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Novwolel—erm‘misl-ic_ c-;;ns-\-mchon 9? an o.r')Di'}r'Grj_

wi)mess.

A series op roblems Hﬁc} s well-known in
educalional cirsles starts  with Yhe followin
one: “Does the 8‘4727-8 Squore admit CL‘]'ﬂijr:ﬁ
with 32 dominoes o? -y~ 1 ,9"_ The cnsweér
's “Yes”
+rad33rioﬁo.|b c\emons*rcﬂ-ed !?j c\is)o\ajm
wlnml s called ‘o witness ", ie. & way oF)

)rilin? -“we Square with "H’le cdominoes. “The

, *the existence o such o 'H}ir‘)ﬁ is

mos c OMwnon w';xnes_s NS
The araument “thaol iF s

Possibe 1o e the square
1S u.‘Her‘b convincing, and
%ro\di}ionc\\b one immedic.\'eb
moves Yo +he next Pro\o]em in +he series.

But, short and COnvincinj as the c«bov’e
_C\f‘ju,men* may be, it has  whal con be
viewed as o S\’lor\'cgmin : W+ s Srossie
cversPec.Pic.! The 8-103-§ square <Con
')i\ec:\ in 4\‘:ousomo\s &hc\? H’rouScznd,s o? \A!gtjs
ancl —W\ere 1S No a O 'us}i n -H\e
S\izeci{)ic. c\ﬂoice ma&je c.bo\w)fe '}Egisé.fonsider-
olion raises the -@Ilow}n ques)rion: can wWe
desi n & Profjrc\m —H')q-l- D) Frova‘o{j ConSJ'rMCB

O '}iin_c) o the sSquare, arnd (ii) s so non-
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c\e-)-erminishc) 'an.rl an -}-i}in Mmoo be con-
structed ? J = ~
X x 2

In order 3o reduce the number ofj ways
in which our program  ma 3enera¥e a
_SPeCific -}ilinﬁ, we f‘cmk Ehe domineces o
(@) ‘}i\ing w‘vn'\ ho')ural numbers such et
-{-’or‘ omj Pair o() ﬂei\cj}wbour‘s '”‘:e Sou'n’lern
or Yhe western one hos the lower rank,
{%r‘ ins¥ance —?:r c 4—-133-4 square

6
1|2
o]
0
(Note that Fhe -]i\inﬁ need nol determine +the
ronkinﬁ uniquely: in the above example,

ronks 3 and 4 could have been inter-
c}\ongec\, and s0 could ronks <4 and 5.)

" "

Qur )orogram will lace” dYhe dominoes
o? he -Minj i} 3enerofes in the order of’
inc:r'easinﬁ r‘cmk, but in order Yo be sure
‘het b can Sener‘o—}e any -‘ri\inﬁ . we have

«-]-o convince Durse]ves o?

Lemma O Each -\'i[inﬁ odmits o r‘omk'mj
o-? its dominoes.
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“Proo Consider +he Po‘”‘x ﬁom the SE corner
Yo the NW corner  with Precise.l the
dominoes with rank <n ‘o ig \e@.
Tn the obove exﬁmple we show the

cases n=0 , nz=4 , and n=8
| 4 | 7
1|2 y 28
o |° o |3|°
n=0 n=4 Y\:Q

]} suﬂ';ices +o show that ('Z:r“ onj S)Deciﬁc,
-\i]ir@ “we can GSsign the ranks” in increas-
iﬂ_‘f) order. Consider now the \’)o--”'ns w':”w
n equa\ o the number OF dominoes
ronked. Note +hot all Yhese Po«})\s have
—H’\e Same lenﬁﬂn: b:j the c\eﬁni‘}ion o{)
Fankir‘fﬁ, the ""vertical’ segments are
‘roversed towards “Yhe North, the horizon-
tal ones Qom East Yo \Westh.

prssijninj the next rank \ }nc\udin3
the increcSe of n by 1 oand the
Ctd-J::u s+ rnent 01(-3 -H':e" Po h s bd r‘cxnk'»rlj

. 1] N
o \’\orizorﬂ‘ol or ver)rica\ domino:

horizonkal. E Becomes

vertical- [l becomes ]
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Such & move s Possi\o\e Prouidecl "”’le.r‘e
exists an unranked domine with iks
West side and its South side enkirely
alone +he Fo.Hw. We have +o show Ahe
ex‘;e?ence OF) Such o domino w}\en Nnokt
o\l dominges hO\Je beer\ T"Of\ked_

When not all dominoces hove been
renked , the PG‘Hﬁ contains ot ]ec\s4 1

righ'}- +urn: L-

These Hurns come in “Ywo @QVOLAFS,

depeﬂdin\cj on +he orien')'o'HOh of the

aqucen’r unranked domino:

H“ ¥urn | \/-“urn: ’D

?

1{; on the PQ'H\ g')om the SE corner }o
Yhe NW corner, the Gr,s)r réjH- turn s
an H-durn, dhe o\cUc\c_erﬁ- horizontal
domino <con be ranked; SP the last righl-
furn  is o \/—¥urn, the adiacent verti ea)
domine can be ran ked. Ig) neiﬂﬂer 1S
the case, +he Pcr”’\ contains o V-turn
—P:\\owec\ b an 'H'- lruff\'.

9 , OF ?uf‘”v\er‘ Q'Pc;r)r. ﬂ\waﬂs
q] of least one oF) the ca-
ac.en} dominoes con be

- r‘gnkecl. { End o? /\')roop.)




EWDI229 -4

The Proo() oP Lemma 0 was the hard ?c.r}- be-
comse 1 needed ~aot least: used -~ all those raic-
}ur253 now Ccomes ‘H’)e S'\m]ble T)'c.rl-, surPr]sinsb
SimF\e even, Thoanks Yo Lemma 0 , and in
terms oF’ Yhe Concep‘}s introduced in its

roo{), our task is now to desljn G ):)rczcjrom
hat ‘J'r‘aﬂsforms, in Om:j ]:)ossil::]e wa\j , but
without backlracking, in 32 instances of

4)‘1& rank}r\j 5-\-3,0 "H’)e. Po“‘\ ‘ﬁ)r n=0 in-)-o :Hﬁe.
Pa”h CeresFonc\inS Yo n=132.

T. Pror)ose 40 c‘no\r‘ac}er‘ize "u’le. s)\cr:e oF
'”’le ‘PO‘H’) b‘-‘%‘ \islrin‘j in Succession , @r in -

stance in +he order {)rom +}\e Nw‘corﬂer
Yo the SE corner +the direclion o the 16
edges along “the Fq”)' with s (&r south)
and e (?cj:r Eas*). The ‘m'-*ias PGH\ s

S $S SS &S Sseceeceecee 5
-}-\')e GNG\ Po'}'}\ S
ecee e e 5SS S8SS SSSS

'ﬂne ero romkin S}‘e[).s OPercA‘e - See '}he
boH'-om o? cWw l'2'29-2 —_ OnN 'W\r‘ee suecce s-

sive elements o]() this sequence :
hor‘]'LOn'\‘a‘: .8 ee... becomes ..€esS....

VerHc_c\\: ...-8%5€... pecomes ....€5s5....

But these dwo s+e?s are both o? the -Q:rm
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0 ?

. Sle... becomes - ....e ! s.... |

F\nj poir that s one a]Oo\r}' and “ouk oF)
order ma:j be jnterchonced. We see an
arbi:}'rav }na-erle&ving o) two Co]oies — one
QPP]ied 1o the e,\emen‘l‘s in +he even Fosi)ﬂ'o:ns
ancl one O/}')Phec\ o the etemenb W' the odd
Pos{+ions_ of) the nondeterministic Q]Sori}')\m
that  4ransforms  sssseeee into eeeessss
los {6 Swa]?s o{) neiSH]DOurs, each T‘e]?}c\'cinj
... Se . .. bj ... @5... . Ouwur I‘Jrogf‘am termin-
oles w'z”'woc‘}- bock@r‘qck{nj in 2% swojos,

Austin, 21 Jomuaf:j 1994
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