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DEF AN oRlENTEDSPANnTREE OF G
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MAIN#TREE THEOREM : LET Ker) BE THE
NUMBER of ORIENTED SP. TREES OF G
ORIENTED TOWARD r. THEN

KGK det Cbr)
✓ cross off Row & car

From D.

Phan 2016 : 4=9.c.d. {Kehrer .

MEASURES
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EULERIANNESS
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of G .

¢=KCr) Vr ⇐ G IS EULERIAN .

DEI : G is COEULERIAN IF 4=1 .
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DIF : CHIP CONFIG r: V-72T " du) CHIPS
AT VERTEX v
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HALTING PROBLEM For CHIP - FIRING :

GIVEN (the adj
- matrix of) G; CHIP CONFIG TEZTV

Decide WHETHER r STABILIZES.

Sometimes EAST: IF IT > lrmaxl = {(du- l),
✓EV

BY PIGEONHOLE THERE IS ALWAYS AN UNSTABLE
VERTEX

r
,
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G. TARDOS 1988: G B'DIRECTED
,
IF F LEGAL FIRING SEQ.

FOR T WHERE EVERY VE V FIRES AT LEAST ONCE
,

THEN T DOES NOT STABILIZE.
TTT

-s poly. TIME ALGO TO CHECK For STABILIZATION
.

BERNER-Lovas't 1992 : F ! primitive ITEINV
SUCH THAT SIT = 0 . IF EACH VEV FIRES

ZHU) TIMES
,

THEN T DOES NOT STABILIZE .
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But HI CAN BE EXPONENTIALL2 LARGE !

MARKOV CHAIN TREE THM :



THM (FARRELL-L ) THE HALTING PROBLEM FOR CHIP-FANG

IS NP-COMPLETE FOR S.C. MULTIGRAPHS
SS

OPEN : IS IT STLL NP-COMPLETE FOR

SIMPLE DIRECTED GRAPHS ?

Them (Nguyen-Wood 2018) :

P (nip) is coEulerian) ¥
,
.IT#y=o.43G---

Fix q PRIME
✓ LIMIT DOESN'T DEPEND

PLS :X!-327g onto) on p .


