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

RREAD:

PUSH |E
CLR EA

CLR VIN
NOP

NOP

JB VOUT, *
JNB VOUT, *
MOV RO, #8

LOOP:

SETB VIN

MOV R1, #W100US
DJNZ R1, *

CLR VIN

MOV R1, #W100US
DJNZ R1, *

MOV VOUT, C
RLC A

DJNZ RO, LOOP
SETB VIN

POP |E

RET
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w=0, changed = true

x<=2
xo=2
x=0

x<=P
xo=P
x=0

X<=P

x>=P
vinL!
x=0

X<=P

x=0

VIN EQU

RREAD:

latch==
88x>=2"P

P
P

xo=P

P1.0
VOUT EQU P1.1
W100US EQU 50

PUSH |E
CLR EA

CLR VIN
NOP

NOP

JB VOUT, *
JNB VOUT, *
MOV RO, #8

LOOP:

x<=2'P

vinH!
x=0

X<=2*P
xo=2° P

X<=2"P
x=2' P
x=0

SETB VIN

MOV R1, #W100US
DJNZ R1, *

CLR VIN

MOV R1, #W100US
DJNZ R1, *

MOV VOUT, C
RLC A

DJNZ RO, LOOP
SETB VIN

POP |E

RET

w=1, changed = true

TIMEDIAG

MCS51

x>=15_ vinll  x=0
> minmark___vinL
¥=0, b=-1, changed = faise
b>08& sample! s8
y > minspace
vinti 50 &8
y= y > minspace
x<=2 VinH! =0 x<15
4 s5 6 s9
VinH! _ x=0 _(P) vinl! x=0.y= sample! b=-088 x>= 1088 y > minspace __vinHl! o
A change« N\ x=0, y=0
w==1 && y<=maxtrans w==0 && y<=maxtrans W=='
88 Ichanged 88 Ichanged voutL!
voutL! voutH! w=0
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x>=15 _ vinL! x=0

> minmark ___vinL!

'
y=0, b=b-1, changed = faise

w=0, changed = true

x<=2' P
xo=2"P
x=0

x<=P
xo=P
x=0

X<=P

x>=P
vinL!
x=0

X<=P

latch==
88x>=2"P
x=0 x>=P

VIN EQU P1.0
VOUT EQU P1.1
W100US EQU 50
RREAD: PUSH IE
CLR EA

CLR VIN
NOP

NOP

JB VOUT, *
JNB VOUT, *
MOV RO, #8

LOOP:

x<=2'P

vinH!
x=0

X<=2*P
xo=2° P

X<=2"P
x=2' P
x=0

SETB VIN

MOV R1, #W100US
DJNZ R1, *

CLR VIN

MOV R1, #W100US
DJNZ R1, *

MOV VOUT, C
RLC A

DJNZ RO, LOOP
SETB VIN

POP |E

RET

w=1, changed = true

b>08& sample! s8
y > minspace
vinti 0 8&
y= y > minspace
x<=2 vinH!  y=0 x<15
4 s5 6 s9
vinH! x=0 _() vinl! x=0, y= sample! b--088&x>=108& y>minspace __ vinHl ___(>)
A change« N\ x=0, y=0
w==1 && y<=maxtrans w==0 && y<=maxtrans W==
&& Ichanged 8 Ichanged voutL!
voutL! voutH! w=0

TIMEDIAG

DRIVER
V]
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SHaRP

GP2D02
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SHARP Gp2D02 sHARP Gp2p02
Compact, High Sensitive Distance @ Timing Chart
x>=15__ vinLl x=0 GP2D02 Measuring Sensor
> minmark__vinL| nFoatures = Outine imensions P S T e
y=0, b=b-1, changed = false 1 Inervions o color ad ety ofefocive hjck . E
2 igh precision ditance messurement ot for dieet F |
. comecton o microcomput |
s 3. Low dispaion curent t OFF-sa |
|
;’z mi}me samplel Gisipaon curentat OFF-sste - TYP. 3 ) |
vinH! 50 && brough change e opical orton () e R A (s JE\J
y=0 y > minspace 0 o0 Eanplo ol dearce messung ot 858 ¢
x<=2 vinH! y=0 x<15 8
s4 5 6 s9 s
vinH! =0 _() vinLl x=0.y= sample! b==0 && x >= 10 && y > minspace vinH VN
N\ change: o x=0, y=0 Ereonrse s
= Applications
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x=0 vinH!
x=0
2 s18
X<=P X2 P
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x=0
3 s19
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xouP xo=P =2"P
x=0 vinL! x=0
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4 s12 s20

X<=P X<=P

xo=P x>=P

x=0 R1=W100US,
x=0

Ril=18& (Ng1
x>=2"P
Ri-=1,

x=0

MCS51

x<=2* P X<=P
latch==" x>=P
88x>=2"P sample!
x=0 x>=P x=0

implements

VIN EQU P1.0 LOOP: SETB VIN
VOUT EQU P1.1 MOV R1, #W100US

s 20 0 o 7T < S it ttraces(Z) C ttraces

RREAD: PUSH IE MOV R1, #W100US
CLR EA DJNZ R1, *
CLR VIN MOV VOUT, C
e abstracts
NOP DJNZ RO, LOOP
JB VOUT, * SETB VIN
JNB VOUT, * POP IE
MOV RO, #8 RET
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SHaRP GP2D02 SHARP GP2D02

Compact, High Sensitive Distance W Timing Chart
x>=15__ vinll  x=0 GP2D02 Measuring Sensor

> minmark __vinL!
y=0, b=b-1, changed = faise

W Outline Dimensions

b>08&&

y > minspace
vinH!
y=0

sample!

>0 &&
y > minspace

x<=2 vinH! y=0 x<15
4 s5 6 s9
VinH!_ x=0 _¢D) vinl! x=0.y=0.b=7.w=1 sample! b==088& x>= 1088 y > minspace ___vinH! o)
A\ changed=false N\ x=0, y=0
 Applications
w==18& y<=maxtrans W==0 8& y<=maxirans we=1
88 Ichanged 88 Ichanged voutL!
voutL! voutH! w=0
w=0, changed = true w=1, changed = true

Fig. 1 Distance Measuring Output vs.
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e L
<o R
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implements must be deterministic

W100US EQU 50 DINZ Ri. * /—\ /
S it ttraces(Z) C ttraces(S
\/

VIN EQU P1.0 LOOP: SETB VIN
VOUT EQU P1.1 MOV R1, #W100US

RREAD: PUSH IE MOV R1, #W100US
CLR EA DJNZ R1, *
CLR VIN MOV VOUT, C

NoP RLC A abstracts

e vour, o sometimes decidable (in Uppaal)
o " [Alur and Dill, 1994]
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Testing timed trace inclusion

Uppaal [Larsen et al., 1997]:

e Timed (safety) Automata
[Henzinger et al., 1992]

® Dense time
e |Local variables

e Modelling: graphical & C-like
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Testing timed trace inclusion

Uppaal [Larsen et al., 1997]:

e Timed (safety) Automata
[Henzinger et al., 1992]

® Dense time
e |Local variables

e Modelling: graphical & C-like



Testing timed trace inclusion

Iq: S:
1y<io2© so©
y>=1 al
al x=0

1 CS S"c?tr

y<3

b!

O

12

e Does 77 implement §?



Testing timed trace inclusion

S: S’ al
30© s0 O Er
c?

a? c!

al x=0
Xx=0
w , Err
[ ~ . f,.!
_ ‘

ﬁ// x<7 a?

x<7 al

x<7 && x>=5 Db?

x<7 bl

s1 X<7 c?

X<=3 cl

X>=7
al| b2 b!| c?| ¢! XE,5? x>§l&& X<7

' al
b?

b!

@ c
s2 ‘ s3 c?

al a?
e S’ is atesting automaton for S e Actions are complemented

e New Err state e |[nvariants are shifted



Testing timed trace inclusion

/
" " '
Il .- 8 . &
o © NGe) b?
y<2 b!
c?
a? c!
y >=1 Xx=0
al
e —
(
—
_
F/ x<7 a?
1 O |
x<7 && x>=5 b?
y<3 1 x<7 bl
S xX<7 c?
X<=3 cl
X>=7
b! a? | al| b? b!| c?| c! XE% x>3 && x<7
' c! al
b?
b!
o C
s2 c?

i2

e Run S’ in parallel with Z

e |Is Err reachable?

53

Er

7

r

-



Testing timed trace inclusion

L@

y<2

b!

c (1,2
o Y 1,2)

r € |1,2)

S’ al

Ne) b?

b!

c?

a? c!

x=0
~
- —

r-—-"‘””"'-~ x<7 a?
x<7 al
x<7 && x>=5 b?

QO x<7__bl

S xX<7 c?

X<=3 cl

x>=7
al| b7 b!| c?| c! X< x>3 88 X<7
b ol

al
b?

b!

®
c?

s2

s3

a?



Testing timed trace inclusion

r € |[l,2)
I - y c [1 2) 8/: |
1y<io2© ’ sO(C% E;’
>=1 a? g;?
' _a! d
S — \ EfT
r - :,.!
 —
F/, x<7 a?
y<§31 CS ” x<7 && x:jg Cl;l"?
: =
y € |1,3) z € [0,2) ——
b! a? | al| b? b!| c?| c! X;i x>3 && X<7
' c! 4l
& o or
c!
i2 s2 o3 c?
e y—zc|l,2)

e Erris not reachable, therefore 71 <y, S
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Testing timed trace inclusion

To: S:
20 @ e
y<2
y>=1 al
al x=0

® <
@D

b!

O

i2

e Change the invarianton i1, fromy < 3toy < 7.

e Does 7, implement S?



Testing timed trace inclusion

/
Io: S’ al
2 10 ‘ sO O b?
y<2 b!
c?
a? c!
y>=1 Xx=0
al
e —— \ Err
- R
~ ?.‘
- —
F/ x<7 a?
& | <7 _al
i1 x<7 && x>=5 b?
1 x<7 Dbl
y<7 S X<7 c?
X<=3 c!
x>=7
b! a? | al| b? bl ¢?| c! XE‘?} x>3 8& X<7
. c! al
b?
b!
o C
o s2 ‘ s3 c?
a?

e Use the same test automaton S’

e |Is Err reachable?



Testing timed trace inclusion

IQZ

y<2

y>=1
al

0@

O

i1
y<7

b!

i2

y € [1,2)

e So far so good...

s2

r € |1,2)

S’ al

Ne) b?

b!

c?

a? c!

=0
e —  Er
~ [ )
J—

] x<7 __a?

x<7 al

x<7 && x>=5 b?

QO x<7__bl

S xX<7 c?

X<=3 cl

xX>=7
all b7 bl ¢?| X< x>3 && X<7
b c!

al
b?

b!

C
c?

s3

a?



Testing timed trace inclusion

r € |1,2)
. ]_ 2 . 7 al
= 0 © vell2) 5" so(§ :
y<2 b!
yom 1 X=(e)1? c!
al %
f_r\
-
o ” ] A
i1 x<7 && x>=5 Db?
y<7 si xz;7 Bl?
(TS [5, 6) T < [6, 7) x5 o
b! a? | al| b7 b!| c?| c! XE?? x>2!&&x<7
%
‘ . 2!!
io s2 ‘ s3 c?
o y—xcll,2)
[1,2) [5,6)
—

e Erris reachable, therefore 7 £, S, counterexamples: — a!

b!

Err

N
7 // '

13
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Automation and Uppaal features

Why automate? e Construction is tedious and error-prone,

e Testing reveals flaws which require fixes, then more testing. ..

Automate existing construction

[Stoelinga, 2002, Jensen et al., 2000] urgent nodes v
But what about extra Uppaal features? urgent channels v
shared variables 1/

selection bindings v
quantifiers v/ /
channel arrays / /
committed nodes X

broadcast channels v/ X

process priorities X



File Edit Yiew Tools Options Help

|Bja® |a]a e |[B @~
Editor | Simulator | Verifier
Drag out : MName: |Template | Parameters: | |
1 Project tint[0,N-1] sint[0,N-1]  [4]
[ Declarations : t=—=glrr c[t][m]! sl=curr && s|=
o- & Template s =
[ System declarations :
8 sint[0,M-1]
é s>h && forall {i: ST)k[] > 5 c[sIm]? curr=s
| &
450 51
[ Edge | Comments x|
<] | ¥
e T T I S A I A A R I A A S A AT T T Celect: S:int[l:l_,N—l] -----------------------------------

Guard: s=h && forall i STY K[i] = &

Uppaal transition features

Sync  |c[s][m]?

e Basic guards

e Selection bindings Update:urr=s

e Universal quantifiers in guards

[0],9 Cancel

e Channel arrays



sO C !
Group by state / channel / direction:
1. Join
2. Negate

3. DNF / Simplify

4. Split

sO

x>=1 && y<4

c!

X<=3 && y>=2

c!
s2

s1

clock x, y;

16



sO C !
Group by state / channel / direction:

1. Join
2. Negate
3. DNF / Simplify

4. Split

sO

x>=1 && y<4

c!

X<=3 && y>=2

c!

si s2

clock x, y;

(z>21ANy<4)V(x<3Ay > 2)
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sO C !
Group by state / channel / direction:
1. Join (z>21NANy<4)V(x<3ANy>2)
2. Negate (r<1Vy>4)N(x>3Vy<2)

3. DNF / Simplify

4. Split

sO

x>=1 && y<4

c!

X<=3 && y>=2

c!

si s2

clock x, y;



sO C !
Group by state / channel / direction:

1. Join (z>21NANy<4)V(x<3ANy>2)
2. Negate (r<1Vy>4)N(x>3Vy<2)
3.  DNF/ Simplify
(z<1IAz>3)V (y>4Nx>3)V (e<1Ay<2)V (y>4ny<2)

4. Split

sO

X<=3 && y>=2

c!

x>=1 && y<4

c!

s s2

clock x, y;

16-
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sO C !
Group by state / channel / direction:

1. Join (z>21NANy<4)V(x<3ANy>2)
2. Negate (r<1Vy>4)N(x>3Vy<2)
3. DNF / Simplify
AT I) V (y24he>3) V (2 <1y <2) V (=g 2)
4. Split

sO

x>=1 && y<4

c!

X<=3 && y>=2

c!
s2

s1

clock x, y;



sO C !
Group by state / channel / direction:
1. Join (z>21NANy<4)V(x<3ANy>2)
2. Negate (r<1Vy>4)N(x>3Vy<2)

3. DNF / Simplify

(TTEATS3) V (Y2 4AT>3) V (2 < 1Ay <2) V (y >Hhig< 2)

4. Split
X<=3 && y>=2 x>=1 && y<4
c! > c?

s2 si ‘

y>=4 && x>3
c?

sO sO

x>=1 && y<4

c!

X<=3 && y>=2

c?

s1

x<1 && y<2
c?
clock x, y;



16-

sO C !
Group by state / channel / direction:
1. Join (z>21NANy<4)V(x<3ANy>2)
2. Negate (z<1Vy>4HN(x>3Vy<?2)

3. DNF / Simplify
(AT ) V (y>4Az>3) V (x<1Ay<2) V (y SHAg< 2)
4. Split

sO sO

X<=3 && y>=2 x>=1 && y<4
c! > c?

s2 si '

y>=4 && x>3

Key issue: splitting disjunction |

x>=1 && y<4

c!

X<=3 && y>=2

c?

s1

x<1 && y<2

c?
clock x, y;



Selection bindings

sO C !

Group by state / channel / direction:

1. Join
2. Negate
3. DNF / Simplify
4. Split
x[i]<=i
S0 c!
O

clock x[n];
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Selection bindings

sO C !
Group by state / channel / direction:

1. Join
2. Negate
3. DNF / Simplify
4. Split

X[i]<=i
S0 c!
O

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

c!



Selection bindings

sO C .
Group by state / channel / direction:
1. Join Jie{0,...,.n—1}.x; <1
2. Negate
3. DNF / Simplify
4. Split
X[i]<=i

S0 c!
O

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

c!

17



Selection bindings

sO C !
Group by state / channel / direction:

1. Join Jie{0,...,.n—1}.x; <1
2. Negate Vie{0,...,n—1}.x; >4
3. DNF / Simplify
4. Split
X[i]<=i
sO c!
O J
/ X[0]<=0
c!
// X[1]z|=1

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

c!

17



Selection bindings

sO C !
Group by state / channel / direction:
1. Join J4i€40,...,n—1}.x; <14
2. Negate Vie{0,...,n—1}.x; >4
3. DNF/Simplify Vie{0,...,n—1}.2; >1
4. Split
X[i]<=i
s0 c!
O )
/ x[0]<=0
c!
// X[1]z|=1

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

c!

17
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Selection bindings

sO C !
Group by state / channel / direction:

1. Join Jie{0,...,.n—1}.x; <1
2. Negate Vie{0,...,n—1}.x; >4
3. DNF/Simplity Vie{0,...,n—1}.2; >1
4. Split
<= forall (i : in:;[r.()),n - 1)) X[i]>i li]<=i
sO c! Err c?
O J
X[0]<=0
c!
. /

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

c!



Selection bindings

sO C !
Group by state / channel / direction:
1. Join Jie{0,...,.n—1}.x; <1
Negate Vie{0,...,n—1}.x; >4

DNF / Simplify Vi € {0,...,n—1}.2; > i

W N

Split

X[i]<=i forall (i : in:}[’()),n - 1]) x[i]>i

sO c! Err
O J
x[0]<=0
O\ | Sometimes it's easy. ..
clock x[n]; X[n-1]<=n-1

c!

17-



Selection bindings

1. doin

2. Negate
3. DNF / Simplify
4. Split

E:{(Sl,gl)a---

, (St 9m) }

18



Selection bindings

E = {(51791)7 T (S’m’gm)}

1. Join (35115, 81ny-91) VoV (38m1s .-y Smn,, - Gm)

2. Negate
3. DNF / Simplify
4. Split



18-t

Selection bindings

E = {(51791)7 T (S’fmgm)}

1.  Join (3s115---,81n,-91) V-V (ISm1,---s5mn,, - Im)
3811, -+, 81nys--+>sSmis-++>Smn,,- 91 V-V gm

2. Negate

3. DNF / Simplify

4. Split



Selection bindings

1. doin

2. Negate
3. DNF / Simplify
4. Split

1222'{091791)7"'709W“5%n)}

(3811,. .

3811,..

\V/Sll,. .

3 S1ngs-

3 S1ngs--

3 81n,-91) V-V (3Sm1,--.3Smn,,-9m)

ySmls---38mng,,-91 V-V gm

..,swub...,sﬂ@nwf-ﬂgl/\---A-ﬂgnz

18-



Selection bindings

1. doin

2. Negate
3. DNF / Simplify
4. Split

18-

E = {(51791)7 T (S’fmgm)}

(3s115---,81n,-91) V-V (ISm1,---s5mn,, - Im)
3811, -+, 81nys--+>sSmis-++>Smn,,- 91 V-V gm
V811,-++»81mqr--»Smlys-++sSmmn,, - g1 N A "gm

VS11y+++381ngs--»Smils--+sSmn,,-91 vV V Gpr



Selection bindings

E = {(51791)7 T (S’m’gm)}

1. Join (Is11, - -
381 1+ -
2. Negate Vsiq,..

3.  DNF/Simplify  Vsiq,..

4. Split”?

3 81n,-91) V-V (ISmi,---5Smn,, - Im)
3 S81ngs---18mls---18mn,,-91 V-V gm
.781n1,...78m1’...78mnm,_|gl/\.../\—lgm

3 81Inys-9Smly---3Smn,, 91 vV V Gy
(VS1-91) V-V (YS! . Gmr)
not always possible!



18-

Selection bindings

E = {(51791)7 T (S’m’gm)}

1. Join (3s115---,81n,-91) V-V (ISm1s---sSmn,, - Im)
3811, -+, 81nys--+>sSmis-++>Smn,,- 91 V-V gm

2. Negate V8115 -381ngr-+>8miys--+sSmn,, - 91 N - A "Gm
3. DNF / Simplify V811, 3 81nqs--s8mlr---rSmn,,-91 V"V Gy
4. Split? (VS5.g1) V- V(YS! Gpr)

not always possible!

x<a[s] && y>bl[s] c?
clock x, y;

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



Selection bindings

18-¢

E = {(51791)7 T (S’fmgm)}

1. doin

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

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

(3811,...,81n1.gl)v“-
3811, »81nys--+sSmis--
V811,-++»81mqr--+»rSmly---
V811s+++381nys--rSmil,--
(VS1-91) V- -
c?

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

V (3smi,-.-5Smn,, - 9m)
ySmmn,,-91 VNV gm
s Smmy, - 791 N AN Tgm
ySmng, 91 VoV Gy
vV (VS Gm)

not always possible!

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

Err

O O

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

c! X




Selection bindings

E = {(51791)7 T (Sm’gm)}

1. Join (3s115---,81pn,-91) V -+~
IS1 15y STnyy- -y Smly- -
2. Negate V8115 38Tnyr-v-rSmly---
3. DNF / Simplify V81153 81pgs--+sSml,--
4. Split? (VS!.Gy) V- -

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.

V (E'Sml, ..

-,Smnm-gm)
ySmmn,,-91 VNV gm
s Smmyy, - g1 N N Tgm

Vg

'78mnm.§1\/... ,

vV (VS Gm)
not always possible!

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

Err

O O

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

c! X




Selection bindings, Quantifiers

k= {(517A1791)7 Tt (Sm,Am,gm)}

1. Join

2. Negate
3. DNF / Simplify
4. Split

19



Selection bindings, Quantifiers

E = {(Sh Alagl)a c ey (Sma Amang)}
1. Join (3S1VA1.g1) V-V (3ISmVAm.gm)
2. Negate

3. DNF / Simplify
4. Split
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Selection bindings, Quantifiers

k= {(517A1791)7 Tt (Sm,Am,gm)}

1. Join (3S1VA1.91) V-V (ISm VAm. gm)
451, ..., SmVA1,...,Am.g1 V-V gm

2. Negate

3. DNF / Simplify

4. Split



Selection bindings, Quantifiers

k= {(517A1791)7 Tt (Sm,Am,gm)}

1. Join (3S1VA1.g1) V-V (3ISmVAm.gm)
451, ..., SmVA1,...,Am.g1 V-V gm

2. Negate VS1,...,8m3A1, ..., Am. g1 A A —gm

3.  DNF / Simplify

4. Split

19-
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Selection bindings, Quantifiers

k= {(517A1791)7 Tt (Sm,Am,gm)}

1. Join (3S1VA1.g1) V-V (3ISmVAm.gm)

391, ..., S VAL, .. A g1 V-V Gm
2. Negate VS1,...,8m3A1, ..., Am. g1 A A —gm
3. DNF/Simplify  VvSi,...,Sm3A1,...,Am. g1 V---V3,
4. Split



19-¢

Selection bindings, Quantifiers

k= {(517A1791)7 Tt (Sm’Am’gm)}

1.  Join (3S1VA1.g1) V-V (3ISmVAm.gm)

451, ..., SmVA1,...,Am.g1 V-V gm

2. Negate VS, .. (S 3A T, Am. —g1 A - A —gm
3. DNF/Simpliy @51, SREA1,..., AN.G1 VoV G

4. Split




Selection bindings, Quantifiers

k= {(517A1791)7 Tt (Sm’Am’gm)}

1. Join (IS1VA1.g1) V-V (ISm VAm.gm)
451, ..., SmVA1,...,Am.g1 V-V gm

2. Negate VS1, ... HAm. g1 A AN gm

3. DNF / Simplify gLV VG,
4. Split? A1, ..., Am. (VS1.G1) V-V (VS )

even worse!

19-



Selection bindings, Quantifiers

k= {(517A1791)7 Tt (Sm’Am’gm)}

1.  Join (3S1VA1.g1) V-V (3ISmVAm.gm)

451, ..., SmVA1,...,Am.g1 V-V gm

2. Negate VS1, ... G Am. gL A AN gm

3. DNF / Simplify gLV VG,

4. Split? A1, ..., Am. (VS1.G1) V-V (VS )
even worse!

e Devise a predicate canswap()

e Use a looping construction (if no scalars)
(also works for simpler case where A; = ()

19-¢
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Selection bindings, Quantifiers

k= {(517141791)7 Tt (Sm’Am’gm)}

1.  Join (3S1VA1.g1) V-V (3ISmVAm.gm)

451,...,9mVYA1,...,Am.g1 V-V gm

2. Negate VS, .. (S 3A T, Am. —g1 A - A —gm
3. DNF/Simpliy @51, SREA1,..., AN.G1 VoV G

4. Split? A1, ..., Am. (VS1.G1) V-V (VS )
even worse!
e Devise a predicate canswap(() v
e Use a looping construction (if no scalars) (not yet)

(also works for simpler case where A; = ()
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Selection bindings, Quantifiers
ds1 59 Vaq. ((k|s1] > 3 Abls1]lai]) V (k[s2] < 1))

sq :int [0, N]
forall (a4 :int [0, N]) K[s{] > 3 8&& b[sq][a4]

4 h

@ Vs1 s2 dat. ((k[s1] <3 Ak[s2] > 1)V (—b[s1]la1] A k[s2] > 1)) \{)E <>

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

s, :int [0, N] _ |
\ dso] < 1 meta int[O,N] 1, t2; /




Selection bindings, Quantifiers

S1

ds1 s2 Vai. ((k[s1] > 3 Ab[s1]la1]) V (k[s2] < 1))

VSl S9 Hal. ((k[Sl] S 3N k[SQ] Z 1) V (_lb[Sl][CLl] A\ k[SQ] Z 1))

tint [0, N]

forall (a4 :int [0, N]) K[s{] > 3 8&& b[sq][a4]

/

O

-

S5 :int [0, N]
k[Sz] < 1

\

0, ¢

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

J

21



Selection bindings, Quantifiers

S1

tint [0, N]

ds1 s2 Vai. ((k[s1] > 3 Ab[s1]la1]) V (k[s2] < 1))
VSl S9 Hal. ((k[Sl] S 3N k[SQ] Z 1) V (_lb[Sl][CLl] A\ k[SQ] Z 1))

forall (a4 :int [0, N]) K[s{] > 3 8&& b[sq][a4]

-

S5 :int [0, N]
k[Sz] < 1

t{y =0, tp = 0

\

0, ¢

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

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




Selection bindings, Quantifiers

S1

tint [0, N]
forall (a4 :int [0, N]) K[s{] > 3 8&& b[sq][a4]

ds1 s2 Vai. ((k[s1] > 3 Ab[s1]la1]) V (k[s2] < 1))
VSl S9 Hal. ((k[Sl] S 3N k[SQ] Z 1) V (_lb[Sl][CLl] A\ k[SQ] Z 1))

/

forall (a4 :int [0, N])
Kt;] > 3 8& bft{][a4]

Klto] < 1

o

-

S5 :int [0, N]
k[Sz] <1

t{y =0, tp = 0

\

0, ¢

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

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




Selection bindings, Quantifiers

S1

tint [0, N]

ds1 s2 Vai. ((k[s1] > 3 Ab[s1]la1]) V (k[s2] < 1))
VSl S9 Hal. ((k[Sl] S 3N k[SQ] Z 1) V (_lb[Sl][CLl] A\ k[SQ] Z 1))

forall (a4 :int [0, N]) K[s{] > 3 8&& b[sq][a4]

/

forall (a4 :int [0, N])
Kt;] > 3 8& bft{][a4]

o

-

S5 :int [0, N]
k[Sz] < 1

K[to] < 1
C
ty =0,tp =0
t1<N8&k[t1]§38&k[t2]21
t-l =t1 + 1
aq :int[0, N]

t; <N & Ibft{]las] & klip] > 1
t1 =t1 + 1

\

0, ¢

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

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




Selection bindings, Quantifiers

ds1 s2 Vai. ((k[s1] > 3 Ab[s1]la1]) V (k[s2] < 1))
VSl S9 Hal. ((k[Sl] S 3N k[SQ] Z 1) V (_lb[Sl][CLl] A\ k[SQ] Z 1))

sq :int [0, N]
forall (a4 :int [0, N]) K[s{] > 3 8&& b[sq][a4]

/ aq :int[0, N]

t1=0,t2=t2+1 t1=0,t2=t2+1

forall (a4 :int [0, N])
Kt;] > 3 8& bft{][a4]

Klto] < 1

O c

t1<N8&k[t1]§38&k[t2]21
t-l =t1+1

aq :int[0, N]
t{ < N & lbft{][aq] & K[in] > 1

S5 :int [0, N] ty =t +1
\ k[Sz] < 1

\

ty ==N & ty < N 8 K[ty] < 3 8 Kltp] > 1 ty ==N & ty < N 8& lb[t;][as] & K[to] > 1

Q, ¢

Err

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

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




Selection bindings, Quantifiers

ds1 s2 Vai. ((k[s1] > 3 Ab[s1]la1]) V (k[s2] < 1))
VSl S9 Hal. ((k[Sl] S 3N k[SQ] Z 1) V (_lb[Sl][CLl] A\ k[SQ] Z 1))

sq :int [0, N]
forall (a4 :int [0, N]) K[s{] > 3 8&& b[sq][a4]

/ aq :int[0, N]

t{ ==N & to < N & k[t4] < 3 & k[tp] > 1 t{ ==N & to < N & Ib[t{][a{] & K[io] > 1
t1=0,t2=t2+1 t1=0,t2=t2+1

forall (a4 :int [0, N])
Kt;] > 3 8& bft{][a4]

t1==N8&t2==N8&k[t1]§38&k[t2]21 c?
O Klto] < 1 | ‘
C
@)
1 2 aq :int[0, N] o Err
t{ ==N & ty == N & Ib[t;]la(] & K[ip] > 1 '
t1 <N8&k[t1]§38&k[t2]21
t-l = t1 + 1
ay <t [0, Nj bool b[N+1][N+1];
t; <N & Ibft{]las] & klip] > 1 clock k[N+1];

. ty =1t 1
\ sp :int [0, N] 121" meta int[O,N] t1, t2

k[Sz] <1

\

C

-/




Selection bindings, Quantifiers

ds1 s2 Vai. ((k[s1] > 3 Ab[s1]la1]) V (k[s2] < 1))
VSl S9 Hal. ((k[Sl] S 3N k[SQ] Z 1) V (_lb[Sl][CLl] A\ k[SQ] Z 1))

sq :int [0, N]
forall (a4 :int [0, N]) K[s{] > 3 8&& b[sq][a4]

/ aq :int[0, N] \

ty ==N &ty < N & K[ty] < 3 & Ktp] > 1 ty ==N & to < N & lb[t{][a;] & K[to] > 1
t1=oat2=t2+1 t1=0,t2=t2+1

forall (a4 :int [0, N])
Kt;] > 3 8& bft{][a4]

t{ ==N & to ==N & K[t{] < 3 & Kto] > 1

Klto] < 1

O c

t1<N8&k[t1]§38&k[t2]21
t1 =t1+1

a4 :int[0, N]
t{ ==N & to == N & b[t4][a{] & k[to] > 1

2 :Int[0, N bool b[N+1][N+1];
t1 < N & !b[t-l ][8.1] & k['[z] Z 1 clock k[N+1]

S5 1int [0, N] ty =ty +1 _ .
\ dso] < 1 meta int[O,N] 1, t2; /

Conjecture that this always works (for bounded integers)




Channel arrays

bounded integers

scalars
r

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

multidimensional

22



Channel arrays

Group by state / channel / direction

bounded integers

scalars
r

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

multidimensional
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Channel arrays

sO '

Group by state // direction

c is a set of channels

bounded integers

scalars
r

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

multidimensional

[\

n



Channel arrays
bounded integers

scalars
S0 | ?
Group by state // direction chan c[N][ST];

c is a set of channels Y

multidimensional

e.g.c e.g. [2*i][s][3]
Synchronisations specify an element of a set by a sequence of expressions



Channel arrays
bounded integers

scalars
S0 | ?
Group by state // direction chan c[N][ST];

c is a set of channels Y

multidimensional

e.g.c e.g. [2*i][s][3]
Synchronisations specify an element of a set by a sequence of expressions
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Channel arrays
bounded integers

scalars
S0 | ?
Group by state // direction chan c[N][ST];

c is a set of channels Y

multidimensional

e.g.c e.g. [2*i][s][3]
Synchronisations specify an element of a set by a sequence of expressions

Two possible groupings:
e1 = e negate g1 V go
cover other channels
€1 #* es  negate gq

negate g-

cover other channels



Channel arrays, (some) Selection bindings

E = {(SlaAlagla <6%7 . '7671”LC>)7 IR (SmaAmagma <€§n7 s
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Channel arrays, (some) Selection bindings
E = { 517A1791 <617'°° 61 >) (SmaAmagm7<61 7...’67fr%nc>)}

\ — expression over state variables
smgle selection binding over whole range



Channel arrays, (some) Selection bindings

E={(S1. A1 (el et (Sm Amy g (e e )}

nc

€;

__ expression over state variables

~ single selection binding over whole range
only possibility for scalar types
but integer bindings may span subintervals

chan c[9];

({S : [37 5]}7 A, g, <S>)



Channel arrays, (some) Selection bindings

L = {(SlaAlvgh <6%7 e ’7€?1lc>)7 Tty (STTL?Am?gm’ <6§n7 t "e;rlnc>)}

expression over state variables
e;
~ single selection binding over whole range
only possibility for scalar types
but integer bindings may span subintervals
chan c[9];

({S : [375]}7A797 <S>)
— ({s:10,8]}, A, g A (s> 3) A (s <5),(s))



Channel arrays, (some) Selection bindings

L = {(817A17917 <6%7 e ’7671”Lc>)7 Tty (STTL?Am?gm’ <6§n7 t "e;r%nc>)}

expression over state variables
€; -

~ single selection binding over whole range
e |t can be done. o
only possibility for scalar types

but integer bindings may span subintervals
chan c[9];

({S : [3’5]}7A797 <S>)
— ({s:10,8]}, A, g A (s> 3) A (s <5),(s))



Channel arrays, (some) Selection bindings

L = {(SlaAlvgh <6%7 e ’7671”Lc>)7 Tty (STTL?Am?gm’ <6§n7 t "e;rlnc>)}

expression over state variables
€; -

~ single selection binding over whole range
e |t can be done.

only possibility for scalar types
e No detail in this presentation!

but integer bindings may span subintervals
chan c[9];

({S : [3’5]}7A797 <S>)
— ({s:10,8]}, A, g A (s> 3) A (s <5),(s))



Channel arrays, (some) Selection bindings

L = {(SlaAlvgh <6%7 e ’7€?1lc>)7 Tty (STTL?Am?gm’ <6§n7 t "e;rlnc>)}

expression over state variables
€; -
~ single selection binding over whole range
e |t can be done. o
only possibility for scalar types

® No detail in this presentation! but integer bindings may span subintervals

e [ntroduce selection bindings to chan c[9];
cover all channels. .. ({s:[3,5]},A4,g,(s))
e ...add a predicate to each = ({s:[0,8]}, A, g A (s 2 3) A(s < 5),(s))

transition before joining them.



Channel arrays, (some) Selection bindings

L = {(SlaAlvgh <6%7 e ’7671”Lc>)7 Tty (STTL?Am?gm’ <6§n7 t "e;rlnc>)}

expression over state variables
€; -

~ single selection binding over whole range

e |t can be done. o
only possibility for scalar types

® No detail in this presentation! but integer bindings may span subintervals
e [ntroduce selection bindings to chan c[9];
cover all channels. .. ({s:[3,5]},A4,g,(s))

e ...add a predicate to each — ({s:[0,8]}, A, g A (s = 3) A (s <5),(s))

transition before joining them.

What about more general expressions involving selection bindings?

Key property: each S, valuation specifies a different channel



Channel arrays, (some) Selection bindings

L = {(817A17917 <6%7 e ’7671”Lc>)7 Tty (STTL?Am?gm’ <6§n7 t "e;r%nc>)}

expression over state variables
€; -

~ single selection binding over whole range

e |t can be done. o
only possibility for scalar types

® No detail in this presentation! but integer bindings may span subintervals
e [ntroduce selection bindings to chan c[9];
cover all channels. .. ({s:[3,5]},A4,g,(s))

e ...add a predicate to each — ({s:[0,8]}, A, g A (s = 3) A (s <5),(s))

transition before joining them.

What about more general expressions involving selection bindings?

Key property: each S, valuation specifies a different channel
Yes: s+ 2, VYes:sx*x3



Channel arrays, (some) Selection bindings

L = {(817A17917 <6%7 e ’7671”Lc>)7 Tty (STTL?Am?gm’ <6§n7 t "e;r%nc>)}

expression over state variables
€; -

~ single selection binding over whole range

e |t can be done. o
only possibility for scalar types

® No detail in this presentation! but integer bindings may span subintervals
e [ntroduce selection bindings to chan c[9];
cover all channels. .. ({s:[3,5]},A4,g,(s))

e ...add a predicate to each — ({s:[0,8]}, A, g A (s = 3) A (s <5),(s))

transition before joining them.

What about more general expressions involving selection bindings?

Key property: each S, valuation specifies a different channel
Yes: s+ 2, Yes:s*3 No:smodb, No:(Azx.l)s



Presentation Outline

Testing timed trace inclusion
Automation and Uppaal features
Basic guards

Selection bindings

Quantifiers

Channel arrays

<< <0 <0 <<

Implementation

Summary
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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 (1 ibutap is not required)
Includes some other manipulations

Source code and binaries online, go gle: urpal

31



Implementation: urpal

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

(this talk) (graphviz)

e Written in (mostly functional) Standard ML
e Our basic library is generic and BSD-licensed (1ibutap is not required)
e Includes some other manipulations

e Source code and binaries online, go gle: urpal

Validating determinism and tool
—fault A deterministic(S) — (S || &' = AU —Err)

e The construction does not depend on determinism

e A precise check must consider the reachable state space



Summary

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

e Implemented (mostly) and available online
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Summary

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

e Implemented (mostly) and available online

Further work
e Improve simplification of terms (connect with other tools?)

e Is it easier in Uppaal TIGA?



x>=15  vinL! x=0

y > minmark vinL!
y=0, b=b-1, changed = false

b >0 && 8

y > minspace

sample!

b>0 &&
y > minspace
X<=2 vinH!  y=0 x<15
s4 s6 s9 w==0 s10 s11
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 U x>=15
w==1 && y<=maxtrans w==0 && y<=maxtrans W==
&& Ichanged && Ichanged voutL!
voutL! voutH! w=0

w=0, changed = true w=1, changed = true



x=0

vinH!
vinH?

vinL!
voutH!
voutH?
voutL!
voutL?
powerOff!
powerOff?
sample!
sample?

x>=700
x<700
x<700
x<700
x<700
x<700
x<700
x<700

Xx<700
Xx<700
Xx<700
x<700

voutL?

x<700

vinH!
vinH?
vinL!
vinL?
voutH!
voutH?
voutL!

powerOff!
powerOff?
sample!
sample?

s2

x<700
voutH?

x>=700
x<700

x<700
x<700
x<700
x<700
x<700
x<700
x<700
x<700
x<700
x<700

x>=15 vinL! x=0
y > minmark vinL!
y=0, b=b-1, changed = false
b>0&& sample! 8
y > minspace
b>0 &&
y > minspace
X<=2 vinH! y=0 x<15
s4 s6 s9 w==0 s10 s11
vinH  x=0 _¢™ vinL! x=0, y=0, b=7,w=1 sample! b==0 && x >= 10 && y > minspace vinH! 2R voutH! powerOff! {)
o changed=false o x=0, y=0 w=1 U x>=15
w==1 && y<=maxtrans w==0 && y<=maxtrans w==
&& Ichanged && Ichanged 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?
3 4 AL /=9 9 10 11
22 vinH?  x=0 Js\ Xx<=2  vinL? y>maxtrans s6 b==0 && x>=10 && y>minspace vinH? J_s\ w==0 && x<15 810 415 S
U x=0,y=0,b=7, sample? -/ x=0,y=0 voutH? w=1_“—/ powerOff?
w = T, changed =false
w==0 && y<=maxtrans && Ichanged
gz=|1h&& y<d=maxtrans voutH? w = 1, changed = true
Ichange
voutL? w =0, changed = true vinH! vinH! :l/vo—u_tl’f‘& x<15
b<=0 vinH? b!=0 && b<=0 vinH? W 0'
y<=minspace vinH? b!=0 && y<=minspace vinH? -
Y2 vinL! x<10 && b<=0 vinH?
Yeed  vinHI vinL? x<10 && y<=minspace vinH? x>=15
vinH! vinH! S voutH! y<=minspace && b<=0 vinH? x<15 vinH! vinH! vinH!
x<=2 vinH? ) e i i v IS
) ) Yeed  vinLl VoutH? y<=minspace v!nH. x<15 v!nH. v!nH. v!nH.
vinH? vinL! w!=0 voutH? vinL! x<15 vinL! vinL! vinL!
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! x<=2 voutL! y>maxtrans  voutL? voutL! x<15 voutL! voutL! voutL!
voutL? voutL? x<=2 voutL? changed voutL? voutL? x<15 && wl=1 voutL? voutL? voutL?
powerOff! powerOff! x<=2 powerOff! powerOff! powerOff! x<15 powerOff! powerOff! powerOff!
powerOff? powerOff? x<=2 powerOff? powerOff? powerOff? x<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? x<15 sample? sample? sample?
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