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Kayles

xx/x-x-——x—xfxxxxxxx
L -] L J
7 7
Start with row of n pins
On each turn, take 1 or 2 adjacent pins O O OO0
O 0 66

If no possible moves, you lose
norma\ — [ast move wins

X X X X X X X 2 X X X X XX X K\S

7 ¥ | 2]

X X X X X X X x X X X X X X X
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Game Positions

Guwu. Pg‘,l-ilv\'-'— 56"' 0": ras;"')‘bﬂs 70\) oM vvio h

T, Fadibwmel l-vow Nim
or f3= B
0 = {u}
0o = fu,o0?f
Ooo = ?u)o,ooi

© oo0o0o = 2U)0)‘ oa,aooi
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Sums of Games

O 0 © o oo O oo 0o
coo+ 00N

G " O O S0y 00, 09, > O
G+ H = g é’*l‘f ‘G’ss“""t"’*"""{ég

v

fC;*’H' (H’rsqnaFJ"Main
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Equivalence of Games XXXX = O
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Properties of Equivalence

For all I\'m}c, :w.l,arl\‘s\,mrmal gawes (n) “, W

G = H
([ reflemye G
u‘nln)lvw,
telation, $7mm7‘-ﬂ‘c G = H
L Fomehe 6 =W ek Hzl

—————— e—

G+ H
(b+rH)+ K
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—> (9, H haw sawme ovtome clags
éf“bo #+:"D
= G 6 M
— H =6
— b =K

i

H ¥ (D Commv‘n‘w(
G +( H4 lf-> asssciohit



Lemmas
=N
Qe An\’ I»s.km (:+H 'S &an NP.SJ\'N\ i'f (1,“ ort W ‘:fllcn'" N"uw\l. "6“4,5 ’::E: N
and i a P oposdna i CF are Lobh P posidems, P+P= P
NN =77
Prood: b‘/ imdocdon on '(’ng"'\« o( HJame - U
p v3 4—53 is N
v
»0 Iz [}s 23 s ?]

P foﬁl\'om} act &5 D s5n +
Lz ! FOf C,\N.J\/ P EOS))“M A Gni ¢V¢I7 PD"J'M 6, @A.@
Proed: ‘uP,»'u. A $a P Posl""'dn and (’ 1S &ny Fo"k‘“

(I é‘i‘;(,' i andk ..,.\7 f (,+ 6' 3 « P P""k""

Plo."- —a . gv‘)f’ﬂ“— 6:'- 6, .

&— §VP,,.5¢. (7"(;’ is « P PoS)kO»\
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Sprague-Grundy
T_WA (Srfhsvg-(’“m.(.'v Eveh/ L',.‘\'e):mr&r"\‘a\ wermal ja.wu. i$ etw\lalu\"' h Spvna nimbe r.

Proof : ‘:7 indvclion an ]Png“n of Game

CoR : Lef @@ where 6. X ¥n,.,

e
then /G/% "Iw%( Ney, ... )nm> M)‘(?’%‘)")?;g?)
wmimfmom exclodant = Smnllect novng mt -lgi‘ fn  set =<

con: If _é.x YA, and (77,2""1 then éﬂ—_b_"_z v————MoM

m———— sy

Proof :
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X X
X x

XX X

XX % X
X% X X X

KKK X KK

e S — — R
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?@ = éme(fD?)
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