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!"#"$%& '( )&*%+%,"-(*. SPIN #1

!"#$%#&'(# )*#+,"-.'-#,/.0 1#-(234 ."(5#-/30+#6 3#7'*' , /,.#(/. 89%' 5-' 5#(#:' )')."(4 ,"-'1'*/;''
SPIN.

<3= 5-"#$-/>#,/+'= 1#-(234 , /,.#(/. 89%' +"#$%#&'(# >/52).'.0 2.'3'.2 spin ' 5"-"&/.0 "6 , */?").,"
5/-/(".-#, *39? -f ' ."*). 1#-(234. @4,#&#( 5-#7-/((4 $2&". =,3=.0)= /,.#(/. 89%' , )5";'/30+#( ,'&"
(never-clause), *#.#-46 5-'7#&"+ &3= ')5#30>#,/+'= , ."*)./% 5-#7-/(( &3= SPIN.

G[p !! F q]

</++/= 1#-(23/ #>+/?/"., ?.# ")3' +/ */*#(-3'$# A/7" -/$#.4 )')."(4 ,45#3+"+# /.#(/-+#" 5-"&2)3#,'" p,
, $2&2:"( #$=>/."30+# $2&". ,45#3+"+# 2)3#,'" q.

$ spin -f '[] (p -> <> q)'
never  {    /* [] (p -> <> q) */
T0_init:
 if
 :: (((! ((p))) || ((q)))) -> goto accept_S20
 :: (1) -> goto T0_S27
 fi;
accept_S20:
 if
 :: (((! ((p))) || ((q)))) -> goto T0_init
 :: (1) -> goto T0_S27
 fi;
accept_S27:
 if
 :: ((q)) -> goto T0_init
 :: (1) -> goto T0_S27
 fi;
T0_S27:
 if
 :: ((q)) -> goto accept_S20
 :: (1) -> goto T0_S27
 :: ((q)) -> goto accept_S27
 fi;
}

<3= >/&/++#6 1#-(234 SPIN )7"+"-'-#,/3 /,.#(/. '> ?".4-"% )#).#=+'6, &,/ '> *#.#-4% &#52)*/9:'". Heikki
Tauriainen ' Keijo Heljanko , -/$#./% [1] ' [2] 5#*/>/3', ?.# SPIN , >+/?'."30+#6 ?/).' )32?/", 7"+"-'-2".
+"*#--"*.+46 /,.#(/.. <3= 5-#,"-*' *#--"*.+#).' )-/,+'( -">230./.4 -/$#.4 SPIN ' LTL2BA 5-' 5#(#:'
5-#7-/((4 lbtt [3]. @ &/++#( )32?/" #*/>4,/".)=, ?.# /,.#(/.4, )7"+"-'-#,/++4" #$#'(' /37#-'.(/(',
B*,',/3"+.+4, ' (#C+# )&"3/.0 ,4,#& #$ '% *#--"*.+#).'.

@#>+'*/". ,#5-#), =,3=".)= 3' 5#32?"++46 /,.#(/. ('+'(/30+4(. <3= 5#32?"+'= ('+'(/30+#7# -">230././
#$-/.'()= * 5-#7-/((" LTL2BA [4]:

never { /* [] (p -> <> q) */
accept_init :    /* init */
 if
 :: (!p) || (q) -> goto accept_init
 :: (1) -> goto T0_S2
 fi;
T0_S2 :    /* 1 */
 if
 :: (1) -> goto T0_S2
 :: (q) -> goto accept_init
 fi;
}



T0_init p

accept_S9

q p || q

!"#$%&'( ) '$'*$&+,, accept_init, ")*$-"* $.,%"/* )01$2+/+,& 3'2$),& p. 4$5%" 6*$ 3'2$),/ )01$2/+/+$,
")*$-"* 1/7/#$%,* ) '$'*$&+,, T0_S2 ,, +"#$%&'( ) +/-, %$.,%"/*'&, 8$5%" )01$2+,*'& *7/93/-$/ :$7-32$;
3'2$),& q. <"*/- $+ )$=)7">"/*'& ) +"?"2(+$/ '$'*$&+,/, , )'/ +"?,+"/*'& '+"?"2".

@?/),%+$, ?*$ 3 ")*$-"*" %$2.+$ 90*( 8"8 -,+,-3- $%+$ +/%$13'8"A>// '$'*$&+,/ , $%+$ %$13'8"A>//.
B$6*$-3 +,.+AA 57"+,C3 %2& 7"=-/7" ")*$-"*", '$$*)/*'*)3A>/5$ ="%"++$; :$7-32/, -$.+$ $C/+,*( 8"8 2.
B$23?/++0; ")*$-"* &)2&/*'& -,+,-"2(+0-, *"8 8"8 $+ '$%/7.,* )'/5$ %)" '$'*$&+,&.

G[p U q]

<"%"++"& :$7-32" $=+"?"/*, ?*$ +" 8".%$- D"5/ )/7+$, ?*$ "*$-"7+$/ 17/%3'2$),/ p 93%/* )01$2+&*('& %$ */#
1$7, 1$8" +/ 93%/* )01$2+/+$ 17/%3'2$),/ q.

$ spin -f '[] (p U q)'
never  {    /* [] (p U q) */
T0_init:
 if
 :: ((q)) -> goto accept_S9
 :: ((p)) -> goto T0_init
 fi;
accept_S9:
 if
 :: ((((p)) || ((q)))) -> goto T0_init
 fi;
}

E+"?"2/ ")*$-"* +"#$%,*'& ) '$'*$&+,, T0_init , 17,+,-"/* 1$'2/%$)"*/2(+$'*( 3*)/7.%/+,; $ )01$2+/+,,
3'2$),& p. 4"8 *$2(8$ )01$2+/+$ 3'2$),/ q, ")*$-"* 1/7/#$%,* ) %$13'8"A>// '$'*$&+,/ accept_S9. F'2, 1$'2/
6*$5$ q +"73D,*'&, ")*$-"* 1/7/;%/* ) +"?"2(+$/ '$'*$&+,/ , '+$)" 93%/* $.,%"*( 1$'2/%$)"*/2(+$'*( ',-)$2$)
p.

B$ '$$97"./+,&-, "+"2$5,?+0- 17,)/%/++0- ) 1/7)$- ="%"+,,, 1$23?/++0; ")*$-"* &)2&/*'& -,+,-"2(+0-, *"8
8"8 $+ '$%/7.,* )'/5$ %)" '$'*$&+,&.



!"#"$%& '( )&*%+%,"-(*. SPIN #2

!"#"$%& '"()*+"&,-. / ,01, +,023, %-40)5'6. SPIN, /340)$%,5 470/&7(6 -)&#6*8&9 Promela--4&:%;%(":%%:

bit X, Y;
proctype C() {
 do 
 :: true -> X = 0; Y = X 
 :: true -> X = 1; Y = X 
 od
}

proctype monitor() {
 assert(X==Y)
}

init{ atomic{ run C(); run monitor() } }

<7",(0& 04%-"$%& .'3(" Promela 10=$0 $"9,% / [5]. !"#"$$". 470>7"11" / $"+")& %-40)$&$%. '"46-("&, #/"
470:&--". ?&7/39 :%()%+&-(% 1&$.&, '$"+&$%. 4&7&1&$$3@ X % Y. A$ 47%-/"%/"&, 020%1 '$"+&$%& 0, '",&1
020%1 =& — '$"+&$%& 1, " 40,01 /-& 40/,07.&,-. - $"+")". B,0709 470:&-- 470/&7.&, «-0>)"-0/"$$0-,5» '$"+&$%9
C,%@ 4&7&1&$$3@, ,0 &-,5 ,0, +,0 X = Y.

D). 470/&7(% -4&:%;%(":%% '"46-,%1 spin % 4&7&#"#%1 &16 '"#"$$6* 470>7"116 % 04:%* -a #). >&$&7":%%
,&-,%76*8&9 470>7"113 $" C. E>&$&7%70/"$$". 470>7"11" 40-)& (014%).:%% % '"46-(" /3#"&, -)&#6*8&&
'"()*+&$%&:

$ ./pan
<...>
pan:1: assertion violated (X==Y) (at depth 4)
pan: wrote spin3.promela.trail

F&=#6 470:&--"1% C % monitor &-,5 >0$(" (race condition). ?&7&1&$$3& X % Y 02$0/).*,-. $& ",01"7$0. ?7%
C,01 470:&-- monitor 47%$%1"&,-. %-40)$.,5-. ("( 7"' 1&=#6 C,%1 02$0/)&$%.1% % $"2)*#"&, $&-0>)"-0/"$$3&
'$"+&$%. 4&7&1&$$3@.

F0=$0 401&-,%,5 C,% 47%-/"%/"$%. / atomic 2)0(, #"23 $&-0>)"-0/"$$3& '$"+&$%. $& 23)% 23 $"2)*#"&13
-$"76=%. ?7% C,01 atomic 2)0( / 470:&--& init 10=$0 -#&)",5 $&",01"7$31.

bit X, Y;

proctype C() {
    do 
    :: true -> atomic { X = 0; Y = X }
    :: true -> atomic { X = 1; Y = X }
    od
}

proctype monitor() {
    assert(X==Y);
}

init { run C(); run monitor() }



!"#"$%& '( )&*%+%,"-(*. NuSMV

!"#"$%& '"()*+"),-. / 0,1, +0,23 -1,#&)%4,/"0. ")5,4%01 /'"%1$,5, %-()*+&$%6 7&((&4" % 84,/&4%0.
/38,)$&$%& -/,9-0/ /'"%1$,5, %-()*+&$%6 % ,0-:0-0/%6 5,),#"$%6.

;-&/#,(,# #)6 ")5,4%01" 7&((&4" #)6 i-5, 84,<&--":

while true do
  begin
    bi := true;
    while bj do
      if k = j then
        begin
          bi := false;
          while k = j do skip; 
          bi := true
        end;
    〈critical section〉;
    k := j;
    bi := false
  end;

;, "$"),5%% - 84%1&4,1 ")5,4%01" /'"%1$,5, %-()*+&$%6, 4"--1"04%/"&131 / 4:(,/,#-0/& [6], #)6
1,#&)%4,/"$%6 =0,5, ")5,4%01" 8,-04,%1 "/0,1"0 - +&034.16 -,-0,6$%61%: IDLE (4"2,0" /$& (4%0%+&-(,9
-&(<%%), ENTERING (,>%#"$%& /?,#" / (4%0%+&-(:* -&(<%*), CRITICAL (/38,)$&$%& (4%0%+&-(,9 -&(<%%),
EXITING (/3?,# %' (4%0%+&-(,9 -&(<%%). @)"/$39 /$:04&$$%9 <%() ")5,4%01" 2:#&0 ,04">&$ / ("+&-0/&
8&4&?,#,/ %' -,-0,6$%6 ENTERING. A '"/%-%1,-0% ,0 '$"+&$%9 8&4&1&$$3? k % b -,-0"/$,5, -,-0,6$%6, "/0,1"0
8&4&?,#%0 )%2, / -,-0,6$%& CRITICAL, )%2, 84,#,)>"&0 ,>%#"0. /38,)$&$%6 -,,0/&0-0/:*B%? :-),/%9,
,-0"/"6-. / 0,1 >& -,-0,6$%%.

7)6 %-()*+&$%6 %' 4"--1,04&$%6 /38,)$&$%9 84,54"113, (,0,43& 1,5:0 04%/%").$, $"4:C%0. 04&2,/"$%6
,0-:0-0/%6 5,),#"$%6, /3#/%$&1 :-),/%6 FAIRNESS, ("( 4&(,1&$#:&0-6 / #,(:1&$0"<%% [7]. A,-8&4/3?, (">#39
84,<&-- #,)>&$ /38,)$60.-6 2&-(,$&+$, +"-0, (FAIRNESS running), " /,-/0,43?, 84,<&-- $& #,)>&$ #&4>"0.
-/,* 2),(%4,/(: 2&-(,$&+$, (FAIRNESS state = EXITING).

D4,1& 0,5, /3#/%$&1 04% :-),/%6, (,0,43& $&,2?,#%1, /&4%E%<%4,/"0.: /'"%1$,& %-()*+&$%& (,2" 84,<&--" $&
1,5:0 ,#$,/4&1&$$, $"?,#%0.-6 / -,-0,6$%% CRITICAL), % ,0-:0-0/%& 5,),#"$%6 (">#,5, %' 84,<&--,/ (&-)%
84,<&-- (,5#"-)%2, $"?,#%0-6 / -,-0,6$%% ENTERING, -, /4&1&$&1 ,$ 8,8"#&0 / -,-0,6$%& CRITICAL). D4,1&
0,5,, #)6 84,/&4(% (,44&(0$,-0% /38,)$&$%6 #,2"/%1 :-),/%6 0,5,, +0, (">#39 84,<&-- ?,0. 4"' /?,#%0 /
(4%0%+&-(:* -&(<%*.

MODULE main
  VAR
    k : {1, 2};
    b : array 1 .. 2 of boolean;
    proc1 : process user(1, k, b);
    proc2 : process user(2, k, b);
  ASSIGN
    init(b[1]) := FALSE;
    init(b[2]) := FALSE;
  SPEC
    AG !(proc1.state = CRITICAL & proc2.state = CRITICAL);
  SPEC
    AG (proc1.state = ENTERING -> AF proc1.state = CRITICAL);
  SPEC
    AG (proc2.state = ENTERING -> AF proc2.state = CRITICAL);
  SPEC
    AF (proc1.state = CRITICAL)
  SPEC
    AF (proc2.state = CRITICAL)



MODULE user(i, k, b)
  VAR
    state : { IDLE, ENTERING, CRITICAL, EXITING };
  DEFINE
    j := 3 - i;
  ASSIGN
    init(state) := IDLE;
    next(state) := case
      state = IDLE : { IDLE, ENTERING };
      state = ENTERING & b[j] = FALSE : { CRITICAL };
      state = ENTERING & b[j] = TRUE : { ENTERING };
      state = CRITICAL : { CRITICAL, EXITING };
      state = EXITING : IDLE;
    esac;
    next(b[i]) := case
      state = ENTERING & b[j] = TRUE & k = j : FALSE;
      state = ENTERING : TRUE;
      state = EXITING : FALSE;
      TRUE : b[i];
    esac;
    next(k) := case
      state = EXITING : j;
      TRUE : k;
    esac;
  FAIRNESS
    running;
  FAIRNESS
    state = EXITING;
  FAIRNESS
    state = ENTERING;

!"#$% NuSMV %&' %())$* +$%,&-:

$ NuSMV -r nusmv2.smv
*** This is NuSMV 2.5.3 (compiled on Mon Jul  4 07:18:04 UTC 2011)
WARNING *** Processes are still supported, but deprecated.      ***
WARNING *** In the future processes may be no longer supported. ***

WARNING *** The model contains PROCESSes or ISAs. ***
WARNING *** The HRC hierarchy will not be usable. ***
-- specification AG !(proc1.state = CRITICAL & proc2.state = CRITICAL)  is true
-- specification AG (proc1.state = ENTERING -> AF proc1.state = CRITICAL)  is true
-- specification AG (proc2.state = ENTERING -> AF proc2.state = CRITICAL)  is true
-- specification AF proc1.state = CRITICAL  is true
-- specification AF proc2.state = CRITICAL  is true
system diameter: 8
reachable states: 32 (2^5) out of 128 (2^7)

./$ 0$$12,)-, 3$%/#,45%(,/ /$, 6/$ )( )(7,* +$%,&- #"3$&)'8/0' #0, 3'/9 34,%:'#&,))"; <0&$#-*.

!"#$%

SPIN - NuSMV 3$=#$&'8/ >??,@/-#)$ #,4-?-A-4$#(/9 4(1$/< 4(034,%,&,))"; 0-0/,+, # /$+ 6-0&, 34$#,4'/9
)(&-6-, B$)$@ - B$&$%()-'. ! 4(1$/, 1"& 0+$%,&-4$#() (&B$4-/+ #=(-+)$B$ -0@&86,)-' C,@@,4( - 34$-=#,%,)(
34$#,4@( ,B$ @$44,@/)$0/-. D$&$5-/,&9)"+ +$+,)/$+ 34- 34$#,%,)-- 4(1$/" 0/(&$ /$, 6/$ %&' 4(00+$/4,))";
34-+,4$# 0-0/,+" NuSMV - SPIN 34$-=#$%-&- (#/$+(/-=-4$#())<8 #,4-?-@(A-8 +,)97,, 6,+ =( 0,@<)%<.

E%)(@$ # 34$A,00, 4(1$/" #"'0)-&$09, 6/$ 34$A,%<4" 34,$14(=$#()-' LTL-?$4+<&" # (#/$+(/ F8;- -= 3(@,/(
SPIN -)$B%( 34-#$%'/ @ ),34(#-&9)"+ 4,=<&9/(/(+. C&' 3$&<6,)-' @$44,@/)"; (#/$+(/$# -03$&9=$#(&$09
04,%0/#$ LTL 2 BA [4] - Spot [8].
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