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' Robot(1)

const 1nt B=5;

Invariant
clock x;

int s=1;

Resets

x=0, GateF
s=8

E<> Robot(1).Field && Robot(1).s==14
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N2

Smart Farming - Timed Automata | .

% uu\‘*“"t
Robot(1) ‘ %Pr[<=1000] (<> Robot.Field && f{obot.s==8} - - — d X const lnt B=5 ;
Si Cumulative Probability Confidence Intervals
X S clock x;
g int s=1;
/f
/!
f
\
Y\ = F-—Jupper limit
E F—cumulative probability .
R F--[lower limit U N |f0rm
a E—average . . .
o distribution
Message {1/2,%}
() (149 runs) Pr(<>...)in [0
Ej with confidence 0.95 0 70 140 210 280 350 420 490 560
— run duration in time

Parameters: a=0.05, €=0.01, bucket width=45.69, bucket count=13
Runs: 149 in total, 149 (100%) displayed, 0 (0%) remaining

WesT - . v |Span of displayed sample: [8.68, 602.7]
.(A - Mean from displayed sample: 109.6 £ 16.2 (95% CI)
s=8

T =0, GateF

Uniform x <BS74 x <BS70 X <B x<B $710
distribution
[0.B] Pr[<=1000] (<> Robot(1).Field && Robot(1).s==14)

MOVEP 2022
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Robot(2)

Robot(1) .
int B=h;

clock x;

int s=1;

Uncontrollable

Controllable
edges

edges

x=0, GateF
s=8

strategy segsafe = control: A[] ! ( Robot(1).s>1 && Robot(1).s<14 && Robot(1).s==Robot(2).s)
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File Edit Format View Help

State: ( Robot(1)._id7 Robot(2)._id17 Rain.Wet Load._id55 Field._id49 Store._id5@ ) w=5 harvesting[1]=0 harvesting[2]=0 storing[1]=6 storing[2]=6 Robot(1).s=7 Robot(2).s=18
While you are in (Robot(1).x<=5 && Robot(2).x<=5), wait.

State: ( Robot(1)._id7 Robot(2).GateC Rain.Wet Load._id55 Field._id49 Store._id5@ ) w=5 harvesting[1]=0 harvesting[2]=0 storing[1]=6 storing[2]=6 Robot(1).s=7 Robot(2).s=6
When you are in (Robot(1).x<=5), take transition Robot(2).GateC->Robot(2)._id2 { 1, tau, x := @, s :=

When you are in (Robot(1l).x<=5), take transition Robot(2).GateC->Robot(2)._ids { 1, tau, x := @, s :

2w e
e T

State: ( Robot(1)._id16 Robot(2).FieldGate Rain.Wet Load._id55 Field._id49 Store._id5e@ ) w=5 harvesting[1]=@ harvesting[2]=0 storing[1]=0 storing[2]=0@ Robot(1).s=11 Robot(2).s=14
When you are in (Robot(1).x<=5), take transition Robot(2).FieldGate->Robot(2). idi13 { 1, tau, x := @, s := 12 }
When you are in (Robot(1).x<=5), take transition Robot(2).FieldGate->Robot(2).Field { 1, tau, x := 8, s := 14, start_harvest(rid) }

State: ( Robot(1l)._idl4 Robot(2).Mid Rain.Dry Load._id55 Field._id49 Store._id5@ ) w=1 harvesting[l1]=@ harvesting[2]=0 storing[1]=@ storing[2]=@ Robot(1).s=13 Robot(2).s=7
When you are in (Robot(1).x<=5), take transition Robot(2).Mid->Robot(2)._idie { 1, tau, x := 8, s :=9 }

When you are in (Robot(1).x<=5), take transition Robot(2).Mid->Robot(2)._id8 { 1, tau, x := @, s := 6 }

State: ( Robot(1)._id1ll Robot(2)._id7 Rain.Wet Load._id55 Field._id49 Store._id5@ ) w=5 harvesting[1]=0 harvesting[2]=0 storing[1]=6 storing[2]=6 Robot(1).s=8 Robot(2).s=7
While you are in (Robot(1).x<=5 && Robot(2).x<=5), wait.

State: ( Robot(1)._id13 Robot(2)._id4 Rain.Wet Load._id55 Field._id49 Store._id5@ ) w=5 harvesting[1]=0 harvesting[2]=0 storing[1]=0 storing[2]=06 Robot(1).s=12 Robot(2).s=5
While you are in (Robot(1).x<=5 && Robot(2).x<=5), wait.

State: ( Robot(1l).GateF Robot(2)._id7 Rain.Dry Load._id55 Field._id49 Store._id5@ ) w=1 harvesting[1]=0 harvesting[2]=0 storing[1]=0 storing[2]=06 Robot(1).s=12 Robot(2).s=7
When you are in (Robot(2).x<=5), take transition Robot(1).GateF->Robot(1)._id11 { 1, tau, x :=©, s := 8 } ,/
When you are in (Robot(2).x<=5), take transition Robot(l).GateF->Robot(1)._idie { 1, tau, x := @, s := 11 }
When you are in (Robot(2).x<=5), take transition Robot(1l).GateF->Robot(1)._id14 { 1, tau, x := @, s := 13 }

State: ( Robot(1l)._idl Robot(2)._id13 Rain.Dry Load._id55 Field._id49 Store._id5@ ) w=1 harvesting[1]=@ harvesting[2]=08 storing[1]=@ storing[2]=6 Robot(1).s=2 Robot(2).s=12
While you are in (Robot(1l).x<=5 && Robot(2).x<=5), wait.

State: ( Robot(1l)._idl4 Robot(2). id1® Rain.Dry Load. id55 Field. id49 Store._id5@ ) w=1 harvesting[l]=@ harvesting[2]=0 storing[1]=© storing[2]=0 Robot(1l).s=13 Robot(2).s=9

While you are in (Robot(1).x<=5 && Robot(2).x<=5), wait.

State: ( Robot(1l).GateC Robot(2). id7 Rain.Dry Load._idS55 Field._ id49 Store._id5®@ ) w=1 harvesting[1]=0 harvesting[2]=0 storing[1]=0 storing[2]=@ Robot(1l).s=6 Robot(2).s=7
When you are in (Robot(2).x<=5), take transition Robot(1l).GateC->Robot(1l)._id2 { 1, tau, x := @, s := 3 }

When you are in (Robot(2).x<=5), take transition Robot(1l).GateC->Robot(1)._id5 { 1, tau, x := @8, s := 4 }

State: ( Robot(1l).Silo Robot(2)._id7 Rain.Wet Load._id55 Field._id49 Store._id50 ) w=5 harvesting[1]=@ harvesting[2]=0 storing[l]=1 storing[2]=@ Robot(1).s=1 Robot(2).s=7
While you are in (Robot(1).x<=5 && Robot(2).x<=5), wait. v

Ln 1, Col 1 100%  Windows (CRLF) UTF-8

strategy segsafe = control: A[] ! ( Robot(1).s>1 && Robot(1).s<14 && Robot(1).s==Robot(2).s)
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asimulate 1 [«=100] {Robot(1).s, Robot(2).s+20} under segsafe — O X m Pr[<=1000](<> Robot(1).Field &8 Robot(2).Field) under segsafe - O X

Simulations (1)

Cumulative Probability Confidence Intervals

8.6 0.693 '
26.0 0.616
0.462 ;
20.8 :
182 SR SO SR S RS o b= 0.385 | E=3 upper lim
o | E= cumulativ
. . B B . . sl 0.308 : E
3 15.6 E Robot[1].s [ : average
2 13.0 -] Robot[2].s + 2 0.231 :
. ; . : : :
10 Al T [0.709977,0.805032] 95%
’ 0.077 : ! :
7.8 N N N
. . . . . . 0 z - - -
52 | ST AR O AR T ;e )3 110 197 284 371 458 545 632 719 806 893
i i i i i i run duration in time
26/ | .............. ................ ................... ................ .............. . Parameters: a=0.05, £=0.05, bucket width=59_579' bucket count=16
: : : : : : Runs: 329 in total, 250 (75.988%) displayed, 79 (24.012%) remaining
0 Span of displayed sample: [23.6, 976.9]
0 16.1 32.2 48.3 64.4 80.5 96.6 Mean estimate of displayed sample: 416.3 + 32.56 (95% CI)

simulate 1 [<=100] {Robot(1).s, Robot(2).s+20} under segsafe

E<> Robot(1).Field && Robot(2).Field under segsafe
E<> Robot(1).s>1 && Robot(1).s<14 && Robot(1).s==Robot(2).s under segsafe

MOVEP 2022 Pr[<=1000] (<> Robot(1).Field && Robot(2).Field==14) under segsafe Kim Larsen [11]



Field

_———— — ——— e ——

I v Wet .

Store

@ —

ODEsI

Dry
‘ ‘ f'=(((F-£)/(0.5%F))*w)xscale- c'=storing[1]*1d[1]
1.10? 1 ! 14 (hapvest?—ng[1]*_[:*‘,,.&5[,”;'_;;,1. ;(:500]{10*%;:_50}\\ ol c:‘l'nh"lnnf‘)l*'l de?'l v
\ “““““““ harvesting[2]*fx( Simulations (1)
= - - o ]
Rates of Load 28 R — i sl — — S —

: e I T D N VOO WO SN S S
exponential oo, I S - o I o S :
distributions R ) S— — S — T — S — — A —

J 1d[2] '=harvest] 1% | _ | | | _
- storing s | 5 | — =10t w
T 40 ; ; ; ; ; C1f+50

const double capacity = 40.0;
hybrid clock l1d[id_t];
hybrid clock f, c;

MOVEP 2022 Kim Larsen [12]



Robot(1)

x=0,
s=1,
start_unload(1)

end_unload(1)

Robot(2)

x=0,
s=1,
start_unload(2)

x=0,
s=14,
start_harvest(2)

end_unload(2)

MOVEP 2022

Rain Load
S T @
Dry Wet 1d[1] '=harvesting[1]#f+(1-(1d[1]/capacity))
? ) - storing[1]+1d[1] &&
1210 w1 v L 1d[2]' =harvesting[2]«f+(1- (Ld[2]/capacity))
Pemmmmeee oo - storing[2]+1d[2]
Field
Store

f'=(((F-f)/(0.5%F))*u)xscale-
(harvesting[1]#f#(1-(ld[1]/capacity)) +
harvesting[2]*f+*(1-(1d[2]/capacity)))

¢'=storing[1]*1d[1]
+ storing[2]+1d[2]

typedef int[1,2] id_t;
const int B=5;

int w=1;

clock t;

const double capacity = 40.0;

hybrid clock ld[id_t];
hybrid clock f, c;

bool harvesting[id_t] = {false, false};
bool storing[id_t] = {false,false};

void start_unload(id_t rid) {
storing[rid] = true;

]_

void end_unload(id_t rid) {
storing[rid] = false;

]_

Kim Larsen [13]
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meval_farm.xml - UPPAAL =
File Edit View Tools Options Help
= i 2 = i /-’
EWXoaaewe- YV
Editor Simulator ConcreteSimulator  Verifier
~Transition chooser " = B].obals Robot(1) Robot(2)
0.0 2.0 4.0 6.0 8.0 W= 5.0
E}--h_ar‘vesting = {0.0,0.0}
----- [1] N G.B end_wnload(1) :: and_harvest (1] {‘ i . wned_unload(2) :l: wnd_arvest (2} :’
H [2] = @.9 - start_unlosd(1) - start_harvest(1) - start_ueload(l) - Rah
+-storing = {0.0,1.0} i ‘m
<| ~#t(0) = 0.0 2,
I Urgent = Expand jjjff'";;gsﬂ‘g L .
44 Reset P Next Shrink =d = {10.036268339675237 .
g----[l] = 10.0362683396752 R
~ Simulation Trace o [2] = 14.4169373466321
Robot(2) ~f = 33.890448475993956 Load Store
P | || || - Py
(-, Silo, Dry, -, -, - [_],,m Robot (1) e T e Gurssimlaore 3l emeson) e matoring[1)e1611] + steesngizloiata)
Ran e rid = 1.0
(-, Silo, wet,-,-,-y | s =9.0 =
Robot) s X = 0.0 fFX ¢X Robot(1) Robot(2) Rain Load Field Store
=-%% Robot (2)
(Mid, Silo, Wet, -, -,y || i rid = 2.8 30.6 Dry
Robot(1) s =1.0 25.5
~X = 0.2
20.4
v 153 EJ1d[1]
® ET1d2]
= 102 ==l
5.1
0
0 6.8 13.6 20.4 27.2 34.0 40.8 47.6' Silo
< > time -
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meval_farm_Kim.me - UPPAAL

maxE(c) [<=1000] {Robot(1l).location, Robot(2).location, Rain.location} — {ld[1],1d[2],f}: < t
E< Robot(1).s>1 8& Robot(1).s<14 && Robot(1l).s=—Robot(2).s

E< (Robot(1l).s>1 && Robot(2).s<14 && Robot(1l).s=Robot(2).s) under segsafe

simulate 1 [<=1000] {Robot(1).s, Robot(2).s+10}
simulate 1 [<=500] {Robot(1).s, Robot(2).s+20} under segsafe

simulate 10 [<=500] {Robot(1).s, Robot(2).s+28} under opt_harvest

lsimulate 1 [<=5001 {1dl11.1dl2]1.f} under ont harvest

— O X
File Edit View Tools Options Help
3 A A
EEAas Qe wO® < Y
Editor Simulator ConcreteSimulator Verifier
Overview
// Two Robots Two way Road ) ~
strategy segsafe = control: A[] ! ( Robot(1).s>1 && Robot(2).s<14 && Robot(1).s=Robot(2).s) Check
strategy opt_harvest =

= 1000 under segsafe

Insert above

Insert below

Remove

Comments

Clear results

Query

simulate 1 [<=500] {Robot(1).s, Robot(2).s+20} under segsafe

T

- 7 = =T T T T

Comment
@ www.facebook.com * now A
Facebook
Wang Yi har slaet en opdateri
(71 andre nye notifikationer)
Status |

|Property is satisfied.

® www.facebook.com + now

Facebook

MOVEP 2022
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Workflow under UPPAAL Stratego

MOVEP 2022

Uppaal TIGA Uppaal /j
strategy NS = control: A<> goal E<>error under NS
strategy NS = control: A[] safe A[] safe under NS T
¢ | L G|o
Timed GameJ synthesis Timed Automata
abstraction

P|o°

minE(cost)
Euclidian - -

Markov

Euclidian

Markov Chain
/ °® °.:'?.:Of;:

"ok ‘.
Reinforcement Learning e *..'3:3 Uppaal SMC
© simulate 5 [<=10){el, e2} under SS
strategy DS = minE (cost) [<=10]: <> done under NS Pr[<=10](<> error) under SS

kstrategy DS = maxE (gain) [<=10]: <> done under NS/ KE[<=10;100](max: cost) under SS

optimized
Strategy

maxE(gain)

50 %

Kim Larsen [16]



Smart Fart rewardtobe Gond (

maximized Partial
Observability

Q1: strategy segsafe - antrol: A[]! (Rot «T).s>1 && Robot(1).s<14 && Robot(i, )

<
’
'&'r

Q2: strategy opt_larvest =
maxE(c) [<=1000] {Robot(1).location, Robot(2).location, Rain.location} -> {ld1,ld2,t}:

<>t >= 1000 under segsafe
T ey ] 338.881 +/- 7.80819

Q3: E[<=1000;300] (max:c) under segsafe

Q E[<=1000;300] (max:c) under opt_harvest - [m] X
Frequency Histogram ° °

Q4: E[<=1000;300] (max:c) under opt_harvest

MOVEP 2022 Kim Larsen [17]



asimulate 1 [<=500] {Id[1],Id[2]+ 140} under opt_harvest — O X
Simulations (1)

180

165

150

135 : : : ' : : !
120 5 : : : 5 5 ; 5 asimulate 1 [<=500] {f} under opt_harvest — O X

105 : : : : : : : . é Simulations (1)

1 — =
: : : : : : | E1d2] + 1

value

6l S S . R B —
. : : : : : :
30

15

0 49 98 147 196 245 294 343 392 441 49C
time

MOVEP 2022



msimulate 1 [<=500] {Robot(1).s, Robot(2).s+20} under segsafe — O X

Simulations (1)

33.6
30.8
28.0
25.2
P37 00 OO Yo1 0 B T NN I . 0 OO 1 OO S OO et 16 O L % simulate 1 [<=500] {Robot(1).s, Robot(2).s+20} under opt_harvest O X
19.6 B e simulations{l)
L 16.8 E—] Robot[1].s 286 1T
o ] Robot[2].s + 20
14-0 26.0
11.2 37| B BcutelOOE e IO shoebunst I kot fl O sove SO OOUB ol 8 st et | bt et et O [
84 i . . . . 20.8|F ] B LR B R B
2.8 1 5 15.61 N E Robot[1].5
0 e 13.0 =] Robot[2].s + 20
48 9 144 192 240 288 336 384 432 480
time 10.4
7.8
5.2
26 ......................................................
0 i i : : i
0 48 9% 144 192 240 288 336 384 432 480
time

MOVEP 2022 Kim Larsen [19]
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meval_farm.xml - UPPAAL

Options Help

File Edit View Tools

E@&

Concrete

Editor Simulator

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

~Transition chooser

0.0 2.0 4.0

PRobot(1)
PRobot(2)

PRobot(2)

PRobot(2)

PRaiN

44 Urgent

1+ Reset >

~Simulation Trace

(-l Tr Dry.r e -)
Robot(2)

Search Order >
State Space Reduction >
Diagnostic Trace ?
Back-propagation Order >
Search priority >
Strategy >
Extrapolation >
Hash table size >

Learning filter >

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

| =
1arvesting = {0.0
0

5.0

storing = {0.
tt(0) = 0.0

ttime =

31.5

= 0.0

= 1R _3RQRKRA(]

Learning parameters
Statistical parameters*

Clear option overrides

(-l Mldr Dryl TrTr -)
Robot(2)
(-l 1 Dry.r i _)

Rain

Co-variance
Splitting
Regression

Naive

Bﬁ . Q-Learning

M-Learning

Reset value

4

Learning parameters

Number of successful runs
Maximum number of runs
Number of good runs
Number of runs to evaluate

Total maximal number of iterations

m_option_imitation_iterations

Iterations with no improvement before reset
Maximum number of resets
Learning rate for Q-Learning
Upper limit for T-Test

Lower limit for T-Test

Limit for KS-Split

Filter smoothing

Critical filter value

Learning discount

Stochastic runs (%)
Deterministic runs (%)

Critical difference (%)

Difference smoothing (runs)

X

200 Reset

500 Reset

100 Reset

100 = Reset

30 | Reset

SH Reset ‘

10 | Reset

3 | Reset

2 | Reset

1.75 | Reset

0.15  Reset

0.25  Reset

0.02|  Reset

0.99|‘ Reset ‘

0.99|‘ Reset ‘

0.5 | Reset

0.5 | Reset

0.005 |  Reset

Cancel

10 | Reset

Kim Larsen [21]



States S € R¥

Act is a finite set of actions
Initial state sg € §

Next state density function

T:S XAct - (5 - R,p)
Cost-function

C: S XAct xS - R
Goal states G € §

Strategy a: S — (Act — [0,1])

N E, (G, 5):

e S, S, =~ Expected cost of reaching G under o.

—b

Find ¢* st. E,+ (G,s) = inf E,(G, s)
g

MOVEP 2022 Kim Larsen [22]
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Finite partition A (respecting G)
Next state transition-function

T,:AXActx A - [0,1] x[0,1]
Cost-function
Cp:AXAct xA->RXR

Ef™(G,x)  EFY(G,x)

Theo_rem
ET(G, [s]) < inf E,(G,s) < EF*** (G, [s])
(2

Theorem
(Bounded horizon, continuous cost & transition)
LetAy E A, E --- C A; E --- a be refining sequence
“of arbitrary precision”. Then
inf OLEZ‘i""(G, [s]a,) = inf E,(G,s) = inf OLEZZfiax(G, [s]a,)

Kim Larsen [23]



ﬁ'x, Qﬁ’x= Ryp x€P
#(£,x) : N
#((4,x),a,{¢",y)) : N
X ‘. C(({’, X), a, (3’,Y)) 'Ry

REPEATEDLY
1. Generatearandom run p
« using Q5* and QL™ as weights
for randomly choosing
betweena and b in £
* Using model for stochastic
choice.

MOVEP 2022 Kim Larsen [24]



Q- and M-Learning

p 4. Refinement of P:

Maintain estimates for sub-
partitioning P*. Split when sub-
parts are significantly different
(Weleh’sit-test)!!!

MOVEP 2022

tx Afx
a';Qb':]Rzo x € P : (
#((‘e’ x)) a; {‘8,, y)) s N UN\

C(({), x), a, (£, y)) : Ry
x,y €EP,a €{a,b}

REPEATEDLY
1. Generatearandom run p
« using Q5* and QL™ as weights
for randomly choosing
betweena and b in £

* Using model for stochastic
choice.

2. Update
#(4,x)
#((4,x),a, (¢, y))

C(({”, X), Q, (f’,y))
along the run

3. Backwards update Q5 and Qp”*

20,96: 1— 1 ) 20,x+
#(‘EO,X)
1

’ (C(SOI a, Sl) + min Qil,y)
a

#(£y, x) Kim Larsen [25]



Approximations
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Strategy learned by STRATEGO

EMDP

Kim Larsen [27]
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Semi-Random Walk

320

|

: 15

7 10 Exp. Cost

Strategy learned by STRATEGO

Lower/Upper Cost-bound

Kim Larsen [28]
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itioning

Strategies from Successive Part

H H ; H H H
- P T S ISP NI T S ———
] L] ® -
x a =i =1

Exp. Cost
L_.__

Exp. Cost
¥
[

for t=0.0, t=0.7
and different A.

Obtained from lower and upper expected cost approximations
L/U expected costs

0.6

1.0

0.8

0.4

0.2

1.0

0.8

0.6

0.4

0.2

Kim Larsen [29]
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Strategies from Learning

]
CHALLENGE
Prove convergence 1
of Q-learning for
EMDPs "

MOVEP 2022

k=205

Expected cost functions for k=205
Along t=0.0, t=0.7.

: Upper expected cost

Blue: Lower expected cost
Green: Learned expected cost

0.2

Il
0.4

Exp. Cost
20+
15:_—
o —— ._
1.0 ' 0.2 0.4 0.6 0.8 1.0

Kim Larsen [30]
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UPPAAL Adaptive Cruise Control

8 distance sensors

“Optimal” Strategy

MOVEP 2022 Kim Larsen [32]




7 adaptiveCruiseControl - Motepad - O
File Edit Format Wiew Help

state: { Ego.Negative_acc Front.MWo_acceleration system.Wait Monitor._id12 ) #acticn=8
distance=47 velocityEgo=6 accelerationEgo=-2 velocityFront=12 accelerationFront=a
kWhile you are in {waitTimer<=1}, wait.

State: ( Ego.No_acc Front.Positive_acc System.Wait Monitor 4 M b
m velocityEgo=13 acceleratig s -nnt=14 acceleri

chEgo? 6 mio configurations

9 accelerationEge:

kWhen you oo { 1, tau, acceleraticnEgo = @
velEgo'saccEgo 1 .
When yo ve_acc { velocityEgo <
|| maxvel:
When vy e _acc { velocityEgo »
minvel

'id12 ) #action=@ distance=199
donFront=0

While you True, walt.

accEgo=acc

State: { Ego.
distance=49 vely
While you are in

Zne Monitor. idiz ) #action=o
ZiyFront=14 accelerationFront=2

State: ( Epo.Positive_acc Front.Choose system.Done Monitor, id1Z ) #action=8 distance=8s
velocityEgo=0 accelerationEgo=2 velocityFront=11 accelerationFront=8
While wou are in true, wait.

State: { Ego.Positive acc Front.Choose System.Done Monitor. id12 ) #action=0 distance=174
velocityEge=18 accelerationEgo=2 welocityFront=17 accelerationFront=2

kWhile you are in true, wait.

State: ( Ego.No acc Front.Megative acc System.Done Monitor. id12 ) #action=0 distance=147

MOVEP 2022 Kim Larsen [33]



chEgo?

velEgo'saccEgo

acc:{-2, 0, +2}

accEgo=acc

MOVEP 2022

Ego.Choose <= 0: 3 (1481817.0)
Ego.Choose >0

velocityEgo <= -10: 0 (39705.0/18380.0)
velocityEgo > -10

| distance <= 200

| velocityEgo <= 18

| velocityEgo <= 12

| distance <= 184

velocityEgo > 0
| distance <= 122

distance > 102
| velocityEgo <=2

velocityFront > 12

| velocityEgo <= 0: 2 (331464.0/20857

Learning Algorithms
for Decision Tree
(ID3, D4.5, CART)

- 65 lines

Jan Kretisnsky, Pranav Ashkot, TUM

[QEST19] SOS: Synthesis for Hybrid MDP

[TACAS21]

| distance <= 102: 2 (132918.0/8( dtControl 2.0: Explainable Strategy

Representation via Decision Tree Learning
Steered by Experts.

| velocityFront <=12:1 (625c.c. . .vu.,

| velocityFront <= 13: 2 (162.0)

I
I
I
I
I
I
I
I
I
I
I
I
|
\'

velocityFront > 13

I
||

| | | velocityFront <=14:1 (207.0/99.0)
| | | velocityFront> 14:2 (63.0)

| | velocityFront > 15

| | | distance <= 116
||
||
||

| distance > 116: 1 (108.0)

elocityEgo > 2

I Y T o Y B B A N oY oY a N a Ny FataTal all

| | velocityFront <= 17: 2 (126.0/54.0)
| | velocityFront > 17: 1 (129.0/39.0)

| distance <= 110: 2 (870.0/363.0)
distance > 110 Eii;
velocityFront <= 15

Kim Larsen [34]
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Vilhelmsborg
Skov

o, M Average delay &l Queve [ Stops BdFuel consumption B Travel time 200
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40
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100
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20

Tuallil e nsILy lllllu}-‘ llllIlJ

0

I I 1 I s 1 I 1 I I ]
Hobrovej / Hobrovej / Hobrovej / Hobrovej / 6;:6 §b 0 360 720 1080 1440 1,800 2160 2520 2880 3240 3,600 3,960 4,320
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0 . .
F & Time [min]
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da & WORDLE

®
ooan
G 000
GoOa0

MOVEP 2022

Sadan spiller du WORDLE X

Gaet dagens ord i 6 forsgg eller mindre.

EKSEMPLER

Bogstavet & indgar | ordet pa den korrekte plads.

Bogstavet S indgar i ordet, men pa den forkerte plads.

Bogstavet T indgar ikke ordet.

Kim Larsen [37]



not found &&
guesses < MAXG

not found &&

1
guesses = MAXG

guesses=2*MAXG

MOVEP 2022

Initialize

I .
:make_snlutlon()

ClearKnowledge

—@-

! init_knowledge()

= FillGuess

s : sol_t
fits_knowledge(s)
make_guess(s)

Communicate

! ++guesses,
:make_hesponse(),
' update_knowledge ()

_‘Dheck

found
// fireworks:

announce(),
make_response()

‘0

Goal

const col_t words[NWORDS][pos_t] = {

{0,3,17,25,19},
{0,5,10,14,12},
{0,5,18,11,27},
{0,5,18,19,27},

{0,10,17, 24,11},

{e,10,19,8,4},
{0,11,0,17,12},
{0,11,1,20,4},
{0,11,12,4,13},

{0,12,15,20,11}, //

{0,13,6,17,4},

{0,13,10,4,11},
{0,13,10,4,17},
{0,15,15,4,11},
{0,17,14,12,0},

: ADRET
: AFKOM
: AFSLA
: AFSTA
AKRYL
AKTIE
ALARM
: ALBUE
: ALMEN
: AMPUL
//  10: ANGRE
//  11: ANKEL
//  12: ANKER
//  13: APPEL
//  14: AROMA

PeENSOLUNES

{0,17,21,25,21}, // 15: ARVAV

{0,19,11,0,18},
{1,4,5,17,8},
{1,4,19,14,13},
{1,8,9,14,1},
{1,8,11,0,6},
{1,14,18,0,19},
{2,8,3,4,17},
{3,8,11,11, 4},
{3,8,17,10,4},
{3,8,18,10,14},
{3,14,21,13, 4},
{3,17,8,5,19},

//  16: ATLAS
//  17: BEFRI
//  18: BETON
//  19: BIJOB
//  20: BILAG
//  21: BOSAT
//  22: CIDER
//  23: DILLE
//  24: DIRKE
//  25: DISKO
//  26: DOVNE
//  27: DRIFT

Kim Larsen [38]



{0,10,17, 24,11},

eeNeanuNEe

{0,12,15,20,11},

m wordle-dansk-forSIOT.xml - UPPAAL

File Edit View Tools Engine Options Engine Help

{0,17,21,25,21},

Editor Symbolic Simulator Concrete Simulator Verifier

r Transition chooser
2.0 3.0 4.0 5.0 6.7

00 10
Play[5358]
Play[5468]

Play[5520]

Nl TERENA1
<

T cozfpasm >

| KEarliest | lLatest | | Shrink | Expand |

rSimulation Trace
(Initialize) ~
Delay: 0.0; Play

(ClearKnowledge)

Delay: 0.0; Play

(FillGuess)

Delay: 0.0; Play[7454]

(Communicate)

Delay: 0.0; Play

(Check)

Delay: 0.0; Play

G
T ][
Reion opn | Sswe

v
| | 1 1 |

Slow Fast

MOVEP 2022

Emle Qe we® < >V

olution = {19,17,25,11,18}
guess = {21,20,4,19,18}
esponse ={2,2,2,1,0}

“[01={1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1}
n1={1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1}
‘121={1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1}
B1={1,1,1,1,01,1111,1,1111,1,1,1,1,0,0,0,1,1,1,1,1,1}
-[4] = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0}

~~found = 0
v =1{4,4,4,4,0,4,4,44,4,4,44,44,444530,04,4,4,4,4,4}

res = {{1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1},{1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,1 1

L LY LLLLLLLLLLLL

#-obs = {{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}.,{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Play

not found &&
guesses < MAXG

"o

not found && !
guesses = MAXG:
guesses=2*MAXG :
1
\

Initialize

©

1
| make_solution()

ClearKnowledge

*‘I""

1
! init_knowledge()

FillGuess

s @ sol_t
fits_knowledge(s)
make_guess (s)

Communicate

++guesses,
make_response(),
update_knowledge ()

Check

found
// fireworks:
announce(),

. make_response ()
O o

RESULTS

Random guessing
legal word that fits
knowledge

6.56 guesses

Stratego
(Reinforcement

Learning)
4.47 guesses

Play

const col_t words[NWORDS][pos_t] = {
: ADRET
: AFKOM
: AFSLA
: AFSTA

AKRYL
AKTIE
ALARM

: ALBUE
: ALMEN
: AMPUL
: ANGRE
: ANKEL
: ANKER
: APPEL
: AROMA
: ARVEV
: ATLAS
: BEFRI
: BETON
: BIJOB
: BILAG
: BOSAT
: CIDER
: DILLE
: DIRKE
: DISKO
: DOVNE
: DRIFT

Kim Larsen [39]



/C:/Users/kgl/OneDrive%2( X /C:/Users/kgl/OneDrive%2( X | /C/Users/kgl/OneDrive%2( X + — O X

NG O file:///C:/Users/kgl/OneDrive - Aalborg Universitet/Desktop/UPPAAL/  140% ¥ ©

MOVEP 2022¢

JSON Raw Data Headers

| Save Copy Collapse All Expand All (slow) °

, (0,0,0,0,1,0,0,1,0,1,0,1,1,0,0,0,1,0,0,0,1,1,1,1,0,0,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 |

type:
representation:
minimize:
regressor: HAG ET
(1,1,1,1,0,0,0,0,1,1,1,0,1,1,1,1,1,0,0,1,0,1,1,1,0,0,0,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0
type:
representation:
minimize:
regressor:
oy VANDT
r (1,0,1,0,0,1,0,0,1,0,0,0,1,0,0,0,1,0,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
type:
representation:
minimize:
¥ regressor:

489:

AVEDE

(e,e,1,0,0,1,1,1,1,1,1,1,0,1,1,0,1,0,0,0,1,1,1,1,1,0,1,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0
type:

v
>

©
N
&
N
<
Q
<

strategy s = minE(guesses) [#<=MAXS] { 4 \,3'7
obs[0][0],0bs[0][1],0bs[0][2],0bs[0][3],0bs[0][4],0bs[0][5],0bs
[0][6],0bs[0][7],0bs[0][8],0bs[0][9],0bs[0][10],0bs[0][11],0bs[
0][12],0bs[0][13],0bs[0][14],0bs[0][15],0bs[0][16],0bs[0][17],
obs[0][18],0bs[0][19],0bs[0][20],0bs[0][21],0bs[0][22],0bs[0][
23],0bs[0][24],0bs[0][25],0bs[0][26],0bs[0][27],0bs[0][27],

obs[1][0],0bs[1][1],0bs[1][2],0bs[1][3],0bs[1][4],0bs[1][5],0bs
[1][6],0bs[1][7],0bs[1][8],0bs[1][9],0bs[1][10],0bs[1][11],0bs]

1][12],0bs[1][13],0bs[1][14],0bs[1][15],0bs[1][16],0bs[1][17],

obs[1][18],0bs[1][19],0bs[1][20],0bs[1][21],0bs[1][22],0bs[1][
23],0bs[1][24],0bs[1][25],0bs[1][26],0bs[1][27],0bs[1][27],

obs[2][0],0bs[2][1],0bs[2][2],0bs[2][3],0bs[2][4],0bs[2][5],0bs
[2][6],0bs[2][7],0bs[2][8],0bs[2][9],0bs[2][10],0bs[2][11],0bs]
2][12],0bs[2][13],0bs[2][14],0bs[2][15],0bs[2][16],0bs[2][17],
obs[2][18],0bs[2][19],0bs[2][20],0bs[2][21],0bs[2][22],0bs[2][
23],0bs[2][24],0bs[2][25],0bs[2][26],0bs[2][27],0bs[2][27],

obs[3][0],0bs[3][1],0bs[3][2],0bs[3][3],0bs[3][4],0bs[3][5],0bs
[3][6],0bs[3][7],0bs[3][8],0bs[3][9],0bs[3][10],0bs[3][11],0bs]

3][12],0bs[3][13],0bs[3][14],0bs[3][15],0bs[3][16],0bs[3][17],

obs[3][18],0bs[3][19],0bs[3][20],0bs[3][21],0bs[3][22],0bs[3][
23],0bs[3][24],0bs[3][25],0bs[3][26],0bs[3][27],0bs[3][27],

obs[4][0],0bs[4][1],0bs[4][2],0bs[4][3],0bs[4][4],0bs[4][5],0bs
[4][6],0bs[4][7],0bs[4][8],0bs[4][9],0bs[4][10],0bs[4][11],0bs[
4][12],0bs[4][13],0bs[4][14],0bs[4][15],0bs[4][16],0bs[4][17],
obs[4][18],0bs[4][19],0bs[4][20],0bs[4][21],0bs[4][22],0bs[4]]
23],0bs[4][24],0bs[4][25],0bs[4][26],0bs[4][27],0bs[4][27]
}->{}: <> Play.Goal
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More Synthesis & Ongoing Research .

= Convergence of Q-
earning for IMDP.

= Partial Observability

= Learning strategy
orofiles for
composite systems

= Online/Offline

GOMSpace

VILLUM FONDEN

e

P
N e
P
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