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#include <s t d i o . h>
#include <s t d i n t . h>
#include <a s s e r t . h>
#include <s tdboo l . h>

/∗ In t en t i on : c a l c u l a t e y + 1 ∗/
stat ic u in t 32 t addOne( u in t 32 t y ) {

u in t 32 t x = (y + 1) ;
return x ;

}

/∗ In t en t i on : c a l c u l a t e x − 1 ∗/
stat ic bool compareOneOff ( u i n t 32 t x ) {

u in t 32 t y = x ;
a s s e r t ( x == y) ;
y−−;
a s s e r t ( x > y ) ;
return x > y ;

}

/∗ Ca l cu l a t e s congruence c l a s s o f y in mod x .
∗ @param x Modulus . Must be != 0 .
∗ @param y Or i g ina l va lue . Must be != x . ∗/

stat ic u in t 32 t wraparound ( u in t 32 t x , u i n t 32 t y ) {
a s s e r t ( x != y && x != 0) ;
y = y % x ;
a s s e r t ( y > 0 && x != 0) ;
return y ;

}

/∗ exchanges input va l u e s x and y . ∗/
stat ic void swap ( u in t 32 t x , u i n t 32 t y ) {

a s s e r t ( x == y) ;
x = x ˆ y ; // x2 = x ˆ y
y = x ˆ y ; // y2 = x2 ˆ y
x = x ˆ y ; // x3 = x2 ˆ y2 = x2 ˆ ( x2 ˆ y )
a s s e r t ( x == y) ; // x3 == y2
// i . e . x2 ˆ ( x2 ˆ y ) == x2 ˆ y
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// i . e . ( x2 ˆ x2 ) ˆ y == x2 ˆ y
// i . e . y == x2 ˆ y
// i . e . y == x ˆ ( y ˆ y )
// i . e . y == x
// i . e . w i l l not f a i l .

}

int main ( ) {
// w i l l not f a i l :
swap (0U, 0U) ;
a s s e r t ( addOne(0U) == 1U) ;
(void ) compareOneOff (1U) ;
(void ) wraparound (5U, 8U) ;
// w i l l f a i l :
a s s e r t ( addOne ( (1ULL << 32) − 1) == 1ULL << 32) ;
// The f o l l ow i n g va l u e s were chosen s . t . :
// − the f i r s t a s s e r t i on each does not f a i l
// − but the second a s s e r t i on each does f a i l
(void ) compareOneOff (0U) ;
(void ) wraparound (4U, 8U) ;
return 0 ;

}

#include <a s s e r t . h>

// Using modulo a r i t hme t i c i f not s p e c i f i e d o the rw i s e !

stat ic void testLoop (unsigned i , unsigned j ) {
unsigned x = i ;
unsigned y = j ;
while ( x != 0) { // same as x > 0

// a s s e r t ( y − 1 == i + j − ( x + 1) ) ; // a s s e r t ( y == i
+ j − x ) ;

x−−;
// a s s e r t ( y − 1 == i + j − x ) ;
y++;
// x n = i − n , n == i − x n
// y n = j + n , y n == j + ( i − x n )
a s s e r t ( y == i + j − x ) ;

}
// x == 0
// y == i + j
a s s e r t ( ( i != j ) | | ( y == 2 ∗ i ) ) ;
// Note : means i == j => y == i + j .
// Note : Stronger : y == i + j , which i s c e r t a i n .

}
int main ( ) {

testLoop (10U, 20U) ;
testLoop (0U, 0U) ;
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testLoop (0U, 20U) ;
testLoop (20U, 0U) ;
testLoop (20U, 10U) ;
testLoop (20U, ˜0U) ;
testLoop (0U, ˜0U) ;
return 0 ;

}

#define BSD SOURCE
#include <s t d i o . h>
#include <s t d l i b . h>
#include <s tdboo l . h>
#include <pthread . h>
#include <a s s e r t . h>
#include <errno . h>
#include <uni s td . h>

stat ic pthread t t i d [ 2 ] ;
stat ic volat i le bool thread1 wants B = f a l s e ;
stat ic volat i le bool thread2 wants A = f a l s e ;
stat ic pthread mutex t A = PTHREAD MUTEX INITIALIZER;
stat ic pthread mutex t B = PTHREAD MUTEX INITIALIZER;

#define l o ck (x ) pthread mutex lock(&x)
#define unlock (x ) pthread mutex unlock(&x)

/∗ Idea : In order to d e t e c t dead locks , both threads
s i g n a l t h e i r demands b e f o r e doing anyth ing . ∗/

/∗ thread1 :
Before acqu i r ing any lock , we s t a t e our demands .
Af ter on ly acqu i r ing the f i r s t l o c k ( which i s s a f e ) , we

check the demands o f thread2 .
I f the demands c o n f l i c t , our a s s e r t i on f a i l s .
thread2 ’ s demands are on ly checked wh i l e we are

hoarding at l e a s t one o f the locks , so :
− thread2 ’ s demands cannot decrease wh i l e be ing

checked .
− thread2 ’ s demands can inc rea se wh i l e be ing checked .

I f t h a t happens , our a s s e r t i on w i l l f a i l f a s t e r .
− thread2 ’ s demands can s tay the same , in which case

they w i l l soon increa se .
But i f we check b e f o r e i t increases , we end up

acqu i r ing l o c k B which w i l l :
− b l o c k thread2 at l o c k (B)
− u n t i l we re s c ind l o c k B, then ! thread1 wants B .
− f o r what thread2 does , see i t s comment .

∗/
stat ic void∗ thread1 (void∗ arg ) {
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(void ) arg ;
while ( t rue ) {

thread1 wants B = true ;
l o ck (A) ;
a s s e r t ( ! thread2 wants A ) ;
l o ck (B) ;
p r i n t f ( ” thread 1 OK\n” ) ;
f f l u s h ( stdout ) ;
u s l e ep (10000) ;
thread1 wants B = f a l s e ;
unlock (B) ;
unlock (A) ;

// us l e ep (10000) ;
}
return NULL;

}
/∗ thread2 : dua l comment o f thread1 . exchange ” thread1 ”

and ” thread2 ” and exchange ”A” and ”B”.
I w i l l not copy&pas te&rep l a c e here s ince t ha t would

hinder unders tanding and go out o f sync . ∗/
stat ic void∗ thread2 (void∗ arg ) {

(void ) arg ;
while ( t rue ) {

thread2 wants A = true ;
l o ck (B) ;
a s s e r t ( ! thread1 wants B ) ;
l o ck (A) ;
p r i n t f ( ” thread 2 OK\n” ) ;
f f l u s h ( stdout ) ;
u s l e ep (10000) ;
thread2 wants A = f a l s e ;
unlock (A) ;
unlock (B) ;
u s l e ep (10000) ;

}
return NULL;

}
int main ( ) {

int s t a tu s = pthread c r ea t e (& t i d [ 0 ] , NULL, &
thread1 , NULL) ;

i f ( s t a tu s != 0) {
per ro r ( ” p th r ead c r ea t e ” ) ;
e x i t (1 ) ;

}
s t a tu s = pthread c r ea t e (& t i d [ 1 ] , NULL, &thread2 ,

NULL) ;
i f ( s t a tu s != 0) {

per ro r ( ” p th r ead c r ea t e ” ) ;
e x i t (1 ) ;

}
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pth r ead j o i n ( t i d [ 1 ] , NULL) ;
p th r ead j o i n ( t i d [ 0 ] , NULL) ;
return 0 ;

}
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