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Chapter 2

Processes & Threads
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concurrent processes

:H�VWUXFWXUH�FRPSOH[�V\VWHPV�DV
VHWV�RI�VLPSOHU�DFWLYLWLHV��HDFK
UHSUHVHQWHG�DV�D�VHTXHQWLDO�SURFHVV�
3URFHVVHV�FDQ�RYHUODS�RU�EH
FRQFXUUHQW��VR�DV�WR�UHIOHFW�WKH
FRQFXUUHQF\�LQKHUHQW�LQ�WKH�SK\VLFDO
ZRUOG��RU�WR�RIIORDG�WLPH�FRQVXPLQJ
WDVNV��RU�WR�PDQDJH�FRPPXQLFDWLRQV�RU
RWKHU�GHYLFHV�

'HVLJQLQJ�FRQFXUUHQW�VRIWZDUH�FDQ�EH
FRPSOH[�DQG�HUURU�SURQH��$�ULJRURXV
HQJLQHHULQJ�DSSURDFK�LV�HVVHQWLDO�

Model processes as
finite state machines.

Program processes as
threads in Java.

Concept of a process as
a sequence of actions.

Concurrency: processes & threads 3
©Magee/Kramer

processes and threads

&RQFHSWV��SURFHVVHV���XQLWV�RI�VHTXHQWLDO�H[HFXWLRQ�

0RGHOV� �ILQLWH�VWDWH�SURFHVVHV��)63�
������������������WR�PRGHO�SURFHVVHV�DV�VHTXHQFHV�RI�DFWLRQV�

�ODEHOOHG�WUDQVLWLRQ�V\VWHPV��/76�
�WR�DQDO\VH��GLVSOD\�DQG�DQLPDWH�EHKDYLRU�

3UDFWLFH� �-DYD�WKUHDGV
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2.1  Modeling Processes

0RGHOV�DUH�GHVFULEHG�XVLQJ�VWDWH�PDFKLQHV�
NQRZQ�DV�/DEHOOHG�7UDQVLWLRQ�6\VWHPV�/76�
7KHVH�DUH�GHVFULEHG�WH[WXDOO\�DV�ILQLWH�VWDWH
SURFHVVHV��)63��DQG�GLVSOD\HG�DQG�DQDO\VHG�E\
WKH�/76$�DQDO\VLV�WRRO�

♦�/76���JUDSKLFDO�IRUP

♦�)63���DOJHEUDLF�IRUP
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modeling processes

$�SURFHVV�LV�WKH�H[HFXWLRQ�RI�D�VHTXHQWLDO�SURJUDP��,W�LV
PRGHOHG�DV�D�ILQLWH�VWDWH�PDFKLQH�ZKLFK�WUDQVLWV�IURP
VWDWH�WR�VWDWH�E\�H[HFXWLQJ�D�VHTXHQFH�RI�DWRPLF�DFWLRQV�

D�OLJKW�VZLWFK
/76

onÆoff ÆonÆoff ÆonÆoff Æ ……….
D�VHTXHQFH�RI
DFWLRQV�RU�WUDFH

on

off
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FSP - action prefix

,I�[�LV�DQ�DFWLRQ�DQG�3�D�SURFHVV�WKHQ��[�!�3�
GHVFULEHV�D�SURFHVV�WKDW�LQLWLDOO\�HQJDJHV�LQ�WKH�DFWLRQ
[�DQG�WKHQ�EHKDYHV�H[DFWO\�DV�GHVFULEHG�E\�3�

ONESHOT = (once -> STOP). 21(6+27�VWDWH
PDFKLQH

�WHUPLQDWLQJ�SURFHVV�

&RQYHQWLRQ���DFWLRQV�EHJLQ�ZLWK�ORZHUFDVH�OHWWHUV

���352&(66(6�EHJLQ�ZLWK�XSSHUFDVH�OHWWHUV

once

0 1
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FSP - action prefix & recursion

SWITCH = OFF,
OFF    = (on -> ON),
ON     = (off-> OFF).

5HSHWLWLYH�EHKDYLRXU�XVHV�UHFXUVLRQ�

6XEVWLWXWLQJ�WR�JHW�D�PRUH�VXFFLQFW�GHILQLWLRQ�

SWITCH = OFF,
OFF    = (on ->(off->OFF)).

$QG�DJDLQ�

SWITCH = (on->off->SWITCH).

on

off

0 1
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animation using LTSA

7LFNHG�DFWLRQV�DUH�HOLJLEOH
IRU�VHOHFWLRQ�

,Q�WKH�/76��WKH�ODVW�DFWLRQ�LV
KLJKOLJKWHG�LQ�UHG�

7KH�/76$�DQLPDWRU�FDQ�EH
XVHG�WR�SURGXFH�D�WUDFH�

on

off

0 1
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FSP - action prefix

TRAFFICLIGHT = (red->orange->green->orange
   -> TRAFFICLIGHT).

/76�JHQHUDWHG�XVLQJ�/76$�

7UDFH�

)63�PRGHO�RI�D�WUDIILF�OLJKW��

red Æorange Ægreen Æorange Æred Æorange Ægreen …

red orange green

orange

0 1 2 3
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FSP - choice

,I�[�DQG�\�DUH�DFWLRQV�WKHQ��[�!�3�_�\�!�4�
GHVFULEHV�D�SURFHVV�ZKLFK�LQLWLDOO\�HQJDJHV�LQ�HLWKHU�RI
WKH�DFWLRQV�[�RU�\���$IWHU�WKH�ILUVW�DFWLRQ�KDV
RFFXUUHG��WKH�VXEVHTXHQW�EHKDYLRU�LV�GHVFULEHG�E\�3�LI
WKH�ILUVW�DFWLRQ�ZDV�[�DQG�4�LI�WKH�ILUVW�DFWLRQ�ZDV�\�

:KR�RU�ZKDW�PDNHV�WKH�FKRLFH"

,V�WKHUH�D�GLIIHUHQFH�EHWZHHQ�LQSXW�DQG
RXWSXW�DFWLRQV"
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FSP - choice

DRINKS = (red->coffee->DRINKS
         |blue->tea->DRINKS
         ).

/76�JHQHUDWHG�XVLQJ�/76$�

3RVVLEOH�WUDFHV"

)63�PRGHO�RI�D�GULQNV�PDFKLQH��

red

blue

coffee

tea

0 1 2
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Non-deterministic choice

3URFHVV��[�!�3�_�[��!�4��GHVFULEHV�D�SURFHVV�ZKLFK
HQJDJHV�LQ�[�DQG�WKHQ�EHKDYHV�DV�HLWKHU�3�RU�4�

COIN = (toss->HEADS|toss->TAILS),
HEADS= (heads->COIN),
TAILS= (tails->COIN).

7RVVLQJ�D
FRLQ�

toss

toss

heads

tails

0 1 2

3RVVLEOH�WUDFHV"
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Modeling failure

+RZ�GR�ZH�PRGHO�DQ�XQUHOLDEOH�FRPPXQLFDWLRQ�FKDQQHO
ZKLFK�DFFHSWV�LQ�DFWLRQV�DQG�LI�D�IDLOXUH�RFFXUV�SURGXFHV
QR�RXWSXW��RWKHUZLVH�SHUIRUPV�DQ�RXW�DFWLRQ"

8VH�QRQ�GHWHUPLQLVP���

CHAN = (in->CHAN
       |in->out->CHAN
       ).

in

in

out

0 1
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6LQJOH�VORW�EXIIHU�WKDW�LQSXWV�D�YDOXH�LQ�WKH�UDQJH���WR��
DQG�WKHQ�RXWSXWV�WKDW�YDOXH�

FSP - indexed processes and actions

BUFF = (in[i:0..3]->out[i]-> BUFF).

HTXLYDOHQW�WR

RU�XVLQJ�D�SURFHVV�SDUDPHWHU�ZLWK�GHIDXOW�YDOXH�

BUFF = (in[0]->out[0]->BUFF
       |in[1]->out[1]->BUFF
       |in[2]->out[2]->BUFF
       |in[3]->out[3]->BUFF
       ).

BUFF(N=3) = (in[i:0..N]->out[i]-> BUFF).
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const N = 1
range T = 0..N
range R = 0..2*N

SUM        = (in[a:T][b:T]->TOTAL[a+b]),
TOTAL[s:R] = (out[s]->SUM).

FSP - constant & range declaration

LQGH[�H[SUHVVLRQV�WR
PRGHO�FDOFXODWLRQ�

in.0.0

in.0.1
in.1.0

in.1.1

out.0

out.1

out.2

0 1 2 3
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FSP - guarded actions

7KH�FKRLFH��ZKHQ�%�[��!�3�_�\��!�4��PHDQV�WKDW
ZKHQ�WKH�JXDUG�%�LV�WUXH�WKHQ�WKH�DFWLRQV�[�DQG�\�DUH
ERWK�HOLJLEOH�WR�EH�FKRVHQ��RWKHUZLVH�LI�%�LV�IDOVH�WKHQ
WKH�DFWLRQ�[�FDQQRW�EH�FKRVHQ�

COUNT (N=3)    = COUNT[0],
COUNT[i:0..N] = ( when(i<N) inc->COUNT[i+1]
                | when(i>0) dec->COUNT[i-1]
                ).

inc inc

dec

inc

dec dec

0 1 2 3



Concurrency: processes & threads 17
©Magee/Kramer

FSP - guarded actions

COUNTDOWN (N=3)   = (start->COUNTDOWN[N]),
COUNTDOWN[i:0..N] =

(when(i>0) tick->COUNTDOWN[i-1]
   |when(i==0)beep->STOP

|stop->STOP
 ).

$�FRXQWGRZQ�WLPHU�ZKLFK�EHHSV�DIWHU�1�WLFNV��RU�FDQ�EH
VWRSSHG�

start

stop

tick

stop

tick

stop

tick beep
stop

0 1 2 3 4 5
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FSP - guarded actions

:KDW�LV�WKH�IROORZLQJ�)63�SURFHVV�HTXLYDOHQW�WR"

const False = 0
P = (when (False) doanything->P).
 

$QVZHU�

STOP
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FSP - process alphabets

7KH�DOSKDEHW�RI�D�SURFHVV�LV�WKH�VHW�RI�DFWLRQV�LQ
ZKLFK�LW�FDQ�HQJDJH�

$OSKDEHW�H[WHQVLRQ�FDQ�EH�XVHG�WR�H[WHQG�WKH�LPSOLFLW
DOSKDEHW�RI�D�SURFHVV�

$OSKDEHW�RI�WRITER�LV��WKH�VHW�{write[0..3]}

�ZH PDNH XVH RI DOSKDEHW H[WHQVLRQV LQ ODWHU FKDSWHUV�

WRITER = (write[1]->write[3]->WRITER)
+{write[0..3]}.
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2.2   Implementing processes

0RGHOLQJ�SURFHVVHV�DV
ILQLWH�VWDWH�PDFKLQHV
XVLQJ�)63�/76�

,PSOHPHQWLQJ�WKUHDGV
LQ�-DYD�

1RWH� WR DYRLG FRQIXVLRQ� ZH XVH WKH WHUP SURFHVV ZKHQ UHIHUULQJ WR
WKH PRGHOV� DQG WKUHDG ZKHQ UHIHUULQJ WR WKH LPSOHPHQWDWLRQ LQ -DYD�
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Implementing processes - the OS view

A (heavyweight) process in an operating system is represented by its code,
data and the state of the machine registers, given in a descriptor. In order to
support multiple (lightweight) threads of control, it has multiple stacks, one
for each thread.

D ata Code

O S Process

D escriptor

Thread 1 Thread 2 Thread n

Stack Stack Stack

D escriptor D escriptor

D escriptor
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threads in Java

A Thread class manages a single sequential thread of control.
Threads may be created and deleted dynamically.

Thread

    run()

MyThread

    run()

The Thread class executes instructions from its method
run(). The actual code executed depends on the
implementation provided for run() in a derived class.

class  MyThread extends  Thread {
public  void run() {

//......
}

}

Concurrency: processes & threads 23
©Magee/Kramer

threads  in Java

Since Java does not permit multiple inheritance, we often
implement the run()  method in a class not derived from Thread but
from the interface Runnable.

Runnable

run()

MyRun

run()

public interface  Runnable  {
public abstract  void run();

}

class  MyRun implements  Runnable{
public  void run() {

      //.....
   }
}

Thread
target
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thread life-cycle in Java

An overview of the life-cycle of a thread as state transitions:

Created Alive

Terminated

new Thread()

start()

stop(), or
run() returnsstop()

The predicate isAlive() can be
used to test if a thread has been started but
not terminated. Once terminated, it cannot
be restarted (cf. mortals).

start() causes the thread to call its
run() method.
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thread alive states in Java

Once started, an alive thread has a number of substates :

Runnable Non-Runnable
suspend()

resume()

yield()

Running

dispatch

suspend()

start()

stop(), or
run() returnswait() also makes a Thread Non-Runnable, and

notify()  Runnable       (used in later chapters).

sleep()
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Java thread lifecycle - an FSP specification

THREAD       = CREATED,
CREATED      = (start          ->RUNNING
               |stop           ->TERMINATED),
RUNNING      = ({suspend,sleep}->NON_RUNNABLE
               |yield          ->RUNNABLE
               |{stop, end }     ->TERMINATED
               | run             ->RUNNING),
RUNNABLE     = (suspend        ->NON_RUNNABLE
               | dispatch        ->RUNNING
               |stop           ->TERMINATED),
NON_RUNNABLE = (resume         ->RUNNABLE
               |stop           ->TERMINATED),
TERMINATED   = STOP.
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Java thread lifecycle - an FSP specification

end, run,
dispatch  are
not methods of
class Thread.

States 0 to 4 correspond to CREATED, TERMINATED, RUNNING,
NON-RUNNABLE, and RUNNABLE respectively.

start

stop

stop

suspend
sleep

yield

end

run

stop

resume

stop

suspend

dispatch

0 1 2 3 4
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CountDown timer example

COUNTDOWN (N=3)   = (start->COUNTDOWN[N]),
COUNTDOWN[i:0..N] =

(when(i>0) tick->COUNTDOWN[i-1]
   |when(i==0)beep->STOP

|stop->STOP
 ).

,PSOHPHQWDWLRQ�LQ�-DYD"
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CountDown timer - class diagram

The class CountDown  derives from Applet  and contains the
implementation of the run()  method which is required by Thread .

Applet

init()
start()
stop()
run()
tick()
beep()

Runnable

CountDown

NumberCanvas

setvalue()

Threadcounter

display

target

The class NumberCanvas
provides the display canvas.
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CountDown class

public  class  CountDown extends  Applet
                       implements  Runnable {
  Thread counter; int i;
  final static int N = 10;
  AudioClip beepSound, tickSound;
  NumberCanvas display;

  public  void init()  {...}
  public  void start() {...}
  public  void stop()  {...}
  public  void run()   {...}
  private  void tick() {...}
  private  void beep() {...}
}
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CountDown class - start(), stop() and run()

 public  void start() {
    counter = new Thread(this);
    i = N; counter.start();
  }

  public  void stop() {
    counter = null;
  }

  public  void run() {
    while (true) {
      if  (counter == null) return ;
      if  (i>0)  { tick(); --i; }
      if  (i==0) { beep(); return ;}
    }
  }

COUNTDOWN�0RGHO
start ->

stop ->

COUNTDOWN[i]SURFHVV
 recursion DV D while ORRS
 STOP

 when(i>0) tick -> CD[i-1]

 when(i==0)beep -> STOP

STOP ZKHQ run() returns
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Summary

�&RQFHSWV

z SURFHVV � XQLW RI FRQFXUUHQF\� H[HFXWLRQ RI D SURJUDP

�0RGHOV

z /76 WR PRGHO SURFHVVHV DV VWDWH PDFKLQHV � VHTXHQFHV RI

DWRPLF DFWLRQV

z )63 WR VSHFLI\ SURFHVVHV XVLQJ SUHIL[ ´�!µ� FKRLFH µ _ µ

DQG UHFXUVLRQ�

�3UDFWLFH

z -DYD WKUHDGV WR LPSOHPHQW SURFHVVHV�

z 7KUHDG OLIHF\FOH � FUHDWHG� UXQQLQJ� UXQQDEOH� QRQ�

UXQQDEOH� WHUPLQDWHG�


