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Concurrent Stochastic Reachability Games (CSGs)
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* Player 1: Maximize probability of reaching home, i.e.
reachability

* Player 2: Minimize probability of reaching home

Marta Grobelna (TUM)



Concurrent Stochastic Reachability Games (CSGs)

(hide, wait) (hide, throw

PAYER 1 A

(run, throw)

S = {Shide; Shome, Swet |
A = {hide, run}
B = {wait, throw}

* Player 1: Maximize probability of reaching home, i.e.
reachability ® SQ *= Shide
* Player 2: Minimize probability of reaching home T = {Shome}
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CSG: Sequence of Two-player Zero-sum Matrix Games

throw wait
1 1
hide, wait Vistige) =V | 0 3 V(shide) +3) run
(hide, wait) (Shide) (( 1 V(shias) "

(run, throw)
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Solving CSGs using Value lteration

¢ Value iteration: Initialize with lowest value and iteratively update (Bellman update)
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¢ Value iteration: Initialize with lowest value and iteratively update (Bellman update)

1, i ;
LO(s) = s e L*F(s) = sup inf > Y d(s,a,b)(s) - L¥(s) - p(a) - o(b)
07 else QGR(S) UES(S) s'eS (a,b)E.A
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¢ Value iteration: Initialize with lowest value and iteratively update (Bellman update)

1, ifseT;
Lo(s) 0, ||s€ ; Lkti(s) = sup inf Z Z d(s,a,b)(s
, else. PER(s) 0€5(5) S (ab)eA
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Solving CSGs using Value lteration

¢ Value iteration: Initialize with lowest value and iteratively update (Bellman update)

1, ifseT;
LO(s) = { yhse s L*F(s) = sup inf > Y d(s,a,b)(s) - L*(s) - p(a) - o(b) = B(L")(s)
07 else PER(s) c€S(s) s'eS (a b)E.A
1 T 7T T T
0.8+ a
3 0.6 T oo L (hige) = 0.5 | * Stopping criterion: Two consecutive approximations
;},E .................................. are €-C|Ose
04} . * No precision guarantees
0.2 :
0 123 5 10 o0
k

Marta Grobelna (TUM)



Bounded Value lteration for Precision Guarantees

¢ BVI: calculate lower and upper bound

L°(s) = { AU G SR LTS
0, ifs € Wo; 1y
U'(s) = {1’ e UHH1(s) = B(UY)(s)

* W,: winning region of Player 2 (e.g. state syet)
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Bounded Value lteration for Precision Guarantees

¢ BVI: calculate lower and upper bound
PP lim Lk(shide) = k:hm Uk<shide> =0.5
—00

k—o0
LO(S) o 1, ifs € T; Lk_H(s) - %(Lk)(s) 1l T T
B 0, else.
0.8F i
0, ifs € Wy; —~ 0.6} .
Us) =4 ’ Ukt (s) = B(UR)(s £
o {1, else. (5) = BU6) I N S S
N 041 .
* W5: winning region of Player 2 (e.g. state syet) 02l |
! 123 5 10 00

Marta Grobelna (TUM)



Bounded Value lteration for Precision Guarantees

¢ BVI: calculate lower and upper bound

L°(s) = { AU G SR LTS
0, ifs € Wo; 1y
U'(s) = {1’ e UHH1(s) = B(UY)(s)

* W,: winning region of Player 2 (e.g. state syet)
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Hazardous and Trapping Strategies Hinder Convergence
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Hazardous and Trapping Strategies Hinder Convergence

throw wait

L Uk(s. 1
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hide ide
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throw wait
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* Hazardous strategy: p := {hide — 1} is optimal and
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throw wait

L Uk(s. 1
ZUk<Shide> :< (1) 3 LlJJk<<Sshlde>)+ 3> :Jdn
hide ide

* Player 1:

throw wait

0 2 run
ZU"(Sh‘de):( 1 hide)

* Hazardous strategy: p := {hide — 1} is optimal and

Marta Grobelna (TUM)

(&, 0)

(run, throw)
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throw wait

0 2 run
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Hazardous and Trapping Strategies Hinder Convergence

throw wait
1 k 1
Zui(shige) =( O 37U (shide) + 5 run
v ( |e> ( 1 Uk<Shide) hide

* Player 1:

throw wait

0 2 run
ZU"(Sh‘de):( 1 hide)

* Hazardous strategy: p := {hide — 1} is optimal and
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(hide, wait) (hide, throw

(run, throw)

* Player 2:

throw wait

0 2 run
ZU°(Shide>:<1 i hide)

* Trapping strategy: o := {wait — 1} is optimal wrt. p
and ...



Hazardous and Trapping Strategies Hinder Convergence

throw wait

L Uk(s. 1
ZUk<Shide> :< (1) 3 LlJJk<<Sshlde>)+ 3> :Jdn
hide ide

* Player 1:

throw wait
0 2 run
Zotonad = (1 1 )

* Hazardous strategy: p := {hide — 1} is optimal and
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0,0
 (hide,wait) f@
—> (0,0

(run,wait) 1 ’
(run, throw)

* Player 2:

throw wait
0 2 run
Zotonad = (] 1 i)

* Trapping strategy: o := {wait — 1} is optimal wrt. p
and ...



Deflating Bloated End Components

* Hazardous and trapping strategies characterize bloated end components (BECSs)
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Deflating Bloated End Components

* Hazardous and trapping strategies characterize bloated end components (BECSs)
* Deflating: Equalize the pressure
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Deflating Bloated End Components

* Hazardous and trapping strategies characterize bloated end components (BECSs)
* Deflating: Equalize the pressure
— Estimate the value attainable upon leaving the BEC

g} * Optimal strategy: p’(run) > 0
7 \ wait
PAYER T At 2 run
3
' (1* hide)
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Deflating Bloated End Components

* Hazardous and trapping strategies characterize bloated end components (BECSs)
* Deflating: Equalize the pressure
— Estimate the value attainable upon leaving the BEC

* Optimal strategy: p’(run) > 0

wait

% run
1*  hide

(run, throw)
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Consider the Best Exit Value in General

* Deflate with best exit value, i.e. maxsc v exitValys (X, s) with X = {s;,s9,s3}

exitValye (X, s1) <--- e a ---» exitValyr (X, s9)

v

exitValys (X, s3)
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Consider the Best Exit Value in General

* Deflate with best exit value, i.e. maxsc v exitValys (X, s) with X = {s;,s9,s3}

exitValy (X, s1) < » exitValys (X, s2)

* Call recursively
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