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- structure Event_el
sig

type CurrentStates = (ObjectSystem.0bjectID,DynamicModel.StateID) AList
type InternalObjects =

(ObjectSystem.0ObjectID,0bjectSystem.ObjectID Set) AList
type LinkConf =

(ObjectSystem.LinkID,0bjectSystem.0bjectID * ObjectSystem.ObjectID) AList
type OutputEvents =

(ObjectSystem.0ObjectID,

{event:0bjectSystem.EventInstanceID, link:0bjectSystem.LinkID} Bag)

Alist
exception notFoundEvent
exception runtimeError of string
val create_eventinstances : DynamicModel.EventID
-> int -> ObjectSystem.EventInstanceID list
val eval_ineventexp : DynamicModel.InEventExp
-> ObjectSystem.EventInstanceID Set -> bool
val getEventOfLink : {event:0bjectSystem.EventInstancelD,
link:0bjectSystem.LinkID} list
-> 0ObjectSystem.LinkID
-> ObjectSystem.EventInstancelID list
val get_evtins : DynamicModel.EventID
-> ObjectSystem.EventInstanceID list
-> ObjectSystem.EventInstancelD
val lookup_linkOFobject : (’’a * (’’b * ’’b)) list -> ’’b -> ’’a Set
val message : string -> 0S.Process.status
val removeEventOfLink : {event:0bjectSystem.EventInstancelD,
link:0bjectSystem.LinkID} 1list
-> ObjectSystem.LinkID
-> {event:0ObjectSystem.EventInstancelD,
link:0bjectSystem.LinkID} list

val warning : string -> unit

end
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O 3.34: IMPORT EVENT

IMPORT Association 00000000000 O0O0OO0OOOOOOOOOO struc-
tureJ O QO 0O

gbobedbugbbuogbbuoobobogbbuobuogbobogbooobbooon
00000000000 (0 3.35)

O 3.35: IMPORT Association
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IMPORT CLASS 00000000 0ODOODOOOOOOOOOO structure 000
goo40b00gboodbuogobouogbbuoobboobuooboboonobooon
000000000000 3.36)

I CEE f-Ce——
il | 2K

0 3.36: IMPORT CLASS

send command 000000000000000O0SMLOOOODOOOO00OO0O
0000000000000000000000000000000000000
000000000000000000000400000000 (03.1)0000
033700000000000 IMPORT Association 0000000000 50000
000000000000000000000000000000MLOOOOOOO0O
000000000000 00000000000000000MLOODOOOO0O0OO00
0000000000000 000000000000MLOOOOOO00000000
000

0oooooo MLDDDDDDDDDDDDDDDGUIDDD:EcoBackOnD
00000000000 SMLOOOODOOO0O0OO0O000000
00000000000000

end

0000000000000000000000000000000000000000
000000000 (39)
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0330000 MLODODOOOOOOOO

OO000b0obO0 obooooobog
[IMPORT CLASS]:F-Developer

0000000007000000000000000000000000000OO0
000000O0000(0 3.38)

[IMPORT CLASS]:F-Prototyper

goooooboboobooobuoobboboboobbboobboobboobbon
O00O0OSyntax errorD 000000000000

gooooobobobbbbobbtbddddddddouuooo G
00 (O 3.39)

0000000000000 (O 3.40)00000000[IMPORT CLASS]:F-Developer
00000 [IMPORT CLASS]:F-Prototyper 10 00000000000000000 4
000000000000000000000000
000600000000000000000D000000000000000000
000000000000000000000000000 structure 0000000 (0
3.41)

3.22 0000000

INSTANTIATE OBJECT 0OQO0OOOO0O0O0O structuwreD 0O O0O0O00OOOO struc-
ture D000 00O000O0OO0OO0O0OOOOOYO0000000O0O00O00O0OO0ODOOO
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0 3.41: structure d 0 0 O O
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000000000000000000000000 (0 3.42)
gboboboogobbbooobboboogobobooon

val it =() :unit

gboogobuogobgbogbbuoobbooboboboobboobboooooon

DDDDDDDD:EcoBackOnDDDDDDDDDDDDDDDD SMLODODOO
0000000000000 00O0O0

Developer00 000 d100000000000000O0O0O0OOOO0O (O 3.43)
000 Prototyper D0 OO0 p1000000O00O0O0OODODO

0 342: 00000000DOO0DOO0bOO0O0

ADDLINK 000000000000000000000000000000000
00000007000000000000000000000000000O0O00OO0
0000000 (0 3.44)

000000 [ADDLINK]|OOOOOOOO0000000000

ooooobbooGUl ooogobobooooooboobobobobooooooog
gbboodgbuogbbuooboobobda20budgbbodgboogbooobobooon
O000000000000000 GUIODOOO0O0O00 (O 3.45),(3.46)

SEND EVENT [IMPORT EVENT|OOOOO0O0O00O00000O0O0O0O0O0O0O0OO
gboosgbugbbugbbuobbodbbobuodobboobooobobooon
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0 343: 000000000

0 344: 0000000O0DOO0O0O
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U345 00000oo1

U 346: DOUOoOoooOog 2
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gobooogo
034700 running() 000000000000 OO0O0OO0O
0348000000 rumning() 0000000000000 O0ODOOOOOO

Byremn
s

e T B [
0 3.47: SEND EVENT O OOOO0O0

Byremn

0 3.48: SEND EVENT O OOODOODO

0000400000000000000GUIND0000000000]IdlednnnO
KISSO0OOO0O0OO0O0000D0D00000000000000000000000000
000000 (0 3.49)
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U 349: 000dobodogooobobodggt

SYNCHRONAIZATION 0O0000O0O0OO0O0O0OOOOOOOOOODOOO0O SYN-
CHRONAIZATIONOOODODOODODOO

gbobiogobbooodobbbuooobbbooobobboooobbbooon
gbobobuooogbbbuooooboboooon

gooogboboboboboboobuobgs4bobonoonoododidrun-
ning0 0000000000 350000000000000 SYNCHRONAIZATION O

[

T

g 350: oo ougoobbuoogn 2

0000000000000D0000000al0000dI00pl0000000(0
3.51)

pl000000000O00O0O0ODOGUIDOO monitaDO0OOOOOOODOODOODOO
0000000000000000000000 (O 3.51)

3.23 0O0OOO

gbobooooobobooooboobuoggooboouooon
e SMLODOOODOOODOOODOODOOOLOUOOUDOODOODOODOODOO
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gboooggn

e DD DOOOULUOULULULOOOOODLDDLDOLDLDDLDDLDOOOOOUOU structure U
gobbouogogoboood

e DO DLODLOOOUOLOUUULOOOOOODDLDbDODLDDLDDLOOOOUOUU structure U
gbbooggobbdooon

e JOIOOODOOOSMLOOOODOODODOOOLOOODO

000000000000000000000 coms000000000000000
000 (0 3.53)

— SR —

LR }E;f%: e
T ETLE
g

i

HETRT CLANN] [ =
HEDNT LA

g 353: 0dboougaoon

000000000000000000000 coms000000000000000
0000 3.54)

000000000000000SMLOOOO0O0O0sm 0000000000000
00000 (0 3.55)

000000000000000SMLOOOO0O0OO0sm 0000000000000
000O00(0 3.56)

ooooboogMLODOOOOOO0DOOO0DOO F-Prototyper U0 OO0 0O0O0OO
0000000 (O 3.57)
g357r0gooobon

Class_Prototyper.monita\end;
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0 354: 0000000000000

O 355: 00000000 MLOODOODOOsmlOO0OO0OOO
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0 3.56: MLOUODOOOOODOO

U357 00booobMLOODOODOO
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O0O0000b000bbO0bO0n PrototyperUOD OO0 monitalD OO DO OODODO

- Class_Prototyper.monita;

val it = ref[("p1,0")]:Class_Prototyper.Type_monita ref
oooogo

:Class_Prototyper.Type_monita ref

O

ref[("p1,0")]

0000 MLOOODOOOOOOOOOOOODO(O 3.58)
OO0O0000O0OPrototyper U0 0D O0DOODOOODOODODOODOO0ODplOOOOODOO
gbOb0buddUmonital OO0 OUOO0O0OODODOOOOOOO
obogoooMLODDODODOODOOOOOOOO0OO0ODbOOO0

an 2w
v Sprilries Ty
[CPeLT

SRS aEdAREe D | P EmE b

[

AESRERG
HET I

0 358 MLOODOOOOOOOO

3.24 mlO0O0O00O0OO0O0O0O0OO0O0OO0OOOO0O

new [ F-PrototyperUDOUODOUOOOOODOODODOOOODOODOOODOOODOOOO
goboobobobooooboobobobobobobobobooMLODODO
gboboboogoboboodan
oooMLODOOOOOOOOoDOOobOOobOOobOobDobDooobobooboboboboong
goboboogobbbooobboboogoobooo
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(*[INSTANTIATE OBJECT]: c2 from C2%)
Class_C2.new "c2"

handle RuntimeLib.runtimeError(m) =>

(print ("\n""m"~"\n");raise RuntimeLib.runtimeError(m)) ;
(*[ADD LINK]: al of Al between cl and c2%)
Assoc_Al.new "al" ("ci1","c2")

handle RuntimeLib.runtimeError(m) =>

(print ("\n""m~"\n");raise RuntimeLib.runtimeError(m));
(*[SEND EVENT]: el-1 ()->clx)
Class_Cl.transition "c1" [{event = "el",id = ~1}];

(* [SYNCHRONIZATION]: from cl to c2 using alx)
val events = Assoc_Al.lookup_outputevents 'cl1" "al";
Class_C2.transition "c2" events;

Assoc_Al.delete_outputevents '"cl";

gfggogoc0fddob0c200nooooooboooooooo
Class_C2.new "c2"

gbobobuoogoobbuooooobooo

val events = Assoc_Al.lookup_outputevents 'cl1" "al";
Class_C2.transition "c2" events;

Assoc_Al.delete_outputevents '"cl";

gooo
gbbooodbobobdd structure U 0ooogogn

- structure Class_C1
sig
type CurrentStates = (ObjectSystem.0bjectID,DynamicModel.StateID) AList
type InternalObjects =
(ObjectSystem.0ObjectID,0bjectSystem.ObjectID Set) AList
type LinkConf =

(ObjectSystem.LinkID,0bjectSystem.0ObjectID * ObjectSystem.ObjectID) AList

type OutputEvents =
(ObjectSystem.0ObjectID,

39



{event:0bjectSystem.EventInstanceID, link:0bjectSystem.LinkID} Bag)
Alist

type Type_al = (ObjectSystem.ObjectID,int) AList
exception notFoundEvent
exception runtimeError of string
val al : Type_al ref
val add_internalobject : ObjectSystem.ObjectID

-> ObjectSystem.0ObjectID -> unit
val add_object : ObjectSystem.ObjectID -> unit
val class : string
val countdown : int -> int
val create_eventinstances : DynamicModel.EventID

-> int -> ObjectSystem.EventInstanceID list
val currentstates : CurrentStates ref
val delete_al : ObjectSystem.0ObjectID -> unit
val delete_internalobject : ObjectSystem.0ObjectID
-> ObjectSystem.ObjectID -> unit
val delete_object : ObjectSystem.ObjectID -> unit
val eval_ineventexp : DynamicModel.InEventExp
-> ObjectSystem.EventInstanceID Set —-> bool
val getEventOfLink : {event:0bjectSystem.EventInstancelD,
link:0bjectSystem.LinkID} list
-> 0ObjectSystem.LinkID

-> ObjectSystem.EventInstancelID list

val get_evtins : DynamicModel.EventID
-> ObjectSystem.EventInstanceID list
-> ObjectSystem.EventInstancelD
val ifPositive : int -> bool
val internalobjects : InternalObjects ref
val lookup_al : ObjectSystem.ObjectID -> int
val lookup_internalobjects : ObjectSystem.ObjectID
—-> ObjectSystem.ObjectID Set

val lookup_linkOFobject : (’’a * (’’b * ’’b)) list -> ’’b -> ’’a Set
val lookup_state : ObjectSystem.0bjectID —-> DynamicModel.StateID
val message : string -> 0S.Process.status
val new : ObjectSystem.ObjectID -> unit
val nop : unit -> unit

val notifyAttributeChanged : string * string * string * string

40



val
val

val

val
val
val
val
val

val

val

end

goo

val new :

-> 0S.Process.status
notifyStateChanged : string * string * string -> 0S.Process.status
objects : ObjectSystem.0ObjectID Set ref
removeEvent0fLink : {event:0bjectSystem.EventInstancelD,
link:0bjectSystem.LinkID} list
-> ObjectSystem.LinkID
-> {event:0bjectSystem.EventInstancelD,
link:0bjectSystem.LinkID} 1list

self : ObjectSystem.0ObjectID ref
sendAttributeMessage_al : ObjectSystem.ObjectID -> 0S.Process.status
sendStateMessage : ObjectSystem.ObjectID -> 0S.Process.status
set_al : string -> int -> unit
set_state : string -> string -> unit
transition : ObjectSystem.0ObjectID

-> ObjectSystem.EventInstanceID Set -> unit
warning : string -> unit

ObjectSystem.0bjectID -> unit

gbobobooooobbudodibbeewd b oooooboDUOd wnitdd g
gbobobooogon

00000000 wit00000000000000 wit000000000000
0000000000000000(3 3.59),(0 3.60)

]
Sl =i
«3 Trem

o

0 3.59: MLO wnit0OO00OO0OO1

00000000000000000000000000000MLOO0O0OO0O0O
000 (0 3.61)0 (0 3.62)
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0 3.60: MLO wnit0 000000 2

0 361: MLOwmitODOOdO4Odo 3
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0 362 MLOwit0DO0OdO0O40ogo 4

42



tmp:=%Class_Prototyper.new "p2"%$$;
tmp2:=Y/Assoc_A.new "a2" ("d1","p2")%&&

goobobotobudmpiiooobooboob p20000000000O0D0 tmp2
gbbbudda200000bbboomoboooaon
OO000o00booobOobdbClass.0000.mew”0000000P00000000O
O000000Assoc.000.mew 700007 (000000 a”,2000000 b”)
Oo0ooooboodbbobobobobobobOo0bOobOoboboboobOong
gooo

O00%% 00000000000 MLOOOODOOOS$$O0OOOOOO000O0O0O HOL
000000000 HOLOODODOOOOOOOOOO (O 3.61)

structure U U OO0 0O00O0O0OO0OO0OO0OOOO00O0newOOOOOOODODOOOO
gboboboggoboboooobbbouoogn
gboooogg

unbound structure: Class_Prototyper in path Class_Prototyper.new

gboobobuoooogobn 3.63

0 363 00000 2
000 Developer 0 Prototyper U0 OO0 DOOODOODOOO0OOOOODOOOONO De-
veloper O structure 0 O O O O Prototyper O structure 1 0000000000 DOOO0O
oogooo
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00000 [IMPORT CLASS| 000000 O0OOOOOOO0O0OOOOOOOOODOO
0000000000000 000(O 3.64)

O 3.64: newdOOOOO structured 00O OO

new O ODUOOOooooOogoooboboooobobooobbboooobobooon
OOo0oooob0obOobooboboboooSsMLObODOOOOoOoOoOooDOobDOobDOobDOoo
gbobobuoogaon
00000000000 (035)00000000000000000O0O0O0OOODOO
gobooo

[SEND EVENT]: running()->p1
0200
[SYNCHRONAIZATION] :from dl to pl using al

g1gooogd
goobogbogobbooobuogbbuoobooboobbuoobobuoobboobn
gbobobuoogogn

Class_Prototyper.monita;
gbobobooooboo

- Class_Prototyper.monita;
val it = ref[("p1,98"),("p2,0")]:Class_Prototyper.Type_monita ref
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0365 000000000000 0O0

00000 p20000000000000000O(O 3.65)
ooooooooooooMLOObDOoboboboobooooobobouoooooog
goggo

Class_Prototyper.new("p3") ;

(O 3.66)

CrtaEsazass  PEEE B0

= q:u:.{-ll r=i .I m

T

0 366: 0D 0O0DOO0ODOO0ODOODO 2

O00000000000000 p30000000000000000O(DO 3.67)
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40 OO0t

4.1 OO

gouodbboobuogbuogbooobuogbooboboobooboobobad
gboogbobubodgbbuoobbooobooouobboboobuoobooboon
gobobogoobboboogon

googobobdod ooboobbuoobobboobooobuoobobooboban
gbooboboboooobo
gbouogbboobodgbbogbuoobbooboobbuogbobboogbbad
gbogbobodbuogbbuoobbooooboobboobooobuoobobobon
O000000000000000000000 (O 4.1)

gobobuoooobb boggoobooodgbobobooooobobogd
0000000000000000000000000 (0 4.2)
gouodbboobuogbuogbooobuogbooboboobooboobobad
gboobobuogbboobobuodobboboobboobuooobuoobobbbon
000000000 1.%100000000000000000000000O00O00O00O00O0O
gbobbuoogobbbuoooobbboo
(0 43)0000000000000O0O0O
gbuogbobodbooobuoooobuoobbuoobboboobbuoboobbod
0000000000000 00IPO0O0OOOOOOOOOO(O 4.2)
gbuogbbooogbudgbbobobuoobbobooboobbooboobbod
goggooboobobbbbbobbotbiddddddoooooooooooooooon
goo

4.2 OO0

0000000000000000000000000000000(0 4.4),(0 4.5),(0
4.6),(0 4.7),(0 4.8),(0 4.9),(0 4.10),(0 4.11),(0 4.12),(0 4.13),(0 4.14),(0 4.15)
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U43: 00000000o00ggn 2

000044000000000000000 MobilePhoneO OO DOODOOODOO
000000000000 00010000000000b00000b0000o0oD000n
0000000000000 00DoOOo00oooooo
0000000000000 000000000000000000000000000
00000000000 DO0O000000b0000bO00DOO0DO00oDoOOo0DoO0n
oo0o
0000000000 000000o0bO00onooOodoDo0o0oDoOo0oDoDoDoOooOon
O BaseStatton D0 D0 0000000 OO0O0DOOODODOOOOOOOOOOOOO0O0O0O
0000000000000 b0o00bO0o0Dooo0bOo00oobDoOoooOOoooDoDOon
000000000 MobilePhoned O OO BaseStationd 0 00 MaidO O OO PersonIDO
000 AssistMenuD OO0 00000

000 MobilePhone O 0 00 BaseStationOO OO0 AODDODOOODODOOOODOO
O00D000000 MobilePhoneOODOODOOOODOO MaeOOODO PersonIDO O O
0 AssistMenu 00 000000000000 DODOODOODOOO0O

0000000 MobilePhoneD OO D OUOO mpiO0D00O00O0OOO MobilePhone [
OO0obOmp20000000000O0O0O0ODOODOOOOODODODOODOODOODOODO

gbobboggobbboooboboogon O 45

e 00O MobilePhoneO OO OO

— gogo
MPID:=[];
dial_tone:="silence”;
numberList:=(];
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O 4.5: MobilePhoneO DO DO OOOODO 1
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O 4.6: MobilePhoneO D OO DOO0OOO 2
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O 4.10: MobilePhoneOQ OO OOOOOO 6
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O 4.11: MobilePhoneQ OO QOOOOOO 7
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O 4.12: BaseStationO OO OOOOO0O

0 4.13: MelDODOOOOODOO
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O 4.1: OO0 MobilePhoned O O
Ooo0o ML O 00
MPID int list ooDoIbOooOooooo
dial_tone string 0000000000000 000 [Doooooo)
number int 0-9000d1000o
numberList int list O0o0ooooooooo
moji string O0000000000000000 [00]
speaker string O000000000000O0OD000 [Do0ooO]
PartnerAddress string ooooooooooood
monita string O0000000000000O000 [D0oO]
MyAddress string 0000o0Oo0o00oooooooao
tmp unit MLOOOOOODDODDODDODOOOOOOOOoO
tmp2 unit MLOOOOOOODDODOOOODOOO

ID_of_the_trasmitted_mail
ID_of_the_received_mail
volume

time

mail_content
mail_who_is_sender
mail_received_time
dispatch_history
arrival_history

int

int

int

string
string
string
string

int list list
int list list

gooooooboIibon
gbooobooobIibgo

-6 1000gooboooogn
O0000000000000000 [00]
ggoooo
ggbboboooobbboooobbboodn
gobobuoggoboobod
ggbobobooogbboo
ggoboboooogooo
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O 4.2: OO0 MobilePhoneO OO

gdd ML OO

kakko fun kakko(i,k)=i::k

numbers11 fun numbers1l m = if (List.length(m)) = 11 then true else false
display fun display (a)= String.concat(map Int.toString(List.rev(a)))

hist_number

countup
volume_up
volume_down
volume_max
volume_min
ifl

if2

if3

if4

ifb

if6
hist1display

hist1_numberList

fun

local fun saigo m = List.take(m, length(m)-1) in fun hist_number
(a, m) = if length(m);j5 then a::m else a::(saigo(m)) end

fun countup(i) = i+1

fun volume_up (i)=i+1

fun volume_down (i

fun volume_max (i) = if i<6 then true else false
fun volume_min (i)= if i>1 then true else false
fun ifl (i) = if i = 1 then true else false

fun ifl
fun ifl
fun ifl
fun ifl
fun ifl

(i) = if i = 2 then true else false
(i) = if i = 3 then true else false
(i) = if i = 4 then true else false
(i) = if i = 5 then true else false
(i) = if i = 6 then true else false
hist1display (m) = String.concat(map

Int.toString(List.rev(List.nth((m),0))))
fun hist1_numberList (m)= List.nth((m),0)

) = i1

O 4.3: 00O 0O BaseStationO 0O 0O

oodad ML O aad

BSID int list 0 00 IDO BaseStationContoler 0000000 O0O0OOO0O0O
MPIDList int list list | O O O MobilePhoned IDO OO OOOOO0O

AddressList | string list | O 0O MobilePhoneO DO 0000000 O0OODOOODOO
MailList string list | 000 MalDODODOOOODOO(QOODO)

r_number int list goooooodgod

s_number int list Ooooooooon
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O 4.4: 00O 0O BaseStationO 0O 0O

gdd ML OO gd
AddMPID | fun AddMPID(m,l)=m::1 Oo0o0oooooobooo
check fun check(m,l)=List.exists(fn y =>x=y) 1 | 0000000000000

045000 MaeddDOO

000 MLO | OO

Receiver_address | string (| OO0 000000000
Sender_address | string | OO0 O O0OO0OO00OO0OO0
Contents string | OO0 O0O0O0O0

time string | 00 00000O00O0O0O

number:=0;

moji:="Welcome to F-Developer”;
speaker:="silence”;
PartnerAddress:="222222@jaist.ac.jp”;
monita:="calender”;
MyAddress:="333333Qjaist.ac.jp”;
ID_of_the_transmitted_mails:=0;
ID_of_the_received_mails:=0;
volume:=3;

time:="18:37";

_nn,

mail_content:="";

9.,

mail_who_is_sender:="";

9999,

mail_received_time:="";

dispatch_histry:=[];
arrival_history:=|]

- pDOooffobooffunogn
ooooobooobooobboobobooobooo Ipobobboooog
gbobboooobbbuooobbbodgooobbogo

*+ JQO0000oog
SetMPID: 00 MPIDO address 0 O O O

*» O
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OO0 MPIDOODODO SetMPIDO OO MPIDOODOOODO
00 MyAddressO O OO0 SetMPID OO0 0O address 0 000 00O

OO0 off00d Idled OO

000000000000 00000000000000000o0000o0
O0000D0Ooo0IbodooOo0o0bDo0o0Dooooooboo0oonooooog
0000000000000 O00000000D0O0O000000oooma
00 BaseStationO OO OO0OOMO

x JO0Oooogd
ON

«x 00000
o000 MPONODOO MPIDOOO MPIDOOODOOO
0000 MPONDODOO address0 00 MyAddressO O OO OO

*» JOooggn
MPON: 00O MPIDOaddress 0 OO OO0 AODOOODOO

00 Idle 0 O Dialingd OO O
Ooobooooobooooboooboboooooobooobooobooooo
Obooobooobobb dled g 1200000

1’2’3’4’5’6’7’8’9101*’#

gogbbob1i22o0bobbotdggugoboobbboooooooobooon
gbobobobouoogbbbouooobbbooodon

1,2,3,4,5,6,7,8,9,0

gbobboooobbbuoogogoo
gbobogbobogdboobbogbbuogoobboboooboognog
gboboobuoooobooogo

*» 0ooggn
DIALDIGIT: OO nODOODO

* g
OO0 number 00000 DIALDIGITOOO nODOOODOO
00 kakko 0 0 00 O O numberList[int list] 0 O O number[int] 0 0 0O O
goo
00 displayD 000 00O numberList 0 O 0 OO monita O 0O 0O OO

*» JOooggn
ERERE

O 0O Dialing 0 00 Dialing0 0 OO
ooboOoooobooooobboobooooooboobooboooobo
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OOobooobooooooobobooooooobooo deboboon
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