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Introduction: Atomic Formula
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Predicate Logic |

term: x

predicate: P

atomic formula: p(x)e{T,F}

Ex. | A swallow isabird.
X p
A cock isabird.
X p

A sparrow can fly.
X 14

aproposition is denoted as an atomic formula p(x)
predicate index:i  p,(x)

each atomic formulavaue{T,F}
is decided by selection of x and p

Introduction: Propositional Logic
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Predicates about term x P

set of predicate: P

cardinality of P:|P| O O O
predicate: p;,ie {12..., P‘} 2163) D,(x) p|P|(x)
set of atomic formula: P(x) ={ p,(x) | p, € P} atomic formulae

each atomic formulais binary valued variable (ex. true or false)

pi(x)e{T,R
Logical Connective |

negation:— (—p,(x) =T holdsiff p,(x)=F hold)
conjunction(“and”):A (p, A p,(x) =T holdsiff bothp,(x) =T and
disunction(“or"): v (p,v p, = —(—p, A—py))  P2(¥)=Thold)
implication: — (pr— Py =—PV D,)
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Introduction: Propositional Logic
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Propositional Logic Formula

Propositional logic formula over set P of atomic proposition are
formed using logical connective
propositional logic formula:g

valueof ¢ intermx: ¢(x)e{T,F}

Truth Table | formulaeintermx,,x,,x;,x,

X Px) | pa(x) —p1(xX) | LA P(X) | PV Po(X) [P = pa(x)
Xq T T F T T T
X, T F F F T F
X3 F T T F T T
X4 F F T F F T

Introduction: Terms
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k set Of terms. X

termix, € X
termindex:me {1,2,...,

X

Proposition on terms

- '(pis'formulainxmeX
may:y  @(X) holdsiff ¢(x,)=T,3x, e X
must..y  Oe(X) holdsiff g(x, ) =T,Vx, e X
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Introduction: Frame
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Accessibility
set of accessible relations:R ¢ X x X
EX.(x,,x,)€ R(x,isaccessibleforx,)

Frame

Frame: F = (X,R) frame:

Fx)={x, |(x,x,)e Ry c X
Mssaheeol o isformulainx, e X

may ¢ $o(x) =0p(F(x)) holdsiff thereexistsx, € F(x) and
inthisconditiong(x, ) =T
must Oe(x) =0p(F(x) holdsiff (x,)=T,Vx, € F(x)
B ¥, 9)|09(x) =T
W(xa) =T

X4 @ U¢(x4) =F
Tokyo Intituteof Technology _ﬂm

Introduction: Temporal Logic
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set of atomic formulae
satisfied in theterm: p(x,) = {p, e Plp,(x,) =T,ie{01....[P}}

trace o [ p(x(0)) 3{ p(x(®) > -+ ={ p(x(k) P plxk + D)
5 kyterm x(k)e X

« irreflexive: in any x(k), (x(k),x(k))¢ R
« transitive: if (x(k), x(k")) € R and (x(k"),x(k")) € R then(x(k),x(k")) e R
« connected: between any momentsk, k',

(x(k),x(k"))e R or (x(k"),x(k))e R or k,k’

trace

B el (30

axiom
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Introduction: Linear Temporal Logic
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Semantlcs
o = p(x(0))p(x(D).... p(x(K))...
olj..1= px())p(x(j+D)... p(x(k))..., j 2 0
gisformulainx, € X
o(0) holdsiff p(x(0))=T

eventually:¢ (o) holdsiff p(alj...])=T,3/ 20

dwaysg [O¢(c) holdsiff ¢(o]j...])=T,Vj =0

next:() Qg¢(o) holdsiff p(ofl..])=T

until: Until ¢, Until @,(o) holdsiff ¢,(o[ j,...])=T,3j, 20and

LTL Formula @ (oljy.. ])=T,foral 0< j, < j,
LTL formulad[ ¢ = Av —> QO Q Uniil| (o) e{T,F} n
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* Verification and Control
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Plant Model: Example
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initial state X" ={pay}
state X :={pay,select,soda,beer}
input U :={insert _coin, get _soda,

get _beer,r;,1,}

insert_coin

transition pay ———=—>select

get_beer

relation T =< beer —£“— pay

Desired Property

“The Vending Machine only delivered adrink after providing a coin”

@ predicate P:={ paid,drink}
& = (K —drink} Until{ paid} labeling L(pay) = ¢, L(select) ={ paid},
o BT L(soda) :={ paid ,drink},
god H(N=T L(beer) ={ paid ,drink}

Tokyo Institute of Technology

Execution: Example
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system model
r:(x,UrT,X",PL)

execution pathinl
pay—— select—2— soda —<— pay —<"— select ...
select—1— soda —E4— pay —2"— select —2— beer ...
pay —< s select —2— beer —£4— pay —<"— select

O 7 L) 0 7 e
trace trace(r,) =(L( pay)][L(select)][L(soda)][L( pay)][L(select)]. . E




Traces: Example
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Paths o o Traces
Paths(I') :={ Paths(x),xe X"} Traces(I") = U Traces(x)
Paths(x) :set of all paths start from x Traces(x) = ;;gce( Paths(x))

A

Semantics of LTL over Paths D) =T iff qﬁ is sefisfied

Vr. € Paths(I")
Togo nsiteor Tesmdy _M

Plant M odel
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set of inputsu

transition relation: 7 c xxUx X

set of initial states:x” c x

set of predicates: P

labeling function: : x — 2°

state xe X inputiue U

set of satisfied atomic
formulae:p c P

transition function

f={x(k+2
| (x(k),u(k),x(k+1)e T}
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Simplified Plant Model

x(k+1) = £ (x(k),u(k))

Transition System

system model issimplified to
discrete valued valuable model

Tokyo Institute of Technology

U :set of inputs
T c XxU x X :trangition relation
X" < X :setof initial states
P:set of predicates

L: X — 2" :labeling function

|fl>[r X.,U,1,X",P,L))

transition system

Atomic Formulae
Transition Relanon P={p,. p,}

X ={x,,%,,%3,x,} L: X 2"
U ={a,b} |l & ‘ 2 ‘ 2% ‘ X4
(xlla X,), } Lo 1
Py T F T F
@ (xl'b Xy) | T | T F|F B

Tokyo Institute of Tacnnmogy

Path and Trace
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FeETIESD)|
x(0)e X™
path (£(O——> x() —> x(2)—>+() —>x(4) =]
projection| 7 y — 27|
\4 v v v v
trace [p(O) r@ r(2) 126) P(4) ]

satisfied predicates p(k) = L(x(k))
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Traces

Paths Traces
Paths(I') :={ Paths(x),xe X"} Traces(I") = U Traces(x)
Paths(x) :set of all paths start from x Traces(x) = ;}iéce( Paths(x))

A

Semantics of LTL over Paths B(r)=Tiff @ issaisfied

Vr. € Paths(I")
Togo nsiteor Tesmdy _M
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Problem
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LTL formula @: desired behavior
system model I': plant

Goal

derive strategy to determine u satisfied @
from an algorithmic framework

x(k +1) f (x(k) u(k))
strategy —> %P
D
¢
Tokyo Ingtitute of Technology Fujita Laboratory 18




Outline

Tokyo Institute of Technology

*N. Ozay et al.

N. Ozay et al. [1]
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Camera Network

desired behavior
“All Target should be zoomed before go out from the area’

=

system model N

(N area outfi de 4
3 i loor

.

N

A [

@01 | )

target
camera ®

%

left side right side
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N. Ozay et al. [1]
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1. Ateachtimestep atarget either remainsin the previous cell or
moves to a neighboring cell

2. Every target ways eventually exitsthe area

3. Every target can exit and enter through designated doors

4. A target remainsin the areaat least K time step

5. Therecould be at most N targets on each side of the area

6. Thecamerazoomsinto single cell

7. Onceatarget is zoomed-in, image of the target is taken

8. After atarget goes out from the area, theimage is deleted

Goal
“All Target should be zoomed before go out from the area’

N. Ozay et al. [1]
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Area
Cell Position C:={c,,c,,...,cp,} c,
Left CameraArea
C,={epcpyennic6} C | Ce C1p
Right Camera Area -
outside ¢,

C ={c;,¢q00. 1 Cpo}

Target and Camera @ @ @

Target ie{1,2,...,2N} )
Target i 'sposition at time k a;(k)e CU{c} -
Number of time step target i remainsn, (k) €{0,1,2,3 Ex. at time k

a(k)=c,
Camera je{l,r} a,(k)=c,

Camerazoom position at timek z;(k)e C,; z,(k)=c, a
Tokyo Ingtitute of Technology

N. Ozay et al. [1]
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Zoomed Image
Taken image isZoomed, (k) ={T,F} C={encp. o}
Stete e cUed
‘_(k)e C { 0}
A=A AOL2AT I S8 s o
x(k)e X e
x(k) = (ay(k), ay(k),...,apy (K), g[ ::icl’cz'm’cs}}
}’ll(k)rnz(k)r-"'nz.’v'(k)' ) o c7’C8’”.,012
isZoomed, (k),...,isZoomed, (k), RN
z,(k),z, (k)

X,: H (CU{c})x{0.1,2.3x{T.B), X H{C}

N. Ozay et al. [1]
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=

1. At each time step atarget either remainsin the previous cell or
moves to aneighboring cell and rule 3, 5

¥, = Ao D@0 =¢,) 2O, (a,(K) =¢)

L, : the set of the cellstarget is allowed to move frome,,
2. Every target always eventually leaves the area
P, =00a,(k)=c,
4. A target remainsin the area at least K time step
W,, O(((a, (k) # co) A (n,(k) < K)) O (a, (k) # ,))
V= Oll(a, (k) =)= (. (k) =0))
(O, (k) # co) = (O, (k) = min(n, (k) +1,3)))]
6. The camera zoom into single cell
¥, = 0OV (Z(k) =CI) for

v, o= -z je{l,r}
Tokyo Institute of Technology




N. Ozay et al. [1]
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Rule |

%e atarget is zoomed-in image of the target is taken, and rule 8
0= ((a‘. (k) =z,(k)) v (a,(k)=z, (k))) - (O isZoomed, (k))
0,, = (isZoomed, (k) A (a, (k) # c;) A a, (k) # ¢,))
— (DisZoomed, (k)
0y, = ((a, (k) # z,(k)) A (a, (k) # z, (k)) A—isZoomed, (k))
— (O —isZoomed, (k)
04, = (a,(k) = ¢y) = (OisZoomed, (k))

o

N. Ozay et al. [1]
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= [
¥, . =(a,(k) = c;) A (n,(k) = 0) A misZoomed, (k)

init,i

“All Target should be zoomed before go out from the area’

Escape
escape, = (a,(k) # c,) A (misZoomed, (k) AC)(a, (k) = ¢,) A
O)(—isZoomed, (k))

Goal

& = U(/\ie{l,Z,A..,ZN) —escape; (k))

AL

D, = Nea,..2m (l[lx‘,i IS ITTS SRS SUWN VN 4 ) - environment

e

D, =¥ AY,, AY,,: desired system behavior assumption

Desired Property @ =&, — @, (@, issatisfied in I) a
Tokyo Institute of Technology

init i

N. Ozay et al. [1]
T ..
- A

v T

Tokyo Institute of Technology

A Al

|
510}
target
camera @

left side right side
controllable input: z, (k) C, je{l,r} X,
not controllable: g, (k),n,(k),isZoomed, (k) i€ {12,...,2N} X, under rule

N. Ozay et al. [1]

Tokyo Institute of Technology

Camera Network sl
plant(controllable): camera, environment(not controllable): target
Desired Property

“All Téfget should be zoomed before go out from the area”
formula @: desired behavior

Goal

derivestrategy to determine u , satisfied @ under anyu,
from an algorithmic framework
u

e

Uy Enviro
X,
strategy Plant Ament ; Orp o

Tokyo Institute of Technology Fujita L aboratory 28

N. Ozay et al. [1]

Centralized control strategy synthesis
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@, environment assumption

@, desired system behavior
derive strategy, satisfied formula

u,(t)= f(x(O)x(l)...x(k—l),H(ai (k)n,(k)isZoomed, (k))]e X,

formula® iff (&, — ®,)

N. Ozay et al. [1]
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Distributed State

State

X, =TT(C, Ule) {0123 <{T.B)x{(C}}

¥, (e X, ie{kl 2*~C~~'SN}

x,(k) = (a/’l(k)!a/‘Z(k)yn. oy (k), :lllﬂ(sc))ee{o’jl 2{163(;}
ny(k),np (k). nay (k) Jje{l.r}
isZoomed,(k),...,isZoomed,,, (k), C ={cncprennnc5}
z. (k) C ={c;,cq...,Cp}

/ z,(k)e C,
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N. Ozay et al. [1]
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Centralized control strategy synthesis

@, environment assumption

@, desired system behavior
derive strategy, satisfied formula

u,(t)= f(x(O)x(l)...x(k—l),H(ai (k)n, (k)isZoomed, (k))]e X,

formula® iff (&, — ®,)

Distributed control strategy synthesis
global property @ =(®, — ®,)
derive distributed strategy, satisfied global property
u, (1) = £ (5, 0%, @)...x, (k =D, T ] (a, (k)n, (k)isZoomed, (k) € X ,

ieleft

u, )= f(x,(0x,D...x.(k-1, H(a, (k)n, (k)isZoomed, (k))) € X .

ieright
u, (6)=(u,, (t),u,(r)) property @ =(d, > ®,)

N. Ozay et al. [1]
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Proposition 1.[1]

Let @, @, @,, @, @, and @, belLTL formulathat contain
variables of only from the respective sets of not controllable varibales
X,, X,, X, and system variables X, X}, X,. Let X, X, X, bethe sets
of al controllable variablesin X, X;, X, that satisfy

XpIUXpr :X/J’Xpl mXF’ :¢
If the conditions:
« any execution of the environment that satisfies @, also satisfies

D, NP,

« any executions of the system that satisfies @, A @, , also satisfies @
« and, there exist two control protocols that make the local
specifications (@, - @) and (D, = P,) true,
hold, then implementing these two control protocols together would
lead to a system where the global specification @ = (&, — @,) is met

Tokyoinsituteot Temology _M

N. Ozay et al. [1]
Distributed synthesis
distributed property |:> distributed synthesis
(' AD,) — (D, AV,) |:> o)
W n2) =@ np) B |u,0

Tokyo Institute of Technology

P, /) using thisinput,
tautology v, v, JTITCSE desired behavior is satisfied
Summary

Inthis W,'derieiaistributed strategy to determine u satisfied @
from adistributed algorithmic framework

Outline
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*Y.Chenetal.
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Y.Chenetal.[2]
(X, U.T,X".P.L)) {PcPicl}

Model each agent as atransition system

[COLU LX) BL) icr

Y. Chen et al.[2]
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Global behavior |

given aset of ce-strategies{r,. = x,(0)x, (1)x,(2)x,(3)---,ie 1},
we denote Lioan { r, i€ l}) ::”iel {Wi}
asthe set of all possible sequences of propositions satisfied by the

Définition. satisfying set of cc-strategies[2]

A set of cc-strategies{r,. ,i e I} satisfies aspecification given asan
LTL formula ¢ ifandonly if /., #¢ and/,, < /(B,)

implementability  distributability
Given ateam of agentsrepresented by I",,ie I,
aglobal specification ¢ intheform of an LTL formulaover P and
adistribution{P, c P,ie I} ,

find a satisfying set of individual cc-strategies {r,. ,ie I} E




Y. Chen et al.[2]

Synthesis |
the global specification ¢ over p

@ conversion

B,= =(0, Q’” P,0,F) :
which accepts exactly the Ianguage satisfying ¢
We need to find alocal tracew, for each agent i such that
1.al possible sequences of propositions satisfied by the team while
each agent executes its local trace satisfy the global specification
2.eachlocal trace  can be implemented by the corresponding
agent w;

B,
checking distributability checking implementability

decider, =x,(0), x(1), ... of I',
Tokyo Institute of Technology w

Y. Chen et al.[2]

given the converted global specification /(B,)
and the distribution { P, c P,ie I}

Proposition 1. [2]
Given adistribution{ P, c P,ie I} and atracewe P~ , we have

W =lle; {wlp}

A trace-closed language is sufficient to find a set of local traces
satisfying the distributability.

Proposition 2. [2]
Given alanguage / c P~ and adistribution{P, c P,ie I}
if / istrace-closed language andwe /, then ||, {w|,} =/

38
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Y. Chen et al.[2]
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Y. Chen et al.[2]

Proposition 2. [2]

Given alanguage / c P~ and adistribution{P, c P,ie I}
if /istrace-closed language and we /, then ||, {w|,} =/

Check whether /(B,) is trace-closed

if the answer is positive, by Prop. 2
an arbitrary trace from /(B,) can be used to generate suitable set of
local traces by projecting trace onto P,

40
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Y. Chen et al.[2]

Checking implementability

Proposition 3. [2]
If aset of cc-strategies{r;. ,ie I} isasolution to problem, then the
corresponding local traces . areincludedin/(B,)|, ,Vie /

Given the agent model I", some of the local traces
might not be feasible for the agent
capture all thetraces of /(B,) |, that can beimplemented by the agent

Tokyo Institute of Technology

Y.Chenetal.[2]
|Theorem 1.12] |—

If /(B,) istrace-closed, the set of cc-strategies {r. ,i e I} satisfies
[ {w} #¢and ||, {w}ci(B,), where w, is the corresponding
trace of I"; generated by Iy,

In this way, derive distributed strategy satisfied &.

In addition, from implementability there isinput « to follow this
strategy, so @ is satisfied by input u.

Because this algorithmic framework consider all agents, it is not
distributed framework.
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* Summary

Summary

Tokyo Institute of Technology

LTL formula @: desired behavior
system model I": plant

@

Goal

derive strategy to determine u satisfied @
from an algorithmic framework

x(k +1) f (x(k) u(k))

—> X, D
strategy p

(2]

¢
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