﹞ ¿°½^ ¾1½ vamAND ċOR  ²NOT ]°m1?Ċ

E.g.: 

(IF (B (t’ (employee smith acme)))
(INFORM t a

(t’ (employee smith acme))))

(IF mntlcond action)

The syntax of a conditional action

(REQUEST t b (IF (B fact)
(INFORM t+1 a fact)))

(REQUEST t b (IF (B (NOT fact))
(INFORM t+1 a (NOT fact))))

(REQUEST t b
(IF (NOT (BW fact))

(INFORM t+1 a
(NOT (t+1 (BW a fact))))))

E.g.: the following 

three actions 

constitute a query 

about whether fact 

is true (b is being 

queried and is 

asked to inform a):
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

VARIABLES

 ³V±AGENT-0 :1½aÂ︽F﹞

m EÃ0]½]±³m ¿﹞ ·F﹁a﹎ `1﹋ ·?č[¶ ?1 0©﹍³ `0²ل ½1x﹞ 1?﹅ ﹝[ل 
 ¾`1O ¿°½^ E©1W ² ¶\`0² ¾1½ ª1ÂC `\ ¿q1[ ¾1½³﹍©0 wi³G ]¼︺G ]︻0³﹇

 ]±³m ¿﹞ 1ل︺﹁ĚaÂ︽F﹞ ¾²1W Ø1﹞³¬︻Ċę

E.g.: 

(IF (NOT ((CMT ?x) (REFRAIN sing))) sing)

 1? aÂ︽F﹞ a½? \³m ¿﹞ ~²amĊ
aÂ︽F﹞ ¾ ·°﹞0\ č﹏﹞1︻ ª1± ďEÂ︺﹇0² ¾1½ ·¨¬O ďk°﹋ ¾1½ ·¨¬O

 ¾0`0\ ċk°﹋ ¾1½ ·¨¬O `\ 1½aÂ︽F﹞ ·﹋ \³m ¿﹞ ra﹁ ¾\³O² `³i]°Fh½Ċ
 ¾0`0\ aÂ︽F﹞ ¿﹞³¬︻ `³i1? ?! Ei0 ³ل﹞a﹁ ﹏﹋ ®2 ]Ã\ ¾ ¶b³W ² \³m ¿﹞ ~²amĊ

E.g.: 

(IF (B (t (emp ?!x acme)))
(INFORM t’ a (t (emp ?!x acme))))
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COMMITMENT RULES

 ³V±AGENT-0 :]¼︺G ]︻0³﹇

]°Fh½ ª³¨︺﹞1± ¿hÃ³± ·﹞1±a? ®1﹞b `\ k°﹋ ¾1½ ·¨¬O b0 ¾`1Âh?č
]±³m ¿﹞ ¯ÂÂ︺G v1>G`0 ¾`0a﹇a? 1? 1½ ﹏﹞1︻ aÃ1i wi³GĊ

]°﹋ ]Ã]O D0]¼︺G \`0² 0` ®2 1G Ei0 ﹏﹞1︻ ¾0a? ¿xÃ0am ¾²1W j\³[ ·﹞1±a?Ċ
 ĕ]±aÂ﹎ ¿﹞ ﹏﹊m 1½ ª1ÂC ·? Yi1C `\ 1½]¼︺G aFlÂ?Ċ

 1½]¼︺G wÃ0am ﹏﹞1m «½ ¿°½^ wÃ0am «½ ² ª1ÂC wÃ0am]±³m ¿﹞Ċ
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

MESSAGE CONDITION

 ³V±AGENT-0 :ª1ÂC vam

 ﹉Ã ċª1ÂC vam ﹉Ãª1ÂC ¾³﹍©0 Ei0 aÃb D`³q ·?č

E.g.: 

(a INFORM fact)

¿°︺Ã č ﹏﹞1︻ b0 ]Ã]O ¾1½ ª1ÂC b0 ¿﹊Ãa  b0 ﹏﹞1︻ ·?fact ]½\ ¿﹞ ~﹑y0Ċ

(From Type Content)

From¶]°Fia﹁ ª1±
Type ª1ÂC ~³±INFORM, REQUEST, CONTENT

Content¾ ·¨¬O ﹉Ã  ·? ·Fh?0² k°﹋ ¾ ·¨¬O 1Ã EÂ︺﹇0²Type

]°±1﹞ ¿﹞ ¿﹇1? ¿°¬u `³y ·? ª1ÂC ﹉Ã 1? w>Ga﹞ D1︻﹑y0 aÃ1iĊ

E.g.: 

(AND (a REQUEST (DO t walk))
(NOT (?x REQUEST (DO t chew-gum))))

¿°︺Ã č ﹏﹞1︻ b0 ¿﹞1ÂCa  ¿©² ]±c? ª]﹇ ]½0³[ ¿﹞ ﹏﹞1︻ b0 ·﹋ \`0\ \³O²
\³N? g﹞0\2 ﹏﹞1︻ ·﹋ \`0]± \³O² g﹋ QÂ½ b0 ¾]Ã]O Ei0³[`\ĉ
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

COMMITMENT RULES

 ³V±AGENT-0 :]¼︺G ]︻0³﹇

]¼︺G ]︻0³﹇
Commitment Rules(COMMIT msgcond mntlcond (agent action)*)

The syntax of a commitment rule

 Đ]m1? j\³[ ¿°½^ vam ¾²1W ]±0³G ¿﹞ j\³[ k°﹋ ¾ ·¨¬OĊ

E.g.: 

(COMMIT (?a REQUEST ?action)
(B (now (myfriend ?a)))
(?a ?action))
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

PROGRAM

 ³V±AGENT-0 :·﹞1±a?

ċEi0 ]¼︺G ]︻0³﹇ b0 ¾0 ·©1>±\ ċ·﹞1±a? ﹉Ã
]Ã2 ¿﹞ ﹏﹞1︻ ¾ ·Â©²0 ¾1½`²1? ² 1½ EÂ¨?1﹇ ︿Ãa︺G 1ل>±\ ·? ·﹋Ċ

·﹞1±a?
Program
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    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

BNF FOR THE AGENT-0 SYNTAX

 a﹞0a﹎BNF  ®1?b ³V± ¾0a?AGENT-0

<program> ::=
timegrain := <time>
CAPABILITIES := (<action> <mntlcond>)*
INITIAL BELIEFS := <fact>*
COMMITMENT RULES := <commitrule>*

<commitrule> ::=
(COMMIT <msgcond> <mntlcond>

(<agent> <action>)*)
<msgcond> ::=

<msgconj> | (OR <msgconj>*)
<msgconj> ::=

<msgpattern> | (AND <msgpattern>*)
<msgpattern> ::=

(<agent> INFORM <fact>)   |
(<agent> REQUEST <action> |
(NOT <msgpattern>)

<mntlcond> ::=
<mntlconj> | (OR <mntlconj>*)

<mntlconj> ::=
<mntlpattern> | (AND <mntlpattern>*)

<mntlpattern> ::=
(B <fact>)               |
((CMT <agent>) <action>) |
(NOT <mntlpattem>)

<action> ::=
(DO <time> <privateaction>)         |
(INFORM <time> <agent> <fact>)      |
(REQUEST <time> <agent> <action>)   |
(UNREQUEST <time> <agent> <action>) |
(REFRAIN <action>)                  |
(IF <mntlcond> <action>)

<fact> ::=
(<time> (<predicate> <arg>*))

<time> ::=
<integer> | now | <time-constant>     |
(+ <time> <time>) | (- <time> <time>) |
(× <iD.teger> <time>)

; Time may be a <variable> when
; it appears in a commitment rule

<time-constant> ::=
m | h | d | y

; m (minute) =60, h (hour) 3600, etc.
<agent> ::=

<alphanumeric_string> | <variable>
<predicate> ::= <alphanumeric_string>
<arg> : :=

<alphanumeric_string> | <variable>
<variable> ::=

?<alphanumeric_string> |
?!<alphanumeric_string>
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1J﹞Ě۱  b0۱۰ęل 

Airline Reservation

Agents:

• P is a passenger.

• C is an airline clerk, a program.

• S is C’s supervisor.

By confirming a reservation, the airline enters 

into a commitment to issue a boarding pass to 

the passenger at the appropriate time.
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1J﹞Ě۲  b0۱۰ęل 

March

• P to C: Please inform me what flights you have 
from San Francisco to New York on April 18.

• C to P: Flight #354 departs at 08:30,
flight #293 departs at 10:00, 
flight #441 departs at noon, …

• P to C: Please book me on #354.
• C to P: That is sold out.
• P to C: Please book me on #293.
• C to P: That is confirmed: your reservation number is 112358.
• P to C: Please book me also on #441.
• C to P: That conflicts with #293: 

I am not allowed to double book a passenger.
• P to C: Please get permission to do so.
• C to S: I request permission for the fallowing double booking: …
• S to C: Permission denied.
• C to P: Sorry, I cannot get approval.
April 18, at the airport

• P to C: My name is P; I have a reservation for flight #293.
• C to P: Here is your boarding pass.
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1J﹞Ě۳  b0۱۰ęل 

Present a program implementing 

a simplified version of the airline representative.

The ideas behind the program are that 

• the relevant activity on the part of the airline is 

issuing a boarding pass to the passenger, and

• confirming a reservation is a commitment to issue 

a boarding pass at the appropriate time.



سىستم های چندعاملی
P

re
p

a
re

d
 b

y
 K

a
z

im
 F

o
u

la
d

i  
| 

  
F

a
ll 

2
0

2
2

  
| 

4
th

E
d

it
io

n

27

    0a﹎ ﹏﹞1︻ ¿hÃ³± ·﹞1±a? ®1?bAGENT-0

1J﹞Ě%  b0۱۰ęل 

We first define some macros.

----------------------------------------------
(issue_bp pass flightnum time) =>
(IF (AND (B ((- time h) (present pass)))

(B (time
(flight ?from ?to flightnum))))

(DO time - h
(physical_issue_bp

pass flightnum time)))

Explanation: 

Issue the boarding pass precisely 1 hr. (h) before the flight.

physical_issue_bp is a private action involving some external events.
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1J﹞Ě'  b0۱۰ęل 

We first define some macros.

----------------------------------------------
(query_which t asker askee q) =>
(REQUEST t askee

(IF (B q) (INFORM (+ t 1) asker q)))

Explanation: 

This requests only a positive answer.

If q contains a universally-quantified variable, then

query_which requests to be informed of all instances of the answer to the query q.
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We first define some macros.

----------------------------------------------
(query_whether t asker askee q) =>

(REQUEST t askee
(IF (B q)

(INFORM (+ t 1) asker q)))
(REQUEST t askee

(IF (B (NOT q))
(INFORM (+ t 1) asker (NOT q))))

Explanation: 

query_whether expects either a confirmation or a disconfirmation of a fact.
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Now, to define the airline agent, 

we define its (1) initial beliefs, (2) capabilities, and (3) commitment rules.

(time (flight from to number))

Initial Beliefs: 

Concerning the flight schedule:

(time (remaining_seats time1 flight_number seats)

And the number of seats available:
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Now, to define the airline agent, 

we define its (1) initial beliefs, (2) capabilities, and (3) commitment rules.

((issue_bp ?a ?flight ?time) true)

((DO ?time
(update_remaining_seats ?time1 ?flight_number ?additional_seats))

(AND
(B (?time

(remaining_seats ?time1
?flight_number ?current_seats)))

(?current_seats >= |?additional_seats|)))
; update_remaining_seats is a private action
; changing the belief about remaining_seats.

Capabilities: 

These are issuing boarding passes and updating the count of the available seats on flights.

So the capability database contains two items:
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Now, to define the airline agent, 

we define its (1) initial beliefs, (2) capabilities, and (3) commitment rules.

Commitment Rules:

(COMMIT
(?cust REQUEST

(issue_bp ?pass ?flight ?time))
(AND

(B (?time (remaining_seats ?flight ?n)
(?n > 0)
(NOT ((CMT ?anyone)

(issue_bp ?pass ?anyflight ?time))))
(myself

(DO (+ now 1)
(update_remaining_seats
?time ?flight -1)))

(?cust (issue_bp ?pass ?flight ?time)))

(COMMIT
(?pass REQUEST

(IF (B ?p) (INFORM ?t ?pass ?p)))
true
?pass
(IF (B ?p) (INFORM ?t ?pass ?p)))
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±¬1J﹞Ě۱۰  b0۱۰ čę¿Ã1¬ÂC0³½ g±0d2 ² a﹁1h﹞ ﹏﹞1︻ ²\ ¯Â? D﹐\1>﹞ ¾ ·±³ل 
agent    action

--------------------------------------------------------------
smith (query_which lmarch/l:00 smith airline

(18april/?!time (flight sf ny ?!num)))
airline (INFORM lmarch/2:00 smith

(18april/8:30 (flight sf ny #354)))
airline (INFORM lmarch/2:00 smith

(18april/10:00 (flight sf ny #293)))
airline (INFORM lmarch/2:00 smith

(18april/...)
smith (REQUEST lmarch/3:00 airline

(issue_bp smith #354 18april/8:30))
smith (query_whether lmarch/4:00 smith airline

((CMT smith)
(issue-bp smith #354 18april/8:30)))

airline (INFORM lmarch/5:00 smith
(NOT ((CMT smith)

(issue-bp smith #354 18april/8:30))))
smith (REQUEST lmarch/6:00 airline

(issue-bp smith #293 18april/10,.00))
Smith (query-whether lmarch/7:00 smith airline

((CMT smith)
(issue-bp smith #293 18april/10:00)))

airline (INFORM lmarch/8:00 smith
((CMT smith)
(issue-bp smith #293 18april/10:00)))

...
smith (INFORM 18april/9:00 airline (present smith))
airline (DO 18april/9:00 (issue-bp smith #293 18april/10:00))



«FhÂi ¿¨﹞1︻]°S ¾1½ 

¿¨﹞1︻]°S ¾1½ «FhÂi a? ¾0 ·﹞]﹆﹞
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