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(a)

then the elevator remains idle.

then lower the elevator to the requested floor.

"If the elevator is stationary and the floor 
 requested  is equal to the current floor,  

If the elevator is stationary and the floor 
requested  is less than the current floor,  

If the elevator is stationary and the floor 
requested  is greater than the current floor,  
then raise the elevator to the requested floor."

(b)

loop
      if (rfloor = cfloor) then 
         d := idle;  
      elsif (rfloor < cfloor) then 
         d := down;
      elsif  (rfloor > cfloor) then 
         d := up;
      end if;
end loop;

(c)

UpIdleDown

(rfloor < cfloor)
/  d := down

(rfloor = cfloor)
/  d := idle

(rfloor > cfloor)
/  d := up

(rfloor < cfloor)
/  d := down

(rfloor > cfloor)
/  d := up

(rfloor = cfloor)
/  d := idle

(rfloor = cfloor)
/  d := idle

(rfloor < cfloor) /  d := down

(rfloor < cfloor) /  d := up
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Net = (P, T, I, O, u)
P = {p1, p2, p3, p4, p5}
T = {t1, t2, t3, t4}

I(t1) = {p1}
I(t2) = {p2,p3,p5}
I(t3) = {p3}
I(t4) = {p4}

p1 p5

p2

p3

p4
t4

t3

t2t1

I: O: u: u(p1) = 1
u(p2) = 1
u(p3) = 2
u(p4) = 0
u(p5) = 1

O(t1) = {p5}
O(t2) = {p3,p5}
O(t3) = {p4}
O(t4) = {p2,p3}
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e1

variable A: array[1..20] of integer

variable   i, max: integer ;

max  = 0;
for  i = 1 to 20 do
      if  ( A[i] >  max ) then
           max  = A[i] ;
      end if;
end for
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1:  q = a + b  
2:  y = p + x
3:  p = (c − d) * q
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sequential  behavior X 
begin
     Q();
     fork   A();  B(); C();  join;
     R();
end behavior X;

(a)

Q

R

A CB

(c)

concurrent  behavior X 
begin
     process A();
     process B();
     process C();
end behavior X;

(b)

A B C

(d)
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behavior  P
     variable x, y;
begin
     Q(x) ;
     R(y) ;
end  P;
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1   int    buf[10], i, j;
2   
3   for( i = 0; i < 10; i ++ )
4       for( j = 0; j < i; j ++ )
5           if( buf[i] > buf[j] )
6               swap( &buf[i], &buf[j] );
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1  channel C {
2         bool   valid;
3         int    M;
4  
5         int    receive( void ) {
6                  while( valid == 0 );
7                  return M;
8                  }
9         void   send( int a ) {
10                 M = a;
11                 valid = 1;
12                 }
13         };

I�0�g�56*:">H�H ���N&^2:"9g�"9* ,/.1%+&6&6"$#¯�

µ ,/.1%'&1&6"9#Å,9%+&p%'#]Mj�
�("7.60;"9*/%+,/.60],9%+#]��%+M�M:.6�PTU&·0;&¤I�0�g+K
56*-"�H�@ �,��L���N& 2:.1"�"LC6%'DQW6#;"©,/.(%'&6&6"$# ��� 0�DQW6#;"9DQ"9&^2/M
%�.60�g�.¥#;"9 +"$#_,9�+DQDF56&10;,$%P2:0;�+&XW6*:�+2:�!,L��#fTU.60],/. �6*-"$%+¼!MF%
Mj2:*-"$%+D �+�! 1%P2-% W1%+,/¼�"L2-M�0�&^2-�	%���E^2:"_Mj2:*-"$%+D %'2�2:.1"_M:"9&1 !"$*
M:0; 6"�r�+*�%+M-Mj"$D��6#;"$MÅ2-.6"$��E^2:"_MO2-*:"h%'D 0�&^2:�k%UW1%+,/¼�"L2�Mj2:*-"$%+D
%'2�2-.6"_*-"$,9"90; +"$*�M:0; !"�� ����0�&F2:56*-&¸51M:"$M�%	#��PT�"9*�#�"$ +"9#�,/.1%+&!K
&6"$# �>@��r�v��*�"LC6%'DQW6#;"�%7M:E^&(,/.6*:��&6�+5(M �651M�TU.10;,/.�2:*/%'&1Mj�v"9*/M
2-.6" ��E�2-">MO2-*:"h%'DaW6*-�! !51,9"$ ��E����+�
¦§.6" %� !�+W!2-0���&«�'��DQ"h,/.1%'&60]M:DQMR 60;M-,L51M-M:"$ «% ���P +"

%�,/.60�"$ +"hM 0;&!�v�+*-D`%P2:0;�+& .60] !0�&1g)��M:0�&1,9"F2-.6"�D�"h !0]%¤%+&1 �2-.6"
T§%rE¥2-.6"�,L��DQDF56&60],9%'2:0;�+&Á0]M·0;DQW6#�"$DQ"9&^2:"h �%'*-"�.60] 6 !"9&��
µ	#;M:�X2-.6"©D��! !"$#�0;&6g¿,L�+DQW6#;"LC!0�2OEÁ0;M)*-"$ !5(,L"$ s�	Mj0;&1,9"�2-.6"
51M:"9*��+&1#�E &6"$"$ 6MF2:�©D`%'¼+"·�v56&1,42-0���&{,$%'#;#;MF2:��2:.6")DQ"L2:.6K

�! 6M$�a¦§.60]M¤DQ�! !"$#¸%'#]Mj�{"9&1,9�+56*/%'g�"$M`2-.6"�Mj"$W1%'*/%P2-0���&Á�'�
,9�+DQW65!2/%P2:0;�+&©%'&1 ,L��D�D�56&60],9%'2:0;�+&s��M:0�&(,L"�2:.6"��v56&(,42:0;�+&6K
%+#�0�2OE?*:"hMjW��+&1M:0 �6#�"_�v�+*�,9�+DQDF56&10;,$%P2:0;�+&�,9%'&
�("U,9�+&!81&1"$ ¸0;&
2-.6"`,/.1%'&6&1"9#�MjW�"$,9038�,9%P2-0���&©%+&1 TU0�#;#�&6�'2 ��"QD�0�C!"$ ©TU0�2:.
2-.6"¸ !"$M-,L*-0;W!2:0;�+&)51M:"$ p�v�+* ,L��DQW65!2-%'2:0;�+&��

(a) (b)

1 2 3 4 5

clk

start

rw

AD Addr Data

1 2 3 4 5

clk

start

rw

AD Addr Data

I�0;g+56*-"�H'S ��µ�Mj0;DQW6#;"�MjE�&1,/.1*:��&6�+51M �151M`W6*-�'2-��,9�+#����% �
*-"$%� p,LE!,9#�"%�" � ��TU*-0�2:">,LE!,L#;"+�

9 �+2:"72:.(%P2�2:.6">% �10�#;032OE�2-�Q 6"$M-,L*-0 ��" 2-0�DQ0;&6gQ0;M� +"$*:EQ0;D�K
W��+*:2-%+&�2_�v�+*§,/.1%'&1&6"9#ÅMjW�"$,9038�,9%P2-0���&��fy_�+&1M:0] !"9*z�+�v��*_"9C6%'D�K
W6#;"��2-.6"pM:E^&(,/.6*:��&6�+5(M �651M�MjW�"$,9038(,$%P2-0���&¥Mj.6�PTU& 0;&XI�0�g+K
56*-"fH+S1��µ{,L�+DQW��+&6"$&^2�51M:0�&6g	2:.60]M �651M�,$%'&¸0;&60�2:0]%P2-"_% ,9�+D�K
D�56&60],9%P2-0���&���EF%�M:M:"9*:2:0;&6g 2-.6" 4=/^L<6=/ %'&1 6=> M:0;g+&1%+#;M�0�&�2-.6"
81*/Mj2k,LE!,L#;"�ÅM:56W6W6#;E�0�&6g·2:.6"�%+ 6 !*-"$M-M 0;&V2:.1"�M:"$,L��&1 �,LE!,9#�"%�
%+&1 )2:.6"$&�M:56W6W6#;E�0�&6g) 6%P2/%`0;&�2:.6"F�v�+#;#��PTU0;&6gp,9E!,L#;"$M$� ¦§.6"
,9�+DQDF56&10;,$%P2:0;�+&`TU0;#;#12-"9*-D�0;&1%'2:" TU.6"$&·2-.6" 4=/:LC6=/ M:0;g+&1%+#10]M
 !"h%+M-Mj"$*j2-"$ B��¦§.6"_ !"hM:,9*:0;W!2-0���&>�'��2:.6"�W6*-�'2-��,9�+#'0]M�Mj.6�PTU&>0;&
I�0;g+56*-"�H^Y!�¸¦§.6"Q !"$M-,L*-0;W!2:0;�+&�"$&1,9%+W1M:56#;%'2:"hM 2-.6"`,L�+DQD�5!K
&60],9%'2:0;�+& D�"h !0]%���0;& 2:.60]M¸,9%�Mj"�2:.1"·Mj0;g+&1%+#;M DEP �CYq4=/^L<6=/XYq6=>
%+&1 � � �6%+&1 V%QMj"92 �'��DQ"92:.6�! 6MO�60;&¤2-.60]M ,9%�Mj" 687TLA DE\D�Pa7
%+&1 >�6=32/:7 D�\DEPa7 �1TU.60],/.V0�DQW6#;"9DQ"$&�2U2-.6"¸,L��DQDF56&60],9%'2:0;�+&
W6*-�'2-�!,L�+#��v��*f*-"$%� !0�&1g¸%'&1 QTU*-032-0�&1g?2:.6"	 1%P2-%F%+M£ !"hM:,9*:0 ��"$ 
0;&¨2:.6"  !0;%+g+*/%'DV� ¦§.6"�,9%+#�# D�P �f >@L<32/ � � M:E�,/.1*:��&60�ª$"$M�2-.6"
M:0�g�&1%'#B%�M:M:0�g�&6DQ"9&^2-M§TU0�2:.)2-.6" �651MU,9#��!,/¼ DEP � �

� |8{ { ; & ~ * � "'"0" 	 �U*)�U& ~ �?��� (�$�� ~ �
�N&©%¤M:E!MO2-"9D´2:.1%'2>0;M?,L��&1,L"$W!2:5(%'#;0�ª$"$ �%�M7M:"9 �"9*/%'#�,L�+&(,L56*:K
*-"9&^2§W6*:�!,9"$M-Mj"hME��2:.6"?W6*-�!,L"hM:M:"$M�%'*-"	*/%'*-"9#;E`,L�+DQW6#;"L2-"9#;E`0�&6K
 !"$W("$&1 !"$&�2)�'�¸"h%+,/.Á�'2-.6"9*h��¢_%+,/.¨W6*-�!,L"$M-M·D`%rE¿g+"$&6"9*:K
%'2:"  1%P2-%{%'&1 �"9 �"9&^2-Mp2:.1%'2)&1"9"$ �2:� �("©*:"h,L��g+&60;ª9"h �^E
�+2:.6"$*pW6*-�!,L"$M-M:"$M$� �N& ,9%+M:"$Mp#�0;¼+"�2:.6"hMj"%� TU.6"9&�2:.6" W6*:�+K
,9"$M-Mj"hMf"9C!,/.(%'&6g�"k 6%'2-%��+*§TU.6"9&),L"$*j2/%'0;&¤%+,L2:0;�+&1M�D�51MO2���"
W�"9*:�v�+*-DQ"$ ��E` !0��Å"9*-"9&^2§W6*-��,9"$M-Mj"hMf%'2f2:.1"kM-%'DQ" 2-0�DQ"��T�"
&6"$"$ V2-�¤M:E�&1,/.6*-�+&60;ª9"?2-.6"FW6*-�!,L"hM:M:"$M	0�&�M:51,/.�%·T�%rE¤2:.1%'2
��&6"UW6*-��,9"$M-M�0]MfM:51MjW�"9&( !"$ Q56&^2-0�#12:.6"k�'2:.1"9*£*-"$%�,/.6"$M�%¸,9"9*:K
2/%'0;&�W(��0�&^2	0;&�0�2-M "9C!"$,L562:0;�+&��ky_��D�DQ��&�MjE�&1,/.6*-�+&10�ªh%P2:0;�+&
DQ"L2-.6�! 6M7��%'#;#�0;&�2-�)2OT_��,L#]%+M-M:038(,$%P2-0���&1ME�B&(%'DQ"9#;E�,L��&!2:*-�+#�K
 !"$W("$&1 !"$&�2	%+&1 ) 6%P2/%PKN !"9W�"9&1 6"9&^2	M:,/.1"9DQ"$M$�

¾����Åu9oP�(� �-��� � ���������ÅuA�$±���qhs�oP�(��t����!u$t¯�(� � �N&A,L��&!K
2-*:��#3KN !"9W�"9&( !"9&^2�MjE�&1,/.6*-�+&10�ªh%P2:0;�+&�2:"$,/.1&60  ^56"hME�?0�2�0;M)2-.6"

@'[



(a)

int M;

B1
int x;
...
M = x;
...

B2
int y;
...
y = M;
...

B2
int y;
...
y=C.receive();
...

B1
int x;
...
C.send(x);
...

(b)

C
void send(int d)
{ ... }
int receive(void)
{ ... }

(c)

B1 B2
C1

C2 P2P1
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1   channel   bus() {
2           clock              clk;
3           clocked bit     start;
4           clocked bit     rw;
5           clocked bit    AD;
6
7          word    read_cycle( word addr ) {
8                    word      d;
9                    start = 1, rw = 1,         clk.wait();
10                  AD = addr,                  clk.wait();
11                  d = AD,                       clk.wait();
12                  start = 0, rw = 0,         clk.wait();
13                  return d;
14                  }
15         void    write_cycle( word a, word d ) {
16                  start = 1, rw = 0,         clk.wait();
17                  AD = addr,                  clk.wait();
18                  AD = d,                       clk.wait();
19                  start = 0,                     clk.wait();
20                  }
21          }
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(b)(a)

behavior X 
begin
     Q();
     fork   A();  B(); C();  join;
     R();
end behavior X;

A B C

ABC

e

A2

A1

A B

AB

B1

B2

e

synchronization
       point

Q

R

A CB

(c) (d)
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int       max, j;
TData array;

array = c.read( );
max = 0;
for ( j = 0; j < 16; j++ )
     if ( array[ j ] > max )
          max = array[ j ];
m = max;

c

ch
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1  typedef int        TData[16];
2  
3  interface  IData( void ) {
4         TData   read( void );
5         void    write( TData d );
6          };
7
8  channel CData( void ) implements IData {
9          bool          valid;
10         event         s;
11         TData         storage;
12
13         TData   read( void ) {
14                 if( valid ) s.wait();
15                 return storage;
16                 }
17        void    write( TData d ) {
18                   storage=d; valid = 1; s.notify();
19                 }
20         };
21
22 actor X1( in TData i, out TData o ) { ... };
23 actor X2( in TData i, IData o ) {
24         void main( void ) {
25                 ...
26                 o.write(...);
27                 }
28         };
29 
30 actor     X( in int a, IData c ) {
31         TData   s;
32         X1      x1( a, s );
33         X2      x2( s, c );
34 
35        psm       main( void ) {
36                 x1 : ( TI, cond1, x2 );
37                 x2 : ( TOC, cond2, complete );
38                 }
39         };
40 
41 actor Y ( IData c, out int m ) {
42        void      main( void ) {
43                 int       max, j;
44                 TData           array;
45 
46                 array = c.read();
47                 max = 0;
48                 for( j = 0; j < 16; j ++ )
49                         if( array[j] > max )
50                                 max = array[j];
51                 m = max;
52                 }
53         };
54 
55 actor B( in TData p, out int q ) {
56         CData   ch;
57         X       x( p, ch );
58         Y       y( ch, q );
59 
60        csp       main( void ) {
61                par { x.main(); y.main(); }
62                 }
63         };
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1  interface  IRam( void ) {
2         void       read_word( word a, word *d );
3         void       write_word( word a, word d );
4          };
5  
6  actor AAsic( IRam ram ) {
7          word    reg[8];
8  
9         void      main( void ) {
10                 ...
11                 ram.read_word( 0x0001, &reg[0] );
12                 ...
13                 ram.write_word( 0x0002, reg[4] );
14                 }
15         };
16 
17 actor ASram( in signal<word> addr,
18        inout signal<word> data,
19        in signal<bit> rd, in signal<bit> wr ) {
20         ...
21         };
22 
23 actor ADram( in signal<word> addr,
24        inout signal<word> data,
25        in signal<bit> cs, in signal<bit> we,
26        out signal<bit> ras, out signal<bit> cas ) {
27         ...
28         };
29
30 channel CSramWrapper( void ) implements IRAM {
31         signal<word>  addr, data;      // address, data
32         signal<bit>     rd, wr;        // read/write select
33         ASram           sram( addr, data, rd, wr );
34 
35        void       read_word( word a, word *d ) { ... }
36        void       write_word( word a, word d ) { ... }
37         ...
38         };
39 
40 channel CDramWrapper( void ) implements IRam {
41         signal<word>    addr, data;  // address, data
42         signal<bit>     cs, we;   // chip select, write enable
43        signal<bit>      ras, cas; // row, col address strobe
44         ADram           sram( addr, data, cs, we, ras, cas );
45 
46        void       read_word( word a, word *d ) { ... }
47        void       write_word( word a, word d ) { ... }
48         ...
49         };
50 
51 actor ASystem( void ) {
52         CSramWrapper    ram;      // can be replaced by 
53         // CDramWrapper ram;      // this declaration
54         AAsic           asic( ram );
55 
56        void      main( void ) { ... }
57         };
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1  void read_word( word a, word *d ) {
2       do {
3           t1: { addr = a; }
4           t2: { rd = 1; }
5           t3: {  }
6           t4: { *d = data; }
7           t5: { addr.disconnect(); }
8           t6: { rd = 0; }
9           t7: { break}; }
10          }
11       timing {
12          range( t1; t2; 0; );
13          range( t1; t3; 10; 20 );
14          range( t2; t3; 10; 20 );
15          range( t3; t4; 0; );
16          range( t4; t5; 0; );
17          range( t5; t7; 10; 20 );
18          range( t6; t7; 5; 10 );
19          }
20  };
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1  void read_word( word a, word *d ) {
2        addr = a;
3        rd = 1;
4        waitfor( 10 );
5        *d = data;
6        addr.disconnect();
7        rd = 0;
8        waitfor( 10 );
9   };
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B0

B1

B2

B3

B4

B5

B6

B7

shared sync

sync

(a) 

B6( )
{
    int   local;
     ...
    shared = local + 1;
    signal( sync );
}

B4()
{
    int   local;
    wait( sync );
    local = shared − 1;
     ...
}

B1( )
{
    stmt;
    ...
}

B3( )
{
    stmt;
    ...
}

B7( )
{
    stmt;
    ...
}

(b)  
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Validation

Simulation
  model

Simulation
  model

Analysis &
Validation

Manufacturing

Communication
       model

Scheduling
    model

Simulation
   model

Simulation
   model

Simulation
  model

Implementation
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Communication 
    Synthesis
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B2 B3

B5

B6 B7

B0

B1

B4

PE0 PE1

B0

B2

B5
B6

B7

B3

B4_ctrl

B1

B4

Top
shared sync B1_start B1_done B4_start B4_done

B1_ctrl

B6( )
{
    int   local;
     ...
    shared = local + 1;
    signal( sync );
}

B1( )
{
    wait( B1_start );
    ...
    signal( B1_done );
}

B4()
{
    int   local;
    wait( B4_start );
    wait( sync );
    local = shared − 1;
     ...
    signal( B4_done );
}

B1_ctrl( )
{
    signal( B1_start );
    wait( B1_done );
}

B4_ctrl( )
{
    signal( B4_start );
    wait( B4_done );
}

B3( )
{
    stmt;
    ...
}

B7( ) 
{
    stmt;
    ...
}

sync

B1_start

B1_done

B4_start

B4_done

(a) 

(b)

(c) 

PE0
PE1

I�0;g+56*-"·S�c �py_�+&1,9"9W!2-51%'#_D��! !"$#�%'�¶2:"$*�W1%+*j2-032-0���&60;&6g � �% �
W1%+*j2-032-0���&60;&6gU !"$,90;M:0���&s�  � ��,L�+&(,L"9W62:51%+#'DQ�� 6"9#W� ¯,���%'2:��D�0],
��"9.1%r �0;�+*/M9�

H�Y



 � �p�N&©g+"$&6"9*/%'#W��,L��&^2:*-�+#;#�0;&6g���"9.(%r ^0;�+*/M?%'*-"�&1"9"$ 6"$ ©%'&1 
D�51Mj2 �(" %� 6 !"$ F�v�+*£,/.10�#] �("$.1%r �0���*-M�%+M-Mj0;g+&1"$ F2:�> !0��¶K
�v"$*:"$&^2QZ_¢fMF2:.1%+&X2-.6"90;*QW1%'*-"9&^2-M$�¥I6��*Q"LC6%'DQW6#;"�£0;&
I�0;g+56*-"�S�c��#��"9.(%r ^0;�+*·�7� ,L2:*-#	%'&( ¿��S ,L2:*-#	%'*-"�0;&!K
M:"9*:2:"h �0�&`��*- !"$*�2:�F,9�+&^2:*-�+#�2-.6" "9C�"h,L5!2-0���&Q�'���7� %'&1 
��S �!*:"hMjW�"$,L2:0; +"9#;E+�

�,!�p�N&¨��*- !"$*�2:��D`%'0;&^2-%'0;&{2:.6"V�v56&(,42:0;�+&(%'# "! �510� P%'#;"9&(,L"
��"L2OT�"9"$&X2-.6"�W1%+*j2-032-0���&6"$ {DQ�� 6"9# %'&( ¥2-.6"��+*-0�g�0�&(%'#
M:W�"$,L0�8(,$%P2:0;�+&��(M:E^&(,/.6*:��&60;ª$%P2-0���& ��"L2OT�"9"$&�Zf¢_MU0]M 0;&!K
M:"9*:2:"h B���N&XI�0;g+56*-"·S�c)M:E�&1,/.6*-�+&60;ª$%'2:0;�+&  P%'*-0;% �6#;"$M Y
� � 4T/:LC6=/]Y � � A%;C.�7=Y � � 4=/^L<6=/XY�� � A;C.�7 %+*:"`%+ 1 !"$ 
M:�?2:.(%P2f2-.6" "9C�"h,L5!2-0���&`�'���7� %'&1 `��S �+TU.60],/.·%'*-" %+MjK
M:0;g+&6"h F2-�FZf¢	��+,$%'& ��"	,L��&�2-*:��#�#;"$ ��E¸2-.6"90;*_,9�+&^2:*-�+#�K
#;0;&6g �("$.1%r �0���*-MU�7� ,L2:*-#�%'&( )��S ,L2:*-#�2-.6*:��56g+.)0;&�2-"9*:K
Z_¢¨MjE�&1,/.6*-�+&10�ªh%P2:0;�+&��

\	�PT_"$ +"9*z�§2:.1" DQ�! !"9#>%'�¶2:"9*)W1%+*j2-032-0���&60�&1gX0]M)Mj2:0;#;#k��%+*
�v*-�+Da0;DQW6#;"9DQ"9&^2-%'2:0;�+&)�v�+*§2OT��Q*:"h%+M:�+&1M��

�% �¤¦§.1"9*-"Q%+*:"Q,L��&1,L51*:*-"9&^2 �("$.1%r �0���*-M70;&©"h%+,/. Zf¢�2:.1%'2
.(%r +"k2:� ��"¸Mj"$*:0]%'#;0�ª$"$ �

 � �¤~k0 ��"$*:"$&�2�Zf¢fM>,9�+DQDF51&60;,$%P2-"Q2:.6*-�+56g�. g�#�� �1%'#� P%+*:0�K
% �6#;"$M§TU.60],/.V.1%r +"k2:� ��">#��!,9%+#�0;ª9"h B�

¦§.6"hMj"?0]M:M:56"hM§TU0�#;# ��"¸%+ 6 !*-"$M-M:"$ ·0;&)2:.6"?�v��#�#;�PTU0;&6gF2OT��
M:"$,L2:0;�+&1M$�

�q|�� � *)� � � � � �m� � (�� � $�� � " * � ��� � �m���
�l~��q���

%70; +"$&�%·Mj"92	�'� ��"9.1%r �0;�+*/M %'&( VW(�^M:M:0 �1#�E)%·Mj"92	�'��W�"9*:�v�+*:K
D`%'&(,L"¤,9�+&1Mj2:*/%'0;&^2-MO��2:.6"VM:,/.1"$ !56#;0;&6g�2/%+M:¼  6"L2:"$*:DQ0;&6"$M�%
2-�'2-%+#��+*/ !"9*�0�&�0�&� +�!,$%P2:0;�+&¸2:0;D�"��'�12:.6"��("$.1%r �0���*-M�*-56&6&60;&6g
��&F2-.6"UM:%+D�"UZ_¢q�rTU.60;#�"§*-"$M:W("h,42:0;&6g72:.1"�W(%'*:2:0]%'#!�+*/ !"$*�0;D�K
W���M:"$ ��E� !"$W("$&1 !"9&(,L0;"$Mk0�&�2-.6"��v56&1,42-0���&1%'#;0�2OEV%�M T�"9#;#�%�M
DQ0;&60�DQ0;ª90;&6g�2:.6"7MjE�&1,/.6*-�+&10�ªh%P2:0;�+&`�P �"9*-.6"$%� �("92OT_"$"9&`2-.6"
Z_¢fM§%'&1 V,9�+&^2:"9C^2 M:TU032/,/.60;&6gQ�P +"9*-.6"h%+ ·TU0�2:.10�&)2:.1"¸Zf¢fM$�
~k"9W�"9&1 60�&6g>51W(��&�.1�PT¥DF51,/.Q0;&!�v�+*-D`%P2-0���&F�+&�2-.6"UW1%'*:K

2-0;%+#!�+*/ !"9*��'�(2:.6"���"9.(%r ^0;�+*/M�0;M�%r P%'0;#]% �6#;"�%'2£,L�+DQW60;#;"_2-0�DQ"%�
2-.6"9*-">%'*-"? 60��Å"9*-"9&^2	Mj2:*/%P2:"$g+0;"$M_�v�+* M-,/.6"h !56#;0�&6g(�
�N& �+&6"�"LC�2:*-"9DQ"�BTU.1"9*-"F�+*/ !"$*:0;&6g·0;&!�v�+*-D`%P2-0���&�0]M	56&6K

¼�&6�PTU&>56&^2-0�#^*:51&�2-0�DQ"%�$2-.6"_M:E!MO2-"9D 0�DQW6#;"9DQ"$&�2/%P2-0���&¸�'�¶2-"9&
*-"9#;0�"hM��+&¤2:.6"¸ !E�&1%+DQ0;,?M-,/.6"$ !51#�"$*��+��%+&¤56&( !"9*-#�E�0;&6gQ*:51&!K
2-0�DQ"�M:E!MO2-"9DV�§�N&�2:.10;Mk,9%+M:"�12:.6"�DQ�� 6"9#�%'�¶2:"$*kM-,/.6"$ !51#�0;&6g
0]M7&6�'2>DF5(,/.  !0 ��"$*:"$&^27�v*-�+D�2-.6"QDQ�� 6"9#£%P�¶2-"9*?W1%+*j2-032-0���&!K
0;&6g)��"9C!,9"9W!2�2:.1%'2�%�*-56&^2:0;DQ"¤M:E!MO2-"9D 0;M�%+ 6 6"$ 2-��,9%+*:*-E
��5!2f2-.6"kM-,/.6"$ 656#�0;&6g(��¦§.60]M�MO2-*-%'2:"9g�E�M:5 �Å"9*/M��v*-�+D¹,L��&�2-"LC�2
M:TU032/,/.60;&6g �P +"$*:.1"$%+ kTU.6"$&F%U*-56&6&60;&6gU2/%+M:¼k0]M �6#;�!,/¼+"h >%'&1 
%�&6"$T�2/%+M:¼·0;MUM-,/.6"h !56#;"$ B�

� &�2:.6"`�+2:.6"$*7"9C�2:*-"9DQ"��0��f2-.6"`W1%+*j2-0;%+#���*- 6"9*70;M>,9�+D�K
W6#;"L2-"9#;E ¼�&6�PTU&=%'2 ,L��D�W10�#;" 2:0;DQ"��%ÁMj2-%'2:0],¥M-,/.6"$ !51#�0;&6g
Mj2:*/%P2-"9g+E·,$%'& �("72/%'¼+"$&s�!W6*-�P �0; !"h p%�g+���! ¤"$Mj2:0;DQ%'2:0;�+&)�+&

B1

B3

B4

B6

B7

shared sync

PE0 PE1

Top B6_start B3_start

PE0: B6 B7 B3
PE1: B1 B4

B1( )
{
        ...
    signal( B6_start );
}

B6( )
{
    int   local;
    wait( B6_start );
     ...
    shared = local + 1;
    signal( sync );
}

B4()
{
    int   local;
    wait( sync );
    local = shared − 1;
     ...
    signal( B3_start );
}

B3( )
{
    wait( B3_start );
    ...
}

B7( ) 
{
    stmts;
    ...
}

B6_start

sync

B3_start

(b) 

(c) 

(a) 
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Shared_mem

shared

sync

B1_start

B1_done

B4_start

B4_done
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PE1

B1

B4

PE0

B0
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B6

B7
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B4_ctrl

B1_ctrl

A
rbiter

B1( )
{
    wait( *B1_start_addr );
    ...
    signal( *B1_done_addr );
}

Shared_mem( )
{
    int    shared;
    bool sync;
    bool B1_start, B1_done;
    bool B4_start, B4_done;
    ...
}

B3( )
{
    stmt;
    ...
}

B7( ) 
{
    stmt;
    ...
}

IF0( ) 
{
    stmt;
    ...
}

IF1( ) 
{
    .stmt;
    ..
}

IF2( ) 
{
    stmt;
    ...
}

Arbiter( ) 
{
   stmt;
    ...
}

B1_ctrl( )
{
    signal( * B1_start_addr  );
    wait( * B1_done_addr );
}

B4()
{
    int   local;
    wait( *B4_start_addr );
    wait( *sync_addr );
    local = (*shared_addr) − 1;
     ...
    signal( *B4_done_addr );
}

B4_ctrl( )
{
    signal( *B4_start_addr  );
    wait( *B4_done_addr );
}

B6( )
{
    int   local;
     ...
    *shared_addr = local + 1;
    signal( *sync_addr );
}

(a) (b)

(c)
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