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The checkers problem 4old t0 me by ™M.ORabin

Last weelk | dur’mj the annual Seminar at the Uni-
versib oF’ Newccs”e.-upm.'rbne, Michael O. Robin }old
me the {L“ouﬁnﬁ Frob\em.

Consider an infini-}e checkers boqrd,OF which the
c:o\urnns ond rows are ideh}iﬁe.d b‘_'j '\'[';e in')'egef‘ cCoor-
dinctes = and 9 FESPec-HvelJ. Inﬂio\“(j, there is
G Fiece on each Square whose coordinq')'es satis-

% (even.x = e.ven.:j> N fj L0, Peces can be
moved "u]ofu\r_;-cilﬁsh bb the wusual ”Co.Fi-urir:j moves
«ﬁom 4 —}'o —IT and {)rum . 4‘0 -

o { e

The quues}'iOn FQSec\ is whether there s an u}:)oer
bound on +he Uncoorc]ina:}es 01[7"»)e squares +that

Yno:j be occu]o‘:ed,
* * *
'.Becaw.se 'nne queshon OSke.d s o«bou‘} U-c.oord'a-
nates, we chstract -Fér o moment me the x-coordi-

hcul-e. -nne o or'{ainq\ moves -H\en become one

ond +the same move: -Fl?om H -‘»o ﬁ . 1n
order Yo CQF-iure -’rkq-}ahish piece 'S creacled Fwn

4 ”
("s as goed as | "corresponds to ) its hwo successors

— Yhose who know him see Fibonacci lurkins

around the corner!-—-, we give o Fiece @n (=N

Squo\re) at ]neigl-& y o 3‘-"-213‘1} ?3 with 4
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+the Fosi-]-‘uve root OF ?92-; ®p+1 . The equabion
15 chosen so }hal the we‘ns)\)- of) +he new piece
equcls the we’:jlﬁ oF the two pieces i+ rePlaces,
iLe. & rove is neultral as {)c.r' cs  dotel weish'}
'S concerned. 'BU f‘esl'ricl-ing ourselves +o the posi-
hve rool, we keep all weis}\}s gosi{—ive, ie. 4otal

"H\e number OP
Pieces invo\ved. SO]UE’(\S e equ.a}icm b;elds

P = (1+ V%)/Q

weigh)- 6 monolonic ﬁ.ncHon o

Tlne 'Pac)- ‘H'\c." . ove 35 hetx}ra\ as _'@.r asg
}otal weijhl‘ is concerned , meons Ythal the
creodion o? o piece ot he13h¥ Y C with Y>0)
uses gcrm the Dr'lﬁino.‘ fcn'ﬁgur‘c}ion L2 se} of)
Fieces’ with  tolal weiﬁh} goY. This +0r3e*
we).sh+' R beinj SoY ond ¢ being Fosil—ive)
grows exponentially with Y | We shall  nex}t
observe thal in view OF +he shcvpe u-P the hwo
moves  —~x re-enlers the piclure~, dthe ori&ir\o.l
peces invelved in the creahon QF) o piece X
heig)ﬂ' Y come @nn & reshricled arec. Co."inj
Yeir total weight 7+|7e_._ "availekle __weia)-\-}#, we
shall  shew thal the lodler grows l_!'.‘l‘?_‘?'flé] with v,
Hence, the condition

-l-orae} wein < ovailable weiabl-

imroses an u.r:raer' bound on Y : tYhe answer o
the olues}-'mm Fosed is “Mes” .

In order ‘o estcblish the auailobe weis\n"‘ we
observe the wmoves —Fr small values oF N
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Y=1 requires o smj\e move , SOU

Y=2 requires two moves, Soy . s
the one thin do} cbove the -

line iﬂdicc\-"mj o Square thab
hes been "‘QM\oof‘Or?]‘j ocC“F‘,Qd

M=3 requires o moves

nmotre .

-

For the resiricled areas 'ﬁ‘om which the
ofigina]l pieces have 1o Yoe recruited we toke

ir\ﬁni‘\-e _(‘!’)-unca‘]'ed > ')Tionsies
Y: 1 Y"-‘ U Y= 3

Ad

-
-

ele. el ele.

Tor Yz1 , the owilable weiﬁh# (zn:'m,o: (n+1)e p‘“)
s meil-e ,and so is the increment (Zﬂ:n)O: qo"‘).
Surmmin Hhe sequences one 'Find.s or +the
avoil cble WQ-I&"\‘)‘

4+ 25 + Y« (5+VS)_'
2

The swmallest valu\e @w h ¢ such -an& Phe
hr e} weight @ Y exCeec\s 'n\e ouu:\c\‘ole wIe W
3J 9 9
is 7 . }hen the ‘fo" we:"?\d equ@\s C’Z? + l%V:'-;')/z ,

}he available we’gh)- is om j (‘25‘ + 9\/%)/2
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For Y26 | the 40.1:5@*' weicht (t&-l-BVTS)/Z s
less “Yhan the available weight (22 -}8\/75)/2 R
but this does not \')\As\'i:J -qu conclusion thok
Y26 is cMHainchle. =6 con be achieved, but
e oml Woy o showing this dhat T know
18 s\nog’m ::J, 3fme 'Hna.? does Jhe \'}ob. The OF
rvecluared gome lurns out Yo have 53 woves,
which mckes {i'ndin i+ and re]:or-}inj i+ some-
what C.F o c\wa\lenae. T could comvince m':jself
thot Y=6 could be rchLmed Un\:j _
(i) older havinj realized dhat the conshaint 0\()
at most 1 ?iece Fer sclu\o.re i3 ‘messenhql oand
can bhe olro ed
(i) a@ef hov‘mj decided “o Flaj the geme
bock wards.

Below, we show successive s}'cﬁes o? He
Bock wards gome: in the cenbre the conﬁsum.
ion 0? the pieces, {o the \eﬁ the b-Ccordinq‘}es

0? -\-lne Tows N C\ues\-ian ancl -.\ob o ckecl;t-—-
bo the \"BH -rol" each oo the '\':::\? number

of F'reczszs 12} 'u\\-.
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and now not repeating all the constant
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There ™Moy exist o Sc\me o

not inkres’*ed in thet oF"i
c.lreadtj wore elchorcle -n’\a@
Fuskin, 20 Se[:lember 1992,

,.E:F dr. Eds’ﬁ@f W, 'DS\&S‘]TQ

] ‘)C\r"fﬁ&n“’ o C'onlfu\-er Sciences
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S1 woves, bur T am

nnizg;}hmn‘ The OJDOUQ s

p—

N

had lm:red.
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