
1,a) 1,b)

,

. ,

, .

,

,

.

,

.

, , , ,

1.

1.1

,

.

,

,

. ,

,

1

a) f1731135@edu.cc.uec.ac.jp
b) terada.minoru@uec.ac..jp

.

1.2

,

.

,

[1][2]. ,

,

.
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1.3
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.

,

.

,

( 1 ).

, ,

. 1

,

.

,

,

.

,

.

1.4

,

.

Java

,

. Java

synchronized volatile

,

[3].

(

) ,

(

)

[4].

.

,

. Java synchronized

[5].

,

. ,

.

2.

Scratch*1( 2)

,

[6].

Scratch

,

1.3

.

, Scratch

.

, Scratch

*1 https://scratch.mit.edu/
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1 2 1 2

1 x += 1 (x: 0 1)
x = 0

( : 0)

2 x += 1 (x: 1 2)
+= 1

( : 0 1)

x = 0

( : 0)

3
(x: 0 1)

+= 1

( : 0 1)

4
(x: 1 )

x 2 x 1

1

2 Scratch

,

. ,

.

.

Byung-Chul Kim

VisualDeadlock [1]

( 3). ,

.

,

.

,

.

,

. Steve Carr

ThreadMentor

[2].

3 VisualDeadlock ([1] )

.

,

.

.

,

,

.

,

,

.

Ching-Kuang
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[7].

.

Ching-Kuang ,

,

.

,

, web

.

,

.

, ,

.

3.

3.1 load store

1.4 ,

. ,

. ,

, .

[10][11].

• SC(Sequential Consistency)

–

• TSO(Total Store Order)

– load store

• PSO(Partial Store Order)

– load store store

• STO(Store Order)

– load load store

– PSO

• RMO(Relaxed Memory Order)

–

3.2

,

.

0

,

( 4). ,

,

,

,

,

. ,

,

.

.

3.3

( , OoO )

, CPU

.

,

,

.

.L2: movl a(%rip), %eax

movl a(%rip), %eax testl %eax, %eax

testl %eax, %eax je .L4

je .L2 rep; ret

L4:

jmp .L4

4

(while(a==0){} )
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OoO
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. 1967 IBM
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[8] .

3.4 Tomasulo [8]
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,

.

.
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.

5 Tomasulo

.

.

.

.

,

.

.

.

load

,

load load

store . store

,

. OoO

store load store

.

3.5

Oracle , SPARC

[9].

store

, .

. store

store

.

4.

4.1

,

.

OoO .

.

,
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( 6 1©) .

,

( 6 2©) .

( 6 3©)

.

.

.

,

.

(

) ,

, .

,

,

,

, . ,

,

.

.

.

GUI .

4.2

4.2.1

OoO ,

, .

,

,

.

4.2.2

, ,

,

store .

5.

5.1

JavaScript

, html

( 6 1©).

GoogleBlockly*2 .

,

( 6 2©).

( 6 3©)

div ( , )

. Tomasulo

.

GUI

.

*2 https://developers.google.com/blockly/
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5.2

.

( 6 1©) ( 7 1©)

, ( 7 2©) .

5.2.1

, 1 .

5.2.2

8(a)

,

. 8(b)

,

.

7

8 : (a) ,

(b) ,

5.4.4 .

5.3

.

.

5.4

5.4.1

.

OoO

.

5.4.2

( 9 1©) .

( 9 2©)

,

.

( 9 3© 4©).

.

,

, .

OoO

,

( 9 5© 6©). 3.4

,

.

. 9

,

. 9

,

.

5.4.3

OoO ,

( 9 7©)

, .

OoO

.

( 1 )
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1

.

.

.

if
, true, false .

while

break while .

.

true
, .

false

C .

.

.

.

lock

unlock

join

9

,

,

( 9 5© 6©)

. load

,

.

( 2 )

,

.

. load

store

. store

load ,

store

load

.

( 3 ) (

)

, .

.

,

.

,

,

.

.

5.4.4
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5.5.1

( 10).

.

,

.
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. , 0

.

6.1

x+ = 1

. OoO ,

.

+2 ,

, x +1

. +1

. 11,

12, 13 .

,

.

6.2

14 , OoO

, x y

, 3

. OoO

,

0 2

2 . 2

. 15,

16, 17 . OoO

,

.

7.

OoO

,

,

.

8.

8.1

. ,

. ,

. ,

.

, ,

.

8.2

,

.

, assert

.

,

.
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12 11

13 11

1 2

x = 1 y = 1

y += 2 x += 2

14 OoO

15 OoO

16 15
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