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r——( Subclasses of interest )
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o Mcmorgless strategy: 0;: 5, > E
* Finite-memory strategy: o, defined
139 a finite-state Mealy machine |
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Every odd visit to s, gotos,

Every even visit to sy, go to s,
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7 C n’and 7' C 7 means that 7 and 7’ are equa”g aPPreciatecl

7 € 7' and 7' & 7 means that 7' is Preferrecl over

e WC C”wnning condition:

n C ' it either 7 € W or T&W
e Quantitative real Pagog f

n E ' it flz) < f(n')

Ex: MP, AE, TP

.

Zero-sum assuml:)tion:

~ Preference of P, is C

~ Preference of P,isC™




Pagomcmcs basecl on energy

Focus on two memorgless

strategles




Pagogs basecl on energy

Focus on two memorgless

strategles

StePs Stel:)s

e Constraint on the energy level (EL)



Pagogs based on energy

Focus on two memorgless

strategies

Energg level

StePs Stel:)s

e Constraint on the energy level (EL)
o I\/\é:aarw—-]:)zaagmclC (MP): |ong~run average PBQO?C?C per transition



Pagogs based on energy

) Focus on two memorgless
\ WV /O strategies
B, b,
MP =0 MP =0
R i Z
Lo §

StePs Stel:)s

e Constraint on the energy level (EL)
o I\/\é:aarw—-]:)zaagmclC (MP): |ong~run average PBQO?C?C per transition



Pagogs based on energy

) Focus on two memorgless
\ WV /O strategies
5 5 -
TP =0, TP = 1
T 2 7 2
Lo Lo
0 m

StePs Stel:)s

e Constraint on the energy level (EL)
o I\/\é:aarw—-]:)zaagmclC (MP): |ong~run average PBQO?C?C per transition
o T«c>’ta|—~[:>ago1c1C (TP)



Pagogs based on energy

Focus on two memorgless

strategies

TP =0, TP = 2

Energg level
O - N
O
Mo 1
N
+ 1
N
o\
Energg level
O — N
O
N
N
A
N
o\

StePs Stel:)s

e Constraint on the energy level (EL)
o I\/\é:zar1—~]:>zfa301clC (MP): long—-run average Pagog per transition
o T«c>’ta|—~[:>ago1c1C (TP)



Pagogs based on energy
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Stel:)s Steps

Constraint on the energy level (EL)

I\/\é:zar1—~]:>zfa301clC (MP): long—-run average Pagog per transition
T«c>’ta|—~[:>ago1c1C (TP)
Average-energy (AE)
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e Tobec is’tinguishccl from:

Opti mality of strategies
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~ e-optimal

~ 5ubgame~[:>er1cect optimal (in our case: Nash equilibria)
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When are memorgless strategies

sufficient to Plag oPtimallg?

| Quite often!

o Reachabilitgj sa%:‘cgJ BUchi, Paritgj MP, EL >0, TP, AE, etc...

-

Can we characterize when theg are”?

YES!

And this is a beautiful result ]39 Gimbert and Zielonka, CONCUR’0O5
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The memoryless storg

Sutficient conditions

‘e Characterization of the PreFerence relations aclmitting oPtimaI

memorgless strategies for both Plagers in all finite games
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The Gimbert-Zielonka characterization
, |GZ05]
for memory less cletermmacg (2)

Characterization - Two—-Plager games

The two ?o“owing assertions are equivalent :
1. All finite games have memoryless oPtimal strategies for both

Plagers

2. BOtl’I C ancl E_l are monotone ancﬂ selective
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The Gimbert-Zielonka characterization
[GZ05]

for memory less cleterminacg 2)

Characterization - Two~Plager games

The two go”owing assertions are ecluivalent :

1. All finite games have memoryless ol:)timal strategies for both

PIEBHCFS

2. Both C ancl E_l are monotone and selective

Characterization - One~l:>|ayer games
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Whg? Proot hint ()

Assume all P,-games have oPtimal
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C is selective




Whg? Proof hint (2)

, The case of one-
Assume C 1s monotone Plaﬂer games
and selective.

-
@ OO.' ® @ %o @ - © ® & o

f Nne l’)—'&‘: J[\Al.& l?Q.“‘u/-e?m / ﬂV\A (W\°/\o+ona,>
“,' nNo v&eas0A o sw o p a\-E -L (SKQLQ"\U\'LJ:)

No memory requireci at r!
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%

o Easg to analgse the one—-l:)lager case (graplﬁ analgsis)

APPllca‘UOHS

it ng theorem

Verg Powergul ancl extremelg uscncul N Practice!

- Mean—-—Pagog, average-energy [BMRLLI5]
e Allows to deduce Properties in the two—-Plager case
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Objecti\/es/ Pregerence relations become

more ancl more COTTIP‘CX

e Biichi(A)ABiichi(B) requires finite memory

* MP,>0AMP, > 0requires infinite memory

! (-1,-1D
a.-n (L )

(_13 o 1)
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Can we litt [GZ05] to finite memory?

Consider the followi ng winning condition for P;:

n n
liminf )’ ;=400 or I®nst Y ¢;=0
(B P
o OPtimal ﬁnite»-memorg strategies N one—-Plager games

e Butnotin two~P|896r games!!

P, wins but uses infinite memory!
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How do we formalize finite memorg?
Stanclardlg

To have an abstract theorem. ..

e The memory mechanism should not sPeak about information speciﬁc

to Particular games, hence:
~ Oypg should not speak of states
~ Ofpg CAN speak of colors

(notion of « chromatic strategy » by Kopczgnski}
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MxXxC-—->M

Init

o M = (M, My, aypy) With m

d
\. s
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Ar6ﬂ8~iﬂCZl€P€ﬂCilCﬂt memorg management

| Memorg skeleton .

MxXxC-—->M

/A — (M, i aupd) Wlth it c ManCl aupd

\.

Not ge’t a strateggl

Strategg with memory /A

e Additional next-move function: a

MXS;, - E

next
\,.
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Ar6ﬂ8~iﬂCZl€P€ﬂCilCﬂt memor9 management

Memorg skeleton

Init

o M = (M, My, aypy) With m

€ Manda

upd :1W4’>< Cj-—a»ikf

\.

Strategg with memory /A

e Additional next-move function: a

next

Not ge’t a strateggl

MXS;, - E

The above skeleton is sutficient for the winning condition
Biichi (A) ABiichi(B)

22
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Example

Game arena A -

e One can however not applg the

result to Procluct gamc—:s! ,
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Formal definitions of M-monotony and M-selectivity

Definition (M-monotony)

Let M = (M, mjnit, auupd) be @ memory skeleton. A preference relation C is
M-monotone if for all m € M, for all Ky, K, € R(C),

Aw € Ly,..m, [WK1] C [wKy] = VW € Ly ..m, [WK1] C [W'K].

Definition (M-selectivity)

Let M = (M, minit, aypd) be @ memory skeleton. A preference relation C is
M-selective if for all w € C*, m = aypd(Minit, w), for all K1, K2 € R(C)
such that K1, K> C L, m, for all K3 € R(C),

[W(Kl U Kz)*K3] C [WKf] U [WKQ*] U [WK3].
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Our characterization for # ~cleterminacg

Characterization - Two~Plager games

The two go”owing assertions are equi\/alent :
1. All finite games have oPtimal /A ~strategies for both Plagers
2. Both C and C—! are #/-monotone and A -selective

Characterization - One~P|ayer games

triv

= We recover [GZ05] with # =
26
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Transter/Liftin g theorem

\/erg PowerFuI and extremelg useful in Practice!
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Example of aPPIication

C defined bg a conjunction of reachabilitg Reach(‘) A Reach(’)
Ay \L’ ® C 1s 4 ,-monotone,

but not A -selective

O C is M ,-selective
N o ,
% C is M -monotone and M ,-selective
C\le}
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Example of aPPIication

C defined bg a conjunction of reachabilitg Reach(‘) A Reach(’)
'ﬂl

|
\/
C\ (o} Cmy ®—

C 1s 4 ,-monotone,

but not A -selective

C is M,-selective

1
C is M -monotone and M ,-selective
C~!is M ,-monotone and M. ~selective

triv
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Example of aPPIication

C defined bg a conjunction of reachabilitg Reach(‘) A Reach(’)
Ay \L’ ® C 1s 4 ,-monotone,

but not A -selective

C is M,-selective

1
C is M -monotone and M ,-selective
C~!is M ,-monotone and M. ~selective

triv

= Memory M, is sufficient for both Players!!
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Conclusion

A generalization of [GZ05]

-

e To arena-inclepenclent finite memory

o APPIies to generalized reachabilitg or Parity, lower- and upper-
bounded (multi~dimension) energy games

e .

L imitations

e Does onlg Cal:)ture arena~inclepenclent finite memory

e Harcl to generalize (remember Counter~e><ample)

e Does not aPPIH to multi-dim. MP MP+Parit9, energy+MP (infinite

memorg}

50



Conclusion

bl



Conclusion

v O’thér ar:)l:)ro‘aches\ .

bl



Conclusion

v O’thér aPProaches .

Further work
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