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How does Synthesis work?

1. Synthesis via Game Solving
2. Bounded Synthesis

re rrect System!



AKDV

B 1. Synthesis is a Game
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How does Synthesis work?

1. Synthesis via Game Solving
2. Bounded Synthesis

= Gilven kK, Is there a system with k
states that fulfills the specification?

= SMT Encoding
= Today: Consider only safety specifications

re rrect System!
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System
Inputs: :;
I |
0, < System
Outputs: 852 y
clock
= | ={i, I, ..., 1} IS a set of Boolean inputs

= O={o04,0,,...,0.}Is aset of Boolean outputs
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System: What is Inside?

Moore Machine:

A Moore Machine is atuple M = (S, soZ;, 29, T, out)
= S ... finite set of states

= S, ...Initial state

= | ...inputs, X, = 2! ...input alphabet

= 0 ...outputs, o= 29 ...output alphabet

» 7:S X X; = § ...transition function System

= out:S - Xy ...output function , _| ™ /7 Ay
o ‘."
clock —> ™ !
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System trace

= A system path is an infinite sequence
(Sol0)(5101)(S2, 02) ...
= such that s; = 7(sg,1p), S2 = T(51, 1), ---

= A corresponding system trace is an infinite sequence

o = (out(sg)ipd)(out(sy) i12) ....

SCOS

Secure & Correct Systems



AKDV

Ty

Simple Transformation:

From a Moore Machine to Hardware

* The current state s € S Is stored in flip-flops

» T:SXX; - Sandout:S - X, are combinatorial circuits

r —

clock —

Implementation

r S

clock

Hardware
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out
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Safety Specification

= VG EE X)) (G- (V5 € (3 x2,). (G ) E$))
»= Traces that do not satisfy ¢ cannot be extended to traces that satisfy ¢
= “bad things must be irremediable”
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ﬁ Specification = Safety Automata

= A Safety Automaton is atuple ¢ = (0Q,qq,2;,Zp,6,F)

= Q ...finite set of states

" q, -..Initial state

= |...inputs, I, = 2! ...input alphabet

= 0...outputs, o= 29 ...output alphabet
" 5:0 XX} XXy — Q ...transition function
0 5 C (Q ...set of unsafe states

=
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Example: Safety Specification

= Every request must be granted in the next tick
* InLTL: ¢ =G(r = Xg)
= Safety automaton: ¢

V'-r:j
y_g

‘?V—;/j
Y
Cj\hfuc,
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Run of ¢ on M

Safety Automaton ¢
State: qeEQ

Transition: §:Q X Z; X 2y = Q

TOEZO

o]
Moore Machine
State: SES
Transition: 7: SX X, - T
Output: out: S - X,
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Run Graph = Product M x ¢

= Take current state of M: s

= Take current state of ¢: g
= (s,q) Is the current state of a run graph

= Take the current output: out(s)

= Take any input: I
= (I, out(s)) is the current edge label

= Take next state of M: s’ = (s, i)

= Take next state of SA: q' = 6(q, i, out(s))
» (s’,q) is the next state of a run graph

SCOS

Secure & Correct Systems



Erstellt mit einer Testversion von PDF Annotator - www.PDFAnnotator.de ﬂTU

Grazm

AKDV

Example: Building the Product

HModeh M Spee P

—//,—— vy
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Ga; /9
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Bounded Synthesis for Safety Specs

= Given a safety specification ¢
= Given a number k
= |s there a system with k states that fulfills ¢?
= Search M = (S, sy, 2,20, T, 0Ut)
= Given: §, sy, 21,20
= Find: 7, out
= How can we do this? \
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Bounded Synthesis for Safety Specs

= Search M = (S,s4,2;, 20,7, 0ut) — Bliiaed

p(qo, So) = true
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Bounded Synthesis for Safety Specs

= Search M = (S,5s9,2;, 20,7, 0ut) ~—[ireed

p(qo, So) = true

A N\ ot@s) = fatse

SES qEF
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Bounded Synthesis for Safety Specs

= Search M = (S,5s9,2;, 20,7, 0ut) ~—[ireed

p(qo, So) = true

/\/\/\ p(g,s) Ao = out(s) - p(8(q,i,0),1(s,i))

qeQ ieX; seS

A N\ otas) = faise

SES q€EF
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Example

" ¢ =1(0Q,90,21,20,6,F) /oy .,j

" Q= {quqlqu} 91

" /={r} O={g}. v g g *19
" F = {q,} 7 &5,

= k=2
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Example

" ¢ =1(0Q,90,21,20,6,F) /oy .,j

" Q= {quqlqu} 91

" /={r} O={g}. v g g *19
A= ) -lr‘ij
" F = {qz} 7 D

= k=2

p(qo,Sg) = true
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Example

" ¢ =1(0Q,90,21,20,6,F) /oy .,j

" Q= {qOJqli qZ} G@ 91

" /={r} O={g}. v g g *19
A= ) -.r-ij
" F = {qz} 7 D

= k=2

p(qo,Sg) = true

/\/\ p(q,s) = false => —=p(q2, So) A =(g2, 51)

SES qEF

re & Correct System
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Example

" ¢ =1(0,90,21,%9,6,F) vag "L:T

" @ =190, 91, 92} G@ 21

. I={r}, 0=(g) s v(f%?

79
= k=2

/\/\/\ p(q,s) Ao = out(s) = p(6(q,i,0),1(s,i))

qeEQ ieX; seS

re & Correct System
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Example

- ¢ — (Q' (’IO'21120'5' F) 1 %'ﬂ

" @ =1d0,91, 92} G@

= I={1}, O={g}. s s
" F ={q.} Dy
= k=2

A\ N\ e@s no=out) - p5a.i,0),75,0)

qeEQ ieX; seS

p(qo, o) Ao = out(sy) = p(6(qo, 7, 0), T(se3¥)) A
p(qo,s1) Ao = out(sy) = p(8(qo, -, 0), 7(s517) A
0(qo, So) Ao = out(sy) = p(8(qo,7,0), 7(se7D)) A
p(qo,s1) Ao = out(s;) = p(6(qo,7,0),7(s174)) A

p(q1,So) -
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Thank You
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