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Real-Time Systems

Ledure 08: DC Implementables
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Last Lectures:

(Un)decidability results for fragments of DC
in discrete and continuous time.

This Lecture:

Educational Objectives: Capabilities for following tasks/questions.
What does this standard forms mean? Give a satisfying interpretation.

What are implementables? What is a control automaton?
Please specify (and prove correct) a controller which satisfies this

requirement.

Content:
DC Standard Forms
Control Automata
DC Implementables

Example
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DC Implementables

Requirements vs. |mplementations
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o Problem: in general, a DC requirement doesn’t tell how to achieve it,
how to build a controller/write a program which ensures it.

o What a controller (clearly) can do is:

plant

(But not, e.g., consider future|inputs now.)

o consider inputs now,

o change (local) state, or
o wait,

o set outputs now.

o So, if we have

o a DC requirement ‘Req’,

o a description ‘Impl” in DC,
which “uses” just these opgrations,

— N
then

e proving correctness amounts to proving =9 Impl = Req (in DC)

e and we (more or less) know how to program (the correct) ‘Impl’
in a PLC language, or in C on a real-time OS, or or or...
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Approach: Control Automata andDC Implementables
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o Introduce Control Automata

o Introduce|DC Implementables;as stibset of DC Standard Forms

o Example: a correct gontroller desigh for the notorious Gas Burner

DC Sandad Forms: Foll owed-by
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Ne -//
/e /
In the following: F'is a DC formula, P a state assertion, 6 a rigid term.

o Followed-by:
F — [P] <= =0(F; [-P]) < O~(F;[-P])
in other symbols

VeeO(FAL=2);£>0 = (FAL=2x);[P]; true)

ot are
F — [P] ‘// :
— o
| \ |
b " ‘
[ éz)( | (>0 1
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DC Sandad Forms: Foll owed-by Examples
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VeeO(FAL=2x);{>0 = (FAL=2z);[P];true)
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DC Sandad Forms: Foll owed-by Examples
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DC Sandad Forms: Foll owed-by Examples
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VeeO(FAL=2x);{>0 = (FAL=2z);[P];true)

NOT: IR

DC Sandad Forms: (Timed) leads-to
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o (Timed) leads-to: /”q"(/
&

F-% [P e (FAL=0) — [P]

F-% 1P
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DC Sandad Forms: (Timed) up-to

— 08 — 2013-05-28 — Simpl —

o (Timed) up-to:

F = [P]ie= (FAL<0) — [P]

Lo
F—)[P}
T
o — ~
1 —
Q —
| |
[ [
b e

DC Sandad Forms; I nitialisation
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o Followed-by-initially:
F —q [P] <= =(F; [-P])

F—>0’—P.|

o (Timed) up-to-initially:

F =220 [P = (FAL<0) — [P]

o Initialisation:

(P true)

1137

12/37



Control Automata
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Let X1,..., X} be k state variables
ranging over finite domains D(X1),...,D(Xx).

With a DC formula ‘Impl’ ranging over X1,..., Xi
we have a system of k control automata.

‘Impl’ is typically a conjunction of DC implementables.
A state assertion of the form
X, =d;, d; e D(X;),
which constrains the values of X, is called basic phase of X;.

A phase of X is a Boolean combination of basic phases of X;.

Abbreviations:
Write X; instead of X; = 1, if X, is Boolean.
Write d; instead of X; = d;, if D(X;) is disjoint from D(X}), i # j.

13/37

Control Automata: Example
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Model of Gas Burner controller as a system of four control automata:
H Boolean,

representing heat request, (input)
F Boolean, reads
representing flame, (input)
C with D(C) = {idle, purge, ignite, burn},

ting the (status of th troller, local
representing the (status of the) controller nlles (local)
G Boolean,
representing gas valve. (output)

Basic phase of C"
C = purge (or only: purge)

Phase of C:
purge V idle
14/37



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

Within one pattern,
T, m1,...,7Tn, 1> 0, denote phases of the same state variable X,
_——
( denotes a state assertion not depending on X;.

0 denotes a rigid term.

Initialisation:
[TV [r]; true
Sequencing;:
[7] — [rVmL V- Vg
Progress:
[m] = [~a]
Synchronisation:

9
[m Apl — [-7] 155

DC Implementables Cont’d
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Bounded Stability:

(1-71: Tr A @) =5 Trvm Ve V]
—_— _—
T P
Unbounded Stability:

[-7]; [m Ap|l—[r VT V-V,

Bounded initial stability:

[ A @] S—6>0 [TV VeV,

Unbounded initial stability:

[T Apl—m VL V- V]
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Spedfication by DC Implementables
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Let X1,..., X} be a system of k control automata.

Let ‘Impl’ be a conjunction of DC implementables.

o Then ‘Impl’ specifies all interpretations Z of X;,..., Xi
and all valuations V such that

7,V o Impl

Hmm: And what does this have to do with controllers...?

Example: Gas Burner

1737
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Reall: Control Automata
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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. (output)

Gas Burner Controller Spedfication
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1V [idle] s true, [V [~H]; true, [1V [=F];true, [1V [=G]; true (Init-1 - 4

[idle] — [idle V purge] (Seq-1

[purge] — [purge V ignite] (Seq-2

[ignite] — [ignite V burn] (Seq-3

[burn] — [burn V idle] (Seq-4

[ [purge] 25 [—purge] (Prog-1

[ignite] 054¢ [—ignite] (Prog-2

<-|4~»:"3 lidlg K H) - [idle] (Syn-1

[burn )] —— [—burn] (Syn-2

[G A (idle V purge)] = [-~G] (Syn-3

twpuil [-G A (ignite V burn)] —= [G] b (Syn-4
o

4@61- [—idle] ; [idle 17— Tidle] x @4. (Stab-1

[idle A — [idle] (Stab-1-init

([ﬁpurge} ; [purge] =% [purge] M/ (Stab-2

[—ignite] ; [ignite] =23 [ignite] ey (Stab-3

[=burn] ; [burn @W — [burn] M (Stab-4

[F]; [-F A —ignite] — [-F] (Stab-5

[—F A —ignite] —q [~F] (Stab-5-init

[G7; [-G A (idle V purge)] — [~G] (Stab-6

[=G A (idle V purge)] —¢ [~G] (Stab-6-init

[=G]; [G A (ignite V burn)] — [G] (Stab-7

(input)

(input)

)
)
)

)

)
)
)
)
)
)
)
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Gas Burner Controller Spedfication: Untimed
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[V [idle] ; true (Init-1)

[idle] — [idle V purge] (Seg-1)

[purge] — [purge V ignite] (Seq-2)

[ignite] — [ignite V burn] (Seq-3)

[burn] — [burn V idle] (Seq-4)
2137

Gas Burner Controller Spedfication: Timing
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[purge] ™5 [—purge] (Prog-1)
[lgnlte] o [—ugnltD (Prog-2)
Gpur; [purge] == [purge] (Stab-2)

[—ignite] ; [ignite] =0¢ [ignite] (Stab-3)
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Gas Burner Controller Spedfication: Outputs

Tt /"
[G A (idle V purge)] — [-G] (Syn-3)
[-G A (ignite V burn)] —— [G] (Syn-4)
[G]; [-G A (idle V purge)] — [ (Stab-6)
[-G A (idle V purge)] —¢ [-G] . (Stab-6-init)
[-G]; [G A (ignite V burn)] — [G] _ "\ (Stab-7)
Mohelme  \y|  (ld)
Valve dose (open Vel shos clsel/ope,
s & Tu
| st
g‘ 2337
Gas Burner Controller Spedfication: | npus
L H s o A s Thoo
/ &) we nad noff Chrage ﬂafe
[idle A-H] = [—idle] (Syn-1)
[burn A (=H V =F)] — [—burn] (Syn-2)
[—idle] ; [idle A =H| — [idle] (Stab-1)
lidle A ~H] —o [idle] (Stab-1-init)
[—burn]; [burn A H A F'| — [burn]| (Stab-4)
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Gas Burner Controller Spedfication: Assumptions
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[TV [=H]; true (Init-2)
[TV [=F]; true (Init-3)
Hf=ctrme {4

[F']; [-F A —ignite] — [—F] (Stab-5)

[—F A —ignite] —¢ [—F] \\ (Stab-5-init)

no wﬁuﬁ""d 7%‘4-(

Gas Burner Controller CorrednessProof
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GB-Ctrl := Init-1 A--- AStab-7Ae >0

Recall:
Req:«= O >60 = 20-[L <)
and (cf. [Olderog and Dierks, 2008])
= Reg-1 = Req

for the simplified

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

Here we show
E GB-Ctrl A A(e) = Reg-1.
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Lemma 315 ([idle] = [G<e (¥)

= GB-Ctrl = O
AT —

A
A (Jignite] = £<0.5+¢
[C,J(J A

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

Case 1: Z,V, [b, €] [= [idle]
[G A (idle V purge)] = [~G] (Syn-3)
(oncl! [G]; [-G A (idle V purge)] — [—G] (Stab-6)

LYV, [be] EO([G] = £<2) A=0(GT; [-G] 5 [G])

m (p (x] i valve M{UEW
; Case 2: Z,V, [b, e] = [purge] Analogously to case 1. # 792'" - ft"-“
% 2737
Lemma 3.15Cont’d (Jidle]] = [G<e)
(fpurge] =[G <¢)
([ignite] = £ <0.5+¢)
Case 3: Z,V, [b, €] k= ignite] ([burn] = [-F < 2¢) @K)
[lgnlte] [—||gn|te—| (Prog-2)
IV, [bel EL<05+¢
Case 4: Z,V, [b,e] = [burn]
[burn A (=H V —=F)] —— [—burn] (Syn-2)
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[F]; [-F A —ignite] — [—F] (Stab-5)
7]
( ) CELT]
IV, [b.e] = O([~F] = €< &) A=0([F]; [~F]; [F])° BT FE L

' N [ TF]
CO (xh I 2837



Lemma 3.16
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EJdeeGB-Ctrl = 0O/ <30 = [L<1)

Reg-1

Qoo Sk
(ot T,ULbed st TUOlbedF GB-Gh( n l£%

D'Aaﬂdﬂu T cases:

TWIbedETT (v)
_IV{ F V(]’,J[J,me A (c?o) (4)
v(rpugﬂ;%u,,!cgo) (2)
YTl < L) )
v(l’bam‘;-lim/\ {¢30) (q/
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Lemma 3.16 Cont’d
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Case 0: Z,V, [b,e] ET] /

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

[idle] — [idle V purge] (Seq-1)
[—purée} ; [purge] =3 [purge] (Stab-2)

Lo el b T Ty TAeT, Tposgel
3 QT/,LAJ# Jlte v les; [ree

Thees K M}(\-U-&é 74, &2-7 w Al e,
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Lemma 3.16 Cont’d
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Case 2: Z,V, [b, €] |= [burn] ; true A ¢ < 30

[burn] — [burn V idle] (Seq-4)

LUl ( Tin ) T T Aece ) 4 230
LV, Lhe) E (./Z £2¢ v \[LéZE/‘ Jt<os )/1 437
Ql,\), el I € 4s

Tow (£05) affust 4 fo.1

35, 6,
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Lemma 3.16 Cont’d
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Case 3: Z,V, [b, €] |= [ignite] ; true A £ < 30

[ignite] — T[ignite VV burn] (Seq-3)

QT,MAJE(”WVJ o Tyl o) 1 2
35 ) Qm ek JL €05+ v (L c05es; Ju-c42) 1€
(AI/U/ C_[,I‘JF/[_[.: 45+5¢

S [201) b sffet 4 -1
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Lemma 3.16 Cont’d

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

[purge] — [purge V ignite] (Seq-2)
T Mgl g T )
34,01 QZQLA,:]#/Z e &, Vi <os)
GTOmIrkcose g

T .zx(ﬁmfﬁz?-“m e
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CorrednessResult

Theorem 3.17.

= <GB—CtrI/\5 < 112) = Req

il 1 b | e | e
»—b/so-a)<—b,05'—), / é<~—@ —
s (Leg JLé_OSul 2 e Rzg Jes

Lb! —
J/ L0541 6f
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Discusson
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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] 30+e [—purge]

for instance?

Mg, e i Lo lziu,’rcmz‘ (it wobd o]
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