
APPENDIX

This appendix presents the complete ProMoca models of the example cases that we considered in
our paper “ProMoca: Modeling and Analysis of Agent Behaviors in Commitment Protocols” that ap-
pears in Journal of Artificial Intelligence Research in 2016 (vol. 57, pages 465–508). Note that there
are differences between the code in this appendix and the code segments that are presented in the pa-
per, which are adjusted for better readability and presentation. The source files can also be accessed from
http://mas.cmpe.boun.edu.tr/akin/promoca

The ProMoca model for the aerospace aftercare case for four months:� �
globals {

variable cont rac t : {’ none ’ , ’ valid ’ , ’ invalid ’ , ’ completed ’} = ’ none ’ ;
variable per iod : {’ none ’ , ’1 ’ , ’2 ’ , ’3 ’} = ’ none ’ ;
variable e n g i n e f e e : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable e ng i n e d e l i v e r y : {’ pending ’ , ’ done ’ , ’ not_done ’} = ’ pending ’ ;
variable approved supp l i e r : {’1 ’ , ’2 ’} = ’1 ’ ;
variable o rd e r 1 ∗ : {’ pending ’ , ’ made ’ , ’ not_made ’} = ’ pending ’ ;
variable o rd e r 2 ∗ : {’ pending ’ , ’ made ’ , ’ not_made ’} = ’ pending ’ ;
variable p a r t s d e l i v e r y ∗ : {’ pending ’ , ’ on_time ’ , ’ late ’ , ’ failed ’} = ’ pending ’ ;
variable s e r v i c e f e e ∗ : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable eng i n e r epo r t ∗ : {’ pending ’ , ’ provided ’ , ’ not_provided ’} = ’ pending ’ ;
variable e n g i n e s e r v i c e ∗ : {’ pending ’ , ’ on_time ’ , ’ late ’} = ’ pending ’ ;
variable eng ine r e fund : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable s e r v i c e p e n a l t y ∗ : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable f a i l u r e p e n a l t y ∗ : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable e n g i n e r e p a i r ∗ : {’ pending ’ , ’ done ’ , ’ failed ’} = ’ pending ’ ;
variable maintenance per iod ∗ : {’ pending ’ , ’ ended ’} = ’ pending ’ ;
variable eng i n e s t a tu s : {’ inoperative ’ , ’ operational ’} = ’ operational ’ ;

}

protocol {

commitment(
’c1 ’ , achievement , 1 ,
’ manufacturer ’ , ’ operator ’ ,
e n g i n e f e e == ’ paid ’ ,
e n g i n e f e e == ’ not_paid ’ ,
e n g i n e d e l i v e r y == ’ done ’ ,
e n g i n e d e l i v e r y == ’ not_done ’ ,

) {’ aerospace_agency ’ } [ ’c2 ’ ] ;

commitment(
’c2 ’ , achievement , 1 ,
’ manufacturer ’ , ’ operator ’ ,
c 1 s t a t u s == ’ violated ’ ,
c 1 s t a t u s == ’ fulfilled ’ or c 1 s t a tu s == ’ released ’ or c 1 s t a tu s == ’ expired ’ ,
eng ine r e fund == ’ paid ’ ,
eng ine r e fund == ’ not_paid ’

) {’ aerospace_agency ’ } ;

commitment(
’ c3_∗’ , achievement , 3 ,
’ manufacturer ’ , ’ operator ’ ,
s e r v i c e f e e ∗ == ’ paid ’ and eng i n e r epo r t ∗ == ’ provided ’ ,
s e r v i c e f e e ∗ == ’ not_paid ’ or eng i n e r epo r t ∗ == ’ not_provided ’ ,
e n g i n e s e r v i c e ∗ == ’ on_time ’ ,
e n g i n e s e r v i c e ∗ == ’ late ’ ,

) {’ aerospace_agency ’ } [ ’ c4_∗’ ] ;

commitment(
’ c4_∗’ , achievement , 3 ,
’ manufacturer ’ , ’ operator ’ ,
c3 ∗ s t a t u s == ’ violated ’ ,
c3 ∗ s t a t u s == ’ fulfilled ’ or c3 ∗ s t a t u s == ’ released ’ or c3 ∗ s t a t u s == ’ expired ’ ,
s e r v i c e p e n a l t y ∗ == ’ paid ’ ,
s e r v i c e p e n a l t y ∗ == ’ not_paid ’

) {’ aerospace_agency ’ } ;

commitment(
’ c5_∗’ , maintenance , 3 ,
’ manufacturer ’ , ’ operator ’ ,
s e r v i c e f e e ∗ == ’ paid ’ and eng i n e r epo r t ∗ == ’ provided ’ ,
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s e r v i c e f e e ∗ == ’ not_done ’ or eng i n e r epo r t ∗ == ’ not_provided ’ ,
e n g i n e s t a t u s ∗ == ’ operational ’ ,
ma intenance per iod ∗ == ’ ended ’ ,

) {’ aerospace_agency ’ } [ ’ c6_∗’ ] ;

commitment(
’ c6_∗’ , achievement , 3 ,
’ manufacturer ’ , ’ operator ’ ,
c 5 s t a t u s ∗ == ’ violated ’ ,
c 5 s t a t u s ∗ == ’ fulfilled ’ or c 5 s t a t u s ∗ == ’ released ’ or c 5 s t a t u s ∗ == ’ expired ’ ,
f a i l u r e p e n a l t y ∗ == ’ paid ’ and e n g i n e s t a t u s ∗ == ’ operational ’ ,
f a l i u r e p e n a l t y ∗ == ’ not_paid ’ or eng i n e r e p a i r == ’ failed ’ ,

) {’ aerospace_agency ’ } ;

commitment(
’ c7_∗’ , achievement , 3 ,
’ supplier_1 ’ , ’ manufacturer ’ ,
o r d e r 1 ∗ == ’ made ’ ,
o r d e r 1 ∗ == ’ not_made ’ ,
p a r t s d e l i v e r y ∗ == ’ on_time ’ or p a r t s d e l i v e r y ∗ == ’ late ’ ,
p a r t s d e l i v e r y ∗ == ’ failed ’

) {’ aerospace_agency ’ } ;

commitment(
’ c8_∗’ , achievement , 3 ,
’ supplier_2 ’ , ’ manufacturer ’ ,
o r d e r 2 ∗ == ’ made ’ ,
o r d e r 2 ∗ == ’ not_made ’ ,
p a r t s d e l i v e r y ∗ == ’ on_time ’ or p a r t s d e l i v e r y ∗ == ’ late ’ ,
p a r t s d e l i v e r y ∗ == ’ failed ’

) {’ aerospace_agency ’ } ;

}

agent [ ’ manufacturer ’ ] {

loca ls {}

goals {
pagoal ( e n g i n e f e e == ’ paid ’ and s e r v i c e f e e 1 == ’ paid ’ and

s e r v i c e f e e 2 == ’ paid ’ and s e r v i c e f e e 3 == ’ paid ’ ) ;
}

behavior {
// commit to c1 and c2 to i n i t i a t e the purchase contract
[ c 1 s t a t u s == ’ null ’ and c 2 s t a tu s == ’ null ’ ] {

commit{’c1 ’} −> commit{’c2 ’} −> cont
} <>
// i f operator detaches c1 , make the maintenance contract va l i d
[ c 1 s t a t u s == ’ active ’ ] {

d e l i v e r e n g i n e { e ng i n e d e l i v e r y == ’ done ’} −>
c r e a t e c on t r a c t { cont rac t == ’ valid ’} −>
next pe r i od { per iod = 1} −> cont

} <>
// i f operator does not pay , stop in t e rac t ing
[ c 1 s t a t u s == ’ expired ’ ] {

stop
} <>

// FIRST PERIOD
// when maintenance contract i s i n i t i a t e d and supp l i e r s are ( cond i t i ona l l y )
// committed to provide the parts , commit to the f i r s t period of maintenance
[ c ont rac t == ’ valid ’ and per iod == ’1 ’ and c 3 1 s t a t u s == ’ null ’ and c 4 1 s t a t u s == ’ null ’ and
c 5 1 s t a t u s == ’ null ’ and c 6 1 s t a t u s == ’ null ’ and c 7 1 s t a t u s == ’ conditional ’ and
c 8 1 s t a t u s == ’ conditional ’ ] {

commit{’ c3_1 ’} −> commit{’ c4_1 ’} −> commit{’ c5_1 ’} −> commit{’ c6_1 ’} −> cont
} <>
// i f the operator detaches c3 1 and c5 1
[ c 3 1 s t a t u s == ’ active ’ and c 5 1 s t a t u s == ’ active ’ ] {

// i f the f i r s t supp l i e r i s approved , order the parts
[ approved supp l i e r == ’1 ’ and c 7 1 s t a t u s == ’ conditional ’ ] {

make order 1 1 { o rde r 1 1 = ’ made ’} −> release{’ c8_1 ’} −> cont
} <>
// i f the second supp l i e r i s approved , order the parts
[ approved supp l i e r == ’2 ’ and c 8 1 s t a t u s == ’ conditional ’ ] {

make order 2 1 { o rde r 2 1 = ’ made ’} −> release{’ c7_1 ’} −> cont
} <>
// i f parts are de l i v e r ed on time , p r o b a b i l i t y of on time serv i ce i s 0.99
[ p a r t s d e l i v e r y 1 == ’ on_time ’ ] {

( 0 . 9 9 ) on t ime s e r v i c e { e n g i n e s e r v i c e 1 == ’ on_time ’} −> cont
( 0 . 0 1 ) l a t e s e r v i c e { e n g i n e s e r v i c e 1 == ’ late ’} −> cont
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} <>
// i f parts are de l i v e r ed la te , p r o b a b i l i t y of on time serv i ce i s 0.75
[ p a r t s d e l i v e r y 1 == ’ late ’ ] {

( 0 . 7 5 ) on t ime s e r v i c e { e n g i n e s e r v i c e 1 == ’ on_time ’} −> cont
( 0 . 2 5 ) l a t e s e r v i c e { e n g i n e s e r v i c e 1 == ’ late ’} −> cont

}
} <>
// i f f a i l e d to complete s e rv i ce on time , pay the penal ty
[ c 4 1 s t a t u s == ’ active ’ ] {

pay s e r v i c e p ena l t y { s e r v i c e p e n a l t y 1 = ’ paid ’} −> cont
} <>
// i f engine f a i l u r e occurs
[ c 6 1 s t a t u s == ’ active ’ ] {

pay f a i l u r e p e n a l t y { f a i l u r e p e n a l t y 1 = ’ paid ’} −>
// there i s a smal l p r o b a b i l i t y of f a i l i n g to repair the inopera t i ve engine ,
// which leads to contract termination
( 0 . 9 9 ) r e pa i r e n g i n e { e n g i n e r e p a i r 1 == ’ done ’} −> cont
( 0 . 0 1 ) f a i l r e p a i r e n g i n e { e n g i n e r e p a i r 1 == ’ failed ’} −> stop

} <>
// end of period , continue to the next one
[ ( c 3 1 s t a t u s == ’ fulfilled ’ or c 3 1 s t a t u s == ’ compensated ’ or c 3 1 s t a t u s == ’ expired ’ ) and
( c 5 1 s t a t u s == ’ fulfilled ’ or c 5 1 s t a t u s == ’ compensated ’ or c 5 1 s t a t u s == ’ expired ’ ) ] {

next pe r i od { per iod = ’2 ’} −> cont
} <>
// SECOND PERIOD, same as above using corresponding va r i a b l e s for the second period
[ c ont rac t == ’ valid ’ and per iod == ’2 ’ and c 3 2 s t a t u s == ’ null ’ and c 4 2 s t a t u s == ’ null ’ and
c 5 2 s t a t u s == ’ null ’ and c 6 2 s t a t u s == ’ null ’ and c 7 2 s t a t u s == ’ conditional ’ and
c 8 2 s t a t u s == ’ conditional ’ ] {

commit{’ c3_2 ’} −> commit{’ c4_2 ’} −> commit{’ c5_2 ’} −> commit{’ c6_2 ’} −> cont
} <>
[ c 3 2 s t a t u s == ’ active ’ and c 5 2 s t a t u s == ’ active ’ ] {

[ approved supp l i e r == ’1 ’ and c 7 2 s t a t u s == ’ conditional ’ ] {
make order 1 2 { o rde r 1 2 = ’ made ’} −> release{’ c8_2 ’} −> cont

} <>
[ approved supp l i e r == ’2 ’ and c 8 2 s t a t u s == ’ conditional ’ ] {

make order 2 2 { o rde r 2 2 = ’ made ’} −> release{’ c7_2 ’} −> cont
} <>
[ p a r t s d e l i v e r y 2 == ’ on_time ’ ] {

( 0 . 9 9 ) on t ime s e r v i c e { e n g i n e s e r v i c e 2 == ’ on_time ’} −> cont
( 0 . 0 1 ) l a t e s e r v i c e { e n g i n e s e r v i c e 2 == ’ late ’} −> cont

} <>
[ p a r t s d e l i v e r y 2 == ’ late ’ ] {

( 0 . 7 5 ) on t ime s e r v i c e { e n g i n e s e r v i c e 2 == ’ on_time ’} −> cont
( 0 . 2 5 ) l a t e s e r v i c e { e n g i n e s e r v i c e 2 == ’ late ’} −> cont

}
} <>
[ c 4 2 s t a t u s == ’ active ’ ] {

pay s e r v i c e p ena l t y { s e r v i c e p e n a l t y 2 = ’ paid ’} −> cont
} <>
[ c 6 2 s t a t u s == ’ active ’ ] {

pay f a i l u r e p e n a l t y { f a i l u r e p e n a l t y 2 = ’ paid ’} −>
( 0 . 9 9 ) r e pa i r e n g i n e { e n g i n e r e p a i r 2 == ’ done ’} −> cont
( 0 . 0 1 ) f a i l r e p a i r e n g i n e { e n g i n e r e p a i r 2 == ’ failed ’} −> stop

} <>
[ ( c 3 2 s t a t u s == ’ fulfilled ’ or c 3 2 s t a t u s == ’ compensated ’ o r c 3 2 s t a t u s == ’ expired ’ ) and
( c 5 2 s t a t u s == ’ fulfilled ’ or c 5 2 s t a t u s == ’ compensated ’ or c 5 2 s t a t u s == ’ expired ’ ) ] {

next pe r i od { per iod = ’3 ’} −> cont
} <>
// THIRD PERIOD, same as above using corresponding va r i a b l e s for the th i rd period
[ c ont rac t == ’ valid ’ and per iod == ’3 ’ and c 3 3 s t a t u s == ’ null ’ and c 4 3 s t a t u s == ’ null ’ and
c 5 3 s t a t u s == ’ null ’ and c 6 3 s t a t u s == ’ null ’ and c 7 3 s t a t u s == ’ conditional ’ and
c 8 3 s t a t u s == ’ conditional ’ ] {

commit{’ c3_3 ’} −> commit{’ c4_3 ’} −> commit{’ c5_3 ’} −> commit{’ c6_3 ’} −> cont
} <>
[ c 3 3 s t a t u s == ’ active ’ and c 5 3 s t a t u s == ’ active ’ ] {

[ approved supp l i e r == ’1 ’ and c 7 3 s t a t u s == ’ conditional ’ ] {
make order 1 3 { o rde r 1 3 = ’ made ’} −> release{’ c8_3 ’} −> cont

} <>
[ approved supp l i e r == ’2 ’ and c 8 3 s t a t u s == ’ conditional ’ ] {

make order 2 3 { o rde r 2 3 = ’ made ’} −> release{’ c7_3 ’} −> cont
} <>
[ p a r t s d e l i v e r y 3 == ’ on_time ’ ] {

( 0 . 9 9 ) on t ime s e r v i c e { e n g i n e s e r v i c e 3 == ’ on_time ’} −> cont
( 0 . 0 1 ) l a t e s e r v i c e { e n g i n e s e r v i c e 3 == ’ late ’} −> cont

} <>
[ p a r t s d e l i v e r y 3 == ’ late ’ ] {

( 0 . 7 5 ) on t ime s e r v i c e { e n g i n e s e r v i c e 3 == ’ on_time ’} −> cont
( 0 . 2 5 ) l a t e s e r v i c e { e n g i n e s e r v i c e 3 == ’ late ’} −> cont

}
} <>
[ c 4 3 s t a t u s == ’ active ’ ] {
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pay s e r v i c e p ena l t y { s e r v i c e p e n a l t y 3 = ’ paid ’} −> cont
} <>
[ c 6 3 s t a t u s == ’ active ’ ] {

pay f a i l u r e p e n a l t y { f a i l u r e p e n a l t y 3 = ’ paid ’} −>
( 0 . 9 9 ) r e pa i r e n g i n e { e n g i n e r e p a i r 3 == ’ done ’} −> cont
( 0 . 0 1 ) f a i l r e p a i r e n g i n e { e n g i n e r e p a i r 3 == ’ failed ’} −> stop

} <>
[ ( c 3 3 s t a t u s == ’ fulfilled ’ or c 3 3 s t a t u s == ’ compensated ’ or c 3 3 s t a t u s == ’ expired ’ ) and
( c 5 3 s t a t u s == ’ fulfilled ’ or c 5 3 s t a t u s == ’ compensated ’ or c 5 3 s t a t u s == ’ expired ’ ) ] {

next pe r i od { per iod = ’ none ’} −> cont
} <>
// conclude the maintenance contract
[ c ont rac t == ’ valid ’ and next pe r i od == ’ none ’ ] {

conc lude cont rac t { cont rac t = ’ completed ’} −> stop
}

}

be l i e f s {
// manufacturer ’ s b e l i e f s about the operator ’ s b e l i e f s
[ ’ operator ’ ] {

// the operator detaches condi t ion c1 with 0.99 p r o b a b i l i t y
[ c 1 s t a t u s == ’ conditional ’ ] {

( 0 . 9 9 ) pay eng in e f e e { e n g i n e f e e = ’ paid ’} −> cont
( 0 . 0 1 ) no t pay eng in e f e e { e n g i n e f e e = ’ not_paid ’} −> stop

} <>
// for a l l per iods the operator detaches commitments c3 ∗ and c5 ∗ with
// p r o b a b i l i t y 0.95 , but in rare cases the operator might f a i l to pay for
// the se rv i ce and/or provide the required engine report
// FIRST PERIOD
[ c 3 1 s t a t u s == ’ conditional ’ and c 5 1 s t a t u s == ’ conditional ’ ] {

( 0 . 9 5 ) p a y s e r v i c e f e e { s e r v i c e f e e 1 = ’ paid ’} −>
p rov i d e eng i n e r epo r t { eng i n e r epo r t 1 = ’ provided ’} −> cont

( 0 . 0 2 ) n o t p a y s e r v i c e f e e { s e r v i c e f e e 1 = ’ not_paid ’} −>
p rov i d e eng i n e r epo r t { eng i n e r epo r t 1 = ’ provided ’} −> cont

( 0 . 0 2 ) p a y s e r v i c e f e e { s e r v i c e f e e 1 = ’ paid ’} −>
no t p r ov i d e eng i n e r epo r t { eng i n e r epo r t 1 = ’ not_provided ’} −> cont

( 0 . 0 1 ) n o t p a y s e r v i c e f e e { s e r v i c e f e e 1 = ’not - paid ’} −>
no t p r ov i d e eng i n e r epo r t { eng i n e r epo r t 1 = ’ not_provided ’} −> cont

} <>
// SECOND PERIOD
[ c 3 2 s t a t u s == ’ conditional ’ and c 5 2 s t a t u s == ’ conditional ’ ] {

( 0 . 9 5 ) p a y s e r v i c e f e e { s e r v i c e f e e 2 = ’ paid ’} −>
p rov i d e eng i n e r epo r t { eng i n e r epo r t 2 = ’ provided ’} −> cont

( 0 . 0 2 ) n o t p a y s e r v i c e f e e { s e r v i c e f e e 2 = ’ not_paid ’} −>
p rov i d e eng i n e r epo r t { eng i n e r epo r t 2 = ’ provided ’} −> cont

( 0 . 0 2 ) p a y s e r v i c e f e e { s e r v i c e f e e 2 = ’ paid ’} −>
no t p r ov i d e eng i n e r epo r t { eng i n e r epo r t 2 = ’ not_provided ’} −> cont

( 0 . 0 1 ) n o t p a y s e r v i c e f e e { s e r v i c e f e e 2 = ’not - paid ’} −>
no t p r ov i d e eng i n e r epo r t { eng i n e r epo r t 2 = ’ not_provided ’} −> cont

} <>
// THIRD PERIOD
[ c 3 1 s t a t u s == ’ conditional ’ and c 5 1 s t a t u s == ’ conditional ’ ] {

( 0 . 9 5 ) p a y s e r v i c e f e e { s e r v i c e f e e 1 = ’ paid ’} −>
p rov i d e eng i n e r epo r t { eng i n e r epo r t 2 = ’ provided ’} −> cont

( 0 . 0 2 ) n o t p a y s e r v i c e f e e { s e r v i c e f e e 1 = ’ not_paid ’} −>
p rov i d e eng i n e r epo r t { eng i n e r epo r t 2 = ’ provided ’} −> stop

( 0 . 0 2 ) p a y s e r v i c e f e e { s e r v i c e f e e 1 = ’ paid ’} −>
no t p r ov i d e eng i n e r epo r t { eng i n e r epo r t 2 = ’ not_provided ’} −> stop

( 0 . 0 1 ) n o t p a y s e r v i c e f e e { s e r v i c e f e e 1 = ’not - paid ’} −>
no t p r ov i d e eng i n e r epo r t { eng i n e r epo r t 2 = ’ not_provided ’} −> stop

} <>
// i f the engine f a i l s and the s i t ua t i on i s not compensated by repa ir ing
// the engine , operator terminates the contract
[ c 6 1 s t a t u s == ’ violated ’ or c 6 2 s t a t u s == ’ violated ’ or c 6 3 s t a t u s == ’ violated ’ ] {

t e rm ina t e con t ra c t { cont rac t = ’ invalid ’} −> stop
} <>
// stop when the contract i s completed
[ c ont rac t == ’ completed ’ ) ] {

stop
}

} ;

// manufacturer ’ s b e l i e f s about the f i r s t supp l i e r
[ ’ supplier_1 ’ ] {

[ pe r iod == ’1 ’ and c 7 1 s t a t u s == ’ null ’ ] {
commit( ’ c7_1 ’ ) −> cont

} <>
[ c 7 1 s t a t u s == ’ active ’ ] {

( 0 . 9 5 ) d e l i v e r { pa r t s d e l i v e r y 1 = ’ on_time ’} −> cont
( 0 . 0 5 ) n o t d e l i v e r { pa r t s d e l i v e r y 1 = ’ late ’} −> cont
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} <>
[ pe r iod == ’2 ’ and c 7 2 s t a t u s == ’ null ’ ] {

commit( ’ c7_2 ’ ) −> cont
} <>
[ c 7 2 s t a t u s == ’ active ’ ] {

( 0 . 9 ) d e l i v e r { pa r t s d e l i v e r y 2 = ’ on_time ’} −> cont
( 0 . 1 ) n o t d e l i v e r { pa r t s d e l i v e r y 2 = ’ late ’} −> cont

} <>
[ pe r iod == ’3 ’ and c 7 3 s t a t u s == ’ null ’ ] {

commit( ’ c7_3 ’ ) −> cont
} <>
[ c 7 3 s t a t u s == ’ active ’ ] {

( 0 . 9 ) d e l i v e r { pa r t s d e l i v e r y 3 = ’ on_time ’} −> stop
( 0 . 1 ) n o t d e l i v e r { pa r t s d e l i v e r y 3 = ’ late ’} −> stop

}
} ;

// manufacturer ’ s b e l i e f s about the second supp l i e r
[ ’ supplier_8 ’ ] {

[ pe r iod == ’1 ’ and c 8 1 s t a t u s == ’ null ’ ] {
commit( ’ c8_1 ’ ) −> cont

} <>
[ c 8 1 s t a t u s == ’ active ’ ] {

( 0 . 9 ) d e l i v e r { pa r t s d e l i v e r y 1 = ’ on_time ’} −> cont
( 0 . 1 ) n o t d e l i v e r { pa r t s d e l i v e r y 1 = ’ late ’} −> cont

} <>
[ pe r iod == ’2 ’ and c 8 2 s t a t u s == ’ null ’ ] {

commit( ’ c8_2 ’ ) −> cont
} <>
[ c 8 2 s t a t u s == ’ active ’ ] {

( 0 . 8 5 ) d e l i v e r { pa r t s d e l i v e r y 2 = ’ on_time ’} −> cont
( 0 . 1 5 ) n o t d e l i v e r { pa r t s d e l i v e r y 2 = ’ late ’} −> cont

} <>
[ pe r iod == ’3 ’ and c 8 3 s t a t u s == ’ null ’ ] {

commit( ’ c8_3 ’ ) −> cont
} <>
[ c 8 3 s t a t u s == ’ active ’ ] {

( 0 . 9 5 ) d e l i v e r { pa r t s d e l i v e r y 3 = ’ on_time ’} −> stop
( 0 . 0 5 ) n o t d e l i v e r { pa r t s d e l i v e r y 3 = ’ late ’} −> stop

}
} ;

// manufacturer ’ s b e l i e f s about engine f a i l u r e s
[ ’ engine ’ ] {

// PERIOD 1 , engine does not f a i l no matter i t i s serv iced on time or l a t e
[ c 5 1 s t a t u s == ’ active ’ ] {

n o f a i l u r e {maintenance per iod 1 = ’ ended ’} −> cont
} <>
// PERIOD 2 , engine might f a i l i f i t i s serv iced l a t e
[ c 5 2 s t a t u s == ’ active ’ ] {

[ e n g i n e s e r v i c e 2 == ’ on_time ’ ] {
n o f a i l u r e {maintenance per iod 2 = ’ ended ’} −> cont

} <>
[ e n g i n e s e r v i c e 2 == ’ late ’ ] {

( 0 . 9 9 ) n o f a i l u r e {maintenance per iod 2 = ’ ended ’} −> cont
( 0 . 0 1 ) f a i l u r e { eng i n e s t a tu s = ’ inoperative ’} −> cont

}
} <>
// PERIOD 3 , engine might f a i l with a higher p r o b a b i l i t y than the second period
// i f i t i s serv iced l a t e in the th i rd period
[ c 5 3 s t a t u s == ’ active ’ ] {

[ e n g i n e s e r v i c e 3 == ’ on_time ’ ] {
n o f a i l u r e {maintenance per iod 3 = ’ ended ’} −> stop

} <>
[ e n g i n e s e r v i c e 3 == ’ late ’ ] {

( 0 . 9 7 ) n o f a i l u r e {maintenance per iod 3 = ’ ended ’} −> stop
( 0 . 0 3 ) f a i l u r e { eng i n e s t a t u s 3 = ’ inoperative ’} −> stop

}
}

} ;

}� �
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The ProMoca model for the NetBill case with two simultaneous customers:� �
// PROMOCA model of the Ne t b i l l pro toco l

// Global va r i a b l e s and t h e i r domains
globals {
variable o f f e r 1 : {’ none ’ , ’ made ’ , ’ accepted ’ , ’ expired ’} = ’ none ’
variable o f f e r 2 : {’ none ’ , ’ made ’ , ’ accepted ’ , ’ expired ’} = ’ none ’
variable goods 1 : {’ pending ’ , ’ delivered ’ , ’ not_delivered ’} = ’ pending ’ ;
variable goods 2 : {’ pending ’ , ’ delivered ’ , ’ not_delivered ’} = ’ pending ’ ;
variable f e e 1 : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable f e e 2 : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable r e c e i p t 1 : {’ pending ’ , ’ sent ’ , ’ not_sent ’} = ’ pending ’ ;
variable r e c e i p t 2 : {’ pending ’ , ’ sent ’ , ’ not_sent ’} = ’ pending ’ ;
}

// Commitment pro toco l
protocol {

commitment(
’ c1_1 ’ , achievement , 1 , ’ customer_1 ’ , ’ merchant ’ ,
goods 1 == ’ delivered ’ , goods 1 == ’ not_delivered ’ ,
f e e 1 == ’ paid ’ , f e e 1 == ’ not_paid ’

) {’ intermediation_server ’ } ;

commitment(
’ c2_1 ’ , achievement , 1 , ’ merchant ’ , ’ customer_1 ’ ,
c 1 1 s t a t u s == ’ conditional ’ , o f f e r 1 == ’ expired ’ ,
goods 1 == ’ delivered ’ , goods 1 == ’ not_delivered ’ ,

) {’ intermediation_server ’ } ;

commitment(
’ c3_1 ’ , achievement , 1 , ’ merchant ’ , ’ customer_1 ’ ,
f e e 1 == ’ paid ’ , f e e 1 == ’ not_paid ’ ,
r e c e i p t 1 == ’ sent ’ , r e c e i p t 1 == ’ not_sent ’ ,

) {’ intermediation_server ’ } ;

commitment(
’ c1_2 ’ , achievement , 1 , ’ customer_2 ’ , ’ merchant ’ ,
goods 2 == ’ delivered ’ , goods 2 == ’ not_delivered ’ ,
f e e 2 == ’ paid ’ , f e e 2 == ’ not_paid ’

) {’ intermediation_server ’ } ;

commitment(
’ c2_2 ’ , achievement , 1 , ’ merchant ’ , ’ customer_2 ’ ,
c 1 2 s t a t u s == ’ conditional ’ , o f f e r 2 == ’ expired ’ ,
goods 2 == ’ delivered ’ , goods 2 == ’ not_delivered ’ ,

) {’ intermediation_server ’ } ;

commitment(
’ c3_2 ’ , achievement , 1 , ’ merchant ’ , ’ customer_2 ’ ,
f e e 2 == ’ paid ’ , f e e 2 == ’ not_paid ’ ,
r e c e i p t 2 == ’ sent ’ , r e c e i p t 2 == ’ not_sent ’ ,

) {’ intermediation_server ’ } ;

}

// Def in i t ion of the merchant
agent [ ’ merchant ’ ] {

// Local va r i a b l e s and t h e i r domains for the merchant
loca ls {
variable s tock : {’ not_available ’ , ’ available ’} = ’ available ’ ;
variable t r an s a c t i on 1 : {’ pending ’ , ’ done ’} = ’ pending ’ ;
variable t r an s a c t i on 2 : {’ pending ’ , ’ done ’} = ’ pending ’ ;
}

// Goals of the merchant
goals {
pagoal ( f e e 1 == ’ paid ’ ) ;
pagoal ( f e e 2 == ’ paid ’ ) ;
agoal ( c 2 1 s t a t u s == ’ active ’ , goods 1 == ’ delivered ’ , goods 1 == ’ not_delivered ’ ) ;
agoal ( c 2 2 s t a t u s == ’ active ’ , goods 2 == ’ delivered ’ , goods 2 == ’ not_delivered ’ ) ;
agoal ( c 3 1 s t a t u s == ’ active ’ , r e c e i p t 1 == ’ sent ’ , r e c e i p t 1 == ’ not_sent ’ ) ;
agoal ( c 3 2 s t a t u s == ’ active ’ , r e c e i p t 2 == ’ sent ’ , r e c e i p t 2 == ’ not_sent ’ ) ;
}

// Behavior of the merchant
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behavior {
[ s tock == ’ not_available ’ ] {

r eques t goods {goods = ’ available ’} −> cont
} <>
[ o f f e r 1 == ’ none ’ and s tock == ’ available ’ ] {

commit{’ c2_1 ’} −> commit{’ c3_1 ’} −> make o f f e r { o f f e r 1 = ’ made ’} −> cont
} <>
[ o f f e r 2 == ’ none ’ and s tock == ’ available ’ ] {

commit{’ c2_2 ’} −> commit{’ c3_2 ’} −> make o f f e r { o f f e r 2 = ’ made ’} −> cont
} <>
[ c 2 1 s t a t u s == ’ expired ’ ] {

end{ t r an s a c t i on 1 = ’ done ’} −> cont
} <>
[ c 2 2 s t a t u s == ’ expired ’ ] {

end{ t r an s a c t i on 2 = ’ done ’} −> cont
} <>
[ c 2 1 s t a t u s == ’ active ’ and s tock == ’ available ’ ] {

( 0 . 9 5 ) make de l ivery { goods 1 = ’ delivered ’} −>
( s t o ck dep l e t ed { s tock = ’ not_available ’} −> cont <> cont )

( 0 . 0 5 ) f a i l d e l i v e r y { goods 1 = ’ not_delivered ’} −> end{ t r an s a c t i on 1 = ’ done ’} −> cont
} <>
[ c 2 2 s t a t u s == ’ active ’ and s tock == ’ available ’ ] {

( 0 . 9 5 ) make de l ivery { goods 2 = ’ delivered ’} −>
( s t o ck dep l e t ed { s tock = ’ not_available ’} −> cont <> cont )

( 0 . 0 5 ) f a i l d e l i v e r y { goods 2 = ’ not_delivered ’} −> end{ t r an s a c t i on 2 = ’ done ’} −> cont
} <>
[ c 2 1 s t a t u s == ’ fulfilled ’ and c 3 1 s t a t u s == ’ active ’ ] {

s e nd r e c e i p t { r e c e i p t 1 = ’ sent ’} −> end{ t r an s a c t i on 1 = ’ done ’} −> cont
} <>
[ c 2 2 s t a t u s == ’ fulfilled ’ and c 3 2 s t a t u s == ’ active ’ ] {

s e nd r e c e i p t { r e c e i p t 2 = ’ sent ’} −> end{ t r an s a c t i on 2 = ’ done ’} −> cont
} <>
[ t r an s a c t i on 1 == ’ done ’ and t r an s a c t i on 2 == ’ done ’ ] {

stop
}

}

// Be l i e f s of the merchant
be l i e f s {
// The merchant ’ s b e l i e f s about the f i r s t customer ’ s behavior .
[ ’ customer_1 ’ ] {

[ o f f e r 1 == ’ made ’ ] {
( 0 . 6 ) commit{’ c1_1 ’} −> accept { orde r 1 = ’ accepted ’} −> cont
( 0 . 4 ) r e j e c t { orde r 1 = ’ expired ’} −> release{’ c3_1 ’} −> stop

} <>
[ c 1 1 s t a t u s == ’ active ’ ] {

( 0 . 9 9 ) pay{ f e e 1 = ’ paid ’} −> cont
( 0 . 0 1 ) f a i l p a y { f e e 1 = ’ not_paid ’} −> stop

} <>
[ c 1 1 s t a t u s == ’ expired ’ ] {

release{’ c3_1 ’} −> stop
}
[ r e c e i p t 1 == ’ sent ’ or c 1 1 s t a t u s == ’ expired ’ ] {

stop
}

} ;

// The merchant ’ s b e l i e f s about the second customer ’ s behavior .
[ ’ customer_2 ’ ] {

[ o f f e r 2 == ’ made ’ ] {
( 0 . 9 ) commit{’ c1_2 ’} −> accept { orde r 2 = ’ accepted ’} −> cont
( 0 . 1 ) r e j e c t { orde r 2 = ’ expired ’} −> release{’ c3_2 ’} −> stop

} <>
[ c 1 2 s t a t u s == ’ active ’ ] {

( 0 . 7 5 ) pay{ f e e 2 = ’ paid ’} −> cont
( 0 . 2 5 ) f a i l p a y { f e e 2 = ’ not_paid ’} −> stop

} <>
[ c 1 2 s t a t u s == ’ expired ’ ] {

release{’ c3_2 ’} −> stop
}
[ r e c e i p t 2 == ’ sent ’ ] {

stop
}

} ;

}� �

7



The ProMoca model for the AGFIL insurance case with two sequential claims:� �
// PROMOCA model of the AGFIL example

globals {

variable po l i c y s t a t u s : {’ none ’ , ’ valid ’ , ’ expired ’} = ’ none ’ ;
variable p o l i c y f e e : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable po l i c y c r e a t i o n : {’ pending ’ , ’ done ’ , ’ failed ’} = ’ pending ’ ;
variable c l a im s t a tu s 1 : {’ pending ’ , ’ made ’ , ’ not_made ’} = ’ pending ’ ;
variable c l a im s t a tu s 2 : {’ pending ’ , ’ made ’ , ’ not_made ’} = ’ pending ’ ;
variable c l a im hand l ing 1 : {’ pending ’ , ’ done ’ , ’ failed ’} = ’ pending ’ ;
variable c l a im hand l ing 2 : {’ pending ’ , ’ done ’ , ’ failed ’} = ’ pending ’ ;
variable c l a im va l i d i t y 1 : {’ unassigned ’ , ’ valid ’ , ’ invalid ’} = ’ unassigned ’ ;
variable c l a im va l i d i t y 2 : {’ unassigned ’ , ’ valid ’ , ’ invalid ’} = ’ unassigned ’ ;
variable v a l i d a t i o n r e qu e s t 1 : {’ pending ’ , ’ made ’ , ’ not_made ’} = ’ pending ’ ;
variable va l i d a t i o n 1 : {’ pending ’ , ’ made ’ , ’ not_made ’} = ’ pending ’ ;
variable payment 1 : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;
variable payment 2 : {’ pending ’ , ’ paid ’ , ’ not_paid ’} = ’ pending ’ ;

}

protocol {

commitment(
’c1 ’ , achievement , 1 , ’ agfil ’ ’ customer ’ ,
p o l i c y f e e == ’ paid ’ ,
p o l i c y f e e == ’ not_paid ’ ,
c 2 s t a t u s == ’ conditional ’ and c 3 s t a tu s == ’ conditional ’ and
c 4 s t a tu s == ’ conditional ’ and c 5 s t a tu s == ’ conditional ’ ,
p o l i c y c r e a t i o n == ’ failed ’

) ;

commitment(
’c2 ’ , achievement , 1 , ’ agfil ’ , ’ customer ’ ,
c l a im s t a tu s 1 == ’ made ’ , p o l i c y s t a t u s == ’ expired ’ ,
c l a im hand l ing 1 == ’ done ’ , c l a im hand l ing 1 == ’ failed ’

) ;

commitment(
’c3 ’ , achievement , 1 , ’ agfil ’ , ’ customer ’ ,
c l a im s t a tu s 2 == ’ made ’ , p o l i c y s t a t u s == ’ expired ’ ,
c l a im hand l ing 2 == ’ done ’ , c l a im hand l ing 2 == ’ failed ’

) ;

commitment(
’c4 ’ , achievement , 1 , ’ agfil ’ , ’ customer ’ ,
c l a im s t a tu s 1 == ’ made ’ and c l a im va l i d i t y 1 == ’ valid ’ ,
( c l a im s t a tu s 1 == ’ made ’ and c l a im va l i d i t y 1 == ’ invalid ’ ) or po l i c y s t a t u s == ’ expired ’ ,
payment 1 == ’ made ’ , payment 1 == ’ failed ’

) ;

commitment(
’c5 ’ , achievement , 1 , ’ agfil ’ , ’ customer ’ ,
c l a im s t a tu s 2 == ’ made ’ and c l a im va l i d i t y 2 == ’ valid ’ ,
( c l a im s t a tu s 2 == ’ made ’ and c l a im va l i d i t y 2 == ’ invalid ’ ) or po l i c y s t a t u s == ’ expired ’ ,
payment 2 == ’ made ’ , payment 2 == ’ failed ’

) ;

commitment(
’c6 ’ , achievement , 1 , ’ euro ’ , ’ agfil ’ ,
c l a im s t a tu s 1 == ’ made ’ , p o l i c y s t a t u s == ’ expired ’ ,
c l a im hand l ing 1 == ’ done ’ , c l a im hand l ing 1 == ’ failed ’

) ;

commitment(
’c7 ’ , achievement , 1 , ’ euro ’ , ’ agfil ’ ,
c l a im s t a tu s 2 == ’ made ’ , p o l i c y s t a t u s == ’ expired ’ ,
c l a im hand l ing 2 == ’ done ’ , c l a im hand l ing 2 == ’ failed ’

) ;

commitment(
’c8 ’ , achievement , 1 , ’ consultant ’ , ’ agfil ’ ,
v a l i d a t i o n r e qu e s t 1 == ’ made ’ , p o l i c y s t a t u s == ’ expired ’ ,
v a l i d a t i o n 1 == ’ made ’ , v a l i d a t i o n 1 == ’ failed ’

) ;

commitment(
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’c9 ’ , achievement , 1 , ’ consultant ’ , ’ agfil ’ ,
v a l i d a t i o n r e qu e s t 2 == ’ made ’ , p o l i c y s t a t u s == ’ expired ’ ,
v a l i d a t i o n 2 == ’ made ’ , v a l i d a t i o n 2 == ’ failed ’

) ;

}

agent [ ’ agfil ’ ] {

loca ls {}

goals {
agoal ( c l a im s t a tu s 1 == ’ made ’ , c l a im hand l ing 1 == ’ made ’ , c l a im hand l ing 1 == ’ failed ’ ) ;
agoal ( c l a im s t a tu s 2 == ’ made ’ , c l a im hand l ing 2 == ’ made ’ , c l a im hand l ing 2 == ’ failed ’ ) ;

}

behavior {
[ c 1 s t a t u s == ’ active ’ ] {

commit{’c2 ’} −> commit{’c3 ’} −> commit{’c4 ’} −> commit{’c5 ’} −>
c r e a t e p o l i c y { po l i c y s t a t u s = ’ valid ’ ; p o l i c y c r e a t i o n = ’ done ’ −> cont

} <>
[ c 4 s t a t u s == ’ active ’ or ( c 4 s t a tu s == ’ conditional ’ and va l i d a t i o n 1 == ’ failed ’ ) ] {

pay{payment 1 = ’ made ’} −> cont
} <>
[ c 5 s t a t u s == ’ active ’ or ( c 5 s t a tu s == ’ conditional ’ and va l i d a t i o n 2 == ’ failed ’ ) ] {

pay{payment 2 = ’ made ’} −> p o l i c y e x p i r e s { po l i c y s t a t u s = ’ expired ’} −> cont
} <>
[ c 8 s t a t u s == ’ conditional ’ ] {

r e qu e s t v a l i d a t i o n { v a l i d a t i o n r e qu e s t 1 = ’ made ’} −> cont
} <>
[ c 9 s t a t u s == ’ conditional ’ ] {

r e qu e s t v a l i d a t i o n { v a l i d a t i o n r e qu e s t 2 = ’ made ’} −> cont
} <>
[ p o l i c y s t a t u s == ’ expired ’ ] {

stop
}

}

be l i e f s {

[ ’ customer ’ ] {
[ c 1 s t a t u s == ’ conditional ’ ] {

( 0 . 9 9 ) pay{ p o l i c y f e e = ’ paid ’} −> cont
( 0 . 0 1 ) f a i l p a y { p o l i c y f e e = ’ not_paid ’ ; p o l i c y s t a t u s = ’ expired ’} −> stop

} <>
[ p o l i c y s t a t u s = ’ valid ’ and c l a im s t a tu s 1 == ’ pending ’ ] {

( 0 . 5 ) c la im{ c l a im s t a tu s 1 = ’ made ’} −> cont
( 0 . 5 ) no more c la ims { po l i c y s t a t u s = ’ expired ’} −> stop

} <>
[ p o l i c y s t a t u s = ’ valid ’ and c l a im s t a tu s 1 == ’ made ’ and c l a im s t a tu s 2 == ’ pending ’ ] {

( 0 . 2 5 ) c la im{ c l a im s t a tu s 2 = ’ made ’} −> cont
( 0 . 7 5 ) no more c la ims { po l i c y s t a t u s = ’ expired ’} −> stop

} <>
[ p o l i c y s t a t u s == ’ expired ’ ] {

stop
}

} ;

[ ’ euro ’ ] {
[ c 6 s t a t u s == ’ active ’ ] {

( 0 . 9 5 ) hand le c la im { c l a im hand l ing 1 = ’ done ’} −> cont
( 0 . 0 5 ) unava i l ab l e { c l a im hand l ing 1 = ’ failed ’} −> cont

} <>
[ c 6 s t a t u s == ’ active ’ ] {

( 0 . 9 5 ) hand le c la im { c l a im hand l ing 2 = ’ done ’} −> cont
( 0 . 0 5 ) unava i l ab l e { c l a im hand l ing 2 = ’ failed ’} −> cont

} <>
[ p o l i c y s t a t u s == ’ expired ’ ] {

stop
}

} ;

[ ’ consultant ’ ] {
[ c 8 s t a t u s == ’ active ’ ] {

( 0 . 9 9 ) va l i d a t e { va l i d a t i o n 1 = ’ made ’} −>
( 0 . 8 ) c l a im va l i d { c l a im va l i d i t y 1 = ’ valid ’} −> cont
( 0 . 2 ) c l a im i nva l i d { c l a im va l i d i t y 1 = ’ invalid ’} −> cont

( 0 . 0 1 ) f a i l t o v a l i d a t e { va l i d a t i o n 1 = ’ failed ’} −> cont
} <>
[ c 9 s t a t u s == ’ active ’ ] {

( 0 . 9 9 ) va l i d a t e { va l i d a t i o n 2 = ’ made ’} −>
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( 0 . 8 ) c l a im va l i d { c l a im va l i d i t y 2 = ’ valid ’} −> cont
( 0 . 2 ) c l a im i nva l i d { c l a im va l i d i t y 2 = ’ invalid ’} −> cont

( 0 . 0 1 ) f a i l t o v a l i d a t e { va l i d a t i o n 2 = ’ failed ’} −> cont
} <>
[ p o l i c y s t a t u s == ’ expired ’ ] {

stop
}

} ;

}� �
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