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Program testing can be used to show the presence of bugs, but

never to show the absence.
-- Edsger W. Dijkstra
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(y,2):=(1,x)

"> =1 <

begin: (y,z):=(1,x); goto s1;
s1: if (z>0) goto s2; else goto s4;
s2: (y):=(y*z); goto s3;
s3: (z):=(z-1); goto s1;

s4: (r):=(y); goto end;
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x>=0

z>=0
y*zl=x|

y,2):=(1,x)

y=x|

r=x!

4

' IE1 &

begin: (y,z):=(1,x);

sl:
S2:
s3:
s4.

if (z>0) goto s2; else

(y):=(y*z);
(z):=(z-1);
(r):=(y);

4

goto s1;
goto s4;
goto s3;
goto s1;
goto end;
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FE AR (1)

int jc(int x)
{
inty,z,r;
begin: y=1; z=x; goto s1;
sl: if (z>0) goto s2; else goto s4;
s2: y=y*z; goto s3;
s3: z=2z-1; goto s1;
s4. r=y; goto end;
end: return r;



FE AR (2)

int jc(int x)
{
inty,z,r;
y=1; z=X;
while (z>0) { y=y*z; z=2-1; }
r=y; returnr;
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b b

int jc(int x)

x>=0 g

z>=0
y*zl=x!

N

J

inty,z,r;

y=1; z=x;

while (z>0) { y=y*z; z=z-

2>0

y*zl=x!

z>=0
y*zl=x!

X

r=y; return r;

r=x!

y=x|

)7
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Process A Process B
Critical Regi < Non-Critical Region >

< R&W >

Critical Region Critical Region
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Process A

Non-Critical Region

J

Request for Entering

-

V

Wait

v

geckfor Entering

V

Critical Region

v

Exit

Process
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Non-Critical @

Request for Entering
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T war

Check for Entering
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Exit
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cﬁ[ initialization

|

/ER

work in NCR ]

work in NCR ]

[ request ]

[ request ]

y

J

[ wait&check
[else]
[condition 1

{ wait&check
[else]
[condition 2

[ work in CR J

y

J

{

exit

| workinCR |
[

1

exit ]
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oﬁ[ initialization ]

—

work in NCR J

work in NCR ]

[ request

request

J

J

[ wait&check
[else]
[condition 1

[condti

wait&check
[else]
on 2

[

{ work in CR ]

work in CR ]

J

[

[ exit

v
exit




T (CIRES )

cﬁ[ initialization ] -
x:=0;y:=0;

{ work in CR ] { work in CR J

—
Process A P ' Process B /ﬂ
work in NCR ] : work in NCR ]
y:=1;t:=1 : x:=1;t:=0
[ wait&check : { wait&@
[x=0 or t=0] x=Tand t=1] i [y=0 or t=1] y=1and t=0]




wF (IR )

cﬁ[ initialization ] -
x:=0;y:=0;

——

Process A ® ' Process B /ﬂ
i b=ncr ]
x:=1;t:=0
{ b=wiitﬁjb
x=1and t=1] i [y=0 or t=1] y=1and t=0]




B (HIR)

P
VAR: a: {ncr,wait,cr}; b: {ncr,wait,cr}; x: 0..1; y: 0..1; t: 0..1;

INIT: a=ncr; b=ncr; x=0; y=0;
N

Process A:
a=ncr -2 (a,y,t):=(wait,1,1);
a=waitA(x=0vt=0) -2 (a):=(cr);
a=waitA—(x=0vt=0) -2 (a):=(wait);

a=cr - (a,y):=(ncr,0);
Process B:
b=ncr =2 (b,x,t):=(wait,1,0);

b=waitA(y=0vt=1) -2 (b):=(cr);
b=waitAn—(y=0vt=1) -2 (b):=(wait);
b=cr =2 (b,x):=(ncr,0);

HFEMH: AG(—((a=cr) A (b=cr))
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LA M 5 (wait&check, ok)

cﬁ[ initialization ]
x:=0;y:=0
T
Process A P ' Process B /ﬂ
work in NCR ] : work in NCR ]
y:=1;t:=1 x:=1;t:=0
[ wait&check { wait&@
[x=0 or t=0] x=Tand t=1] i [y=0 or t=1] y=1and t=0]
{ work in CR ] { work in CR J




AL R 5T (wait, ok)
® | initialization | oisd

——

Process A ® ' Process B /ﬂ
work in NCR ] i work in NCR ]
y:=1;t:=1 x:=1;t:=0
[ wait ] { wait J
[x=0 or t=0] i [y=0 or t=1]

{ work in CR ] { work in CR J
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cﬁ[ initialization ] _
x:=0;y:=

——

GV A M 5T (wait&check, live-lock)

Process A PY

work in NCR ]

y:=1;t:=1

[ wait&check

[x=0 or t=0] x=1and t=1]

[ work in CR J

Process B N

work in NCR ]

x:=1;t:=0

{ wait&@
y=1and t=0]

[y=0 or t=1]

[ work in CR J




RFE PR 5 (AF (a=cr))

cﬁ[ initialization ] _
x:=0;y:=

{ work in CR ] { work in CR J

"
Process A P ' Process B /ﬂ
work in NCR ] : work in NCR ]
y:=1;t:=1 : x:=1;t:=0
[ wait&check : { wait&@
[x=0 or t=0] x=Tand t=1] i [y=0 or t=1] y=1and t=0]
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fpl1a - FEHCT IR

» BHCFITIRAE XU

rre X BIEEECE R 4 HAY Y rrr<x Hx<(r+1)*(r+1).

o PATHIFRUTE
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Bil1a - FECE TR

(y1,y2,y3):=(0,1,1)

(y1,y2):=(y1+1,y2+2)

(y11y2)y3)=(0,1,1), gOtO Sl,
if (y3<=x) goto S2; else goto s4;
: (yly2):=(yl+1,y2+2); goto s3;
(y3):=(y3+y2) . (y3):=(y3+y2); goto si;

; (r):=(y1); goto END;




Bl 1a - BEECY TR (T L AR 545 )
RAE: LAB+(y1,y2,y3,%r)
gﬁ%: X=5

(0,0,0,5,0)

(y1,y2,y3):=(0,1,1)

(0'1' 1’5’0) (O) 111;510) (113/4;510) (2)519;510)

s B ()-(y1) R END

(2,5,9,5,0) (2,5,9,5,2)
(y1,y2):=(y1+1,y2+2)

(1,3,1,5,0)
(2,5,4,5,0)
(y3):=(y3+y2)



fl1a - BECT IR TS

(LAB,y1,y2,y3,x,r)

(BEG,0,0,0,5,0) ... ... ... (END,2,5,9,5,2)
(BEG,0,0,0,6,0) ... ... ... (END,?2,5,9,6,2)
(BEG,0,0,0,7,0) ... ... ... (END,?2,5,9,7,2)
(BEG,0,0,0,8,0) ... ... ... (END,?2,5,9,8,2)

(BEG,0,0,0,9,0) ... ... ... (END,3,7,16,9,3)

N



ffl1a - BEECT TR THEZE R IEARTE

(LAB,y1,y2,y3,x,r)

(BEG,0,0,0,5,0) ... ... ... (END,2,5,9,5,2)
(BEG,0,0,0,6,0) ... ... ... (END,2,5,9,6,2)
(BEG,0,0,0,7,0) ... ... ... (END,2,5,9,7,2)
(BEG,0,0,0,8,0) ... ... ... (END,2,5,9,8,2)
(BEG,0,0,0,9,0) ... ... ... (END,3,7,16,9,3)

(BEG,-,-,-,9,-) ... ... ... (END,-,-,-,9,3) x>=r*r H.x<(r+1)*(r+1);
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x=5,r=0 x=5,r=0 x=5,r=0 x=5,r=2
pc=BEG pc=s, pc=s, pc=END

d(x,r): x>=r*r A x<(r+1)*(r+1);

x=8,r=0 x=8,r=0 x=8,r=0 x=8,r=2
pc=BEG pc=s,; pc=s, pc=END
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$12-H 5. PR (State Diagram)
® | initialization | oisd

I —

Process A ® ' Process B /ﬂ
work in NCR ] i work in NCR ]
y:=1;t:=1 x:=1;t:=0
[ wait { WQ
[x=0 or t=0] x=1'and t=1] i [y=0 or t=1] y=1and t=0]

{ work in CR ] { work in CR J




VAR: x: 0..1;y:0..1; t: 0..1;

a: {NCR,wait,CR}; b: {NCR,wait,CR};
INIT: x=0; y=0;
\_ a=NCR; b=NCR;

Process A:
a=NCR =2 (a,y,t):=(wait,1,1);
a=waitA(x=0vt=0) - (a):=(CR);
a=waitA—(x=0vt=0) -2 (a):=(wait);

a=CR - (a,y):=(NCR,0);
Process B:
b=NCR -2 (b,x,t):=(wait,1,0);

b=waitA(y=0vt=1) = (b):=(CR);
b=waitA—(y=0vt=1) = (b):=(wait);
b=CR - (b,x):=(NCR,0);




B2-H 5: 1FEIERECIRE)

(a,b,x,y,t)

NCR,NCR,0,0,0
wait,NCR,0,1,1

NCR,NCR,0,0,1
wait,NCR,0,1,1

NCR,NCR,0,0,0

NCR,NCR,0,0,0
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$12-H 5. PR (State Diagram)
® | initialization | oisd

I —

Process A ® ' Process B /ﬂ
work in NCR ] i work in NCR ]
y:=1;t:=1 x:=1;t:=0
[ wait { WQ
[x=0 or t=0] x=1'and t=1] i [y=0 or t=1] y=1and t=0]

{ work in CR ] { work in CR J




VAR: x: 0..1;y:0..1; t: 0..1;

a: {NCR,wait,CR}; b: {NCR,wait,CR};
INIT: x=0; y=0;
\_ a=NCR; b=NCR;

Process A:
a=NCR =2 (a,y,t):=(wait,1,1);
a=waitA(x=0vt=0) - (a):=(CR);
a=waitA—(x=0vt=0) -2 (a):=(wait);

a=CR - (a,y):=(NCR,0);
Process B:
b=NCR -2 (b,x,t):=(wait,1,0);

b=waitA(y=0vt=1) = (b):=(CR);
b=waitA—(y=0vt=1) = (b):=(wait);
b=CR - (b,x):=(NCR,0);




B2-H 5: 1FEIERECIRE)

(a,b,x,y,t)

NCR,NCR,0,0,0
wait,NCR,0,1,1

NCR,NCR,0,0,1
wait,NCR,0,1,1

NCR,NCR,0,0,0

NCR,NCR,0,0,0



B12- 5 . tFEEFECRE)

(a,b,x,y,t)

NCR,NCR,0,0,0
wait,NCR,0,1,1

NCR,NCR,0,0,0

NCR,NCR,0,0,0

NCR,NCR,0,0,1




B12- 5 . tFEEFECRE)

(a,b,x,y,t)

NCR,NCR,0,0,0
wait,NCR,0,1,1

_NCR,NCR,0,0,0

NCR,NCR,0,0,0

NCR,NCR,0,0,1




B2-H fFx: AJIEARES

CR,NCR,0,0,0 CR,NCR,0,0,




CR,NCR,0,0,0 CR,NCR,0,0,

ait,NCR,0,1,

CR,CR,0,0,0 CR,CR,1,0,0
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Hs 3£ (a,b,xyt)
M HANY  i=a*24+b*8+x*4+y* 2+t

HANCRALZEO, waitft# 1, CRILF?2

Bl an:
(CRNCR,0,00) > (20,0000 > s,
(NCR,CR,0,00) > (02000 > s,
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S ={50,5¢,--S71}
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((1,-,1,-,1),(1,--,--))
((2,----),(1,--,-,0,-))

a=NCR -2 (a,y,t):=(wait,1,1);
a=waitA(x=0vt=0) -2 (a):=(CR);
a=waitA—(x=0vt=0) -2 (a):=(wait);

a=CR = (a,y):=(NCR,0);
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((2,----),(1,-,-,-,0,-))

a=NCR -2 (a,y,t):=(wait,1,1);
a=waitA(x=0vt=0) -2 (a):=(CR);
a=waitA—(x=0vt=0) -2 (a):=(wait);

a=CR = (a,y):=(NCR,0);
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b=NCR -2 (b,x,t):=(wait,1,0);
b=waitA(y=0vt=1) -2 (b):=(CR);
b=waitA—(y=0vt=1) -2 (b):=(wait);

b=CR - (b,x):=(NCR,0);
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((1,-,1,-,1),(1,--,--))
((2,----),(1,--,-,0,-))

((-0,--,-), (-1,1,-,0)),
((-1,-,0,-),(-,.2,-,--)), ((-1,--,1),(-,2,-,-,7)),
((-1,1,-1),(-1,-,--))
((-2,---),(-,1,-,0,-,-))
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NCR,NCR,0,0,1

wait,NCR,1,0,0
NCR,CR,1,0,0
NCR,NCR,0,0,0

CR,wait,1,0,0
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wait,NCR,1,0,0
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S = { (NCR,NCR,0,0,0), (NCR,NCR,0,0,1), ......}
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