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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks. -

lock(ul) ; T
I

//

/

|
lock(n.leftl) : 1:= [n.left]: | U

if 1#null then lock(1l.rightL)

else if u# null then lock(u.firstL) ;

lock(n.rightl) ; r:= [n.right] ; e <

if r#null then lock(r.leftL); - //’/ \\\\ - @
else if u#null then lock(u.lastl) ; / T e O\ -l N ™\

unlock(ul) ; { liC e B : 3 frx )

/ [Pointer Swinging. \-/ “““““““““““ \-/

if 1#null then  [l.right] :=r;

else if u#null then [u.first] := r;

if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks. —]
if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposelode (n) ;
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IsParentLock(u®

proc deleteTree(n){
local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks. -
lock(ul) ; T
I

//
/
]
lock(n.leftL) ; 1:= [n.left] ; v U
if 1#null then lock(1l.rightL)
else if u# null then lock(u.firstL) ;

lock(n.rightl) ; r:= [n.right] ; 7 S~

if r#null then lock(r.leftL) ; LT~ -7 S~ .
else if u# null then lock(u.lastl) ; / I S N T N i
unlock(ul) ; { ZZC ) : 4 Tx i

/[Pointer Swinging. \-/ __________________
if 1#null then  [l.right] :=r;

else if u#null then [u.first] := r;

if r#null then [r.left] :=1;
else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks. —]
if 1#null then unlock(l.rightL)
—

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposelode (n) ;

Crust(n,n) (", u”, r")
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else if u#null then [u.first] := r;
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local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks. -
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I

//
/
]
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lock(n.rightl) ; r:= [n.right]; e N

if r#null then lock(r.leftL) - -7 RN —

else if u#null then lock(u.lastL) ; [ T e O\ -l N A
. 1 r v~ ] T 1
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proc deleteTree(n){
local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks. -
lock(ul) ; T
I

//
/
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else if u# null then lock(u.lastl) ; / I S N T N i
unlock(ul) ; { ZZC ) : 4 Tx i

/ [Pointer Swinging. \-/ """"""""""""
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/ [Unlocking the acquired locks. —
if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposeNode(n) ;
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proc deleteTree(n){
local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];
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u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.
lock(ul) ;

lock(n.leftl) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)

else if u#null then lock(u.firstl);
lock(n.rightl) ; r:= [n.right];

if r#null then lock(r.leftL)

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
) n.left

20

Tuesday, 11 June 13



Refinement (Axiomatic Correctness)

IsParentLock(u®

proc deleteTree(n){
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proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
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lock(ul) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1< null then lock(1.rightl)

u:=n.up;
lock(u);

11 1 ATl CIiell LLOIEHOL =1
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;

21

IsParentLock(u

X

n.left

l.right
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proc deleteTree(n){
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proc deleteTree(n){
local 1,u,d,r,ul in
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parentLocked(u

proc deleteTree(n){
local 1,u,d,r,ul in

X

u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.

lock(ul) ;

lock(n.leftl) ; 1:= [n.left] ;

if 1< null then lock(1.rightl)

u:=n.up;
lock(u);

11 1 ATl CIiell LLOIEHOL =1

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposeNode(n) ; 1
| nleft |, 2 277N

l.right | --=~, 2BRN
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proc deleteTree(n){
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11 1 ATl CIiell LLOIEHOL =1
else if u#null then [u.first] :=r;
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/ [Unlocking the acquired locks.
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else if u# null then unlock(u.lastl) ;
call disposeForest(d);
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21
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1< null then lock(1.rightl)

lock(n.left);

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1< null then lock(1.rightl)

lock(n.left);

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

parentLocked(u”

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1< null then lock(1.rightl)

lock(n.left);

=TT oI T T IO US

else if u#null then lock(u.lastl);
unlock(ul) ;
/ [Pointer Swinging.

if 1#null then  [l.right] :=r;

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

parentLocked(u”

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1< null then lock(1.rightl)

lock(n.left);

=TT oI T T IO US

else if u#null then lock(u.lastl);
unlock(ul) ;
/ [Pointer Swinging.

if 1#null then  [l.right] :=r;

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

parentLocked(u”

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if unull then lock(u.firstl)

l:= n.left;
lock(l.right);

1 ULILCL JW lllolllo.

if 1#null then  [l.right] :=r;

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

parentLocked(u”

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if unull then lock(u.firstl)

l:= n.left;
lock(l.right);

1 ULILCL JW lllolllo.

if 1#null then  [l.right] :=r;

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

parentLocked(u”

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if unull then lock(u.firstl)

l:= n.left;
lock(l.right);

1 ULILCL JW lllblllo.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

parentLocked(u”

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if unull then lock(u.firstl)

l:= n.left;
lock(l.right);

1 ULILCL JW lllblllo.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

parentLocked(u”

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u#null then lock(u.firstl);

e

*

lock(n.rightl) ; r:= [n.right];

if r#null then lock(r.leftL)

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

*

(Z10r=m

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

*

*

L0

} disposeNode(n) ; n.left :
kil &=—(n;%k
|.right
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Refinement (Axiomatic Correctness)

parentLocked(u”

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u#null then lock(u.firstl);

n.left

X

(T30t

lock(n.rightl) ; r:= [n.right];

if r#null then lock(r.leftL)

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;

[T10rm

.right
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;
else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks. *
if 1#null then unlock(l.rightL) : * :

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u# null then lock(u.firstL) ;

/IDo the same for RHS

lock(n.right);
r:= n.right;
lock(r.left);

1T 1 # null then unlock(l.rightl);
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;

parentLocked(u”)

n.left

X

(T30t

.right

X
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u# null then lock(u.firstL) ;

/IDo the same for RHS

lock(n.right);
r:= n.right;
lock(r.left);

1T 1 # null then unlock(l.rightl);
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;

parentLocked(u”)

n.left

X

(T30t

.right

X
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;

unlock(u);

111 ulr LIS TUUAXL . ITLLL)

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;

unlock(u);

111 muT LIS LTUVANL LV ITLILL ),

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

IsParentLock(u®

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u#null then lock(u.firstl);

n.left

(T30t

lock(n.rightl) ; r:= [n.right];
if r#null then lock(r.leftL)

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;

if r#null then unlock(r.leftl) ;
else if u# null then unlock(u.lastl) ; nnght
call disposeForest(d); .
disposeNode(n) ;
) K
r.left I
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Refinement (Axiomatic Correctness)

IsParentLock(u®

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];

Acquiring the necessary locks.

{éck(ul) ; n.left

lock(n.leftL) ; 1:= [n.left] ; “
[l.r1ght]:=r; K

mock(ul; “

/ [Pointer Swinging.

if 1#null then  [l.right] :=r; *

else if u#null then [u.first] :=r;

if r#null then [r.left] :=1;

else if u#null then [u.last] :=1; SN

/ [Unlocking the acquired locks.
if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;

if r#null then unlock(r.leftl) ;
else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
) K

n.rightL
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Refinement (Axiomatic Correctness)

IsParentLock(u®

proc deleteTree(n){ ‘?

local l.u,d.r,ul in

°
u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.

lock(ul) ; n.left

lock(n.leftl) : 1:= [n.left]:

(T30t

[l.right]:=r;

[r.left]:=1;
unlock(ul) ;
/ [Pointer Swinging.
if 1#null then  [l.right] :=r;

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

IsParentLock(u®

proc deleteTree(n){ ‘?

local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u#null then lock(u.firstl);

n.left

lock(n.rightl) ; r:= [n.right];
if r#null then lock(r.leftL);

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;

if r#null then unlock(r.leftl) ;
else if u#null then unlock(u.lastL) nrlght
call disposeForest(d); .
disposeNode(n) ;
| K
r.left I
\
—>
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u#null then lock(u.firstl);
lock(n.rightl) ; r:= [n.right];

if r#null then lock(r.leftL)

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;
else if u# null then unlock(u.lastl) ;
call disposeForest(d);
disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u#null then lock(u.firstl);

unlock(l.right);
unlock(r.left);

T OLILET O WIITELILE.
if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;
else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.
if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;
else if u# null then unlock(u.lastl) ;
call disposeForest(d);
disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u#null then lock(u.firstl);

unlock(l.right);
unlock(r.left);

T OLILET O WIITELILE.
if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;
else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.
if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;
else if u# null then unlock(u.lastl) ;
call disposeForest(d);
disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftl) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u#null then lock(u.firstl);

unlock(l.right);
unlock(r.left);

T OLILET O WIITELILE.
if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;
else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.
if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;
else if u# null then unlock(u.lastl) ;
call disposeForest(d);
disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
lock(n.leftL) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u#null then lock(u.firstl);
lock(n.rightl) ; r:= [n.right];
if r#null then lock(r.leftL)
else if u#null then lock(u.lastl);
unlock(ul) ;
/ [Pointer Swinging.
if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;
else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.
if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;
else if u# null then unlock(u.lastl) ;
call disposeForest(d);
disposeNode(n) ;
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Refinement (Axiomatic Correctness)

IsParentLock(u®

proc deleteTree(n){ ‘?

local l.u,d.r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
\

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u#null then lock(u.firstl);
lock(n.rightl) ; r:= [n.right];

if r#null then lock(r.leftL);

else if u#null then lock(u.lastl); < d N
unlock(ul) ; * *

/ [Pointer Swinging.
n.rightL n.right

if 1#null then  [l.right] :=r;

]

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

IsParentLock(u®

proc deleteTree(n){ ‘?

local l.u,d.r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
\

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u# null then lock(u.firstL) ;
lock(n.rightl) ; r:= [n.right] ;

if r#null then lock(r.leftL);

else if u# null then lock(u.lastl) ; < d N
unlock(ul) ; * *

/ [Pointer Swinging.
n.rightL n.right

if 1#null then  [l.right] :=r;

]

else if u#null then [u.first] := r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposeNode(n) ;

* Crust (r%,1%) (1%, u®,r")
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Refinement (Axiomatic Correctness)

iIsParentLock(u”

proc deleteTree(n){ ‘?

local l.u,d.r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks.
lock(ul) ;
\

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u#null then lock(u.firstl);
lock(n.rightl) ; r:= [n.right];

if r#null then lock(r.leftL)

else if u#null then lock(u.lastl); < d N
unlock(ul) ; ) * *

/ [Pointer Swinging.
n.rightL n.right

if 1#null then  [l.right] :=r;

]

else if u#null then [u.first] :=r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;

*|Crust (r*, %) (1%, u®, r")
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Refinement (Axiomatic Correctness)

proc deleteTree(n){ l
local 1,u,d,r,ul in ? &
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks. g @
lock(ul) ;
\

lock(n.leftL) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u#null then lock(u.firstl);

lock(n.rightl) ; r:= [n.right];

if r#null then lock(r.leftL)

else if u#null then lock(u.lastl);
unlock(ul) ;

/ [Pointer Swinging.

AN
\
\
|
!
/
7/
-]
D
—r
—4=

if 1#null then  [l.right] :=r;
else if u#null then [u.first] :=r;

if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

n.rightL n.right

X X

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u# null then unlock(u.lastl) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){ l
local 1,u,d,r,ul in ? &
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks. a @
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u# null then lock(u.firstL) ;

lock(n.rightl) ; r:= [n.right] ;

if r#null then lock(r.leftL);

else if u# null then lock(u.lastl) ;
unlock(ul) ;

/ [Pointer Swinging.

\
\
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!
/
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if 1#null then  [l.right] :=r;

else if u#null then [u.first] := r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

n.rightL n.right

X X

else if u#null then unlock(u.firstL) ;

if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
\ \

call disposeForest(d); * ,/ Vs

disposeNode(n) ; n
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Refinement (Axiomatic Correctness)

proc deleteTree(n){ l
local 1,u,d,r,ul in ? &
u := [n.up] ; d := [n.first]; ul:= [n.upl];
/ [Acquiring the necessary locks. a @
lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;
if 1#null then lock(1l.rightL)
else if u# null then lock(u.firstL) ;

lock(n.rightl) ; r:= [n.right] ;
if r#null then lock(r.leftL) - - n.left
else if u# null then lock(u.lastl) ; < d N

unlock(ul) ;

/ [Pointer Swinging.

]

if 1#null then  [l.right] :=r;

else if u#null then [u.first] := r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)

n.rightL n.right

X X

else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposeNode(n) ;

2

44

Tuesday, 11 June 13



Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.

lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u# null then lock(u.firstL) ;
lock(n.rightl) ; r:= [n.right] ;

L [[%) k] lafoad oLl

disposeTree(n)

//FPomter Swinging.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] := r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic

proc deleteTree(n){
local 1,u,d,r,ul in

u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks.

lock(ul) ;

lock(n.leftL) ; 1:= [n.left] ;

if 1#null then lock(1l.rightL)

else if u# null then lock(u.firstL) ;
lock(n.rightl) ; r:= [n.right] ;

L [[%) k] lafoad oLl

disposeTree(n)

//FPomter Swinging.

if 1#null then  [l.right] :=r;
else if u#null then [u.first] := r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;
/ [Unlocking the acquired locks.

if 1#null then unlock(l.rightL)
else if u#null then unlock(u.firstL) ;
if r#null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposeNode(n) ;
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Refinement (Axiomatic Correctness)

proc deleteTree(n){
local 1,u,d,r,ul in ? &
u := [n.up] ; d := [n.first]; ul:= [n.upl];

/ [Acquiring the necessary locks. 27 @
lock(ul) ; { T

lock(n.leftL) ; 1:= [n.left] ; v U /

if 1#null then lock(1l.rightL) //U\

else if u# null then lock(u.firstL) rad \‘\\

lock(n.rightl) ; r:= [n.right] ; //’/ RN

i T DU WAL DY L2 -7 <

. //’ \\\(/// eem T T T T Tl - \\\\//’ \\\
disposeTree(n) |/ jz ‘.~ oy N
\ '?\\ _-7 T [

[[Pomter Swinging. \/ S~ - - \-/
if 1#null then  [lright] :=x: |  “ewpee® 0200000 TTTT=---m-oTT

else if u#null then [u.first] := r;
if r#null then [r.left] :=1;

else if u#null then [u.last] :=1;

/ [Unlocking the acquired locks.

if 1# null then unlock(l.rightL) ;

else if u#null then unlock(u.firstL) ;
if r# null then unlock(r.leftl) ;

else if u#null then unlock(u.lastL) ;
call disposeForest(d);

disposelode (n) ;
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Thank you for listening.

Questions!




