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Deadlock

&RQFHSWV�� V\VWHP�GHDGORFN��QR�IXUWKHU�SURJUHVV
IRXU�QHFHVVDU\�	�VXIILFLHQW�FRQGLWLRQV

��

0RGHOV� GHDGORFN���QR�HOLJLEOH�DFWLRQV

3UDFWLFH� � EORFNHG�WKUHDGV

$LP��GHDGORFN�DYRLGDQFH���WR�GHVLJQ
V\VWHPV�ZKHUH�GHDGORFN�FDQQRW�RFFXU�
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Deadlock: four necessary and sufficient conditions

♦�6HULDOO\�UHXVDEOH�UHVRXUFHV�
WKH SURFHVVHV LQYROYHG VKDUH UHVRXUFHV ZKLFK WKH\ XVH XQGHU PXWXDO
H[FOXVLRQ�

♦�,QFUHPHQWDO�DFTXLVLWLRQ�
SURFHVVHV KROG RQ WR UHVRXUFHV DOUHDG\ DOORFDWHG WR WKHP ZKLOH ZDLWLQJ
WR DFTXLUH DGGLWLRQDO UHVRXUFHV�

♦�1R�SUH�HPSWLRQ�
RQFH DFTXLUHG E\ D SURFHVV� UHVRXUFHV FDQQRW EH SUH�HPSWHG �IRUFLEO\
ZLWKGUDZQ� EXW DUH RQO\ UHOHDVHG YROXQWDULO\�

♦�:DLW�IRU�F\FOH�

D FLUFXODU FKDLQ �RU F\FOH� RI SURFHVVHV H[LVWV VXFK WKDW HDFK SURFHVV
KROGV D UHVRXUFH ZKLFK LWV VXFFHVVRU LQ WKH F\FOH LV ZDLWLQJ WR DFTXLUH�
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Wait-for cycle
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6.1  Deadlock analysis - primitive processes

♦�GHDGORFNHG�VWDWH�LV�RQH�ZLWK�QR�RXWJRLQJ�WUDQVLWLRQV

♦�LQ�)63��STOP�SURFHVV

MOVE = (north->(south->MOVE|north-> STOP)).

Trace to DEADLOCK:
north
north

♦�DQLPDWLRQ�WR�SURGXFH�D�WUDFH�

♦DQDO\VLV�XVLQJ�/76$�

����VKRUWHVW WUDFH WR STOP�

MOVE
north north

south

0 1 2
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deadlock analysis - parallel composition

♦�LQ�V\VWHPV��GHDGORFN�PD\�DULVH�IURP�WKH
SDUDOOHO�FRPSRVLWLRQ�RI�LQWHUDFWLQJ�SURFHVVHV�

RESOURCE = (get->put->RESOURCE).
P = ( printer.get -> scanner.get

->copy
     ->printer.put->scanner.put

->P).
Q = ( scanner.get -> printer.get

->copy
     ->scanner.put->printer.put

->Q).
||SYS = (p:P||q:Q

||{p,q}::printer:RESOURCE
     ||{p,q}::scanner:RESOURCE
     ).

printer:
RESOURCE
get
put

SYS

scanner:
RESOURCE
get
put

p:P

printer

scanner

q:Q

printer

scanner

'HDGORFN 7UDFH"

$YRLGDQFH"
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deadlock analysis - avoidance

♦�DFTXLUH�UHVRXUFHV�LQ�WKH�VDPH�RUGHU"

♦�7LPHRXW�

P          = (printer.get-> GETSCANNER),
GETSCANNER = (scanner.get->copy->printer.put
                               ->scanner.put->P
             | timeout  -> printer.put->P
             ).
Q          = (scanner.get-> GETPRINTER),
GETPRINTER = (printer.get->copy->printer.put
                               ->scanner.put->Q
             | timeout  -> scanner.put->Q
             ).

'HDGORFN"����3URJUHVV"
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6.2  Dining Philosophers

)LYH�SKLORVRSKHUV�VLW�DURXQG�D
FLUFXODU�WDEOH��(DFK�SKLORVRSKHU
VSHQGV�KLV�OLIH�DOWHUQDWHO\
WKLQNLQJ�DQG�HDWLQJ��,Q�WKH�FHQWUH
RI�WKH�WDEOH�LV�D�ODUJH�ERZO�RI
VSDJKHWWL��$�SKLORVRSKHU�QHHGV
WZR�IRUNV�WR�HDW�D�KHOSLQJ�RI
VSDJKHWWL�
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2QH�IRUN�LV�SODFHG�EHWZHHQ�HDFK
SDLU�RI�SKLORVRSKHUV�DQG�WKH\�DJUHH
WKDW�HDFK�ZLOO�RQO\�XVH�WKH�IRUN�WR�KLV
LPPHGLDWH�ULJKW�DQG�OHIW�
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Dining Philosophers - model structure diagram

phil[4]:
PHIL

phil[1]:
PHIL

phil[3]:
PHIL

phil[0]:
PHIL

phil[2]:
PHIL

FORK FORK

FORK

FORK FORK

lef tright

right

right

right

lef t

lef t

right

lef t

lef t

(DFK�)25.�LV�D
VKDUHG�UHVRXUFH
ZLWK�DFWLRQV�JHW
DQG�SXW�

:KHQ�KXQJU\�
HDFK�3+,/�PXVW
ILUVW�JHW�KLV
ULJKW�DQG�OHIW
IRUNV�EHIRUH�KH
FDQ�VWDUW�HDWLQJ�
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Dining Philosophers - model

FORK = ( get  -> put  -> FORK).
PHIL = (sitdown ->right. get ->left. get

  ->eat ->right. put ->left. put
  ->arise->PHIL).

||DINERS(N=5)= forall [i:0..N-1]
 (phil[i]:PHIL ||
 {phil[i].left,phil[((i-1)+N)%N].right}::FORK

).

7DEOH�RI�SKLORVRSKHUV�

&DQ�WKLV�V\VWHP�GHDGORFN"
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Dining Philosophers - model analysis

Trace to DEADLOCK:
phil.0.sitdown
phil.0.right.get
phil.1.sitdown
phil.1.right.get
phil.2.sitdown
phil.2.right.get
phil.3.sitdown
phil.3.right.get
phil.4.sitdown
phil.4.right.get

7KLV�LV�WKH�VLWXDWLRQ�ZKHUH
DOO�WKH�SKLORVRSKHUV�EHFRPH
KXQJU\�DW�WKH�VDPH�WLPH��VLW
GRZQ�DW�WKH�WDEOH�DQG�HDFK
SKLORVRSKHU�SLFNV�XS�WKH
IRUN�WR�KLV�ULJKW�

7KH�V\VWHP�FDQ�PDNH�QR
IXUWKHU�SURJUHVV�VLQFH�HDFK
SKLORVRSKHU�LV�ZDLWLQJ�IRU�D
IRUN�KHOG�E\�KLV�QHLJKERU�L�H�
D�ZDLW�IRU�F\FOH�H[LVWV�
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Dining Philosophers

'HDGORFN�LV�HDVLO\
GHWHFWHG�LQ�RXU
PRGHO�

+RZ�HDV\�LV�LW�WR
GHWHFW�D�SRWHQWLDO
GHDGORFN�LQ�DQ
LPSOHPHQWDWLRQ"
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Dining Philosophers - implementation in Java

♦philosophers:
active entities
- implement as
threads

♦forks: shared
passive entities
- implement as
monitors

♦display

Applet

Diners

Thread

Philosopher
1 n

Fork

1

n

PhilCanvas

display

controller

view

display
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Dining Philosophers - Fork monitor

class  Fork {
  private  boolean taken=false;
  private  PhilCanvas display;
  private  int identity;

  Fork(PhilCanvas disp, int id)
    { display = disp; identity = id;}

  synchronized  void put () {
    taken=false;
    display.setFork(identity,taken);
    notify();
  }

  synchronized  void get ()
     throws  java.lang.InterruptedException {
    while  (taken) wait();
    taken=true;
    display.setFork(identity,taken);
  }
}

taken
encodes the
state of the
fork
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Dining Philosophers - Philosopher implementation

class  Philosopher extends  Thread {
  ...
  public  void run() {
    try  {
      while  (true) { // thinking
        view.setPhil(identity,view.THINKING);
        sleep(controller.sleepTime()); // hungry
        view.setPhil(identity,view.HUNGRY);
        right. get (); // gotright chopstick
        view.setPhil(identity,view.GOTRIGHT);
        sleep(500);
        left. get (); // eating
        view.setPhil(identity,view.EATING);
        sleep(controller.eatTime());
        right. put ();
        left. put ();
      }
    } catch  (java.lang.InterruptedException e){}
  }
}

Follows
from the
model
(sitting
down and
leaving the
table have
been
omitted). Concurrency: Deadlock 16
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Dining Philosophers - implementation in Java

for  (int i =0; i<N; ++i)
  fork[i] = new Fork(display,i);
for  (int i =0; i<N; ++i){
  phil[i] =
    new Philosopher

( this ,i,fork[(i-1+N)%N],fork[i]);
  phil[i].start();
}

Code to create the philosopher
threads and fork monitors:
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Dining Philosophers

7R�HQVXUH�GHDGORFN
RFFXUV�HYHQWXDOO\�
WKH�VOLGHU�FRQWURO
PD\�EH�PRYHG�WR�WKH
OHIW��7KLV�UHGXFHV
WKH�WLPH�HDFK
SKLORVRSKHU�VSHQGV
WKLQNLQJ�DQG�HDWLQJ�

7KLV��VSHHGXS�
LQFUHDVHV�WKH
SUREDELOLW\�RI
GHDGORFN�RFFXUULQJ�
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Deadlock-free Philosophers

'HDGORFN�FDQ�EH�DYRLGHG�E\�HQVXULQJ�WKDW�D�ZDLW�IRU�F\FOH
FDQQRW�H[LVW��+RZ"  PHIL(I=0)

   = ( when (I%2==0)  sitdown
        -> left .get->right.get
        ->eat

->left.put->right.put
->arise->PHIL

     | when (I%2==1)  sitdown
        -> right .get->left.get
        ->eat

->left.put->right.put
->arise->PHIL

     ).

,QWURGXFH�DQ
DV\PPHWU\�LQWR�RXU
GHILQLWLRQ�RI
SKLORVRSKHUV�

8VH�WKH�LGHQWLW\�,�RI
D�SKLORVRSKHU�WR�PDNH
HYHQ�QXPEHUHG
SKLORVRSKHUV�JHW
WKHLU�OHIW�IRUNV�ILUVW�
RGG�WKHLU�ULJKW�ILUVW�

2WKHU�VWUDWHJLHV"
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Maze example - shortest path to “deadlock”

0 1 2

3 4 5

6 7 8

STOP

north

south

west east

:H�FDQ�H[SORLW�WKH�VKRUWHVW�SDWK�WUDFH�SURGXFHG�E\�WKH
GHDGORFN�GHWHFWLRQ�PHFKDQLVP�RI�/76$�WR�ILQG�WKH
VKRUWHVW�SDWK�RXW�RI�D�PD]H�WR�WKH�STOP�SURFHVV�

:H�PXVW�ILUVW
PRGHO�WKH�MAZE�

(DFK�SRVLWLRQ�FDQ
EH�PRGHOOHG�E\�WKH
PRYHV�WKDW�LW
SHUPLWV��7KH�MAZE
SDUDPHWHU�JLYHV�WKH
VWDUWLQJ�SRVLWLRQ�

eg. MAZE(Start=8) = P[Start],
P[0] = (north-> STOP|east->P[1]),...
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Maze example - shortest path to “deadlock”

||GETOUT = MAZE(7).

0 1 2

3 4 5

6 7 8

STOP

north

south

west east

6KRUWHVW�SDWK
HVFDSH�WUDFH��IURP
SRVLWLRQ���"

Trace to
DEADLOCK:

east
north
north
west
west
north
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Summary

�&RQFHSWV

z GHDGORFN� QR IXWKHU SURJUHVV

z IRXU QHFHVVDU\ DQG VXIILFLHQW FRQGLWLRQV�

� VHULDOO\ UHXVDEOH UHVRXUFHV

� LQFUHPHQWDO DFTXLVLWLRQ

� QR SUHHPSWLRQ

� ZDLW�IRU F\FOH

�0RGHOV

z QR HOLJDEOH DFWLRQV �DQDO\VLV JLYHV VKRUWHVW SDWK WUDFH�

�3UDFWLFH

z EORFNHG WKUHDGV

$LP� GHDGORFN DYRLGDQFH
� WR GHVLJQ V\VWHPV ZKHUH
GHDGORFN FDQQRW RFFXU�


