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MODULE main

VAR

x: boolean;

y: boolean;

t: boolean;

p0 : process aa(x,y,t);

p1 : process bb(x,y,t);

ASSIGN

init(x) := 0;

init(y) := 0;

init(t) := 0;

SPEC

(AG !(p0.a=s2 & p1.b=t2))

SPEC

(AG (p0.a=s1 → AF p0.a=s2))

SPEC

(AG ((p0.a=s1 & p1.b!=t1 & p1.b!=t2) → !E[!p0.a=s2 U p1.b=t2]))
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MODULE aa(x,y,t)

VAR

a: {s0,s1,s2,s3,s4};

ASSIGN

init(a) := s0;

next(a) := case

a=s0: s1;

a=s1 & (x=0 | t=0): s2;

a=s2: s3;

a=s3: s0;

1: a;

esac;

next(x) := x;

next(y) := case

a=s0 | a=s3: 1;

a=s2: 0;

a=s1 & (x=0 | t=0): y;

1: y;

esac;

next(t) := case

a=s0 | a=s3: 1;

a=s2: t;

a=s1 & (x=0 | t=0): t;

1: t;

esac;

FAIRNESS

running
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MODULE bb(x,y,t)

VAR

b: t0,t1,t2,t3,t4;

ASSIGN

init(b) := t0;

next(b) := case

b=t0: t1;

b=t1 & (y=0 | t=1): t2;

b=t2: t3;

b=t3: t0;

1: b;

esac;

next(y) := y;

next(x) := case

b=t0 | b=t3: 1;

b=t2: 0;

b=t1 & (y=0 | t=1): x;

1: x;

esac;

next(t) := case

b=t0 | b=t3: 0;

b=t2: t;

b=t1 & (y=0 | t=1): t;

1: t;

esac;

FAIRNESS

running6n p1 -
FAIRNESS
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MODULE main

VAR

vv: boolean;

v0: boolean; v1: boolean; v2: boolean;

p0 : aa(v0); p1 : bb(v0,v1,v2);

ASSIGN

init(vv) := 1;

next(vv) := (v0&v1);

SPEC (AG AF(v2=0))

SPEC (AG AF(v2=1))

SPEC AF (vv=1 & AX v2=0)

SPEC AF (vv=1 & AX v2=1)

SPEC AG (vv=1 & AX v2=1 → AX A[vv=0 U (vv=1 & AX v2=0)])

SPEC vv=1 & AG (vv=1 → AX vv=0 & AX AX AX AX vv=1)

MODULE aa(v0)

ASSIGN

init(v0) := 0;

next(v0) := !v0;

MODULE bb(v0,v1,v2)

ASSIGN

init(v1) := 0;

init(v2) := 0;

next(v1) := (v0|v1)&(!v0|!v1);

next(v2) := ((v0&v1)|v2)&(!(v0&v1)|!v2);5Mn aa(v0) �- init(v0) /2� v0 -�?��13�~"r� 6 ����6`�n v0 -�?�*℄r�
6 -)QUm_�t�q-)QUm�r� 6 '���{S-)=xBnr� 6 Cm�
v0=0 → vv=1 & AG (vv=1 → AX vv=0 & AX AX AX AX vv=1)

6



§5.4.2 SPIN /DN�R
bool x,y,t;

mtype = { s0,s1,s2,s3 };

mtype = { t0,t1,t2,t3 };

byte a,b;

active proctype p0()

{

a=s0;

l01:

atomic {y=1; t=1; a=s1;}

atomic {x==0 || t==0; a=s2;}

atomic {y=0; a=s3;}

goto l01;

}

active proctype p1()

{

b=t0;

l11:

atomic{ x=1; t=0; b=t1;}

atomic{ y==0 || t==1; b=t2;}

atomic{ x=0; b=t3;}

goto l11;

}~�r�
2!(a == s2&&b == t2)8�-&5auJ

#define p0s2 a==s2

#define p1t2 b==t2

never { /* !([] ! (p0s2 && p1t2 )) */

T0 init:

if

:: ((p0s2) && (p1t2)) → goto accept all

:: (1) → goto T0 init

fi;

accept all:

skip

}

2(a == s1 → 3a == s2)8�-&5auJ
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#define p0s1 a==s1

#define p1t2 b==t2

never { /* !([] (p0s1 → <>p0s2 )) */

T0 init:

if

:: (! ((p0s2)) && (p0s1)) → goto accept S4

:: (1) → goto T0 init

fi;

accept S4:

if

:: (! ((p0s2))) → goto accept S4

fi;

}

2((a == s1&&!b == t1&&!b == t2) →!(!a == s2Ub == t2))8�-&5auJ
#define p0s1 a==s1

#define p0s2 a==s2

#define p1t1 b==t1

#define p1t2 b==t2

never { /* !([]((p0s1 && ! p1t1 && ! p1t2) → !(!p0s2 U p1t2))) */

T0 init:

if

:: (! ((p0s2)) && ! ((p1t1)) && ! ((p1t2)) && (p0s1)) → goto T0 S4

:: (1) → goto T0 init

fi;

T0 S4:

if

:: ((p1t2)) → goto accept all

:: (! ((p0s2))) → goto T0 S4

fi;

accept all:

skip

}r�
2(a == s0 → 3a == s2)V�Nu�h weak fairness � 2(a == s0 → 3a == s2) I	VNu��
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chan r = [4] of {byte};

chan s = [4] of {byte};

byte a;

byte b;

active proctype p0()

{ byte x;

do

:: atomic{ if :: x=0; :: x=1; :: x=2; :: x=3; fi; r!(a+x); }

:: atomic{ s?a; if :: a==20; break; else; fi; }

od

}

active proctype p1()

{ byte y;

do

:: s!b;

:: atomic{ r?y; if :: b+1==y; b++; :: b+1!=y; fi; }

od

}r� 2(a ≤ b) �zI	VNu��:5M`�u�
2(b > a) �^�g_R�
§5.4.3 IM;B7LP�R	tv9xE^m Fl}-
%�zfMa\�SduJ- ISO-OSI�~"p℄�<1�̀ ��a���HzÆ���\����F��̂ Y��ÆA������xEl(-^m Fl}�:dÆA��̂ Y��HzÆ��-H'�"Zu�-"pZ��^mdXR�W���E
%�̀ ��v9HzÆ��-����H'-;f�Ef3|��R0y
��

#define true 1

#define false 0

#define M 4

#define W 2

#define QSZ 2

mtype = {ack,sync ack,sync,data}

chan ses to flow[2] = [QSZ] of { byte, byte };

chan flow to ses[2] = [QSZ] of { byte, byte };

chan dll to flow[2] = [QSZ] of { byte, byte };

chan flow to dll[2] = [QSZ] of { byte, byte };3|����w�- �Ry�
��
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proctype fc(bit n)

{ bool busy[M];

bool received[M];

byte q,s,p,m;

byte window;

byte type;

byte I buf[M],O buf[M];

bool x;3|<K�")f3|xE�?X5*�
#define clean(buffer) s=M; do :: (s>0) −>s=s-1; buffer[s]=false; :: (s==0) −>break; od3|<K�"�

do

:: (window<W && len(ses to flow[n])>0 && len(f low to dll[n])<QSZ) −>

ses to flow[n]?type,x;

window=window+1; busy[s]=true; O buf[s]=type;

if

:: (type==sync) −>flow to dll[n]!type,x; clean(busy); window=0;

:: (type==sync ack) −>flow to dll[n]!type,x; clean(received);

:: (type!=sync && type!=sync ack) −>flow to dll[n]!type, s; s=(s+1)%M;

fi3|sD�")f3|ze5*�
#define receive() I buf[m]=type; received[m]=true; received[(m-W+M)%M]=false

#define acked(m) ((0<p-m)&&(p-m<=W)) || ((0<p-m+M)&&(p-m+M<=W))

#define rereceive() if :: acked(m) −>flow to dll[n]!ack,m; :: else; fi3|sD�"�
(do)

:: dll to flow[n]?type,m −>

if

:: (type!=ack && type!=sync && type!=sync ack) −>

if

:: (received[m]==false) −>receive();

:: (received[m]==true) −>rereceive();

fi

:: (type==ack) −>busy[m]=false;

:: (type==sync) −>

if

:: (I buf[q]!=sync) −>I buf[q]=sync; flow to ses[n]!type,m;

:: (I buf[q]==sync); flow to dll[n]!sync ack,m;

fi

:: (type==sync ack) −>

if

:: (I buf[q]!=sync ack) −>I buf[q]=sync ack; flow to ses[n]!type,m;

:: (I buf[q]==sync ack);

fi

fi
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3|�<RsD[�V-�"�
:: (window>0 && busy[q]==false) −>window=window-1; q=(q+1)%M;

:: (received[p]==true &&

len(flow to ses[n])<QSZ && len(flow to dll[n])<QS Z) −>

flow to ses[n]!I buf[p];

flow to dll[n]!ack,p;

p=(p+1)%M;

:: (timeout &&

len(flow to dll[n])<QSZ && window >0 && busy[q ]==true) −>

flow to dll[n]!O buf[q],q;

od

}

fc(0)R fc(1)�k-�d� flow to dll[n]R dll to flow[1-

n] -
s�[���z3|xEw�5e�
proctype datalink()

{ byte type, seq;

do

:: flow to dll[0]?type,seq; if :: dll to flow[1]!type,seq :: skip fi;

:: flow to dll[1]?type,seq; if :: dll to flow[0]!type,seq :: skip fi;

od

}����w�-$-B��x7NsD+-o
R�x7<�-o
[0x��℄�u��x1�3|�����w�Rw��k-
s�V�̀ �Zs3|�C�-D<o
-w�����,���3{�-o
���s�C#7��Wo
*(���o
�s�gx#���C���o
�x7<�-It�<K-ItiWe���7�o
� red,white,blue 'Æ��7�o
 red,white,blue -�pR<Ko
-w�3|5e�
mtype = {red,white,blue}

proctype test sender(bit n)

{ byte val;

ses to flow[n]!sync,val;

do

:: flow to ses[n]?sync ack,val −>break

:: timeout −>ses to flow[n]!sync,val

od;

do :: ses to flow[n]!white; :: ses to flow[n]!red −>break; od;

do :: ses to flow[n]!white; :: ses to flow[n]!blue −>break; od;

do :: ses to flow[n]!white; :: break; od

}
� val ��E
%���<\*��6����9E^Y℄T�� val -����-��W^Y℄T�sDo
-w��3|5e�
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proctype test receiver(bit n)

{ byte val;

flow to ses[n]?sync,val;

ses to flow[n]!sync ack,val;

do

:: flow to ses[n]?white,val;

:: flow to ses[n]?red,val −>break;

:: flow to ses[n]?blue,val −>assert(0);

od;

do

:: flow to ses[n]?white,val;

:: flow to ses[n]?blue,val −>break;

:: flow to ses[n]?red,val −>assert(0);

od;

do

:: flow to ses[n]?white,val;

:: flow to ses[n]?red,val −>assert(0);

:: flow to ses[n]?blue,val −>assert(0);

od

}dX"p-�?X5e�
init

{ run datalink();

run fc(0); run fc(1);

run test sender(0); run test receiver(1);

}z8dX�G�� SPIN �u�����)�X-+�e�� SPIN.4.1.2u�z8"p��s 8.8��R 900MB&%�6nN��"*)
%5*�u��s 3.5 ��R
280MB &%�dXZ�z�(Ou�>=�
5`��3|sDo
-w�5e

proctype test receiver(bit n)

{ byte type,val;

flow to ses[n]?sync,val;

ses to flow[n]!sync ack;

do

:: flow to ses[n]?type,val;

od;

}2Vu�dXBA�'
!([]z||(zU([]w||(wU(r)))))(� z, w, r, b -3|5e�

z test receiver:type==0

w test receiver:type==white

r test receiver:type==red
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