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Channel chan = new Channel();
tx.start(new Sender(chan,senddisp));
//// rx.start(new Receilver(chan,recvdisp));
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Java [Z& 532 — channel

class Channel extends Selectable {
Object chann = null;

}

public synchronized void send(Object v)
throws InterruptedException {
chann = v;
signal();
while (chann '= null) wait();

public synchronized Object receive()
throws InterruptedException {

block(); clearReady(); //part of Selectable

Object tmp = chann; chann = null;

notifyAll(); //could be notify()

return(tmp) ;

|
Channel =i
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Java [Z&HZEZ - sender

class Sender implements Runnable {
private Channel chan;
private SlotCanvas display;
Sender(Channel c, SlotCanvas d)
{chan=c; display=d;}

public void run() {
try { Int e1 = O;
while(true) {
display.enter(String.valueOf(er));
ThreadPanel .rotate(12);
chan.send(new Integer(el));
display. leave(String.valueOf(er));
ei=(e1+1)%10; ThreadPanel.rotate(348);
+
} catch (InterruptedException e){}
by
>




Java [Z&5H3E% - receiver

class Receilver implements Runnable {
private Channel chan;
private SlotCanvas display;
Receilver(Channel c, SlotCanvas d)
{chan=c; display=d;}

public void run() {
try { Integer v=null;
while(true) {
ThreadPanel .rotate(180);
it (vI=null) display.leave(v.toString(Q));
v = (Integer)chan.receive();
display.enter(v.toString());
ThreadPanel .rotate(180);
by
} catch (InterruptedException e){}
by
>




In a few days, | will send you an agreement letter to formalize the sponsorship.
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range M = 0..9
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SENDER = SENDER[O],
SENDER[e:M] = (chan.send[e]-> SENDER[(e+1)%10]).-

// messages with values up to 9

/I shared channel chan

RECEIVER = (chan.receive|[v:M]-> RECEIVER).

I/ relabeling to model synchronization

| ISyncMsg = (SENDER || RECEIVER)

/{chan/chan.{send,receive}}. I

KXwtr—tE(E

LTS?

FSP ET/L

send(e,chan)

v = receive(chan)

chan.[e]

chan.[v:M]
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Select X. . N when G; and v,=receive(chan,) => S;;

when G, and v,=receive(chan,) => S,;
or
CAEFFSPTLNICE .
—e when G, and v =receive(chan,) => S ;
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FERBIZE

ARRIVALS CARPARK DEPARTURES
o O CONTROL O O

CARPARKCONTROL(N=4) = SPACES[N],
SPACES[1:0..N] = (when(i>0) arrive->SPACES[1-1]
|when(i<N) depart->SPACES[1+1]

).
ARRIVALS = (arrive->ARRIVALS). ;‘R’V*”’“—'b’cﬁ
DEPARTURES = (depart->DEPARTURES). I
| ICARPARK = (ARRIVALS| |CARPARKCONTROL(4)

| IDEPARTURES) . Kytr— M
L BELEIL?
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Java [T&5EE - BIRHZIE

class MsgCarPark implements Runnable {
private Channel arrive,depart;
private Int spaces,N;
private StringCanvas disp;

public MsgCarPark(Channel a, Channel 1,
StringCanvas d, i1Int capacity) {
depart=1; arrive=a; N=spaces=capacity; disp=d;

}

. ] CARPARKCONTROL #F+

public void run() {.} ZJL arrived depart
+ DEEEEZFTRMEIL Y
K~ MsgCarPark&l T%
&
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Java [T&5EE - BIRHZIE

public void run() {
try {

Select sel = new Select();

sel .add(depart);

sel.add(arrive);

while(true) {
ThreadPanel .rotate(12);
arrive.guard(spaces>0);
depart.guard(spaces<N);
switch (sel.choose()) {
case l:depart.receive();display(++spaces);

break;
case 2:arrive.receive();display(--spaces);
break;
by
} catch InterrruptedException{} =P

} |
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Port port = new Port();
txl.start(new Asender(port,sendldisp));

/txz-start(new Asender (port,gend2disp));

i/‘

rx.start(new Areceiver(port,recvdisp));
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Java [Z&BHELE - /R—F

class Port extends Selectable { Port @%%li

Vector qgueue = new Vector(); .
q O send & receive

public synchronized void send(Object V){ DRIV TIEX
queue .addElement(Vv); AR EFDOES
signal); ATHS.

}

public synchronized Object receive()
throws InterruptedException {
block(); clearReady();
Object tmp = queue.elementAt(0);
queue.removeElementAt(0);
return(tmp) ;

}

}
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R—k ETIL

range M = 0..9 // messages with values up to 9
set S = {[M].,IM]IM]} // queue of up to three messages
PORT [lempty state, only send permitted

= (send[x:M]->PORT[x]),

PORT[h:M] /lone message queued to port

= (send[x:M]->PORT[Xx][h]
| receive[h]->PORT

)
PORT[t:S][h:M] /[two or more messages queued to port
= (send[x:M]->PORT[x][t]1[Nn]
| receive[h]->PORT[t] LTS?
)- 4ODEZE0/=56L
/LB ?

/l minimise to see result of abstracting from data values

| |APORT = PORT/{send/send[M],receive/receive[M]}.

Concurrency: message passing
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T77LYRDETIL

S[1..2]: _
ort:PORT
ASENDER p | L ARECEIVER
port.receive

ASENDER = ASENDER[O0],
ASENDER[e:M] = (port.send[e]->ASENDER[(e+1)%10]) .-

ARECEIVER = (port.receive[v:M]->ARECEIVER).

| |AsyncMsg = (s[1.-.2]:ASENDER || ARECEIVER]| |port:PORT)
/{s[1..2].port.send/port.send}.

ZEME?
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Entry entry = new Entry();
clA_start(new Client(entry,clientAdisp,”A"));
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Java [TkBHELE - M)

IR IER—bEMALTRE
sh, LI=D>THRBITIIER
ROZEZYR—FT5.

call AVYFIEREAYE—I%
ZTHAFrRIL-ATOxHk
ZRIVEY. FyRILIEESA
DE&BéreqA IO DE
BMhSEEAYE—F BRI
TIVRI)IZES. ZLTFY=R
IVICHEINBIEERFD.

Concurrency: message passing

list
Select — P Selectable
add() guard()
choose() A
Channel Port
send() < send()
receive() receive()
Entry
clientChan call()
accept()
reply()

accept AV YR EXFYRILDERDEEL
BT B, reply 2V IRIEZDFvRILIZH

BEEXD.
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Java [TkBHELE - M)

class Entry<R,P> extends Port<R> {
private CallMsg<R,P> cm;
private Port<CallMsg<R,P>> cp = new Port<CallMsg<R,P>>();

public P call(R req) throws InterruptedException {
Channel<P> clientChan = new Channel<P>();
cp-send(new CallMsg<R,P>(req,clientChan));
return clientChan.receive();

}

public R accept() throws InterruptedException {
cm = cp.receive();
return cm.request;

}

public void reply(P res) throws InterruptedException {
cm.replychan.send(res);

¥
private class CallMsg<R,P> {
Eh o o rver call, accept, reply/#
annel<P> replychan; — s ooy LS fon S he
CalIMsg(R m, Channel<P> c¢) [EIRIX YR Tl AL 755

{request=m; replychan=c;} 2
} 3 |




IR EFTLYIRDETIL
—REFYRIIDETFIILFERFTS ...

CLIENT() e””yiENTRY | SERVER
entry.accept

set M = {replyA,replyB} I/ reply channels

| IENTRY = PORT/{call/send, accept/receive}.
CLIENT(CH="reply) = (entry.call[CH]->[CH]->CLIENT).

SERVER = (entry.accept[ch:M]->[ch]->SERVER). b VS A

_ - . EHLNBEES
| [EntryDemo = (CLIENT("replyA)||CLIENT("replyB) 7077 %2 =%

|l entry:ENTRY || SERVER ). FREEFLLTD
(7751755
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Course Outline

K Processes and Threads \

¢ Concurrent Execution

¢ Shared Objects & Interference Concest

¢ Monitors & Condition Synchronization Models

¢ Deadlock Pr-ac'hce
¢+ Safety and Liveness Properties

&Model -based Design /

¢ ¢

¢ Message Passing ¢
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