// This is a comment.

// The fellowing line would have been initialized had we written

// In i : [0..5] where 1 = 5;
in 1 : [0..51:
Pl::

[
1 0: while (i>0) do |
1 1: i =1 - 1;
1;
1 2:

MODULE main

. VAR
pil: {1.0,1 1,1 2}; #% control
i: 0..5;
INIT
pit = 1.0 .. ..
DEFINE

at_1_0 := pil =

af_l 1 = pil =
at 1. 2 := pil = ;
control_variables :=

- pil ; _

control_variables_support :=
support {(pil) ;

r

_0;
_1;
_2

e

# 1.0

( | _
pil = 1.0 & ( ((1 > 0) & next(pil) = 1_1) | (I{i > 0) &
next (pil) 1. 2} ) & next(i) = 1

)|
$ 1.1
(

pil = 1_1 & next{pil) = 1_0 & next (i) = (i - 1)
)

JUSTICE




The output of this command looks something like this:

% tlv count.spl
TLV version 2.0
Finding transition of main ... This transition is named _tlil,_d[i]

resources used:

user time: 0.0333333 s, system time: 0.0166667 s
BDD nodes allocated: 156

Bytes allocated: 202208

Loaded rules file.

Your wish is my command .

>>




>> simulate 100;

Adding 99 new steps to simunlation a
Simulation evecutlon terminated at
Wew simulation created

mo X
oM
v
et

pry
M

o]
=t
3

Y

>> ghow_all;

~——— Step 1

pil = 1.0, 1=25,

———-~ 3tep 2

pil = 1.1, 1= 5,

~—-—= Step 3

pil = 1.0, i=4,

~~-- Step &

pil = 1.1, 1= 4,

—--—~ Step b ~

pil = 1_0, i=3,

~——— Step 6 -

pil = 1_1, 1= 3,

—~——— Step 7 _

pil = 1.0, | i= 2,
© ———= Step 8

pil = 1.1, i=2,
e Step 9. . .

pil = 1.0, | i=1,

~——— Step 10

pil = 1_1, i=1,

-——— Step 11

pil = 1_0, i=0,

~-—— Step 12

pil = 1.2, i=0,

--—— Step 13

Halt




local
local
local
local

bool;

: bool;
boel;
[1..47;

N

Pl::

[_I

HlF

N B o
L
I

MODULE main
VAR
© pii: {1.0,1.1,1_2}; # control
x: boolean;
v: boolean;
7: boolean;
i: 1..4;

DEFINE
at_1_0 := pil =
at_1 1 := pil = 1_
at-_l_z = pll = Al_&4;
control_variables :=
pil ;
control_variables_support :=
support (pil) ;

0;
1;
2

e

1.1 & next ()
i

0 & next(pil) TRUE & next{y) = v &

z & next (i)

pil = 1_1 & next(pil) = 1_2 & next(y)
next (z) = z & next(i) 1

1]

FATLSE & next(x) = x &

JUSTICE
I at_1 0,
U at_1_1




TLeL dynamic_var := expression;

For example, we can enter the following:

>> Let & = x \/ v;
>> Let b =2 /\ v;

Expressions

The following table detalls all the boolean expressions:

0pefator TLV
A &, /\
v
= !
— ->
—r <—>

We can also use some expressions which are not part of propositional calculus. For example:

>> Let d = 1 = 3;




start e — create a new simulation which has only the first step {(which is the initial state),
constrained according to expression e. This command can be used to start a simulation with
the input variables initialized with a particular assignment.

cont n — extend an existing simulaticn by n steps.

step e — try to extend an existing simulation by one step, where in the next siep, the
expression e holds. If there is no such step then the simulation is not extended.

157 . .
trunc n-— tru%&ate simulation at step n.

last — print last step of the simulation.

show 1 — show a part of a simulation which includes step n.




1
o

out v : [0..200] where y =
local x : [0..1] where x

Pl:: 1

1_0: while x=0 do
[ 1.1: v :=v¥ + 1);

‘MODULE main

pil: {1.0,1.1,1_2}; # control
pi2: {m 0,m 1}; # control

v: 0..200; |
x: 0..1;

INIT
pil = 1_0 &
pi2 = m 0 &
{xx.= 0} &
(v = 0}

DEFINE
at 1 0 := pil = 1_0;
at_1_1 := pil = 1_1;
at_1 2 := pil = 1_2;
atk m 0 := pi2 = m 0;
at_m 1 := pi2 = m_1;
centrol wariables :=
pil &
pi2 ;

control_wvariables_ support :=
support(pil) &
Support(pi2) :

RANG - e
# 1. C
{
Pil = 1.0 & ( {{x = 0) & next{pil) = 1_1) } (1{x = 0) &
next (pil) & next(pi2) = pi2 & next(y) = ¥ & next({x) = x

Il
1=
[N

—

# 1.1

next (pil) 1_0 & next(y)

il
n

(v + 1) & next{pi2} = pi2 &

iw}

I_l
'_I

I
R
-
2]

m 1 & next (x)

i]

pi2 = m 0 & next (pi2)

1 & next(pil) = pil &
next {y)

JUSTICE
Vat 1.0,
Vat_1_ 13,
1 at_m_0




>> simulate 100;

Adding 99 new steps to simulation
Simulation execution terminated at step 6
Fey simulation created

>» show_all;

———- Step 1

pii = 1_0, pi2 = m_0C, y = 0, x =0,
———= Step 2

pii = 1_1, pi2 = n_0, v = 0, ¥ =0,
—-—== Step 3

pil = 1_1, PiZ2 = m 1, vy =0, =1,
———— Step 4

pil = 1_0, pi2 = m_1, v =1, =1,
———— Step & :

plil = 1.2, pi2 = m_1, vy =1, r=1,
---~ Step 6

Halt

>> trunc 2;
Simulation truncated at step 2
>> show_all;

———- Step 1 o

pil = 1_0, pi2 = m_0, v = 0, ‘x = 0,
--—— Step 2

pil = 1_1, pi2 =m0, v =0, o =0,

, 55 SJ(E—'P .lOLJ(-P'\_J;

>> step ! at_m_1;
Step 3 was added to simulation
>> step ! at_m_1;
Step 4 was added to simulation

>> step ! at_m_1;
Step 21 was added to simulation




Operator Name - TLV representation
oy Henceforth p []
Op Eventually p <>
pUq p Until ¢ p Until g
pWq p Waiting-for (Unless) ¢ p Awaits g
Crp Next p O
Table 1: Future Temporal Operators
[ Operator Name TLV representation

= p So-far p L]

Sp Once p <>

pSq p Since g p Since g

pBq p Back-tog p Backto g

Op Previously p (2

& Before p- )

Table 2: Past Temporal Operators




x :[0..101;

MODULE main
VAR
x: 0..10;

INTT
TRUE

DEFINE
control_variables :=
0;
control_wvariables_support :=
0;




x :[0..10];

Figure 17: Program emptyx.spl
We can now build a finite representation of an infinite sequence of states:

% tlv emptyx.spl

splc: warning: no code for this program.

TLY versiom 2.0

Finding transition of main ... This transition is empty

resources used:

user time: 0.05 s, system time: 0.0333333 s
BDD nodes allocated: 27

Bytes allocated: 262208

Loaded rules file.

Your wish is my command ...




>>

TLV printed several remarks that the program we loaded has 10 transitions, but we do not need

any transitions for this session.

>>appstep x = 1 ;

4 step has
>> appstep
4 step has
>> appstep
A step has
>> appstep
A step has
>> appstep
A step has
>> appstep
A step has
>> appstep
A step has
>> appstep
L step has
>> setloop

been appended to
x =2 ;

been appended to
x =23 ;

heen appended to
X =4 ;

been appended to
=5

been appended to
x =6

been appended to
x=7;

been appended to
=8 ;

been appended to
6;

the

the

the

the

the

the

the

the

simulation
simulation
simulation
simulaticn
simulg“c ion
simulation
simulation

simulation

Loop set to go back to step 6
>> show.all;

———— Step 1

x=1,

———— Step 2

X =2,

———- Step 3

= 3’ S

—~-- Step 4

X =&,

—~=~- Btep &

x =5,

———— Step 6

=6,

"__;—__:____':_"S_téi)':-?:“"_ L

g s

-——~ Step 8

x =8,

Loop back to step 6

This simulation represents an infinite sequence of states where x has the following values: 1, 2,
3, 4’ 5? 63 7! 8: 6: TJ 83 63 75 83




fsimtl 1t1( temporal formula );

For example, we can examine the interpretation of the O temporal operator. In the following
printout the user requesis t¢ annotate the simulation with the evaluation of the temporal formula
Oz = 6) at each step.

>> feimtl 1t1( Oz = 6) };

-——— State no. 1 =
x=1,

W O&E=6))
w—w—— State no. 2 =
x =2,

O =6))
—-——- State no. 3 =
x =3,
WO&E=86)
-~--= State nc. 4 =
x =4,

WO =6))
===~ State no. 5 =
x =05,

Oz =6

~——— State no. 6 =
x =6,

1O =18))
-~~~ State no. 7 = .
x=7,

WOz =8))
-——— State no. 8 =
x =28

Gx = 6)




Loop back to state €

Tt furms out that this formula holds only on states § and 8. These are hoth states whose successor
is a state where z = 6.

Another example — we can use the Fsimtl command to compare the temporal operators i, ¥ :

5> feimsl 151 (B3 <=z Ez <=4 | z>= 6 ) Tntdl (x=5) );

]

———~ Btate no. 1
wo= 1,
i({(3<=xkzx<=4]|zx

N
jis

6) Until (x = B) )

———— State no. 2 =
z =2,

I (B<=xkx<=4 ] x> 6) Until (x =5) )
———— Stzte no. 3 =
% =3,
(B3<=x %Lz <=4 x> 6) Until {x = B)
~-—-- State no. 4 =
 Benix<=4] x> 6) Until (z=5)
———— S‘ta:te no. b =- ~
x_ e 5, } .
(B<=xzkx <=4 x> 8) Until (x = B)
State'no. 8 =
g .
A f“f~ State mo. 7 =
x= T,
J(_(S <= % & v <=4 | x >= 8) Until (x = 5) )

—~-- State mo. B =
¥ =8,
I B <=z k<=4 x>

l

BY Until (o= £8) )

Leep back to state 6




>> faimtl 131( <>(x = 4) & <(z = 6) );

———— Btate no. 1
z =1
<> {x
<>z =

-

£y, <(x=8)
4) & <> (x = 6)

———— State noc. 2 =

x =2,

<(x=4), <>(x=86)
<>(x=4) & <>(x = 6)

——- 8tate no. 3 =

z =3,

<>(z o= 4), <>(x=86)
<>(zx =4) & <>(z = 6)

——-— State no. 4 =
x = 4, :
<z =4), <>(=z=6)
O(x =4 & <>(x=6)

———~ State no. B
x = b,

W ox=4), <>E=6
I (<>(x =4 -

) & <>{x = 8))

———- State no. 6 =
X =6,
I <>(x = 4) ), <(x=86)
P (<>(x=4) & <>(x=6))
e State To. T =
x=17,
W ({x=4) ), <lx=86)
(< (x=4) & <> =8))

~-—— State no. & =

x =8,

1 <>(z=4)), <(x=28)
P (<>(z=4) & <(x=6))

Loop back to state 6




p :bool;
g :bhool;
r :bool;

Figure 18: Program empty.spl

The command valid checks for validity of temporal formulas for both future and tempo
onerators. The syntax is:

vdﬂihﬁtmﬂpmaLhmmﬁh);}

>> valid 1t1([p -> <>p);
Model checking...

#*% Property is VALID sk
>

The next example shows a simple case where we check a formula which is not valid:

>> valid 11:1([]"13) ;
Model checking...

*+x Property is NOT VALID sk«
. - CountersExample Follows:
Cdiiiene 1o

p =0,
YO Op )

Loop back to state 1




>> valid 1t1(<p —> [Op);
Model checking...

#%% Property is NOT VALID sk

Counter-Example Follows:

1l

-—-- State no. 1
p=20,

<p, YO [Ip )
——-~— Btate no. 2 =
p =1,

<p, 1 p )

Loop back to state 1

>> valid 1t1( [Ip -> p );

>> valid 1t1( [Op > (p );

>> valid.ltlt Dpﬂ-r> (Mp j;

>> valid 1t1( p Until q -> p Awaits g );

>> valid 1t1( p Awaits g ~> p Until q );

.27 walid 1t1( p Backto. d.=> p Since g ).




>> valid 1t1( ! (p Until r Until q) );
Model checking...

s%x Property is NOT VALID s*
~ Counter-Example Follows:
---- State no. 1 =

P:G’ q.._
p Until (r Until q), =x Until g

!
o
|

]
v

——=~ State no. 2 =

p =0, qg=1, r =0,
p Until (r Until g), =r Until g

Loop back to state 1

The counter example is a model which satisfies the original formula plirUq.

On the other hand is the formula [ p A =] ~p satisfiable? :

>> valid 1t1( ! (Op & [L1!p) )
Model checking...

x4k Property is VALID #xx




