* provide an evironment for executable specifications of distributed software systems * connect different specification- and implementation-techniques * let the modeler chose the appropriate technique

* distributed Petri Net simulation using Design/CPN * calling Java objects from Design/CPN * calling Design/CPN nets from Java

* Java libraries can be reused * easy network- and GUI-programming delegated to Java * CPNs can be utilized for embedded distributed algorithms * connecting the worlds of Petri Nets and Object-Orientation

Abstract Goals

Concrete Goals

Expected Applications / Benefits

Goals

2 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

* start any number of simulators on distributed machines * move arbitrary tokens between different instances of the simulator anywhere in the net / Internet * create arbitrary Java objects and invoke any Java method from a Design/CPN simulation run * provide CPNs that can be called from Java * (almost) no distinction between remote CPN- and Java-objects * easy to integrate into already existing Design/CPN models * drawback: performance (polling)

Technical Features

3 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

The Call Page

()

STRING

idle

INTEGER FP

1 counter control

P In

control

P Out

output

P Out

MSG FG RcvReturnMsg

STRING

wait method

P I/O

object

P I/O

param3 Void

P I/O

param2 Void

P I/O

param1 Void

P I/O

MSG FG SendCallMsg obj meth p1 p2 p3 until_void [M meth,obj,Str callid,p1,p2,p3]

callid

callid

Str(callid)::msg

if msg<>nil then 1‘(hd msg) else empty cid cid+1 makestring cid callid

callid

8 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

send

STRINGxSTRING

P In

received

STRING

P Out

connect

STRING

P In

disconnect

P In

VOID

polling

VOID

P I/O

()

<<No errors>>

The I/O Page

C action (output(!outfile, "stop\n"); close_out(!outfile); close_in(!infile));

disconnect connected

VOID

C

input adr; action let val (inf,outf) = execute’(messenger,[adr]); in (infile := inf; outfile := outf) end;

connect

idle

VOID ()

C output (datams); action if can_input(!infile) > 0 then 1‘(inputLine(!infile)) else empty;

poll

C input (adr,data); action (output(!outfile,"send\n"^adr^"\n"^ data^"\n"); flush_out(!outfile));

send

(adr,data)

datams adr

4 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

Olaf Kummer, Daniel Moldt, Frank Wienberg University of Hamburg, Germany

A Framework for Interacting Design/CPN and Java Processes

* techniques: Coloured Petri Nets, object-oriented Petri Nets, cyclic orders, rewriting, (linear) logic, AI

* methodologies: SA, OOA / OOD, specification with CPN, agent-oriented analysis

* tools: generation of OOPN, graphical editor, simulator, Java-Bridge

Research Topics of our Group

Introduction

1 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

connect

STRING

Disconnect

VOID FG

received

STRING

sendMsg

OBJECTxMSG

HS IOPage #4

MSG FG

SendCallMsg

MSG FG

SendReturnMsg MSG FG

RcvCallMsg getCalls

C output here;

action getUniqueName();

getName

VOID ()

STRING

here

MSG FG

RcvReturnMsg getRets queue

queue

Polling

VOID FG

send

STRINGxSTRING

encode received_{MSG} decode

The Message Handling Page

M(meth) ::msg

M(meth)::msg here here

Str(callid) ::msg RI("cpn",here,callid)::msg

M(meth)::rcv ::Str(callid)::msg

rcv::msg here

(rcv, M(meth)::rcv ::RI("cpn",here,callid)::msg)

(rcv,rcv::msg)

(rcv,msg)

(address rcv, mkst_col’MSG msg) data input_col’MSG (open_string data)

5 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

VOID control

OBJECT bigNum1 bigNum1

OBJECT 42 Int(42) 42

HS Call#8

bigNum2->output bigNum1->object 42->param1 pow->method

METHOD pow "pow" pow

OBJECT bigNum2 bigNum2

VOID control

A CPN Notation for Method Calls

7 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

"24"

"42"

C

input s; action DSUI_UserAckMessage s;

BigInteger bigNumB1

bigNumA1 multiply pow

bigNumA2 bigNumC bigNumB2

add toString

strNum

42

fork

() join new

An Example Net Calling Java

Str(s)

9 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

crimeCase

HS CPNCall #11

suspect

offence decision record record official1

send

record record verify

updatedRecord secretary

official2 complete recordOK

collect prosecutor decide

<<No errors>>

A CPN that can be Called

p1 p2 true

10 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit

OBJECT

param1

P Out

OBJECT

param2

P Out

OBJECT

param3

P Out

VOID

control

P Out

VOID

control

P In

OBJECT

output

Void^{P In}

A Subpage for Calls to a CPN

idle_{VOID} () OBJECT

sender

C input msg; output(p1,p2,p3); action let val msg’=msg ^^ [Void,Void,Void] in (nth(msg’,0),nth(msg’,1),nth(msg’,2)) end;

method

METHOD ""

P I/O

MSG FG RcvCallMsg

MSG FG SendReturnMsg

M(meth)::rcv::snd::msg

snd p1 p2 p3

snd snd::(if out=Void then nil else [out]) out

if out=Void then 1‘Void else empty meth

11 val sel = DSUI_SelectObject {objtype=NODE_TYPE,override=false}; val a = DSRdAttr_ObjectVisuals sel; DSWtAttr_ObjectVisuals {obj = sel, fill = #fill a, line = #line a, thick = #thick a, vis = false};

val sel = 1249 : int val a = {fill=0,line=0,thick=0,vis=true} : {fill:int, line:int, thick:int, vis:bool} val it = () : unit