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MuLTI-DIMENSIONAL ENERGY PARITY GAMES

Player 1 wins a play if both

> objective: no
component goes negative

> objective: the maximal .
priority is odd

ExAaMPLE

R(0,0) 2% r(1,0) % r(2,0) =22 H(1,0) 222 R(1,0) -



MuLTI-DIMENSIONAL ENERGY PARITY GAMES

APPLICATIONS

v

contractive (¢,!)-Horn linear logic
(Kanovich, APAL '95)

v

(weak) simulation of finite-state systems by Petri nets
(Abdulla et al., Concur "13)

v

model-checking Petri nets with a fragment of p-calculus
(Abdulla et al., Concur "13)

» resource-bounded agent temporal logic RB:ATL*
(Alechina et al.,, RP 16 & Al '17)
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DIMENSIONAL ENERGY

COMPLEXITY

lower bound

EXP ford > 4

(Courtois and S., MFCS "14)

w. initial credit

Jinitial credit
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OUTLINE

multi-dimensional energy parity games
| Wancar, RP '15)

extended multi-dimensional energy games (Brazdil et al., ICALP "10)

|

bounding games (Jurdzinski et al., ICALP "15)

|

perfect half space games

|

lexicographic energy games (Colcombet and Niwinski)

|

mean-payoff games (Comin and Rizzi, Algorithmica "16)



ExTENDED MuULTI-DIMENSIONAL ENERGY GAMES

ENCODE PRIORITIES AS ENERGY (Jancar, RP '15)
Two new dimensions: tolerance to humid low/high temperature
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BouNDING GAMES

ENcobING ExTENDED ENERGY GAMES

Bin excess energy Unbounded replenishing
(v, w,...)
A /N )
¢ ¢
(...,0,...) (0)
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BouNDING GAMES

THEOREM (this paper)

Bounding games on multi-weighted game graphs (V,E,d)
are solvable in (|V|-||E|[)Old ),

COROLLARY

The given initial credit problem with credit ¢ for energy
parity games on multi-weighted game graphs (V,E,d)
with p even priorities is solvable in

’ 20 dlog(d+p))

O(VI- [[E| +0(d-log]c]).-



Energy Parity Games Extended Energy Games Bounding Games Perfect Half Space Games
PeRFECT HALF Space GAMES

PLAYER 2’s OBJECTIVE IN A BouNDING GAME

v

_______________
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PLAYER 2’s OBJECTIVE IN A BouNDING GAME

~
A

KEY INTUITION
Player 2 can escape in a
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PERFECT HALF SPACE

{(x,y):x+y <0}
U{(xy):x+y=0Ax<0}



PeErRFecT HALF SpAcE GAMES

T ACE X

(1, 1)

PLAYs

» pairs of vertices and perfect half spaces:
(vo,Ho) =% (v1,H1) 2 (v, Ha) -

» in his vertices, Player 2 chooses the current perfect half
space

» Player 2 wins if dis.t. Zj>0 wj diverges into ﬂj>iH



PeErRFecT HALF SpAcE GAMES

(0,0) (—1,0)
(0,0) i i /—’D_\‘Na(—l 1)
DC—__‘ </EI
A=y B Aacr ©0)

(1,-1)

> Player 2 wins if Jis.t. 3 ;- wj diverges into [);.; H;

ExAMPLE



SoLVING PERFECT HALF Space GAMES

THEOREM
Perfect half space games on multi-weighted game graphs
(V,E,d) are solvable in ([V|- ||E[)°(¢*).



SoLVING PERFECT HALF Space GAMES

THEOREM
Perfect half space games on multi-weighted game graphs
(V,E,d) are solvable in (|V|- ||E||)°(¢*),

ProOF IDEA

» reduce to a (Colcombet and
Niwiriski)

» ~ perfect half space game with a single fixed H

» itself reduced to a mean-payoff game



PLAYER 2 STRATEGIES

OBLIVIOUS STRATEGY
Player 2 chooses the same H, every time it visits vertex v

THEOREM
If Player 2 has a winning strategy in a perfect half space
game, then it has an oblivious one.



PLAYER 2 STRATEGIES

OBLIVIOUS STRATEGY
Player 2 chooses the same H, every time it visits vertex v

THEOREM
If Player 2 has a winning strategy in a perfect half space
game, then it has an oblivious one.

“COUNTERLESS” STRATEGY

COROLLARY (Brazdil et al., ICALP "10)

If Player 2 has a winning strategy in a multi-dimensional
energy parity game, then it has a positional one.



CoNCcLUDING REMARKS

» tight 2-EXP bounds for multi-energy parity games
» impacts numerous problems

» fine understanding of Player 2’s strategies:

Player 2 can win by announcing in which perfect half
space he will escape



¥ Icelandic Met
"'"‘q' Office

DiISCLAIMER

The Icelandic Met Office does not endorse any of the
information provided during this talk, and cannot be held
liable for a ruined week-end subsequent to foolishly
trusting these fabricated forecasts.
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