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VIN EQU P1.0
VOUT EQU P1.1
W100US EQU 50

RREAD: PUSH IE
CLR EA
CLR VIN
NOP
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JB VOUT,
JNB VOUT,
MOV RO, #8

LOOP:

SETB VIN
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DINZ R1,

CLR VIN

MOV R1, #W100US
DJINZ R1,

MOV VOUT, C
RLC A

DJINZ RO, LOOP
SETB VIN

POP |E

RET
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n Features
1. Impervious to coor and reflectiviy of eflective object
2. High precision distance measurement output for direct
connecton to microcomputer
3. Low dissipation current at OFF-state
(dssipation curent at OFF-state : TYPI8)
4

Compact, High Sensitive Distance
Measuring Sensor
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hrough change the opicalporton (fens)

ors for consumer products such as
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+ PSD: Posiion Sensive Detector
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DJINZ R1,
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POP |E
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sO C !

Group by state / channel / direction:

1. Join
2. Negate
3. DNF / Simplify

4. Split

sO

x>=1 && y<4 X<=3 && y>=2

cl! cl

sl

s2

clock x, v;
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Group by state / channel / direction:

1. Join (x 1ry<4) (x 3y 2
2. Negate (x<1l y 4HYr (x> 3 _y< 2
3. DNF / Simplify
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Key issue: splitting disjunction
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Group by state / channel / direction:

1. Join

2. Negate

3. DNF / Simplify
4. Split

x[i]<=i

clock x[n];
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3. DNF / Simplify

4. Split
x[i]<=i
<0 c!
O )
/ o
c!
0 X[1]<=1
// c!

clock x[n]; \ x[n-1]<=n-1

c!

19: Xi > |
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Selection bindings

sO C !
Group by state / channel / direction:
1. Join 91 2 f0O;:::;n
2. Negate 81 2f0:::::n

3. DNF/Simplify 8i2f0;:::;n

4. Split
x[i]<=i
<0 c!
O )
/ o
c!
0 X[1]<=1
// c!

clock x[n]; \ x[n-1]<=n-1

c!

19:x; |
19: Xi > |

19:xj > |
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Selection bindings

sO C !
Group by state / channel / direction:
1. Join 912 f0;:::;n  1g:x; i
2. Negate 81210;:::;n 1g:xj > |

3. DNF/Simplify 8i2f0;:::;n 1g:xj > i

4. Split
X[il<=i forall (i : iné[’()),n - 1)) x[i]>i X[il<=i
sO . Err c?
O J
/ o
c!
0 X[1]<=1
// CI

clock x[n]; \ x[n-1]<=n-1

c!



Selection bindings

sO C |
Group by state / channel / direction:
1. Join 912 f0;:::;n  1g:x; i
2. Negate 81210;:::;n 1g:xj > |

3. DNF/Simplify 8i2f0;:::;n 1g:xj > i

4. Split
X[il<=i forall (i : iné[’()),n - 1)) x[i]>i X[il<=i
sO . Err c?
O J
/ o
c!
0 X[1]<=1
/ CI

\ | Sometimes it's easy. ..
clock x[n]; x[n-1]<=n-1

c!
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1. Join

2. Negate
3. DNF / Simplify
4.  Split
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Selection bindings

1. Join (9s11;::55S1n,:01) . _(9Sm1;: 5 Smnpy i Om)
2. Negate

3. DNF / Simplify

4.  Split
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Selection bindings

E = 1(S1:01):::7:(Sm:9m)9
1. Join (9s11;::55S1n,:01) . _(9Sm1;: 5 Smnpy i Om)
9S11;::1,S1ny i Sm1 i Smny, 91— _ Om
2. Negate 8S11;::::S1n i i Sm1y i Smng, c- 91N N Om

3. DNF / Simplify
4.  Split
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E=1f(S1;01)::5(Smigm)d
Join (9s11;::5:S1n,:01) . _(9Sm1;: iSmnyy, -Om)
9S11;::1,S1ny i Sm1 i Smny, 91— _ Om
Negate 8S11;:::;S1ns - Sm 1 i Smngy - 91 N Om
DNF / Simplify 8S11;:::;S1n,s: iSm 1 i Smny, 01 _ Omo

Split
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E = 1(S1:01):::7:(Sm:9m)9
Join (9s11;::5:S1n,:01) . _(9Sm1;: iSmnyy, -Om)
9S11;::1:S1n,: i Sm1: i Smny t01 . _ Om
Negate 8S11;:::;S1ns - Sm 1 i Smngy - 91 A Om
DNF / Simplify 8S11;:::;S1n,s:iSm 1 i Smny, (01 _ _Ompo
Split? (8S2:T1) _  _ (8S26:Tmo0)

not always possible!
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9S11;:: S1ny i Sm 1y i Smng c91 . _ Om
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4.  Split? (8S2:T1) _  _ (8S26:Tmo0)
not always possible!
x<a[s] && y>bl[s] c?
clock x, y;

typedef scalar [N] IDXT;
int a[IDXT], b[IDXT];



Selection bindings

1. Join

2. Negate
3. DNF / Simplify
4. Split?

x<a[s] && y>bl[s]

c?

clock x, y;
typedef scalar [N] IDXT;
int a[IDXT], b[IDXT];

(857:T1) _

— (88,?1 0:Gm o)

not always possible!

x<a[s] && y>Dbl[s] c!

Err

O O

forall (s : IDXT) x>=a[s] || y<=b[s]

c! X




Selection bindings

1. Join

2. Negate

3. DNF / Simplify

4.  Split?

x<a[s] && y>bl[s]

(9S11;:::5S1n,:01) (9Sm1;:i 5 Smnpy 1Om)

9S11;::1,S1ny i Sm1 i Smny, 91— _ Om

8S11;::;S1n,s i iSm 1 i Smng, - 1Y N Om

8S11;:::;S1nys i Sm 1 i Smng 01— _ Omo
(85 01) _ _(8500 Omo)

not always possible!

c? x<a[s] && y>b[s] c!

clock x, y;

typedef scalar [N] IDXT;
int a[IDXT], b[IDXT];

.In general, another trick is needed. X

Err

O O

forall (s : IDXT) x>=a[s] || y<=b[s]

18-
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1. Join

2. Negate
3. DNF / Simplify
4. Split
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1. Join (9S18A1:01) _

2. Negate
3. DNF / Simplify
4. Split
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Selection bindings, Quantier s

1. Join (9S18A1:01) . (9Sm 8Am:Om)
9S1;:::;Sm 8A1; i Ami01 _ _ Om

2. Negate

3. DNF / Simplify

4. Split



Selection

bindings, Quantier s

Join (9S18A1:91) .  _ (9Sm 8Am:Om)

9S1;:::;Sm 8A1; i Amigr . Om
Negate 8S1;:::;Sm 9A; i Amii g A N Om
DNF / Simplify

Split

19-(
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bindings, Quantier s

Join (9S18A1:91) .  _ (9Sm 8Am:Om)
9S1;:::;Sm 8A1; i Amigr . Om

Negate 831;:::;5m 9A1; i Amii g A N Om

DNF / Simplify 8S1;:::;Sm 9A1; 11 Am T _ _Ompo

Split
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Join (9S18A1:91) .  _ (9Sm 8Am:Om)
9S1;:::;Sm 8A1; i Amigr . Om

Negate N Om

DNF / Simplify _Ompo

Split
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DNF / Simplify
Split?
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Selection bindings, Quantier s

1. Join (9S18A1:01) . (9Sm 8Am:Om)
— Um
2. Negate L Om
3. DNF / Simplify _Ompo
4. Split? 9A1; 11 Am:(8SY:T1) _  _ (8S? 0:Tmo)
even worse!
Devise a predicate cansvap(' ) v
Use a looping construction (if no scalars) (not yet)

(also works for simpler case where Aj = ;)

19-I



Selection bindings, Quantier s
9s1 sz 8ap: ((K[s1] > 3”7 bsi]la1]) _ (K[sz] < 1))

Sq tint [0, N]
forall aq:int [0,N] Kk[sq] > 3 & b[sq][a]

4 h

© (Kl 30Kl _( bl Kl Q. C

bool b[N+1][N+1];
clock k[N+1];

So tint [0, N] _ .
\ kso] < 1 meta int[O,N] t1, t2; /




Selection bindings, Quantier s

S1

9s1 s2 8az: ((K[s1] > 37 b[s1][a1]) _ (K[sz] < 1))

8s1 sz 9ay: ((K[sy]

-int [0, N]

34 K[s,]

forall aq:int [0,N] Kk[sq] > 3 & b[sq][a]

1) _ (: gsi]lai] * K[s2] 1))

~

O

\

So tint [0, N]
k[sp] <1

~

Q, ¢

bool b[N+1][N+1];
clock k[N+1];

/
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Selection bindings, Quantier s

S1

8s1 sz 9ay: ((K[sy]

-int [0, N]

9s1 s2 8az: ((K[s1] > 37 b[s1][a1]) _ (K[sz] < 1))

34 K[s,]

forall aq:int [0,N] Kk[sq] > 3 & b[sq][a]

1) _ (: gsi]lai] * K[s2] 1))

-

So tint [0, N]
k[sp] <1

t1=0,t2:0

~

Q, ¢

bool b[N+1][N+1];
clock k[N+1];

meta int[O,N] t1, t2; /




Selection bindings, Quantier s

S1

9s1 s2 8az: ((K[s1] > 37 b[s1][a1]) _ (K[sz] < 1))

8s1s2 9ag: ((K[s1] 3" kls2]

-int [0, N]

forall aq:int [0,N] Kk[sq] > 3 & b[sq][a]

1) _ (: gsi]lai] * K[s2] 1))

~

forall aq :int [0, N]
Klty] > 3 & b[t1][a1]

O

\

t1=0,t2:0

So tint [0, N]
k[sp] <1

~

Q, ¢

bool b[N+1][N+1];
clock k[N+1];

meta int[O,N] t1, t2; /




Selection bindings, Quantier s

9s1 s2 8ar: ((k[s1] > 3" bsi][a1]) _ (k[s2] < 1))
8s1s2 9as:((K[s1] 3”7 k[s2] 1) _ (¢ bsillaa] * kis2] 1))

Sq tint [0, N]
forall aq:int [0,N] Kk[sq] > 3 & b[sq][a]

~

forall aq :int [0, N]
Klty] > 3 & b[t1][a1]

O c

tl = tl +1

aq -int [0, N]
ty <N & blty][a;] & Kty ]

S, :int [0, N] t1 =t +1
\ k[Sz] <1

1

~

Q, ¢

bool b[N+1][N+1];
clock k[N+1];

meta int[O,N] t1, t2; /




Selection bindings, Quantier s

9s1 s2 8ar: ((k[s1] > 3" bsi][a1]) _ (k[s2] < 1))
8s1s2 9as:((K[s1] 3”7 k[s2] 1) _ (¢ bsillaa] * kis2] 1))

Sq tint [0, N]
forall aq:int [0,N] Kk[sq] > 3 & b[sq][a]

/ aq :int [0, N]

t1:0,t2:t2+1 tle,t2:t2+1

forall aq :int [0, N]
Klty] > 3 & b[t1][a1]

O c

tl = tl +1

aq -int [0, N]
ty <N & blty][a;] & Kty ]
tl = tl +1

So tint [0, N]
\ k[Sz] <1

1

~

t;] ==N & t) <N & K[t;] 3 & K[tp] 1 t; ==N & ty < N & lb[t;][a;] & K[t,] 1

Q, ¢

Err

bool b[N+1][N+1];
clock k[N+1];

meta int[O,N] t1, t2; /




Selection bindings, Quantier s

S1

9s1 s2 8az: ((K[s1] > 37 b[s1][a1]) _ (K[sz] < 1))

8s1 sz 9ay: ((K[sy]

2int [0, N]
forall aq :int [0, N]

k[sq1] > 3 & b[sq][a4]

37 K[so] 1) _ (¢ bsiflaa] ™ K[s2] 1))

~

t1::N 8&t2 <N 8&k[tl]

ap

2int [0, N] \

3 & Kty] 1 t; ==N & t, < N & 'bt;][a,] & Kliy] 1
t1:0,t2:t2+1 tle,t2:t2+1

forall aq :int [0, N]
Klty] > 3 & b[t1][a1]

O

-

So tint [0, N]
k[sp] <1

t; <N & bfty]la;] & K[t,] 1

t1:t1+1

t] ==N & ty ==N & K[t;] 3 & kto] 1 \ ¢?

ty =0, t, =0 < <
1=" aq :int [0, N] " Err
t1 ==N & to, == N & b[t{][a] & k[t,] 1 '
tl = tl +1
3y :int [0, N] bool b[N+1][N+1];

clock k[N+1];

meta int[O,N] t1, t2; /




Selection bindings, Quantier s

9s1 s2 8ar: ((k[s1] > 3" bsi][a1]) _ (k[s2] < 1))
8s1s2 9as:((K[s1] 3”7 k[s2] 1) _ (¢ bsillaa] * kis2] 1))

Sq tint [0, N]
forall aq:int [0,N] Kk[sq] > 3 & b[sq][a]

/ aq tint [0, N] \

t]==N & t, <N & Kt;] 3 & k[t,] 1 t; ==N & t, < N & 'bt;][a,] & Kliy] 1
t1:0,t2:t2+1 tle,t2:t2+1

forall aq :int [0, N]
Klty] > 3 & b[t1][a1]

t] ==N & ty ==N & K[t;] 3 & kto] 1 \ ¢?

O c

tl = tl +1

. 9

aq :int [0, N] bool b[N+1][N+1];

S, :int [0, N] tgp =tp +1 . _
\ kso] < 1 meta int[O,N] t1, t2; /

Conjecture that this always works (for bounded integers)

aq :int [0, N]

c?




Channel arrays
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? scalars

chan c[N][ST];
H(_/

multidimensional
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Channel arrays

sO '

Group by state // direction

c IS a set of channels

bounded integers

? scalars

chan c[N][ST];
H(_/

multidimensional
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Group by state // direction chan c[N][ST];
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multidimensional

e.g.c e.g. [2 1][s][3]
Sync hronisations specify an element of a set by a sequence of expressions
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Channel arrays
bounded integers

. ! ? scalars
Group by state // direction chan c[N][ST];

c IS a set of channels Y

multidimensional

e.g.c e.g. [2 1][s][3]
Sync hronisations specify an element of a set by a sequence of expressions

Two possible groupings:
€1 =6 negateQ; _ P
cover other channels
e, 6 € negate O

negate O

cover other channels
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only possibility for scalar types
but integer bindings may span subintervals
chan c[9];
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E= (Si;Auouher; e i) (SmAmiOm; D i €l )

L | nC

expression over state variables
€

single selection binding over whole range
It can be done. o
only possibility for scalar types

No detail in this presentation! but integer bindings may span subintervals
chan c[9];
(fs:[3;5]9;A; g;hsi)

=) (fs:[0;8]g;A, g (s 3)" (s 5);hsi)



Channel arrays, (some) Selection bindings
E= (Si;Auouher; e i) (SmAmiOm; D i €l )

expression over state variables
€
single selection binding over whole range

It can be done. o
only possibility for scalar types

No detail in this presentation! but integer bindings may span subintervals
Introduce selection bindings to chan c[9];
cover all channels. .. (fs:[3:5]g;A; g; hsi)

...add a predicate to each =) (fs:[0;8]g;A; g” (s 3)" (s 5);hsi)

transition before joining them.



Channel arrays, (some) Selection bindings
E= (Si;Auouher; e i) (SmAmiOm; D i €l )

expression over state variables

e —
I

~ single selection binding over whole range
It can be done. o

only possibility for scalar types

No detail in this presentation! but integer bindings may span subintervals
Introduce selection bindings to chan c[9];
cover all channels. .. (fs:[3:5]g;A; g; hsi)

...add a predicate to each =) (fs:[0;8]g;A; g” (s 3)" (s 5);hsi)

transition before joining them.

What about more general expressions involving selection bindings?
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only possibility for scalar types
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cover all channels. .. (fs:[3:5]g;A; g; hsi)
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transition before joining them.

What about more general expressions involving selection bindings?

Key property: each S, valuation speci es a different channel
Yes: S+ 2, Yes:S 3



Channel arrays, (some) Selection bindings
E= (Si;Auouher; e i) (SmAmiOm; D i €l )

expression over state variables

e —
I

~ single selection binding over whole range
It can be done. o

only possibility for scalar types

No detail in this presentation! but integer bindings may span subintervals
Introduce selection bindings to chan c[9];
cover all channels. .. (fs:[3:5]g;A; g; hsi)

...add a predicate to each =) (fs:[0;8]g;A; g” (s 3)" (s 5);hsi)

transition before joining them.

What about more general expressions involving selection bindings?

Key property: each S, valuation speci es a different channel
Yes: S+ 2, Yes:S 3 No:smodb5, No:( Xx:1)s
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Implementation: urpal

XML — parse XML - parse desc. = manipulate

(this talk) (graphviz)

Written in (mostly functional) Standard ML

= layout

Our basic library is generic and BSD-licensed (libutap

Includes some other manipulations

Source code and binaries online, go gle: urpal

= pretty print — XML

IS not required)
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Implementation: urpal

XML — parse XML - parse desc. = manipulate = layout

= pretty print — XML

(this talk) (graphviz)

Written in (mostly functional) Standard ML

Our basic library is generic and BSD-licensed (libutap  is not required)

Includes some other manipulations

Source code and binaries online, go gle: urpal

Validating determinism and tool
. fault  deterministic(S) =) (S kS°F A : Erm)

The construction does not depend on determinism

A precise check must consider the reachable state space

31-



Summary

Introduction to a construction for deciding timed trace inclusion
Various tricks needed for various features of Uppaal

Implemented (mostly) and available online
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Summary

Introduction to a construction for deciding timed trace inclusion
Various tricks needed for various features of Uppaal

Implemented (mostly) and available online

Further work
Improve simpli cation of terms (connect with other tools?)

Is it easier in Uppaal TIGA?



x>=15  vinL! x=0
y > minmark vinL!
y=0, b=b-1, changed = false
b>0&& sample! s8
y > minspace
b>0 &&
y > minspace
x<=2 vinH!  y=0 x<15
s4 6 s9 w==| s10 sl1
vinH! x=0 _/™ vinL! x=0,y=0, b=7,w=1, sample! b==0 && x >= 10 && y > minspace vinH! Y voutH! powerOff! {)
o changed=false o x=0, y=0 w=1 T e=15
w==1 && y<=maxtrans w==0 && y<=maxtrans w==1
&& !changed && !changed voutL!
voutL! voutH! w=0

w=0, changed = true

w=1, changed = true
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x>=15 vinL! x=0
y > minmark vinL!
y=0, b=b-1, changed = false
b>0&& sample! s8
y > minspace
b>0 &&
y > minspace
X<=2 vinH!  y=0 x <15
s4 6 s9 w== s10 sl11
vinH! x=0 _/™ vinL! x=0,y=0, b=7,w=1, sample! b==0 && x >= 10 && y > minspace vinH! Y voutH! powerOff! {)
o changed=false N x=0, y=0 w=1 T e=15
w==1 && y<=maxtrans w==0 && y<=maxtrans w==1
&& !changed && !changed voutL!
voutL! voutH! w=0
w=0, changed = true w=1, changed = true
vinH! voutL! vinH! voutL!
vinH? voutL? vinH? voutL?
vinL! powerOff! vinL! powerOff!
vinL? powerOff? y<=minmark vinL? powerOff?
voutH! sample! voutH! sample!
voutH? voutH? sample? x>=15 vinL? x=0
y>minmark vinL?
y=0,b=b-1, changed = false
s8
b>0 && sample?
y>minspace
vinH? b>0 &&
y=0 y>minspace
vinH?
y=0
. s4 . i ) . 59 s10 si1
vinH?  x=0 ~—\ x<=2  vinL? y>maxtrans s6 b==0 && x>=10 && y>minspace vinH? )\ W==0 && x<15 x>=15
U x=0,y=0,b=7, sample? x=0,y=0 voutH? w=1 “_/ powerOff?
w =1,changed = false
w==0 && y<=maxtrans && !changed
w==1 && y<=maxtrans voutH? w = 1, changed = true
&& !changed —_
voutL? w =0, changed = true vinH! vinH! yo_u_tb&& x<15
b<=0 vinH? b!=0 && b<=0 vinH? W= 0'
y<=minspace vinH? b!=0 && y<=minspace vinH?
2 me! x<10&&b<:0 ﬁnH?
) ) Y<=2  vinH! vinL? x<10 && y<=minspace v!nH? x>=15 . ) )
vinH! vinH! Y<=2 vinH5 voutH! y<=minspace && b<=0 vinH? X<15 vinH! vinH! vinH!
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vinL! vinL? y>maxtrans  voutH? vinL? x<15 vinL? x<15 vinL? vinL?
vinL? voutH! Xx<=2 voutH! changed voutL! voutH! x<15 voutH! voutH! voutH!
voutH! voutH? X<=2 voutH? wi=1 voutL? voutH? x<15&& w!=0  voutH? voutH? voutH?
voutL! voutL! Xx<=2 voutL! y>maxtrans  voutL? voutL! X<15 voutL! voutL! voutL!
voutL? voutL? X<=2 voutL? changed voutL? voutL? X<15 && w!=1  voutL? voutL? voutL?
powerOff! powerOff! x<=2 powerOff! powerOff! powerOff! X<15 powerOff! powerOff! powerOff!
powerOff? powerOff? x<=2 powerOff? powerOff? powerOff? Xx<15 powerOff? x<15 powerOff? powerOff?
sample! sample! x<=2 sample! sample! sample! X<15 sample! sample! sample
sample? sample? x<=2 sample? y<=maxtrans  sample? sample? Xx<15 sample? sample? sample?
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