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❥➔➃✺❫➎➈❅⑨①⑧⑥⑧➇♦❀✉✧➄❙⑨➅➉✩➆ ③➇⑨ ③⑥❧✥♦❷➉✥⑨➅③⑥➒ ⑨➅➉P⑨✍▲ ✾ ✚❁❀❃❂ ➒ ➉❖❬✡❪❆❫✤❜
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❬✡❪❆❫ ✔ ✈✐◆❨✈①➉✩↕①✇✯✈➅↕➌♦✎⑨▼▲●➆✰➒ ✉✧③✧⑧⑥➒✆P✰✇✥③➇♦❀➆ ⑧⑥♦❄✈➅➈ ③⑥➒ ➐➌♦❷⑨✍P✰⑩✜♦❀➈❀③➇✉ →

C

D

O:C

class C is D object O of C

/

C

class C of C is D

Interface<< >>

/
C

D

◆
1 1

C

V:T

I:TC

DD

class C(I:T) is Dclass C[V:T] is D

S C<I>

class C is S C<I>

C

port X:T class C is A

S A

C

✝✬➒ ↕➅✇✥⑧⑥♦❷➋ ✦❧❥➔➃✺❫❤➉✩⑨①③☛✈①③✧➒➓⑨➅➉ ▲❂⑨➅⑧✪❬✳❪❆❫
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♣✧✦ ✁✄✂✆☎✞✝✟✂✡✠☞☛✍✌ ✎✑✏✓✒✕✔✗✖✘✂✚✙✜✛✢✒✤✣✍✛✢✒✤✏✆✥✢✦✧✛★✔✩✙✪✂✬✫✭☛✍✏✓✌✓✌✮☛✍✯✱✰✲✔✳✫✭✂✴✁✕☛✍✵✶✰✲✔✭✷✩✂✸✙✺✹✲✯✼✻✽✏✞☛✍✒✾✛★✔✩✿❀✂❁✫✭☛✍✒✾✹✲✒
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☛✚➉P✈➅➈ ③⑥➒➓⑨①➉ ❇ ➒ ✉❝♦❀➒ ③⑥❧✩♦ ⑧✳✈✝➐①✈▼◆ ✇✯✈①③✧➒➓⑨➅➉ ❄ ✰ ✪ ✵ ❨❋➒➙❜ ♦▼❜✤✣❝➐①✈▼◆ ✇✩♦ ✪ ➒➓✉✑➄✰⑧➇♦❅✉✧♦❀➉➑③④✈①③❹➄❙⑨➅⑧✧③ ❄✦✥ ❴❘❙
③⑥❧✩♦☎➈❄✈①✇✥✉➇✈▼◆ ➒ ③✲⑤ ✉✜➄❘♦❀➈❀➒✆❑✥➈❄✈①③✧➒➓⑨➅➉ ✣ ❄ ✰ ✪ ✵★✧ ✩ ✰✫✪ ✵ ✥ ❨❋➒⑥❜ ♦✍❜ ✣ ❄ ✰✭✪ ✵ ➒➓✉▲③⑥❧✥♦ ➈❅✈①✇✩✉⑥♦☎⑨✍▲
✩✻✰✫✪ ✵✬✥ ❴❹③✧❧✩♦❷➆✰➒➓✉❂⑩ ✇✥➉✩➈ ③⑥➒➓⑨①➉✭✣ ❇ ✚❁❀ ❇ ✤ ✥ ⑨✍▲✒✈①➈❀③⑥➒ ⑨➅➉✩✉✜❨❂➉✩⑨➅➉✕◗ ➆✥♦❀③⑥♦❀⑧⑥♥ ➒ ➉✰➒➓✉✧③✧➒➓➈✎➈➇❧✥⑨➅➒➓➈❀♦①❴✢❙✥③✧❧✩♦
✈➅➈❀③✧➒ ➐①✈①③⑥➒ ⑨➅➉✮✣✰✯ ❇ ✥ ⑨▼▲✥✈①➉✝✈➅➈ ③⑥➒ ⑨➅➉❡❨❋➒⑥❜ ♦✍❜✱✣❹⑨✍▲✰➈❀⑨➅✇✥⑧⑥✉⑥♦ ❇ ✥ ❴✢❙❏③⑥❧✥♦✮✉✜⑤➑➉✩➈➇❧✥⑧➇⑨①➉✩⑨➅✇✩✉✪➈❅⑨➅♥ ➄❙⑨➌✉✧➒ ③⑥➒➓⑨①➉
✣ ❇✳✲✻❇ ✤✴✥ ⑨✍▲✎✈①➈❀③⑥➒ ⑨➅➉✩✉❈❜✛✣✒➉➑✇✥♥❤♦❀⑧☛✈❻③➇♦❅➆❡➈❀⑨➅♥❤➄❙⑨➌✉✜➒ ③⑥➒ ⑨➅➉❡✈①➉✥➆❿➆✰➒➓✉❂⑩ ✇✥➉✩➈❀③✧➒➓⑨➅➉ ✈❻⑧➇♦❄♠✳⑧⑥➒ ③⑥③⑥♦❀➉
✎▼✌ ✌✽✪ ✞✭✬ ❇ ✈①➉✥➆ ✎✶✵✱✷ ✪✫✞✭✬ ❇ ❜

❇ ✞❃✞✹✡ ✈➅➈❀③✧➒➓⑨➅➉
✙ ❄ ✰ ✪ ✵ ➐➅✈✲◆ ✇✯✈①③✧➒➓⑨➅➉
✙ ❄ ✰ ✪ ✵✸✧ ✩✻✰✹✪ ✵ ➈❄✈①✇✩✉⑥✈▼◆ ➒ ③✲⑤
✙ ✯ ❇ ✈➅➈❀③✧➒ ➐①✈①③⑥➒ ⑨➅➉
✙ ❇ ✚ ❀ ❇ ✤ ➆✰➒➓✉❂⑩ ✇✥➉✩➈❀③✧➒➓⑨➅➉
✙ ❇✺✲ ❇ ✤ ➈❅⑨➅♥ ➄❘⑨➅✉✧➒ ③✧➒➓⑨➅➉
✙ ✎✻✵✱✷ ✪✫✞✭✬ ❇ ➆✰➒➓✉❂⑩ ✇✥➉✩➈❀③✧➒➓⑨➅➉
✙ ✎▼✌ ✌●✪ ✞✭✬ ❇ ➈❅⑨➅♥ ➄❘⑨➅✉✧➒ ③✧➒➓⑨➅➉

✝✬➒ ↕➅✇✥⑧⑥♦ � ✦❧❬✡❪❆❫❤✈➅➈❀③✧➒➓⑨➅➉✩✉ ❇

/

V:TV:T/

X(V) X(V) Y(W) A A

AA
AAA!

any V:T A all V:T AA || A’!A

X(V)->Y(W)X(V) A or A’

✝✪➒➓↕➅✇✥⑧⑥♦➔➍ ✦➬t✎⑧☛✈①➄✥❧✰➒➓➈❄✈✲◆➂✉✧⑤➑➉➑③☛✈❻② ▲❂⑨①⑧✪❬✡❪❆❫➎✈①➈❀③⑥➒ ⑨➅➉✩✉ ❇
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� ✁ ✟✄✂ ✂✆☎☛✝✄✡ ✟ ☞ ✂❊☎ �✂✁❵✄
❦❝❧✩♦➎♥❤♦❄✈①➉✥➒ ➉✩↕ ⑨▼▲④✈❞❬✡❪❆❫ ➄✥⑧➇⑨➅↕➅⑧☛✈①♥ ➒ ✉❲➆✥♦✢❑✥➉✩♦❅➆❿③✧❧✯✈①➉✱♣✣✉❫③➇⑨ ✈ ③⑥⑧✧✇✩♦✢◗ ➈❅⑨➅➉✩➈ ✇✥⑧⑥⑧⑥♦❀➉✩➈ ⑤❿✉⑥♦❘◗
♥ ✈①➉➑③✧➒➓➈❅✉✬➒ ➉ ♠✳❧✥➒➓➈➇❧ ▲❋✈①♥ ➒✆◆ ➒➓♦❅✉✪⑨✍▲❙➆✰➒ ⑧⑥♦❅➈ ③➇♦❅➆✐◆➓✈▼P❘♦✢◆➓♦❀➆ ↕➅⑧☛✈①➄✰❧✩✉✗➆✥♦❅✉✧➈❀⑧⑥➒❵P❘♦✳③✧❧✩♦t➈❄✈①✇✩✉⑥✈▼◆✩➆✥♦ ➄❘♦ ➉✕◗
➆✥♦❀➉✩➈ ➒➓♦❀✉✪❨❋➄✰⑧➇♦✢◗ ⑨➅⑧➇➆✰♦❀⑧❝⑧⑥♦❈◆➓✈①③⑥➒ ⑨➅➉✩✉★❴❆P❙♦❀③✧♠✑♦❅♦ ➉ ♦❀➐➌♦ ➉➑③➇✉❁▲❂⑨➅⑧✑♦❄✈➅➈➇❧➎➄❘⑨➌✉✧✉✧➒❵P✱◆➓♦✟P❘♦ ❧✯✈❄➐➑➒➓⑨➅✇✥⑧✑⑨✍▲ ③✧❧✩♦
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✰❋✲❅✞✔✓ ✵✪✭✱✓ ✤ ✵ ✰❋✲❅✞✔✓ ✤ ✤ ✵ ✭✽✓ ✤ ✤ ✤

✓✍✵✼✓ ✤
★✏✪ ✞ ✚ ✮✬✭✱✓✶✵✛★✧✪ ✞ ✚ ✮✴✭✽✓ ✤
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➄✥➒ ➉✩✉❈❜✗⑦●✈①⑧➇✈①♥❤♦❀③➇♦ ⑧✞✌ ➒ ✉❹③⑥❧✩♦★➒ ➉✰➒ ③⑥➒➓✈▼◆✯➐①✈▼◆ ✇✩♦★⑨▼▲✬③✧❧✩♦★♥➎♦ ♥➎⑨➅⑧✧⑤ P❀❜

get

get(u)

get

m(v)

m(u)

set(v)

set

set
u,v:T

set

set

set(u)

m(u)

m(u)

u:T
get

get(u)

get

m(u)

u:T

m(u)

Cell<<interface>>

get,set:T

initiallyT:Type, V:val T

m:T(V)

behaviour
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☎ ✚ ▲✶✵❍❂❖◆ ❀ ❨❋⑨➅➉ ③✧❧✩♦✘◆ ♦❈▲❨③④➒ ➉P③⑥❧✩♦❀❑✩↕➅✇✥⑧⑥♦①❴④♦ ♥❤➒ ③➇✉④⑨➅➉ ③✧❧✩♦✝➄❙⑨➅⑧✧③ ☞❘✚ ▲✶✵❍❂ ③⑥❧✥♦✝➉➑✇✥♥ P❙♦❀⑧❇⑨✍▲ ❂ ✖✏☞ ✁
♥➎♦❀✉⑥✉➇✈①↕➌♦❅✉❷➒ ③★⑧⑥♦❅➈❅♦ ➒ ➐➅♦❅✉✽❜ ☛ ③✧⑧☛✈➅➈❀♦❤⑨▼▲✑③✧❧✩♦❤➈❀⑨➅✇✥➉➑③➇♦ ⑧❊❙✬➈❅⑨➅➉✩✉✜➒➓✉✜③⑥➒ ➉✥↕P⑨▼▲❝③⑥❧✥♦ ➈❀⑨➅➉✩➈❅✈①③➇♦ ➉✯✈①③⑥➒ ⑨➅➉
✠☞✡ ✛ ✠ ✝ ✛ ✠ ✟①❙✰➒➓✉✳➆✰♦❀➄✥➒ ➈❀③➇♦❀➆ ⑨①➉ ③✧❧✩♦★⑧⑥➒➓↕①❧✣③❝➒ ➉ ③⑥❧✩♦✺❑✩↕①✇✥⑧➇♦▼❜

<< >>Interface

tick:unit

count:int

Cell<int,0>
C

Succ<count,C.set>
Send<int,count,C.set>

tick! ! count(u)

u:int

tick:unit count:int

Counter

AbsCounter

C.m(1)

C.get(0)

C.set(1)

tick

count(1)

C.m(2)

C.get(1)

C.set(2)

count(2)

tick

C.m(0) ...
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✉✧⑤➑➉✩➈➇❧✥⑧⑥⑨➅➉✥➒✉②❀♦❀⑧✄✂ ➆✥♦✢❑✥➉✩♦❀✉❫✈▲③☛✈➅✉❛♣✑❙✪➈❅⑨①➉✩✉✧➒ ✉✧③⑥➒ ➉✩↕ ⑨✍▲❝③✧❧✩♦❬♦❀➐➅♦❀➉➑③➇✉ ✎ ✈❻➉✩➆ ❑ ❙✪✈①➉✥➆ ♦❀➉✕▲❂⑨➅⑧➇➈❀♦❅✉
➒ ③➇✉ ➈❀⑨➅♥❤➄✕◆➓♦❀③✧➒➓⑨➅➉ ♠✳➒ ③⑥❧✥➒ ➉ ③✧❧✩♦❖P❘⑨①✇✥➉✩➆✥✉ ➆✥♦❈◆ ➒ ♥ ➒ ③➇♦❀➆ P➑⑤☎✂✝✆ ❑ ◆ ✏ ✖ ✵ ✈①➉✩➆✞✂✝✆ ◆ ✵✍❚ ❙➔✈①➉✩➆✂➒ ③⑥✉
✉⑥♦✽③✶✇✩♦ ➉➑③⑥➒❨✈✲◆ ➒ ③✲⑤❡♠✳➒ ③✧❧ ✈❻➉✣⑤ ⑨①③⑥❧✩♦ ⑧✳③☛✈➅✉❛♣ ➒ ➉P➈❄✈❻✇✩✉➇✈▼◆➂⑧⑥♦❈◆➓✈①③⑥➒ ⑨➅➉ ♠✳➒ ③✧❧✟✂❧❜

begin end! !

Send<C.get,begin>
Send<end,C.set>

Sync

begin,end:unit

S
Cell<unit,void>

end:unit

begin:unit

<<interface>>

AbsSync a,b:unit

AbsSchedule

A.end

a b

A.begin

a,b:unit

A:Sync

Schedule
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➈❈◆❨✈①✉⑥✉⑥♦❀✉✽❜ ☛ ♥➎⑨➅⑧⑥♦❝✉✜➒➓↕➅➉✥➒❵❑✩➈❄✈❻➉✣③✒♦ ②✰✈①♥ ➄✱◆➓♦✑⑨✍▲✚❬✡❪❆❫❷✉✧➄❙♦❅➈❀➒❵❑✩➈❄✈❻③⑥➒➓⑨①➉❫➒➓✉✒➆✰♦❀③☛✈❻➒✆◆➓♦❀➆❲➒ ➉ ❑✩↕➅✇✥⑧⑥♦ �✼�
⑨✍▲✬③✧❧✩♦➔✈①➄✥➄❙♦❀➉✩➆❚➒ ②✑❜✗❦❝❧✥➒➓✉t♦ ②✥✈❻♥❤➄✱◆ ♦✎➒➓✉✳✉✧♦❈◆✆▲✉◗ ➈❅⑨➅➉➑③➇✈①➒ ➉✩♦❀➆P✈①➉✩➆P✉⑥♦❈◆❵▲✉◗✲♦ ②❚➄✕◆❨✈①➉✯✈❻③➇⑨➅⑧✧⑤✼❜

X(false)

X(true)!

!

! Y

Y(V)X(V)! !

Send T:type X,Y:T

<<interface>>

Plus

<<interface>>

And

X,Y,Z:int

X,Y,Z:bool

V:T

X:bool,Y:unitGuard
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✹✱✰ ✫✬✹✍✌✡✎✑✯❦✦❭✛✢✵✡✝❁✵ ✹✫✁✍✵✶☛✢✌●✌✐✏✓✒✠✁ ❙❚➐ ❜➂♣ � ❙ ♣❄→➌→✰♣✼❜

✔ ✪✬✖➔r✜❜✩❚✑⑧➇♦ ✇✚❙➊❢✘❜ ☛t➒ ➉✱♣➅♦❈◆⑥❙ ✙q❜ ☛④⑨✍▲❨♥➎✈①➉✥➉✚❙ ✙q❜✭✬✪◆➓♦ ➒ ➉✚❙✩❚q❜✪⑦●✈①♦❅➈➇❧✚❙✭❚q❜✬r✳✇✥♥❤➄❙♦❤✈①➉✩➆ ✤ ❜
❦❝❧➑✇✥⑧⑥➉✥♦❀⑧❊❜✰❦✪⑨①♠❝✈①⑧➇➆✰✉✳✈✘▲❂⑨➅⑧✧♥ ✈▼◆ ➒✉②❅✈①③⑥➒ ⑨➅➉ ⑨✍▲ ③✧❧✩♦✚✇✰➉✥➒✆❑✩♦❀➆➎♥❤⑨❚➆✥♦✢◆ ➒ ➉✩↕✺◆❨✈①➉✩↕①✇✯✈➅↕➌♦▼❜❦✇ ➉ ✝⑤✵ ✹✲☎

�★✛★✛➻✰✍✏✓✒✠✁✲✥ ✹✱✰❀✦ ✟✤✛✜✮☞✮✍✦ ✟ ✗ ✯✄✵ ✹ ✎☞✛➻☛✍✒ ✫✬✹✲✒ ✰❊✛✢✵ ✛✢✒ �★✛ ✹✲✒✰✯ ✆✴✳❊✛ �✢✦❾☎➻✹✲✵❘✏➙✛✢✒✤✦✧✛➻✰✺✎✑✵ ✹✫✁✍✵➻☛✢✌●✌✐✏✓✒✠✁ ❜
❲➂♦❅➈ ③⑥✇✥⑧⑥♦ ☞ ⑨➅③➇♦❀✉✳➒ ➉ ✙❝⑨➅♥ ➄✥✇✥③➇♦ ⑧✶✫❚➈❀➒ ♦❀➉✩➈❀♦❷➐ ❜➂♣ � � ♣✼❜✤✫✣➄✰⑧⑥➒ ➉✥↕➌♦❀⑧✽❙ ♣➣→➌→ ✪❦❜

✔ ↔ ✖✝➏✕❜ ◗ ✙q❜ ✝✩♦❀⑧✧➉✯✈①➉✩➆✥♦❈②✍❙ ☛✘❜✕t➔✈①⑧➇✈❄➐➌♦❈◆➙❙ ☛ ❜✱✬❷♦ ⑧➻P✥⑧➇✈①③❊❙✄❲➊❜✄❣ ⑨➅✇✥➉✥➒ ♦❀⑧✽❙✰r✜❜✱❣ ✈①③➇♦❀♦❅✉⑥➈ ✇P✈①➉✩➆❄❣❞❜
✫✣➒ ↕➅❧✥➒ ➉✥♦❄✈①➉➑✇✚❜☛✙❝⑨➅♥ ➄✥✇✥③⑥♦❀⑧ ☛④➒➓➆✥♦❀➆ ✤✗♦❀⑧✧➒✆❑✩➈❅✈①③⑥➒ ⑨➅➉✚❜✗✇ ➉ ✫✗✖✲✤✪✝✳☛✟☛ ✎✑✵ ✹✲✦✧✹ �★✹✲✌➬✣✲☛✍✌ ✏✞✰■☛✍✦✞✏➙✹✲✒
☛✍✒ ✰❡✣✍✛✢✵❘✏ ✮ �➻☛✍✦✞✏➙✹✲✒ ✦❭✹①✹✲✌ ✆✢✹✵✴ ❙❘♣➣→➌→ � ❜

✔ → ✖✝➏✕❜➽t★⑧➇✈▼P❙⑨r♠t✉❛♣➑➒⑥❙ ✣⑤❜●rt✇✩➆✰⑨✍◆ ➄✥❧ ✈①➉✩➆❿⑦✴❜➽t✎⑧☛✈❻✇✱P✥♥➎✈①➉✚❜✩❣ ♦❅✉✧✉➇✈➅↕➅♦ ✫❚♦✽③✶✇✩♦ ➉✩➈❅♦ ✙✑❧✯✈❻⑧⑥③➇✉✧✦
➈❅⑨①♥❤➄❙⑨➌✉✧➒ ③⑥➒ ⑨➅➉ ③➇♦❀➈➇❧✥➉✥➒✆③➑✇✥♦❅✉ ➐➅♦❀⑧⑥✉✧✇✩✉ ❝❀❝✡◗❴③➇♦❅➈➇❧✰➉✥➒✉③✶✇✩♦❀✉✽❜✟✇ ➉ ✝❁✵ ✹ �★✛★✛➻✰✍✏✓✒✠✁✲✥♥✹✱✰❖✦ ✟✤✛✷✶❊✦ ✟✕✂

✄ ❪✩❫ ✰❊✹✲✵❘✯ ✌ ❙ ♣➣→➌→➌➍✄❜
➵ ➸✴➔ ➵ ➾



❬✡❪❆❫ ✔ ✈✐◆❨✈①➉✩↕①✇✯✈➅↕➌♦✎⑨▼▲●➆✰➒ ✉✧③✧⑧⑥➒✆P✰✇✥③➇♦❀➆ ⑧⑥♦❄✈➅➈ ③⑥➒ ➐➌♦❷⑨✍P✰⑩✜♦❀➈❀③➇✉ ➋➌➋

✔ ♣✧✦✬✖❀❱ ❜ ☛✚✈①⑧➇♦✢◆✌✈①➉✩➆ ✣⑤❜✾t❷♦ ⑧⑥⑤✍❜✗✣●②❚♦❅➈❀✇✰③☛✈▼P✱◆ ♦ ❝qP✰⑩✜♦❅➈ ③❀❣ ⑨✣➆✥♦❈◆ ➒ ➉✩↕ ♠✳➒ ③⑥❧ ✫✣③☛✈①③⑥♦❅➈➇❧✯✈❻⑧⑥③➇✉❈❜✾✇ ➉
✝❁✵ ✹ �★✛★✛➻✰✍✏✓✒✠✁✲✥❁✹✱✰✭✦ ✟✤✛✁�❘✒✤✦❭✛✢✵❘✒ ☛✍✦✞✏➙✹✲✒ ☛✍✌✤✫✬✹✲✒ ✰❊✛✢✵ ✛✢✒ �★✛❁✹✲✒ ✄✸✹✱✰❘✦ ☎➬☛✍✵ ✛ ✗ ✒✠✁✍✏✓✒✾✛★✛✢✵❘✏✓✒✠✁ ❙❄➄✚❜ � � � ◗
� ➍ ✪❦❜ ✌ ✝ ✝ ✝✚❙➂♣❄→➌→ � ❜

✔ ♣➌♣✧✖✜✇★❜ ➏➌✈➅➈❀⑨✍P✩✉✧⑨➅➉✚❙❖❣♥❜✞✙✑❧✥⑧✧➒➓✉✜③➇♦❀⑧⑥✉⑥⑨➅➉✸❙✟⑦✩❜❤➏➅⑨➅➉✩✉✧✉⑥⑨➅➉ ✈❻➉✩➆ t✐❜❡❝✎➐➅♦❀⑧⑥↕✶✈➌✈①⑧⑥➆✸❜ ✯ ✆✴✳❊✛ �✢✦✞☎
✯❁✵❘✏➙✛✢✒✤✦❭✛➻✰ ✄✸✹✱✰❘✦ ☎➬☛✍✵ ✛ ✗ ✒✠✁✍✏✓✒✾✛★✛✢✵❘✏✓✒✠✁✄✂✘✖ ✞✚✥①✛ ✫✭☛✲✥①✛ ✤✘✵❘✏✓✣✍✛✢✒❡✖❧✎■✎✑✵ ✹✽☛✁�☞✟ ❜✆☎ ✟ ➃ ❙❙♣➣→➌→ � ❜

✔ ♣ � ✖ ✙q❜✰➏➌✈❻⑧➇➆✸❙❚➏✕❜ ◗❛❣❞❜❚➏➅s✽②❀s✽③✶✇✩♦✢◆ ✈①➉✥➆ ❲➊❜ ☞ ♦❀➆✥♦❈◆❵♣➅✈✄❜ ✖q✒ ✖✬✎■✎✑✵ ✹✽☛✁�☞✟ ✦❭✹✝�❘✒✤✦❭✛ ✁✍✵✶☛✍✦✧✛✟✞➽✹✲✵✶✌ ☛✍✌
✠ ☛✍✌ ✏✞✰■☛✍✦✞✏➙✹✲✒❤✏✓✒ ☛✍✒ ✯ ✯ ✧➽✏ ✰❊✛✢☎ �☛✡ �✢✌✆✛ ✹✱✰✳✝❁✵ ✹✲✦❭✹ �★✹✲✌➑✥ ❜✄✇ ➉ ✝❁✵★✹ �★✛★✛➻✰✍✏✓✒✠✁✲✥✘✹✱✰☛✡ ➃ ✑ ✑➽❪ ☛✆☞✍✌✏✎☞❜
✙✑❧✯✈①➄✰♥ ✈①➉✒✑ ☛❇✈▼◆❵◆⑥❙✤❣ ✈①⑧➇➈➇❧ ♣➣→➌→ � ❜

✔ ♣➣➋✬✖❀❲✭❜✗❲✾✈①♥ ➄❙⑨➅⑧⑥③✽❜✠✫✣➄❙♦❅➈❀➒❵▲❨⑤➑➒ ➉✩↕ ➈❅⑨①➉✩➈❀✇✥⑧✧⑧➇♦ ➉✣③✝➄✥⑧➇⑨➅↕➅⑧☛✈①♥ ♥➎⑨✣➆✰✇✱◆ ♦❅✉✽❜✾✇ ➉ ✖ ✫ ✙ ✠✱✵✶☛✍✒✕✥✽☛✁�✢☎
✦✞✏➙✹✲✒✕✥❤✹✲✒ ✝❁✵★✹✫✁✍✵✶☛✢✌●✌✐✏✓✒✠✁ ✧✗☛✍✒✠✁✍✯✱☛✡✁❦✛★✥❄☛✍✒ ✰ ✄✠✡r✥✢✦✧✛☛✌ ✥ ❙●➐ ❜✌➍✄❨ � ❴❘❙✒➄✚❜❝♣➣→ ✦✲◗ �✼�✍� ❜✓☎ ✟ ➃ ❙
♣➣→➌↔➅➋✕❜

✔ ♣ � ✖✆✫✑❜✩⑦✒➒➓➈ ♣➑➒ ➉✸❙ ✙q❜✤✫✰✈❻➉✩➈➇❧✩♦✽②▼❙❉➏✕❜ ◗ ✙q❜✕✔✮♦✢◆ ♥❤⑨✱❙✥➏✕❜ ◗✜➏✕❜✱t★➒❵◆ ✈❻➉✩➆ ✣⑤❜✥rt⑨❚➆✰⑧✧➒➓↕➅✇✥♦✽②✍❜✄✇ ➉➑③⑥⑧➇⑨✣➆✰✇✩➈❘◗
➒ ➉✥↕❄▲❂⑨➅⑧⑥♥➎✈▼◆✪➉✩⑨➅③☛✈❻③⑥➒➓⑨①➉✩✉❇➒ ➉✟③✧❧✩♦ ➆✥♦ ➐➌♦❈◆ ⑨➅➄✥♥❤♦❀➉➑③❷⑨✍▲✑⑨✍P✰⑩✜♦❀➈❀③✶◗➙P✯✈➅✉✧♦❅➆☎➆✰➒➓✉✜③⑥⑧⑥➒❵P✥✇✥③⑥♦❅➆❵✈①➄✥➄✕◆ ➒❵◗
➈❄✈❻③⑥➒➓⑨①➉✩✉✽❜❦✇ ➉ ✝⑤✵ ✹ �★✛★✛➻✰✍✏✓✒✠✁✲✥❀✹✱✰☛✡ ➃ ✑ ✑➽❪ ☛✆☞✍✌✏✎☞❙✰➄✚❜✥↔ ✪✡✆❉♣✧✦ � ❜ ✙✑❧✯✈❻➄✥♥ ✈❻➉✖✑ ☛✚✈▼◆✆◆➙❙✱❣ ✈①⑧➇➈➇❧
♣➣→➌→ � ❜

✔ ♣❏➍✫✖✛☛ ❜➊⑦✒⑧✧➒ ➉✤②▼❜ ✇ ➉✩➈✢◆ ✇✩➆✰➒ ➉✩↕ P❙♦❀❧✯✈❄➐➑➒➓⑨①✇✥⑧ ➒ ➉✣③⑥⑨ ➒ ➉➑③⑥♦❀⑧➻▲❋✈①➈❅♦❅✉❈❜ ✇ ➉ ✝❁✵ ✹ �★✛★✛➻✰✍✏✓✒✠✁✲✥ ✹✱✰
✡ ➃ ✑ ✑❆❪ ☛✆☞✍✌✏✎ ❙❚➄✚❜✯➋ ✪✡✆ � →✕❜ ✙✑❧✯✈❻➄✥♥ ✈❻➉✗✑ ☛❇✈▼◆❵◆⑥❙✤❣ ✈①⑧➇➈➇❧ ♣➣→➌→ � ❜

✔ ♣ � ✖✛☛ ❜✾⑦✒➉➑✇✩♦❈◆ ➒⑥❙✾♦❀③✝✈▼◆➙❜✕✫✣⑤➑♥ P❙⑨✍◆ ➒ ➈ ❦➂⑧☛✈①➉✩✉✜➒ ③✧➒➓⑨➅➉ ✫✣⑤✣✉✧③⑥♦❀♥❤✉✽❜✚✇ ➉ ✙ ☛✍✌✆✛✢✒✤✦✧✛ ✛ ✹✲✵✣✢①✥☞✟✤✹ ✎ ✹✲✒
✫✬✹✍✌✡✎☞✹①✥✢✏✓✦✞✏➙✹✲✒ ☛✍✌ ✏✓✦ ✡ ❜ ❏ ❜ ⑦✩❜✩➆✥♦➔rt⑨❚♦ ➐➌♦ ⑧❊❙ ☛ ❜✯⑦✒➉➑✇✩♦✢◆ ➒ ✣✌➆✥✉✽❜ ✫❚♦ ➄✥③➇♦ ♥ P❙♦❀⑧➔♣➣→➌→ ✪❦❜

✔ ♣✫✪✫✖✝➏✕❜✶rt✇✰♥ P✯✈①✇✩↕①❧✚❙■✇★❜➑➏➌✈➅➈❀⑨✍P✩✉⑥⑨①➉ ✈①➉✥➆ t✐❜✼❚✑⑨❚⑨✣➈➇❧✚❜ ✞✗✒✤✏ ✮❁✛➻✰ ✙ ✹✽✰❦✛✢✌ ✏✓✒✠✁ ✧✗☛✍✒✠✁✍✯✱☛✡✁❦✛✙✘✡✛✯✰❘☎
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s.set(working)

work

s.get(working)

s.set(sleeping)

s.get(sleeping) s.get(working)

!

sleep

!

Cell<S,sleeping>

!

type S = sleeping

| working

wakeup

Three possible behaviours are defined:
   - transition from sleeping state to working state,

   - transition from working state to sleeping state.

type C , S;

work

s

sleep

track of the (Customer,Salesperson)
relation. It is made of:
   - a collection of Cells of type S Opt,
      indexed by type C and initialized to
      none,
   - a collection of Cells of type Status,
      indexed by type S and initialized to
      free.

buy

wakeup

work

buy

!

!

Customer

sell

and Salesperson: It is made of an instance of class Cell.

work

sell

!

!

Human

type Status = free | busy; s : S

Class Human defines the generic behaviour of Customer

!

m[c].set(some s)

   - asserting activity by emitting  the port work,

cr[c].wakeup sp[s].wakeup

type ’a Opt = none | some of ’a;

n[s].get(free)

Class Switchboard is used to keep 

!

cr[c].buy sp[s].sell

m[c].get(some s) n[s].get(busy)

!

m[c].set(none) n[s].set(free)

cr[c].sleep sp[s].sleep

m[c].get(some s) n[s].get(busy)

Salesdepartment

Class Salesdepartment is made of and synchronizes classes Salespeople, Customers and Switchboard.

The behaviour of this class is the parallel composition for all customers (c in type C), of a choice among
salespeople (s in type S) of three possible behaviours:
   - Provided customer cr[c] is not connected and salesperson sp[s] is free, ports wakeup may occur both
      on cr[c] and on sp[s], in which case the relation (c,s) is recorded in the switchboard.
   - Provided cr[c] is connected to sp[s], port buy may happen on cr[c] if and only if port sell happens on sp[s].
   - Provided cr[c] is connected to sp[s], ports cr[c].sleep and sp[s].sleep may happen synchronously,
      in which case the relation (c,s) is discarded from the switchboard.

This class holds a high degree of parallelism since all customers and salespeople can be active during the same reaction.

Class Salesperson inherits class
Human. A new port is declared (sell)
and synchronized with port work.

Class Salespeople is made of a
collection of  Salesperson, indexed by
type S.

SalespeopleSalesperson

Customers

sp
s : S

cr
c : C

c : C

X:Type,x0:X

n[s].set(busy)

get : X set : X

Cell

m[c].get(none)

Switchboard

<S Opt,none>

<Status,free>
c : C

c : C
m

n
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wakeup sleepwork

wakeup work

s.get(working)

sleep

s.set(sleeping)

s.get(working)s.get(sleeping)

! !

s.set(working)

!

type Status = free | busy;

type ’a Opt = none | some of ’a;

Cell<S,sleeping>

s

type C , S;

type S = sleeping

| working

Human

Class Human defines the generic behaviour of Customer

and Salesperson: It is made of an instance of class Cell.

Three possible behaviours are defined:

   - transition from sleeping state to working state,

   - asserting activity by emitting  the port work,

   - transition from working state to sleeping state.

buy

work

buy

!

!

Customer

sell

work

sell

!

!

Salesperson

X:Type,x0:X

get : X set : X

Cell
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get : X set : X

Cell
X:Type,x0:X

Switchboard

<S Opt,none>

c : C

m

n

sell

<Status,free>

work

sell

!

!

Salesperson

c : C

Salespeople

sp
s : S

buy

work

buy

!

!

Customer Customers

cr
c : C

Class Switchboard is used to keep 
track of the (Customer,Salesperson)
relation. It is made of:
   - a collection of Cells of type S Opt,
      indexed by type C and initialized to
      none,
   - a collection of Cells of type Status,
      indexed by type S and initialized to
      free.

Class Salesperson inherits class
Human. A new port is declared (sell)
and synchronized with port work.

Class Salespeople is made of a
collection of  Salesperson, indexed by
type S.
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Class Salesdepartment is made of and synchronizes classes Salespeople, Customers and Switchboard.

The behaviour of this class is the parallel composition for all customers (c in type C), of a choice among

salespeople (s in type S) of three possible behaviours:

   - Provided customer cr[c] is not connected and salesperson sp[s] is free, ports wakeup may occur both

      on cr[c] and on sp[s], in which case the relation (c,s) is recorded in the switchboard.

   - Provided cr[c] is connected to sp[s], port buy may happen on cr[c] if and only if port sell happens on sp[s].

   - Provided cr[c] is connected to sp[s], ports cr[c].sleep and sp[s].sleep may happen synchronously,

      in which case the relation (c,s) is discarded from the switchboard.

All customers and salespeople can be active during the same reaction.

cr[c].wakeup sp[s].wakeup

m[c].get(none) n[s].get(free)

m[c].set(some s)

cr[c].buy sp[s].sell

m[c].get(some s) n[s].get(busy)

m[c].set(none) n[s].set(free)

cr[c].sleep sp[s].sleep

m[c].get(some s) n[s].get(busy)

Salesdepartment

n[s].set(busy)

s : S

!

!

c : C

!
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)�✂✁✄✁✆☎✞✝ ✟✠✟☛✡☞✡✌✡✎✍✑✏✓✒✕✔✖✏ ✗✞✍ ✘✄✔

ISSN 0249-6399




