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Last Lecture:

e DC Implementables

This Lecture:

o Educational Objectives: Capabilities for following tasks/questions.

Facts: (un)decidability properties of DC in discrete/continuous time.

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

e Content:

DC Implementables Cont'd
RDC in discrete time
Satisfiability and realisability from 0 is decidable for RDC in discrete time

Undecidable problems of DC in continuous time
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DC Implementables Cont’d
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Recall: DC Implementables
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e DC Implementables
are special patterns of DC Standard Forms (due to A.P. Ravn).

e Within one pattern,

o T, TM,...,Tn, >0, denote phases of the same state variable X,

e ¢ denotes a state assertion not depending on Xj.

e 0 denotes a term.

e Initialisation:
|V [7]; true

e Sequencing;:
(7] — [mVTL V-V,

e Progress:
7] -2 -]

e Synchronisation:

[ A p] 2 [-]
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Recall: DC Implementables Cont’d
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e Bounded Stability:

] [rAQ] S5 [V VeV,

e Unbounded Stability:

-] [mApl—[TVTL V-V,

e Bounded initial stability:

[T A Q] io TV TV Vo,

e Unbounded initial stability:

[T Ap|l—T VTV Vo,
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Recall: Control Automata

— 8 — 2014-06-05 — Sexa —

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

H : Boolean,
representing heat request,

F' : Boolean,
representing flame,

C' with D(C') = {idle, purge, ignite, burn},
representing the controller,

G : Boolean,
representing gas valve.

(input)
(input)
(local)

(output)
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Gas Burner Controller Specification
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[V [idle] ; true, []V [-H];true, [V [=F];true, []V[-G]; true (Init-1 - 4)

[idle] — [idle V purge] (Seg-1)

M [purge] — [purge V ignite] (Seq-2)
[ignite] — [ignite V burn] (Seg-3)

\5/ [burn] — [burn V idle]| (Seg-4)
_’_@ [purge] 30+ [—purge] (Prog-1)
[ignite| 0ot [—ignite] (Prog-2)

lidle A H] == [-idle] J (Syn-1)

[burn A (=H V —F)] = [—burn] (Syn-2)

[G A (idle V purge)] — [~G] (Syn-3)

[—G A (ignite V burn)] —— [G] (Syn-4)

[—idle] ; [idle A =H] —> [idle] ¥ (Stab-1)

[idle N =H| — [idle] (Stab-1-init)

[—purge] ; [purge] =9 [purge] (Stab-2)

[—ignite] ; [ignite] =09 [ignite] (Stab-3)

[=burn] ; [burn A H A F| — [burn]| (Stab-4)

[F']; [~F A —ignite] — [—F| (Stab-5)

[—F A —ignite] —¢ [ F] (Stab-5-init)

[G1; [-G A (idle V purge)] — [-G] (Stab-6)

[=G A (idle V purge)| —o [-G] (Stab-6-init)

[-G1; [G A (ignite V burn)] — [G] (Stab-7)
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Gas Burner Controller Correctness Proof
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GB-Ctrl ;= Init-1 A --- AStab-7Ae >0

Recall:
Req <=0 >60 = 20- /L <)
—

—m T,
\

and (cf. [Olderog and Dierks, 2008])~ ~.

i
= R/eq—l —> Req

7

for the simplified -
~

(
Reg-1:=0(( <30 = [L<1).
.

\

e

~

Here we show )
= GB-Ctrl A A() = Reg-1.”
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Lemma 3.15 (Tidle
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A (|purge| =
A ([ignite]| = £€<0.5+¢
A (|burn] = [—F < 2¢

)
— GB-Ctrl — O ; )
)

Proof: Let Z be an interpretation, V) a valuation,
and [c,d| an interval with Z, V. [c,d]| = GB-Ctrl. Let |b,e] C [c,d].

o Case 1: Z,V, |b,e] = |idle]

[G A (idle V purge)] — [-G] (Syn-3)
W(’%/ |G ; [-G A (idle V purge)| — |G| (Stab-6)
LV, be]l FU(G] = £<e) AQ(IG]5 [G]5 [G)
Ju elre Ma? oft—;

(*) ‘*t”-‘”(#“" e

o Case 2: Z,V, [b,e] = [purge| Analogously to case 1.
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Lemma 3.15 Cont’d
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o Case 3: Z,V, b, e] = |ignite]

([idle] =
([purge] =

)
)
([ignite] = £ < 0.5+ ¢)
([burn]| = [—F < 2¢)

.. 0.54¢ ..
lignite] — [—ignite] -
[FI
Z,V,be] =€ <0.5+¢ 1

o Case 4: Z,V, |b,e| = [burn]

Q1—'»(&(1

b, e] =

‘burn A (=H V =F)] — [—burn]
| '] ; |[—~F A —ignite] — [ F]

O([-F] = <)

A=O([F] [=F[5 [ F])
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Lemma 3.16
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=deeGB-Ctrl = 0O/ <30 = [L<1)

J/

Reg-1

oo Sl
(ose. TV el st TULned F63-Gha €430,

Diskmau:sln 5 (S¢S
TV, el E T (o)
v (e, due 4 €£30) Uy
v ( T?wdﬂ,'-ﬁau/\ 2ed0)  (2)
v ( l’idu,:lc'!,w A Zézo) 13)
v (TewmT; e 2 2030)  (4)
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Lemma 3.16 Cont’d
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o Case 0: Z,V, [b,e] =[] S

o Case 1: Z,V, b, e] = [idle] ; true A £ < 30

[idle] — T[idle V purge]

[—purge] ; [purge] =2 [purge]
@I,V, [oe] E Tidle Ty Tidle ] [peize |
3'/3‘@ TV [be] ¥ /l £s v (/l ce, JlLs

G T L0ed EL 228

Thus Z{éo.S} s su{'a.’ehf’ﬁ &7,7 A s case.

(Seq-1)
(Stab-2)
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Lemma 3.16 Cont’d

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

[burn| — [burn V idle] (Seq-4)
CI,\),ugd f (Mool ThuoT; Tl T; 4owe ) 4 €230
_—

: ()
3.5 (’JQ I bl F (fZ. Loz v L Qs J2 £2¢ ) n €430

(o TV, Chel B J2 & ke
Tl ;,éD.ZS'] w#’o;iu( 74v 0@»7 n Heis 2s¢ .
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Lemma 3.16 Cont’d
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o Case 3: Z,V, b, ] = [ignite] ; true A £ < 30

[ignite] — [ignite V burn] (Seq-3)
(mm (kT (el o] )1 €620

@)

35 _
L) . Tp, el F (fl COSHEV [L40SHE [ [V 245) 4 130
éﬁ I,0, Lhe! F/‘L 0S5 +S¢

A% aéO.’I] sfficeat  # s ase.
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Lemma 3.16 Cont’d
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o Case 4: Z,V, |b,e]| = [purge] ; true A £ < 30

| purge| — [purge V ignite]

305 C
() TPDbelE[l oS+ be

Thas ﬁ/ s s«%a@é% k-7 i dels cape.

(Seq-2)
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Correctness Result
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Theorem 3.17.

= (GB—CtrI Ne < 1—12> —> Req

e | el ] b ] M [ ey

)

vey,goﬁ%(w‘s é (1¢2¢ ( f[ég /<’—€>/30—
qeg  JLLoS# Zes

|

0¢30 1

G L2033 6
& Ale) < eéé.—
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Discussion

e We used only

‘Seqg-1", ‘Seq-2', ‘Seq-3’, ‘Seq-4’,
‘Prog-2’, ‘Syn-2', ‘Syn-3’,
‘Stab-2', ‘Stab-5’, ‘Stab-6'.

What about
Prog-1 = [purge] 30+¢ [—purge]

for instance?

ip, Hose & e repuensnt (€ el o)
“R«af the ~’j5[“" 4065 W’Z{? 74‘%/
¢ 9 He M‘A’? 3@? o N/Wsﬁ
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RDC in Discrete Time Cont’d
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Restricted DC (RDC)
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F .= [P_‘ ‘—IFl‘Fl\/FglFl;FQ

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

Note:

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

° dup © Hhast

® wo \(" w £ Gn Wd)

° wb prcc(,.‘c;a,fds, wo fusnchr, {,wém(s (. iwm//
e 0F..1

@ [1..1
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Discrete Time Interpretations
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e An interpretation 7 is called discrete time interpretation if and only if,
for each state variable X,

X7 : Time — D(X)

with
o Time = R, Ib;wlf'l g\ .
1 P,
e all discontinuities are in IN. Xo Do
. 4 N
| | -/ 7
9 2 3
4
i ‘g :
gl !
g ' +—)
1 2 3 7
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Discrete Time Interpretations
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e An interpretation 7 is called discrete time interpretation if and only if,
for each state variable X,

Xz :Time - D(X)

with
e Time = RSL,

e all discontinuities are in INy.

e An interval [b,e] C Intv is called discrete if and only if b,e € IN,.
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Discrete Time Interpretations
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e An interpretation 7 is called discrete time interpretation if and only if,

for each state variable X, 0 L s T Chel rP?
X7 :Time = D(X) %
. fP &) dt = (e-b)
with

c-L)>0
° Time:RS_, 4 (

e all discontinuities are in INy.

e An interval [b,e] C Intv is called discrete if and only if b,e € IN,.

o We say (for a discrete time interpretation Z and a discrete interval [b, e])
I,[b,@] ‘:FI;FQ
if and only if there exists m € [b, e] N INg such that
4% P S Ve Oy 8

Z,[b,m] E F1 and Z,[m,e] = F>
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Differences between Continuous and Discrete Time
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e Let P be a state assertion.

Continuous Time Discrete Time

=" ([P]; [P])
v v
— [P] / /

=[Pl = | \/ oy o X
(1P ; [P)) ?I‘T;.. T
-] ; é =
[ 1§
re
o 6[.%; .7 ot canslolel s
are m=1 W/ =2
but o _
e In particular: £ =1:<= ([1] A—=([1];[1])) (in discrete time). m-b=0
ov e =C
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Expressiveness of RDC
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cl=1 = [1]A=(1]: 1)
e /=0 — 1]
o true e ¢=0 Vﬂ(@"—‘O)

o [P=0 «— [Py £=0

o [P=1 <« (JP=0); (TP1AC=1); (JP=0)

e [P=k+1 < ([P =k); (JP =1)

o [P>k = (JP =k); P

o [P>Fk — [P 2kt

o [P<k = ({P>k) o <M

o [P<k — [P <k-1 O F = b, F; Pug

where k € ]N+ m RDC
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Decidability of Satisfiability/Realisability from 0
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Theorem 3.6.
The satisfiability problem for RDC with discrete time is decidable.

Theorem 3.9.
The realisability problem for RDC with discrete time is decidable.
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o L(F)=B i decdyfl,


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


References

50/51

— ulew — G0-90-¥10C — 8 —



[Chaochen and Hansen, 2004] Chaochen, Z. and Hansen, M. R. (2004).
Duration Calculus: A Formal Approach to Real-Time Systems. Monographs
in Theoretical Computer Science. Springer-Verlag. An EATCS Series.

[Olderog and Dierks, 2008] Olderog, E.-R. and Dierks, H. (2008). Real-Time
Systems - Formal Specification and Automatic Verification. Cambridge
University Press.

— 8 — 2014-06-05 — main —

51/51



	Contents & Goals
	DC Implementables Cont'd
	Recall: DC Implementables
	Recall: DC Implementables Cont'd
	Recall: Control Automata
	Gas Burner Controller Specification
	Gas Burner Controller Correctness Proof
	Lemma 3.15
	Lemma 3.15 Cont'd
	Lemma 3.16
	Lemma 3.16 Cont'd
	Lemma 3.16 Cont'd
	Lemma 3.16 Cont'd
	Lemma 3.16 Cont'd
	Correctness Result
	Discussion

	RDC in Discrete Time Cont'd
	Restricted DC (RDC)
	Discrete Time Interpretations
	Differences between Continuous and Discrete Time
	Expressiveness of RDC
	Decidability of Satisfiability/Realisability from 0
	Sketch: Proof of Theorem 3.6
	Construction of L(F)
	Construction of L(F) more Formally
	Lemma 3.4
	
	Sketch: Proof of Theorem 3.9

	(Variants of) RDC in Continuous Time
	Recall: Restricted DC (RDC)
	Undecidability of Satisfiability/Realisability from 0
	Sketch: Proof of Theorem 3.10
	Recall: Two-counter machines
	2CM Configurations and Computations
	2CM Example
	Reducing Divergence to DC realisability: Idea In Pictures
	Reducing Divergence to DC realisability: Idea
	Encoding Configurations
	Construction of F(M)
	Initial and General Configurations
	Auxiliary Formula Pattern copy
	q : inc1 : q' (Increment) 
	q : inc1 : q' (Increment) 
	q : dec1 : q', q'' (Decrement) 
	Final State
	Satisfiability
	Validity
	Discussion

	References
	 

	blank.pdf
	ifdefined SblankTitle SblankTitle �i 
	ifdefined SblankTitle SblankTitle �i 
	ifdefined SblankTitle SblankTitle �i 




