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geeminq\\—\ o G Prob\em +m'nsm'lH‘ed b:} Bené¥30nsscn

The other Tue.sclo.:j, al the end of his leclure,
’Ben‘a% Jonssen ( Swedish Inskrlute g)or" Compu)cer
Science/Umversﬂj o? Ulosc;\cs) \e@ the audience

with Jhe ]C)o“ow‘mg Pr‘ob\em. Consider _-}jn_e& )7?‘18
Square ; can it be covered b':ﬁ 21 Yars of—) 2 b31
and 1 little square QP 1 by ?

[In the {oliowing, T shall 4ry do ignore thot this
Prob\em is o variation of o Prob\em T know very
well. If the reader knows so too, T ask him 4o
Po“ow mﬂ exam)o\e.]

My {)Irs& ProFosa\ s not to }r:j ot this s‘rage }o
cover the big square bb the 22 pieces, and this
-Eér‘ he —Po\\owirzﬂ reason: i? the answer 1s “Mes”
we Cou\d be -Por\-unc-}e ond es}-c.\o\‘l.sk -Hr\‘\s \03 hi}\"mj
wpon o soluhon Qfour Jig-Saw r:mzzle.; j{), however;
Yhe answer is "NO", es;-c.\‘olis\'\‘lnj X bﬂ such an ex-
haushtive search \S Prohi)oihve\\j Ex’aensive.

M:j secondl ProPOSQ) 'S ”‘lere?c're to look
whether we coan reduce +he search space e{%;éc)-tveb
bu means o? a (Pre?era\o\ simple) argument.

Y Yy simpled arg

Note }thal we can do so without commithin
ourselves 1o whether we are headinS for- "Yes "
or No“: our ar‘gumen\- could be so e{leclive
in ru‘.’ma out cll sorts OP Coverina ef??or}‘s -H'\o\}'

1\- lhecomes ?@asib\e -\-o )l‘ID the remaimn3 _Fossibb
Zzero — eﬂ%ﬂs.
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’Rec\ucinfj %e Search S]OC\CG M eons beins qb\c
to characterize horren plocements | e a ]olqce..
ment o? Pc.r’r cf t+he pieces thot connot be
extended Yo o solution o? +he ()‘ifj-sa\.q )ouzz\e
bfj Plo‘cing the r8mo\imnﬁ Pieces in +he as bc-ﬂ-

uncevered Po\f‘\- of the 8 bj 8 square.

Kemark IF 2x21 +1 were di{ferent From x 8,

the Pl&éemerﬂ 0? no Pieces ot ol would be barren
and Hhé answer would be “No“, bub Sjou have

Probob\b c\h"eacb Veriﬁecl 'H"\o\i‘, reare-H-ab\yJ

these dwo expressions have jhe some value.
(End o{) Remark.)

Here a Senero\ remark ochout +he eﬂ%c\-iveness oP
barren p\acemenh is In order. Consider o bearren
Plocemen\' that leaves so litHe o? the \0':5 square
uncovered thal it cannot be exlended with o single
iece ; such & barren Placemen}- is m'm‘.vno\NJ ep-
feckive in the sense Ythol rules out il-self) only,
Since extensions oP barren Placemen)‘s are barren
as well, o barren Placcmevﬁ is the more eﬁ?e.c.\-wc,
the more extensions 1+ I:er‘mi}s. For reasons o?
e{{f)eckveness, we Yherefore {cvour barren ploce-
ments o]() as ?e.,o Pieces as Possi\o\e. The P\ace-
wment OF Nno Pieces ot all ~see chbove Remork~
would e the wmost eﬂ?ec:hve bearren F]ocemen}
c? c\“, but we dOn't‘ hove N orgumcn} 4‘“&‘}‘ H‘
is barren (and Perha}os } ‘\sn‘\-).

M:j Phird Pro]oosd is -}here{)or‘e 'l‘o look -ﬁor
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barren F‘lo\cemen)ts o?o\. sing\e piece. Which P'aece?
The slnjle. little sguare | o?course. Had we chosen
e bar, then we would need on orﬁumerﬁ- whether
+he remoininj orea. could be covered b,_") 20 beors
and the \itHe square, o question so similar }o the
originc\{ one -Hr\c\\‘ i+ ois hon“c“ Ca concerﬁh&] Sim-
P\iﬁca'}‘lon. 1f we choose as condidate {or o barren
P)acemen} o )’J\chmen‘\‘ o? the sins)e litHe square,
however, we ore -Fc\c.eol with +he qMES)"]on wh ether
Yhe remaining aree con be covered ith 21 bors;
Yhe horno&eneib oF “bars on\j " mish)r create the
O)OPD'-\'M“.‘B {’or an e\ejcm} o\r‘gumenl-.

Our c«‘r)ten]'ion havin3 Hnus beer\ directed 4o the
r‘emc»\inmj areca, Yo Yoe covered }"fj the 21 bars)_'_Yvﬁu
could raise Yhe QU\CS}'IOV\ “Whed con we Soy cabout
areas covered by 21 bors?” bul in e.x)a\oro)rions
ke these, 21 is c very large integer, which would
be reached wmost nicel by an induchve arﬁumenlr
o-F some 50r¥. Qs we are s}ﬁ\] hopinj {’o‘" G simple
argument , my {ourth proposal is 4o Jook {or what

we can Say oboul areas covered b:j bhars onb.

The obvious remark is thal |, each bar be.'mg 3 by
1, the Yoral numbher of squares covered bb & bunch
oP bors is o muH‘-i)g)e o() 3, bul -see above We.
mark — we haove a\r‘eo\db established thed this
conclusion 1s doo weok 4‘0 be he\PF{AI. I}' ‘\‘akes
into account the area oP o bar, but not ks
S"la]oe, i.e. no\- -Hne Fac‘- ‘H}o\* i}' covers ‘H’lree adJ&cen+

squares in G line.
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So, more )oreciée.lb, what can we say about
areas covered b:j baors Onb,‘]‘&k]n& inYo account
thel each bar covers Yhree ad\)acen'\ sSquares
n a line? Us‘mj Pr03rammer'5 Jorﬁon (Yo CQPI-ure
an Induckive arﬁumen‘\'); white Placinﬁ the bars one
blﬂ one, can we Yind o 51rron36!‘ invariant than just
that Yhe sguares covered con be Par}-i*}ioned into
Yhree Pgr\-i\-‘\ons op the same size 7 Yes, we can,
if we can choracterize such Pc\r\‘"}]ons %ndependen\-\a
o(-j the F]Oxcemen“ o{? the bars, more precisely, ;()
we succeed in Par¥}\-'1on'nnj Fhe 64 litle squares
o? }he 8 by 8 square, say bj Po\in}-inﬁ eocch o](’
them red, w\ni-l-e, or b\ue, in such o bJo:j ”}'\f\c},
bb virtue o-F s sho.)oe, cach bar covers one
litHe square of each colour. QAreas covered b:j
bars onb then comprise eclu.oJ nwm bers of)
squares o() each colourn (—n'xe decision 1o }rj to
TJo-rWrion Yhe 64 litHe squares f‘epre.senB The Snac}
Lea]c Forward.)

Ts ik Possi\a\e to colour the 64 squares so thed
each bar covers each colour once! A litte r‘eﬁedion
shows +hat {)or the 2 S.quo\re.s closest 1o the
boHom—\e@ corner, Yhere are, but @;r the renam-
ing 0? colours, essen¥‘ua\\3 onb two Possi\oihhes

w r

TTJ_L wib

3] B
A litHe more refleclion shows that each of these

o chﬂ-erns admits o unique extension with mono-
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chrome lines porcliel to o diajoha\: starkin
G’om Pa‘H'ern 9 f“\is_ rans rom "OP-\epr Yo
botom- righ’r , {tom Y;o.Hern B -G‘Om —\-o]':— r‘;ah}-
to bo‘H’om leﬁ. I have. Cl‘\OSen ’“’)e co\ow-s [l
such o wob —Hno.} in ecch case #r= 2‘1__,__77?#\.\1: 22,
#ho= 21 These numbers Fell us thal the SEnj\e
litHe square in « Posi}’uon thet is red or blue
in ¢t least one of the hwvo co\o-.ar‘mjs 15 a barren
P\c.cemen¥. To Pt& it Fosb}-ivebr we need inves)r'agoi'e
those )o\acemenﬁ an\:j in which Yhe Fosi'}ion of’
the s‘{n%\e square s white in bolh co\c;u.rmas.

ﬁjao.r)r rom_s\xjmr_ne)rr‘j, —Hnaﬂ‘ ‘jaos‘nhon is L«n'nclue:

We still hove not -Founcl our answer :jel-. Since “No”
would | aguin, need on argument, whereas "Yes" can
he established bj a witness, 1 OP'}' {)or- the \otrer
oP)}‘ion) Jusi— ‘hoPinj that the }aresc',ribecl )oosﬂ-'\on o?
the Sinjle \ite Square Siv‘es me enouﬁh Suidance.
'BD 5urrou.nclin3 the

T ]or'e5cri\>e.cl Posi’rion

1 \75 o ‘5'\0:3 ) square
] T \’Dar]rijrionecl the

remo\ininj GTreee 1N G

WGy &S S&jmme\‘ric as Fossﬂ:\e; moreover, 8-5 =3
so thet covering I Freserﬁ‘s no I:rob\em. The eﬂ%rl-

o? coverinj T invites wus Yo mointain its c:jc\ic sym-~
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me\‘ub; r____._l \ So the answer ‘\ro Jonsscn's

clues}]cm (1) ”Yesq.

“Remark  RAs the reader Moy have noticed, there was
no reason 1o distinguish hetween red and blue. T
could have rushed chead, O\S\Cinﬁ “"Can we colour
22 squares white and 42 black so thet each bar

covers exaclrb one white Squore?" T Fr‘e%rred not

to do se. (End oP Kemaerk.)

7% *
»
The Pro‘:\em I clluded 4o in the }'Jej'\nh%nj is the
(well-Yenown) demonstration Ythotl the Frumcoted
chess boar d LT

1 ]
connot be covered bfj 31 dominos, the Jwo @elds
removed hovinj the same colour. For anyone know-
"B -Hf'\c} Solu)riOn i)r is Harc\ no‘\' '\'C) (use i]‘ as G
soufce op i\ns)::iro.l‘:or\ when ]po.cecl with JonSSQn"s
Pro\okem. Those {?o\milio\r with chessboard/domino
Pro\o\ems migh} even consider “Jonsson's roblem
toco }-rivio.\ o devote « %‘ednnico.l ho}e Yo . I{)so,
-H\e:j have missed m:j Poinl‘: Pris note is nol
about 30n55c>r\‘5 Pro\olem, bul chout Pmblem
5o[vin3. 1 have iried Yo remove g‘om the develorz-
ment «s moany robbils as Possible. With the ex-
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ceplion op The Sreai' Leap Forward, T think 1 have
heen success{ul in do'mj so. 1 mey have another 9o
ot that last robbit lo3 the time T con e more ex-
Plic# obout the shtructure and role o? (‘.Ou\r\\'inﬁ

arguments. The:j are Senera\ enough Yo deserve owr

Ca en)r'lon

Qushn, 22 Janmri 1984

)oro.e dr. Edsger W. TDS\csl'rc.
(lDeFar4‘men¥ o? Covn]ow\er Scien ces
The Umversib 0? Texos gt Aushin
Austin, TX 38712 - 1188
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