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1. No red node has a red child
2. Every path from root has same number of black nodes
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fun balance(( Blk , T( Red, T( Red,a,x,b),y,c),z,d)
|( Blk , T( Red,a,x, T( Red,b,y,c)),z,d)
|( Blk ,a,x, T( Red, T( Red,b,y,c),z,d))
|( Blk ,a,x, T( Red,b,y, T( Red,c,z,d)))) =

T( Red, T( Blk ,a,x,b),y, T( Blk ,c,z,d))
| balance x = T x

fun ins x Empty = T(R,Empty,x,Empty)
| ins x ( T(color,a,y,b)) = 
if x <= y then balance(color,ins x a,y,b)
else if x > y then balance(color,a,y,ins x b)

�	/�,�	3*���	�456	

void rb_insert( Tree T, node x ) {    
tree_insert( T, x ); 
x->colour = red;    
while ( (x != T->root) && (x->parent->colour == red ) ) { 

if ( x->parent == x->parent->parent->left ) {  
y = x->parent->parent->right;

if ( y->colour == red ) {  
x->parent->colour = black;

y->colour = black;
x->parent->parent->colour = red;

x = x->parent->parent;               
} else {

if ( x == x->parent->right ) {
x = x->parent;                   
left_rotate( T, x );                   

} 
x->parent->colour = black;
x->parent->parent->colour = red;
right_rotate( T, x->parent->parent );               

}           
} else {

. . . /* repeat above with red/black swapped */

�	/�,�	3*���	7456
void left_rotate( Tree T, node x ) {    

node y;    
y = x->right;    
x->right = y->left;
if ( y->left != NULL )        

y->left->parent = x; 
y->parent = x->parent; 
if ( x->parent == NULL ) 

T->root = y;    
else if ( x == (x->parent)->left ) 

x->parent->left = y;        
else            
x->parent->right = y; 
y->left = x;    
x->parent = y;    

}

/* repeat above for right_rotate with “obvious” cha nges */
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