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Recall: DC Implementables
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« DC Implementables
are special patterns of DC Standard Forms (due to A.P. Ravn).

« Within one pattern,
® T, T1,..., Ty, 1 > 0, denote phases of the same state variable X,

o ¢ denotes a state assertion not depending on X;.

o 0 denotes a

[TV [#] 5 true

* Sequencing:
[7] — [rVm VeV,

« Progress:
] % [-n]

o Synchronisation:
[mA @] % [-n]
451

Contents & Goals

Last Lecture:

« DC Implementables

This Lecture:

s for following tasks/questions.

o Educational Objectives: Capal
o Facts: (un)decidability properties of DC in discrete/continuous time

© What's the idea of the considered (un)decidability proofs?

« Content:
o DC Implementables Cont'd
* RDC in discrete time

y from 0 is decidable for RDC in discrete time

» Undecidable problems of DC in continuous

Recall: DC Implementables Cont’d

« Bounded Stab:i

)i frAel =5 [rvm v v,

© Unbounded Stability:

[=nls[mApl—[mVm V. V]

« Bounded initial stability:

[ A ] m‘ﬁo [rVm VeV

* Unbounded initial stability:

[ Agl—s0[mVm Ve V]

DC Implementables Cont’d

Recall: Control Automata

Model of Gas Burner controller as a system of four control automata:

o H : Boolean,

representing heat request, (input)
o F : Boolean,

representing flame, (input)
o C with D(C) = {idle, purge, ignite, burn},

representing the controller, (local)
o G : Boolean,

representing gas valve. (output)
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Gas Burner Controller Specification

11 fidle] s true, [V [=HY s true, [1V [F] s true, ~Glitrue (i1 4)

le] — fidle V purge] (Seqr1)
[purge] — [purge V ignite] (Sea-2)
[ignite] — [ignite V bus (Sea-3)
burn] —s [burn v idle] (Seq-4)
[purge] “5 [purge] (Prog-1)
ignite] “25° [~ignite] (Prog-2)
fidle A H] =+ [—idle] ] (Syn-1)
(=H v =F)] < [-burn] (Syn-2)
le V purge)] — [~G] (Syn-3)
(Syn-4)
(Stab-1)
(Stab-1-init)
[purge] (Stab-2)
nite] (Stab-3)
— [burn] (Stab-4)
F1: [F A ignite] —» [~F] (Stab-5)
[~F A ignite] — [F] (Stab-5-init)
le V purge)] —+ [~G] (Stab-6)
B [~G A (idle v purge)] —s [~G] (Stab-6-init)
| [~G1:[G A (ignite v burn)] — [G] (Stab-7)
- e
B
Lemma 3.15 Cont’d (idlel =[G <o)
([purge] =[G <e)
([ignite] = £ < 0.5 +¢)
([burn] = [—F < 2¢)
o Case 3: Z,V, [b, ] |= [ignite]
ignite] %25 [—ignite] m (Prog-2)

( oFl

TV, [bel E0<05+¢

o Case 4: Z,V,[b,e] |= [burn] NMW\ N.“v_wﬂ._
(Syn-2)
(Stab-5)

[burn A (=H V =F)] == [=burn]
3 [F1; [-F A —ignite] — [—F]
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el EO(F] = £<e) A=O([FT: [2F] 3 [F])
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Gas Burner Controller Correctness Proof

GB-Ctrl := Init-1 A --- AStab-7 A e > 0

Recall:
Req : A”vDQ\v@o = 20-[L<{)

- — —

and (cf. [Olderog and O_m}mi 2008]) N
\
i
= Req-1 = Req
/

-

for the simp! _

'
Reg-1:=0(¢ <30 = [L<1).
A

~ —

Here we show )
= GB-Ctrl A A(e) = Reg-1

Lemma 3.16

=3ceGB-Ctrl — DO((<30 = [L<1)

—_—
ol i
(oot IV kel st TULbed FG3-Gha €430,
Dichugushy S ewes:

TV, GelE T o)

v (FidleT; bz 4 €230) (4]
v (Tragdl daun €€20)  02)
v (Mgl Toen €630) 1)
v (ThooT; 4 2 2120) )
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Lemma 3.15 (fidle] = G <e)

201406

o Case 2: ,V.

A ([purge]l = [G<e) @)
A ([ignite] = £ <0.5+¢)
A ([burn] = [—F <2¢)

4.0

£ GB-Ctrl = [

Proof: Let 7 be an interpretation, V a valuation___A—

and [c,d] an interval with Z, V), [e, d] |= GB-Ctrl. Let [b,¢] C [e,d].
o Case 1 Z,V, [b,¢] [ [idle]
[G A (idle V purge)] —— [~G] (Syn-3)
[G]5 [~G A (idle V purge)] — [~G] (Stab-6)

o
IV, [bel EO([G] = (<) AQ([G]: [-G15[G])

es b€ ofe
ﬁ»@ f s e e

€] |= [purge] Analogously to case 1.

Lemma 3.16 Cont’d

2014-06.05 - Sex

o Case 0: Z,V, (b, =[] /

o Case 1: Z,V, [b,¢] |= [idle] ; true A € < 30

[idle] — [idle v purge] (Seq-1)
[—purge] ; [purge] = [purge] (Stab-2)
@ I [ue)  TdleTv Tt ], el
35°(, oy el r leeev Jice Jree
G T feed rlLt2e

dﬁ@ s st o b7 b ths ase.
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Lemma 3.16 Cont’d

o Case 2: Z,V,[b,e] |= [burn]; true A€ < 30

[burn] — [burn Vv idle] (Seq-4)
ﬂsﬂalﬁgﬂ v ThionT; idleT; Hawe ) 4 £230
—
w_m\ sh Hsilbmw<\E@\Kmm?&%

G Totwlr Jrehe

Thues Tg& sdfciod o Koo1 i A case.

T 1351

Correctness Result

Theorem 3.17.

= Aow.nnq_>m < Wv = Req

0300 (g
peg  dLeosu Zes

L GlLeos e
& Ale) = sel
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Lemma 3.16 Cont’d

o Case 3: Z,V, [b,e] [= [ignite] ; true A £ < 30
[ignite] — [ignite V burn] (Seq-3)

Tt (T Tv (Tt ]; [ ] )1 30
@)
H\&m&v m\um&.‘_m <\i§.‘m\\wm«i>%‘€

¢ T thel [l ¢ 05 +Se

So [ez01) sfpoest ;A o

35
2)

Discussion

o We used only
‘Seq-1", ‘Seq-2', ‘Seq-3', ‘Seq-4',
‘Prog-2', ‘Syn-2', ‘Syn-3’,
‘Stab-2’, 'Stab-5', ‘Stab-6'.

What about
Prog-1 = [purge] flhed [—purge]
for instance?
Nip, e & e reiehind (Wt ot doon)
Jat e gk docs %&.@ ety
A&. w&( He »5_\7% M\_‘% [ w«\sm\.

Lemma 3.16 Cont’d

o Case 4: Z,V, (b, €] |= [purge] ; true A £ < 30

315
@)

[purge] — [purge V ignite] (Seq-2)

h TUTbel Ef2¢vs+ b

Tl (243 [ sftent fo b7 4 e aon.

06
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RDC in Discrete Time Cont’d



Restricted DC (RDC)

014-0

Fu=[P]|-F | RVE|F;F

where P is a state assertion, but with boolean observables only.

Note:

o No global variables, thus don't need V.

o dup & Hat

0w {,mo £ U gowsel)

°w ?«&.S.W\ wo \:xlvr &fw&w \r\s}&
e 0F..1

e [1.1

1951

Discrete Time Interpretations

014.06-05

o An interpretation Z is called discrete time interpretation if and only if,
for each state variable X, oLk u-w T, e} -uﬁl
Xz :Time = D(X) _$ .
ith [RE)d =)
, . b b0
e =Ry,

« all discontinuities are in INj,.

o Aninterval [b, €] C Intv is called discrete if and only if b,e € INg.
» We say (for a discrete time interpretation Z and a discrete interval [b, e])
I.[be] = Fi; Fy
if and only if there exists %29 that
Z,[b,m] E Fy and  Z,[m,el =B

20751

Discrete Time Interpretations

o An interpretation Z is called discrete time interpretation if and only if,
for each state variable X,

X7 : Time —» D(X)

with
+ vt
Time = Ry
o Time =Ry, 7/
o all discontinuities are in Np.
w

Differences between Continuous and Discrete Time

o Let P be a state assertion.

Continuous Time Discrete Time
EPLPD |, ,\ v
= [P ,\

E' [P =

v
([P15[PT) ,\

L3
"
Clhgp-paile candideles
?@R FNvua arl =2
but Hom
o In particular: £ = 1:&= ([1] A=([1];[1])) (in discrete time). *-6=9

® o et =0

Discrete Time Interpretations

o An interpretation 7 is called discrete time interpretation if and only if,
for each state variable X,

Xz : Time — D(X)
with
o Time =Ry,

iscontinuities are in INy.

o all

o An interval [b, €] C Intv is called discrete if and only if b,e € Ng.
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20751 T 20751
Expressiveness of RDC
e l=1 < [ A=(17: 1)
e (=0 — 1]
o true = €=0 v (¢=0)
e P — TPy =0
e [P=1 = ([P=0); (TP1A¢=1); (JP=0)
o [P=k+1 <= (fP =k); (P =1)
P>k = (JP k) hue
e [P>k = P2k
c[P<k = a((P>k) o M
e [P<k e [P k-1 F o= by T; b
where k€ N i RDC
21 k 2251



Decidability of Satisfiability/Realisability from 0

Theorem 3.6. R ?IS? \+\.
The satisfiability problem for RDC with discrete time is decidable.

T 4 T om
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