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;
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;
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 p
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 d
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u
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d
u
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h

e
d

u
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n

e
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S
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[0
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A

S
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C
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r 
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S
S

E
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+
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{
  
  
  
sl
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S
T

W
A

IT
;

  
  
}
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b
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;
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;
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p
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;
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;
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m

yP
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ch
e

d
u
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m
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()

] 
=

 f
e
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h

A
n

d
In

cr
e

m
e

n
t(
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if 

(m
yP
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ce
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ch

e
d

u
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r.
m

yP
id

()
] 
=

=
 S

p
in

lo
ck

.N
U

M
B

E
R

O
F

P
R

O
C

E
S

S
E

S
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a
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m

ic
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d
d
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S

p
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lo
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.N
U

M
B

E
R

O
F

P
R

O
C

E
S

S
E
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d
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m
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]
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 m
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e
d

u
le

r.
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%
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B
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R
O

F
P

R
O

C
E

S
S

E
S

;
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h
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sl
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ce

[s
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e
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u
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r.
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=
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U
S

T
W

A
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) 
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h
e

d
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e
m

.u
p

d
a
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S

yn
cS
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sc
h

e
d

u
le

r.
m

yP
id
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"S

lo
t:
 "

 +
 m

yP
la
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[s

ch
e

d
u

le
r.

m
yP

id
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],
  
  
  
  
C

o
lo

r.
re

d
);

sc
h

e
d

u
le

r.
sc

h
e

d
u

le
()

;
  
  
}
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h
e

d
u
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r.
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e
m
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p

d
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S
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cS

ta
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h

e
d

u
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r.
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sl
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U
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T
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A

IT
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] 
+

 1
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%
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p
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lo

ck
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U
M
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E

R
O
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A
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e
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in

t 
n

e
xt
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b

o
o

le
a

n
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ck
e

d
;

  
p

u
b

lic
 Q

u
e

u
e

N
o

d
e

()
 {

  
  
n

e
xt

 =
 -

1
; 
lo

ck
e

d
 =

 f
a

ls
e

;
  
}

} cl
a

ss
 L

is
tB

a
se

d
Q

u
e

u
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g
L

o
ck

 im
p

le
m

e
n

ts
 L

o
ck

 {
  
S

ch
e

d
u
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r 

sc
h

e
d

u
le

r;
  
Q

u
e

u
e

N
o

d
e

[]
 q

u
e
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 =
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e
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S
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E
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u
e

u
e

N
o

d
e
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a

il;
  
p

u
b

lic
 L

is
tB

a
se

d
Q

u
e

u
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g
L

o
ck

(S
ch

e
d

u
le

r 
sc

h
e

d
u

le
r)
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ta

il 
=

 n
e

w
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u
e

u
e

N
o

d
e

()
;

  
  
fo

r 
(i
n

t 
i =

 0
; 
i <

 S
p

in
lo

ck
.N

U
M

B
E

R
O

F
P

R
O

C
E

S
S

E
S

; 
i+

+
) 

{
  
  
  
q

u
e

u
e

N
o

d
e

s[
i] 

=
 n

e
w

 Q
u

e
u

e
N

o
d

e
()

;
  
  
  
//
 f
o

r 
e

a
ch

 i 
p

ri
va
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 t
o

 p
ro

ce
ss

 i
  
  
}

  
  
th

is
.s

ch
e

d
u
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r 

=
 s

ch
e

d
u
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va
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e
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sc

h
e

d
u

le
r.

b
e

g
in

O
fA

to
m

ic
()

;
  
  
  
in

t 
o

ld
 =

 m
e

m
o

ry
.n

e
xt

;
  
  
  
m

e
m

o
ry

.n
e

xt
 =

 v
a

lu
e

;
  
  
sc

h
e

d
u

le
r.

e
n

d
O

fA
to

m
ic

()
;

  
  
re

tu
rn

 o
ld

;
  
}

  
p

ri
va

te
 b

o
o

le
a

n
 c

o
m

p
a

re
A

n
d

S
w

a
p

(Q
u

e
u

e
N

o
d

e
 m

e
m

o
ry

,
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 in

t 
va

lu
e

1
, 
in

t 
va

lu
e

2
) 

{
  
  
b

o
o

le
a

n
 r

e
su

lt 
=

 f
a

ls
e

;
  
  
sc

h
e

d
u

le
r.

b
e

g
in

O
fA

to
m

ic
()

;
  
  
  
if 

(r
e

su
lt 

=
 (

m
e

m
o

ry
.n

e
xt

 =
=

 v
a

lu
e

1
))

 {
  
  
  
  
m

e
m

o
ry

.n
e

xt
 =

 v
a

lu
e

2
;

  
  
  
}

  
  
sc

h
e

d
u

le
r.

e
n

d
O

fA
to

m
ic

()
;

  
  
re

tu
rn

 r
e

su
lt;

  
}

�� ��� ���
��
�

� 	


 ��

��
� �
� ��
� ��
� 	
��� ��

���

��
�
��

Þ� �
� l¥  �

"
�

ß �
"�

� �!
Þ ¹�
º

# $% &'()
% *+*
, (- .$/

'$ 0
1 2 ($3 '(/ 4
5 '6 ()* 76-8 2 (9 $8 :(;

.*%<=
> ? '(* '%- * '@ A)* ';

' 7$
BC

'* (% '3 )) A
)* ';
'D 4

E FG :8 ;.
$$

H IJKL
M NO PQ L

RS IM IK
T KP L
M IK
U IK

VIRM NRW
MQ IXIK
Y RP IKZ [WI \

N] I^ K \
VI_O IR[
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IR ef g K
Ra IK

Q XP L
^ RIh IRI
^ iQ W N

RWM IX
T NP LK

X N
R \N

Z c XX
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j kj l¤
�

  
p

u
b

lic
 v

o
id

 a
cq

u
ir
e

()
 {

  
  
q

u
e

u
e

N
o

d
e

s[
sc

h
e

d
u

le
r.

m
yP

id
()

].
n

e
xt

 =
 -

1
;

  
  
in

t 
p

re
d

e
ce

ss
o

r 
=

 f
e

tc
h

A
n

d
S

to
re

(t
a

il,
 s

ch
e

d
u

le
r.

m
yP

id
()

);
  
  
if 

(p
re

d
e

ce
ss

o
r 

>
=

 0
) 

{
  
  
  
q

u
e

u
e

N
o

d
e

s[
sc

h
e

d
u

le
r.

m
yP

id
()

].
lo

ck
e

d
 =

 t
ru

e
;

  
  
  
q

u
e

u
e

N
o

d
e

s[
p

re
d

e
ce

ss
o

r]
.n

e
xt

 =
 s

ch
e

d
u

le
r.

m
yP

id
()

;
  
  
  
w

h
ile

 (
q

u
e

u
e

N
o

d
e

s[
sc

h
e

d
u

le
r.

m
yP

id
()

].
lo

ck
e

d
) 

{
sc

h
e

d
u

le
r.

sy
st

e
m

.u
p

d
a

te
S

yn
cS

ta
te

  
  
  
  
 (

sc
h

e
d

u
le

r.
m

yP
id

()
, 
g

e
tQ

u
e

u
e

()
, 
C

o
lo

r.
re

d
);

sc
h

e
d

u
le

r.
sc

h
e

d
u

le
()

;
  
  
  
}

  
  
}

sc
h

e
d

u
le

r.
sy

st
e

m
.u

p
d

a
te

S
yn

cS
ta

te
  
  
  
(s

ch
e

d
u

le
r.

m
yP

id
()

, 
g

e
tQ

u
e

u
e

()
, 
C

o
lo

r.
g

re
e

n
);

}
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IR ef g K
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^ RIh IRI
^ iQ W N
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X N
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Q W

j kj l¤
±

  
p

u
b

lic
 v

o
id

 r
e

le
a

se
()

 {
  
  
if 

(q
u

e
u

e
N

o
d

e
s[

sc
h

e
d

u
le

r.
m

yP
id

()
].
n

e
xt

 <
 0

) 
{

  
  
  
if 

(c
o

m
p

a
re

A
n

d
S

w
a

p
(t

a
il,

 s
ch

e
d

u
le

r.
m

yP
id

()
, 
-1

))
 {

  
  
  
  
re

tu
rn

;
  
  
  
}

  
  
  
w

h
ile

 (
q

u
e

u
e

N
o

d
e

s[
sc

h
e

d
u

le
r.

m
yP

id
()

].
n

e
xt

 <
 0

)
  
  
  
  
sc

h
e

d
u

le
r.

sc
h

e
d

u
le

()
;

  
  
}

  
  
q

u
e

u
e

N
o

d
e

s[
q

u
e

u
e

N
o

d
e

s[
sc

h
e

d
u

le
r.

m
yP

id
()

].
n

e
xt

]
  
  
  
.lo

ck
e

d
 =

 f
a

ls
e

;
  
  
q

u
e

u
e

N
o

d
e

s[
sc

h
e

d
u

le
r.

m
yP

id
()

].
n

e
xt

 =
 -

1
;

sc
h

e
d

u
le

r.
sy

st
e

m
.u

p
d

a
te

S
yn

cS
ta

te
  
  
 (

sc
h

e
d

u
le

r.
m

yP
id

()
, 
C

o
lo

r.
w

h
ite

);
}
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j kj l÷�

  
S

tr
in

g
 g

e
tQ

u
e

u
e

()
 {

  
  
in

t 
i, 

ro
o

t;

  
  
S

tr
in

g
 r

e
su

lt2
 =

 n
e

w
 S

tr
in

g
()

;
  
  
ro

o
t 
=

 -
1

;
  
  
fo

r 
(i
 =

 0
; 
i <

 S
p

in
lo

ck
.N

U
M

B
E

R
O

F
P

R
O

C
E

S
S

E
S

; 
i+

+
) 

{
  
  
  
if 

(!
q

u
e

u
e

N
o

d
e

s[
i].

lo
ck

e
d

 &
&

 q
u

e
u

e
N

o
d

e
s[

i].
n

e
xt

 >
=

 0
) 

{
  
  
  
  
ro

o
t 
=

 i;
  
  
  
  
b

re
a

k;
  
  
  
}

  
  
}

  
  
if 

(r
o

o
t 
<

 0
) 

ro
o

t 
=

 t
a

il.
n

e
xt

;
  
  
w

h
ile

 (
ro

o
t 
>

=
 0

) 
{

  
  
  
re

su
lt2

 =
 r

e
su

lt2
 +

 r
o

o
t 
+

 "
 "

;
  
  
  
ro

o
t 
=

 q
u

e
u

e
N

o
d

e
s[

ro
o

t]
.n

e
xt

;
  
  
}

  
  
re

tu
rn

 r
e

su
lt2

;
  
}

}
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cl
a

ss
 P

ro
ce

ss
 e

xt
e

n
d

s 
T

h
re

a
d

 {
  
p

ri
va

te
 S

ch
e

d
u

le
r 

sc
h

e
d

u
le

r;

  
p

ri
va

te
 B

a
rr

ie
r 

b
a

rr
ie

r;
  
p

ri
va

te
 in

t 
ro

u
n

d
 =

0
;

  
p

u
b

lic
 P

ro
ce

ss
(S

ch
e

d
u

le
r 

sc
h

e
d

u
le

r,
 S

tr
in

g
 n

a
m

e
,

  
  
  
  
  
  
  
  
 B

a
rr

ie
r 

b
a

rr
ie

r)
 {

  
  
th

is
.s

ch
e

d
u

le
r 

=
 s

ch
e

d
u

le
r;

 s
e

tN
a

m
e

(n
a

m
e

);

  
  
th

is
.b

a
rr

ie
r 

=
 b

a
rr

ie
r;

  
}

  
p

ri
va

te
 v

o
id

 p
ri
n

tln
(S

tr
in

g
 s

tr
in

g
) 

{
  
  
sc

h
e

d
u

le
r.

sy
st

e
m

.t
m

p
.p

ri
n

tln
(s

tr
in

g
);

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
(s

tr
in

g
);

  
}
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j kj l÷³

  
p

u
b

lic
 v

o
id

 r
u

n
 (

) 
{

sc
h

e
d

u
le

r.
sc

h
e

d
u

le
()

;
  
  
 p

ri
n

tln
(“

P
ro

ce
ss

 “
 +

 g
e

tN
a

m
e

()
 +

 “
 s

ta
rt

e
d

”)
;

  
  
sc

h
e

d
u

le
r.

sl
e

e
p

(1
0

0
0

);
  
  
fo

r 
(r

o
u

n
d

 =
 0

; 
ro

u
n

d
 <

 3
; 
ro

u
n

d
+

+
) 

{
p

ri
n

tln
(g

e
tN

a
m

e
()

 +
 “

: 
b

e
g

in
 o

f 
ro

u
n

d
 “

 +
 r

o
u

n
d

);

  
  
  
sc

h
e

d
u

le
r.

sl
e

e
p

((
sc

h
e

d
u

le
r.

m
yP

id
()

 +
 1

) 
* 

1
0

0
0

0
);

  
  
  
b

a
rr

ie
r.

jo
in

()
;

  
  
}

  
  
sc

h
e

d
u

le
r.

e
lim

in
a

te
T

h
re

a
d

(t
h

is
);

  
}

}
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j kj l÷	
cl

a
ss

 B
a

rr
ie

r 
{

S
ch

e
d

u
le

r 
sc

h
e

d
u

le
r;

b
o

o
le

a
n

 lo
ca

lS
e

n
se

[]
 =

 n
e

w
 b

o
o

le
a

n
[S

ch
e

d
u

le
r.

N
U

M
B

E
R

O
F

T
H

R
E

A
D

S
];

//
 c

o
m

p
o

n
e

n
t 
i o

f 
lo

ca
lS

e
n

se
 is

 lo
ca

l t
o

 p
ro

ce
ss

/t
h

re
a

d
 i

  
b

o
o

le
a

n
 s

e
n

se
 =

 t
ru

e
;

  
in

t 
n

u
m

b
e

rO
fT

h
re

a
d

s;
  
in

t 
co

u
n

t;

  
p

u
b

lic
 B

a
rr

ie
r(

S
ch

e
d

u
le

r 
sc

h
e

d
u

le
r,

 in
t 
n

u
m

b
e

rO
fT

h
re

a
d

s)
 {

  
  
co

u
n

t 
=

 t
h

is
.n

u
m

b
e

rO
fT

h
re

a
d

s 
=

 n
u

m
b

e
rO

fT
h

re
a

d
s;

  
  
fo

r 
(i
n

t 
i =

 0
; 
i <

 S
ch

e
d

u
le

r.
N

U
M

B
E

R
O

F
T

H
R

E
A

D
S

; 
i+

+
) 

{
  
  
  
lo

ca
lS

e
n

se
[i]

 =
 t
ru

e
;

  
  
}

  
  
th

is
.s

ch
e

d
u

le
r 

=
 s

ch
e

d
u

le
r;

  
}
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j kj l÷�

  
p

ri
va

te
 in

t 
fe

tc
h

A
n

d
D

e
cr

e
m

e
n

t(
){

  
  
sc

h
e

d
u

le
r.

b
e

g
in

O
fA

to
m

ic
()

;
  
  
  
in

t 
o

ld
 =

 c
o

u
n

t-
-;

  
  
sc

h
e

d
u

le
r.

e
n

d
O

fA
to

m
ic

()
;

  
  
re

tu
rn

 o
ld

;
  
}

  
p

u
b

lic
 v

o
id

 jo
in

()
 {

lo
ca

lS
e

n
se

[s
ch

e
d

u
le

r.
m

yP
id

()
]

=
!lo

ca
lS

e
n

se
[s

ch
e

d
u

le
r.

m
yP

id
()

];
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
(s

ch
e

d
u

le
r.

m
yP

id
()

 +
 “

: 
co

u
n

t 
=

 “
 +

co
u

n
t)

;

  
  
if 

(f
e

tc
h

A
n

d
D

e
cr

e
m

e
n

t(
) 

=
=

 1
) 

{
  
  
  
co

u
n

t 
=

 n
u

m
b

e
rO

fT
h

re
a

d
s;

  
  
  
se

n
se

 =
 lo

ca
lS

e
n

se
[s

ch
e

d
u

le
r.

m
yP

id
()

];
  
  
} 

e
ls

e
 {

  
  
  
sc

h
e

d
u

le
r.

sy
st

e
m

.u
p

d
a

te
S

yn
cS

ta
te

(s
ch

e
d

u
le

r.
m

yP
id

()
, 
C

o
lo

r.
re

d
);

  
  
  
w

h
ile

 (
se

n
se

 !
=

 lo
ca

lS
e

n
se

[s
ch

e
d

u
le

r.
m

yP
id

()
])

  
  
  
  
sc

h
e

d
u

le
r.

sc
h

e
d

u
le

()
;

  
  
}

  
  
sc

h
e

d
u

le
r.

sy
st

e
m

.u
p

d
a

te
S

yn
cS

ta
te

(s
ch

e
d

u
le

r.
m

yP
id

()
, 
C

o
lo

r.
g

re
e

n
);

  
}

}
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j kj l÷±

cl
a

ss
 F

la
g

 {
  
p

ri
va

te
 b

o
o

le
a

n
 f
la

g
;

p
u

b
lic

 F
la

g
(b

o
o

le
a

n
 f
) 

{
  
  
fla

g
 =

 f
;

  
}

  
p

u
b

lic
 b

o
o

le
a

n
 g

e
tV

a
lu

e
()

 {
  
  
re

tu
rn

 f
la

g
;

  
}

  
p

u
b

lic
 v

o
id

 s
e

tV
a

lu
e

(b
o

o
le

a
n

 f
) 

{
  
  
fla

g
 =

 f
;

  
}

}
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j kj l³�

cl
a

ss
 F

la
g

s 
{

  
p

u
b

lic
 F

la
g

 m
yF

la
g

s[
][
],
 p

a
rt

n
e

rF
la

g
s[

][
];

  
p

u
b

lic
 F

la
g

s(
in

t 
ro

u
n

d
s)

 {
  
  
m

yF
la

g
s 

=
 n

e
w

 F
la

g
[2

][
ro

u
n

d
s]

;
  
  
p

a
rt

n
e

rF
la

g
s 

=
 n

e
w

 F
la

g
[2

][
ro

u
n

d
s]

;
  
  
fo

r 
(i
n

t 
r 

=
 0

; 
r 

<
 2

; 
r+

+
)

  
  
  
fo

r 
(i
n

t 
k 

=
 0

; 
k 

<
 r

o
u

n
d

s;
 k

+
+

)
  
  
  
  
m

yF
la

g
s[

r]
[k

] 
=

 n
e

w
 F

la
g

(f
a

ls
e

);
  
}

} cl
a

ss
 B

a
rr

ie
r 

{
  
S

ch
e

d
u

le
r 

sc
h

e
d

u
le

r;

  
in

t 
p

a
ri
ty

[]
, 
n

u
m

b
e

rO
fT

h
re

a
d

s,
 r

o
u

n
d

s 
=

 0
;

  
b

o
o

le
a

n
 s

e
n

se
[]
;

  
F

la
g

s 
lo

ca
lF

la
g

s[
],
 a

lln
o

d
e

s[
];
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R \N
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j kj l³
m

  
p

u
b

lic
 B

a
rr

ie
r(

S
ch

e
d

u
le

r 
sc

h
e

d
u

le
r,

 in
t 
n

u
m

b
e

rO
fT

h
re

a
d

s)
 {

  
  
n

u
m

b
e

rO
fT

h
re

a
d

s 
=

 n
u

m
b

e
rO

fT
h

re
a

d
s;

  
  
p

a
ri
ty

  
  
  
  
  
=

 n
e

w
 in

t[
n

u
m

b
e

rO
fT

h
re

a
d

s]
;

  
  
se

n
se

  
  
  
  
  
 =

 n
e

w
 b

o
o

le
a

n
[n

u
m

b
e

rO
fT

h
re

a
d

s]
;

  
  
lo

ca
lF

la
g

s 
  
  
 =

 n
e

w
 F

la
g

s[
n

u
m

b
e

rO
fT

h
re

a
d

s]
;

  
  
a

lln
o

d
e

s 
  
  
  
 =

 n
e

w
 F

la
g

s[
n

u
m

b
e

rO
fT

h
re

a
d

s]
;

  
  
in

t 
tm

p
 =

 n
u

m
b

e
rO

fT
h

re
a

d
s 

* 
2

 -
 1

;
  
  
w

h
ile

 (
(t

m
p

 =
 t
m

p
 /
 2

) 
>

 0
) 

ro
u

n
d

s+
+

;
  
  
fo

r 
(i
n

t 
i =

 0
; 
i <

 n
u

m
b

e
rO

fT
h

re
a

d
s;

 i+
+

) 
{

  
  
  
a

lln
o

d
e

s[
i] 

=
 n

e
w

 F
la

g
s(

);
  
p

a
ri
ty

[i]
 =

 0
;

  
  
  
se

n
se

[i]
 =

 t
ru

e
; 
  
  
  
  
  
 lo

ca
lF

la
g

s[
i] 

=
 a

lln
o

d
e

s[
i];

  
  
}

  
  
fo

r 
(i
n

t 
i =

 0
; 
i <

 n
u

m
b

e
rO

fT
h

re
a

d
s;

 i+
+

)
  
  
  
fo

r 
(i
n

t 
j =

 0
; 
j <

 n
u

m
b

e
rO

fT
h

re
a

d
s;

 j+
+

)
  
  
  
  
fo

r 
(i
n

t 
k 

=
 0

; 
k 

<
 r

o
u

n
d

s;
 k

+
+

)
  
  
  
  
  
if 

(j
 =

=
 (

i+
(i
n

t)
(M

a
th

.p
o

w
(2

,k
)+

0
.1

))
 %

 n
u

m
b

e
rO

fT
h

re
a

d
s)

  
  
  
  
  
  
fo

r 
(i
n

t 
r 

=
 0

; 
r 

<
 2

; 
r+

+
)

  
  
  
  
  
  
  
a

lln
o

d
e

s[
i].

p
a

rt
n

e
rF

la
g

s[
r]

[k
]

  
  
  
  
  
  
  
  
=

 a
lln

o
d

e
s[

j].
m

yF
la

g
s[

r]
[k

];
  
  
th

is
.s

ch
e

d
u

le
r 

=
 s

ch
e

d
u

le
r;

  
}
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j kj l³
j

p
u

b
lic

 v
o

id
 jo

in
()

 {
  
  
in

t 
m

yP
id

 =
 s

ch
e

d
u

le
r.

m
yP

id
()

;
  
  
fo

r 
(i
n

t 
ro

u
n

d
 =

 0
; 
ro

u
n

d
 <

 r
o

u
n

d
s;

 r
o

u
n

d
+

+
) 

{
  
  
  
lo

ca
lF

la
g

s[
m

yP
id

]
  
  
  
  
.p

a
rt

n
e

rF
la

g
s[

p
a

ri
ty

[m
yP

id
]]
[r

o
u

n
d

]
  
  
  
  
.s

e
tV

a
lu

e
(s

e
n

se
[m

yP
id

])
;

  
  
  
d

o
 {

  
  
  
 s

ch
e

d
u

le
r.

sc
h

e
d

u
le

()
;

  
  
 }

 w
h

ile
 (

lo
ca

lF
la

g
s[

m
yP

id
]

  
  
  
  
  
  
  
  
 .
m

yF
la

g
s[

p
a

ri
ty

[m
yP

id
]]
[r

o
u

n
d

]
  
  
  
  
  
  
  
  
 .
g

e
tV

a
lu

e
()

  
  
  
  
  
  
  
 !
=

 s
e

n
se

[m
yP

id
])

;
  
  
}

  
  
if 

(p
a

ri
ty

[m
yP

id
] 
=

=
 1

) 
{

  
  
  
se

n
se

[m
yP

id
] 
=

 !
se

n
se

[m
yP

id
];

  
  
}

  
  
p

a
ri
ty

[m
yP

id
] 
=

 1
 -

 p
a

ri
ty

[m
yP

id
];

  
}

}
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cl
a

ss
 F

la
g

 {
  
p

u
b

lic
 b

o
o

le
a

n
 f
la

g
;

 p
u

b
lic

 F
la

g
(b

o
o

le
a

n
 f
) 

{
  
  
fla

g
 =

 f
;

  
}

  
p

u
b

lic
 b

o
o

le
a

n
 g

e
tV

a
lu

e
()

 {
  
  
re

tu
rn

 f
la

g
;

  
}

  
p

u
b

lic
 v

o
id

 s
e

tV
a

lu
e

(b
o

o
le

a
n

 f
) 

{
  
  
fla

g
 =

 f
;

  
}

} cl
a

ss
 T

re
e

N
o

d
e

 {
  
p

u
b

lic
 F

la
g

 p
a

re
n

tS
e

n
se

;
  
p

u
b

lic
 F

la
g

 p
a

re
n

tP
o

in
te

r;
  
p

u
b

lic
 F

la
g

 c
h

ild
P

o
in

te
rs

[]
 =

 n
e

w
 F

la
g

[2
];

  
p

u
b

lic
 F

la
g

 h
a

ve
C

h
ild

[]
 =

 n
e

w
 F

la
g

[4
];

  
p

u
b

lic
 F

la
g

 c
h

ild
N

o
tR

e
a

d
y[

] 
=

 n
e

w
 F

la
g

[4
];

  
p

u
b

lic
 F

la
g

 d
u

m
m

y;
};
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cl
a

ss
 B

a
rr

ie
r 

{
  
S

ch
e

d
u

le
r 

sc
h

e
d

u
le

r;
  
T

re
e

N
o

d
e

 n
o

d
e

s[
];

  
F

la
g

 s
e

n
se

[]
; 
  
  
  
//
 s

e
n

se
[i]

 is
 lo

ca
l t

o
 n

o
d

e
 i

  
p

u
b

lic
 B

a
rr

ie
r(

S
ch

e
d

u
le

r 
sc

h
e

d
u

le
r,

 in
t 
n

u
m

b
e

rO
fT

h
re

a
d

s)
 {

  
  
in

t 
i, 

j;
  
  
n

o
d

e
s 

=
 n

e
w

 T
re

e
N

o
d

e
[n

u
m

b
e

rO
fT

h
re

a
d

s]
;

  
  
se

n
se

 =
 n

e
w

 F
la

g
[n

u
m

b
e

rO
fT

h
re

a
d

s]
;

  
  
fo

r 
(i
 =

 0
; 
i <

 n
u

m
b

e
rO

fT
h

re
a

d
s;

 i+
+

) 
{

  
  
  
se

n
se

[i]
 =

 n
e

w
 F

la
g

(t
ru

e
);

  
  
  
n

o
d

e
s[

i] 
=

 n
e

w
 T

re
e

N
o

d
e

()
;

  
  
  
n

o
d

e
s[

i].
p

a
re

n
tS

e
n

se
 =

 n
e

w
 F

la
g

(f
a

ls
e

);
  
  
  
n

o
d

e
s[

i].
d

u
m

m
y 

=
 n

e
w

 F
la

g
(f

a
ls

e
);

  
  
}
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//
  
b

u
ild

in
g

 a
cq

u
ir
e

 a
n

d
 w

a
ke

u
p

 t
re

e
  
  
fo

r 
(i
 =

 0
; 
i <

 n
u

m
b

e
rO

fT
h

re
a

d
s;

 i+
+

) 
{

//
  
  
b

u
ild

 p
a

rt
 o

f 
a

cq
u

ir
e

 t
re

e
  
  
  
fo

r 
(j
 =

 0
; 
j <

 4
; 
j+

+
) 

{
  
  
  
  
n

o
d

e
s[

i].
ch

ild
N

o
tR

e
a

d
y[

j]
  
  
  
  
  
  
=

 (
4

*i
+

j+
1

 <
 n

u
m

b
e

rO
fT

h
re

a
d

s 
?

 n
e

w
 F

la
g

(t
ru

e
)

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 :
 n

e
w

 F
la

g
(f

a
ls

e
))

;
  
  
  
  
n

o
d

e
s[

i].
h

a
ve

C
h

ild
[j]

  
  
  
  
  
  
=

 (
4

*i
+

j+
1

 <
 n

u
m

b
e

rO
fT

h
re

a
d

s 
?

 n
e

w
 F

la
g

(t
ru

e
)

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 :
 n

e
w

 F
la

g
(f

a
ls

e
))

;
  
  
  
}

  
  
  
n

o
d

e
s[

i].
p

a
re

n
tP

o
in

te
r

  
  
  
  
=

 (
i =

=
 0

 ?
 n

o
d

e
s[

i].
d

u
m

m
y

:
n

o
d

e
s[

(i
-

1
)

/
4

].
ch

ild
N

o
tR

e
a

d
y[

(i
-

1
)

%
4

])
;
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//
  
  
b

u
ild

 p
a

rt
 o

f 
w

a
ke

u
p

 t
re

e
  
  
  
if 

(i
 !
=

 0
)

  
  
  
n

o
d

e
s[

i].
ch

ild
P

o
in

te
rs

[0
]

  
  
  
  
=

 (
2

 *
 i 

+
 1

 >
=

 n
u

m
b

e
rO

fT
h

re
a

d
s 

?
 n

o
d

e
s[

i].
d

u
m

m
y

:
n

o
d

e
s[

2
*

i
+

1
].
p

a
re

n
tS

e
n

se
);

  
  
  
n

o
d

e
s[

i].
ch

ild
P

o
in

te
rs

[1
]

  
  
  
  
=

 (
2

 *
 i 

+
 2

 >
=

 n
u

m
b

e
rO

fT
h

re
a

d
s 

?
 n

o
d

e
s[

i].
d

u
m

m
y

:
n

o
d

e
s[

2
*

i
+

2
].
p

a
re

n
tS

e
n

se
);

  
  
}

  
  
th

is
.s

ch
e

d
u

le
r 

=
 s

ch
e

d
u

le
r;

  
}

  
p

u
b

lic
 v

o
id

 jo
in

()
 {

  
  
in

t 
i, 

vp
id

 =
 s

ch
e

d
u

le
r.

m
yP

id
()

;
  
  
w

h
ile

 (
n

o
d

e
s[

vp
id

].
ch

ild
N

o
tR

e
a

d
y[

0
].
fla

g
  
  
  
  
  
 |
| 
n

o
d

e
s[

vp
id

].
ch

ild
N

o
tR

e
a

d
y[

1
].
fla

g
  
  
  
  
  
 |
| 
n

o
d

e
s[

vp
id

].
ch

ild
N

o
tR

e
a

d
y[

2
].
fla

g
  
  
  
  
  
 |
| 
n

o
d

e
s[

vp
id

].
ch

ild
N

o
tR

e
a

d
y[

3
].
fla

g
)

sc
h

e
d

u
le

r.
sc

h
e

d
u

le
()

;
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//
  
p

re
p

a
re

 f
o

r 
n

e
xt

 b
a

rr
ie

r
  
  
fo

r 
(i
 =

 0
; 
i <

 4
; 
i+

+
) 

{
  
  
  
n

o
d

e
s[

vp
id

].
ch

ild
N

o
tR

e
a

d
y[

i].
fla

g
  
  
  
  
=

 n
o

d
e

s[
vp

id
].
h

a
ve

C
h

ild
[i]

.f
la

g
;

  
  
}

//
  
le

t 
p

a
re

n
t 
kn

o
w

 I
’m

 r
e

a
d

y
  
  
n

o
d

e
s[

vp
id

].
p

a
re

n
tP

o
in

te
r.

fla
g

 =
 f
a

ls
e

;
//
  
if 

n
o

t 
ro

o
t,
 w

a
it 

u
n

til
 m

y 
p

a
re

n
t 
si

g
n

a
ls

 w
a

ke
u

p
  
  
if 

(v
p

id
 !
=

 0
) 

{
  
  
  
w

h
ile

 (
n

o
d

e
s[

vp
id

].
p

a
re

n
tS

e
n

se
.f
la

g
 !
=

 s
e

n
se

[v
p

id
].
fla

g
)

  
  
  
 s

ch
e

d
u

le
r.

sc
h

e
d

u
le

()
;

  
  
}

//
  
si

g
n

a
l c

h
ild

re
n

 in
 w

a
ke

u
p

 t
re

e
  
  
n

o
d

e
s[

vp
id

].
ch

ild
P

o
in

te
rs

[0
].
fla

g
 =

 s
e

n
se

[v
p

id
].
fla

g
;

  
  
n

o
d

e
s[

vp
id

].
ch

ild
P

o
in

te
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