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Objectives of the talk

^ Recall SPE for sequential games

2 Expose some recent progresses in algorithms to
handle SPE s ( for mean - payoff objectives) → leftopen in the literature
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Strategies, profiles, outcomes
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Strategies, profiles, outcomes
Profiles :
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Nash equilibrium and subgame perfect equilibrium
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Nash equilibrium and subgame perfect equilibrium
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Outcomes supported by equilibria

OurNE ( G) = fue ne Laramee,
to) }

OutSPE (G) = off spe (Outcome, to)) (
Fethard
OurNE

OurSPE

↳ Sets of behaviors induced by TEE - rational players in G



SPE - Known results

Existence

Effective
Representation
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Effective representation of the set of outcomes of NE/SPE
- why ?

^ Existence problem for SPE : Our- SPE(G) ? of

2 Quantitative rational verification [ htoolohige dal . 17] for NE .

→ ¥ NEISPE : do Goffe behaviors by rational agents satisfy some Spee . Y ?
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How to reason on SPE ?

→ finite trees : conceptually easy using backward induction
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Starting point:
NE in infinite duration games



NE - Deviation - Punishment
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Set of outcomes supported by NE - MP

→ Requirement : X : V → IR u L - o ,
to}

→
A path p = rows . . . on . . . is X - consistent if
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Set of outcomes supported by NE - MP - an example
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A MP game without SPE
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A MP game without SPE

I
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. can secure I from a La →c)
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Can secure 2 from b ( b
→ d)

→
So there is no NE in which a c- b is taken for ever
as Pl

.

would have an incentive to leave ( a → e) but then
Pe

.

would prefer to leave before Pl.

So → From a Pl
.

kroos tat Pl
.
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,
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.

has then
no incentive to do it before ( as he will then get 2 instead of s)

But
→

then Pl
.
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→
Need to iterate the reasoning on worst-case Value
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Generalization :
The negotiation function
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The negotiation function

7. : Given X. and v , can the player rear controls v improve the value

that she can obtain against the other players if the other players are
notwilling to give away their worst-case value Cds) ?

We
go

: [ X → Ru to itB] → [ t → Rotary]

p info = to

bro evi
, Rego 4) HE.info,para, so:#

ME lakki I
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• Ei

" In
- Ei is 1.Raku) : in all E.i consistent history h , there is a B worstcaseValue against X - rational Players .

•§
"

Jj- - - - - - - ⇒pp
.
i Ei continuation thatis X - consistent

.



How to compute Nego(.) ?

P C
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prove Rego G) lo) f d to Khallonger
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How to compute Nego(.) ? - an example - Rego ( H
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How to compute Nego(.) ? - an example - Rego ( Xd
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How to compute Nego(.) ?
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Properties of the negociation function

Let to be s .t . t.lv/=-o,fvEV .
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Properties of the negociation function
* * * *

Let t be s .t . Rego ( t) = Y
,
i.e

.

I is a fixed pointof Tego .
*Lemmas V X - consistentpaths p ,

I E E SPE : p - orCE) .

Lemma on ! VE E SPE : F E s
.

t
.

We
go

=
it and

ONCE) is ¥ consistent.

Theorem
.

The set of fired points of the function Nago is a
characterization of outcomes of SPEs.

Because Rego is monotone and the setof requirements form a complete lattice
and in addition the set of X - consistent paths is upward- closed then we

have the following stronger result:

corollary .

The set of outcomes of SPE is characterized by the LFP of Rego .



LFP and SPE
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Additional properties
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finitely many steps



Non finite convergence
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Additional properties

P C

Nego(.)

Nego(.)

C
^ We can beansform the game

into a finite skate Melek- Mean payoff game
( ie 's5)

2 This multi - mean payoff game allows us to effectively compare

3 it
may

not be reached from ko by Kleene -Tarski iteration in

finitely many steps

4 . . .
But thanks to good properties of felt - mean payoff games , we can show that

is effectively piecewise linear and ¥ can be obtained using
linear algebraic techniques .



Conclusions and perspectives

→
SPE provides a natural potion of rational behaviors
in infinite duration games played on graphs

→
Worst-case value relative to rational adversary formalized
by the fined pink of Rego ( o) leads to an effective representation
of OurSPE ( G) for MI games ( multi mean - payoff automata)

÷
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-
-
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Non credible threats

characterized
y
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by worst-case value •

SPE characterized by fixed - points✓
of Rego CD



Conclusions and perspectives

→ Rego ( o) is also applicable to parity games (omega regular obj)

↳ useful to close complexity gaps
ex : Constrained existence for SPE

is in ExpTime ( emptiness of alternatingautomata )
and NP- hand

.

[Uummels '06]

→
Our

previous algorithm for quantitative readability can be rephrased
with Tego L . ) [ concur493

→ Rego6) provides a new algorithmic basis to do rational verification and synthesis
based on SPE s

.


