HHESHFERERE Ad2 A <BBEHF>
2006. 11. A 459, Al 43, 481-491.

J. Korea Soc. Math. Ed. Ser. A: The Mathematical Education
November. 2006, Vol. 45, No. 4, 481-491.

CEERER

LAE

A2 FHE FAA dojid dojut A2 AHE A
o] Ayd ok AxE AAs] dojwA sHol Ao
AZlolM JEHog Bofshs AIRER T LTI A
2 e ARy oA AA S A A A

s A4v 38 =2t 2dd 4 AREL 24N
93 AL doyxu s ‘Ald dAu 99 g
€, F82 o ok e 22% F 158 ¥

B5o) AFee ARl oA UE dgel FA%
A EAse A ohiA®, FuY x8yd ¥z
(elds)3¢ W& HZUs} HAol2AODE s 2
o] wagi

“de AdE 9] AT T A uY
e HRAA NPT e woE wold AT 4
o7t o glof g F28 Aol BEo} Ay A2
o) AR} LEOITE e AE o2 ds,
299 gael dAl @ 9 AL & o, 38 HY
2 A% 93 g0l B AYE Yt Adde 29, A2
89 shgel FHle Hol T, o FE AT ol
W ¥ 24 glol 2A¢ ol 27 Beoln”

A GaelA WeE 55 Wgol HE SE2 W
e Aflel §8370 2olx 484 2%, 29E ¢
8 Aolx Pold AdE M2e Wl Heat
ol F Aclch UEU BHAY YL Al £
%3 A43 Avuths $94 BEs $94 Aol
9 259 Fa40) o F2IT Yok 1YEE oY
q5E 94 ATE S 429 $Bs} Basio,

R
[}
s

* 2006 84 £, 2006 109 AA ¢hE.

* /DM % . AD

*+ MSC2000 ¥ : 97A%0

* FA o (Diffy), 783 A, dARKE AY

481

3 &3 (2edsta)

006 59 & FaS g3o)A A7Ae ‘Y
g 248 A& FRed, 2 2 Y9 Adgd] o

s} g3g el st golrk e ¥RY LER
o Fgol @A U9 olag @FeA g& Al
7 99ch Oy $5& 94 59T Yew FRu ¥

F e dstn Avde AdolwA, 84 AlnE
FRSA 8 & e 2580 ALSE S
£& o7t gt

2E diffy)% Aol Aol e sty FAS

€ g HEAdel. o ALY 719E 194
l‘%\’*’}?ﬂl E. Duccid 21 43A glon 304
WA University of Houston®] J. Copley 347t 2538
T dAA fEE AfE FEA dE Ed HAd
(Ciamberlini $, 1937; Behn 9, 2006).

gy #3& d&d 2o

L & AAAEE aea, 7 XA 499 »AF

_'IL
5 o

A
N g

g &4,

2. 0128 F EAFHI aHdifference)E W2 FAol
2t}

3.2 Y FHES BAHPCR ¢ AANLGEE 1
1=

4 AZ A2 BAAYS olgad o2d BARY
A8 339 A AYE A7 BF 00 @ WA 9

g,
6—5——1
!o—o\|3\
3 I 1 2
N

3(1/4

9

<27 1> HALY

3

Eelof c|u|



482 452

v AAF a,be,d T Y429
dato|t}. Diffye. 8o

=, diffye Foln
aHdifference)E T3t dadl
+ difference®
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B8 (a,b,¢,d) & (a+kb+kc+kd+k) ¢ 27}
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@ d=—a+b—c g A¢

b=a+tct+d<d7l 9 a=c=00]1 b=d o]t}
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7} gtk 919 o) k2 Y
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@ d=a—b—c 2 7HA A
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@ d=—a—b+c 2 7MA 73S
® d=—a+b+c 4 7HA A%
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A9 <& 2>9 Zol, & FA$E rolAE ofre
39 2149 BRI z,9z,w 8 ¥559 €47 F
8% 98¢ a7] Yot okd He) 2149 A4 A
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&2l gutAQ 7349 tige fgg 7 g <x
>3 Zr o | gy vige FFIM Y JE

g 739 9. aBr¥s 0<a<fB<r<s atfiy=092 9
ojgl o] AWrAEQl A% O d=a+btcE ngth z,y,z,w AlolY 54 w=gzt+eytez 9
a<c®% azc, K 7ZA$2 UFodr. oxY } )
i #AE o839 FaAF 2142 AL ol &sid
O~@7A Yel + Ae YPHeE 348 drd gyuae A4 78 % g
e <E2>9 Bt =07 '
<E P> w=grteytegz BAE JXlE el oz
=3 99 9g (z,y,2,w) ty o2 £F
D-1. d=a+b+c a<c cQa,c+a,c;a C+a+b+c) zyzw -1
@2 d=atb+ec c<a (a;c+b+a, a;-c a+c, a2 C) wayr ©-2
®-1. d=a—b—c b<d (%+c+d, d2b d+b d+b+c) yzwz @-1
- +d
®-2. d=a—b—c d<b (b2d,b+d+c+b b+d b2 ) zwzy @-2
@-1. d=—a+b—c c<a (a-zl-c+d’aT-1-c+d+a’a c’a;—c) zwzy Q-1
®-2 d=—a+b—c a<c (c-;-a , 4 , c-;a c-;-a+d) yzwz @-2
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@-1. d=—a—b+c déb (b-;d,b;d+a,b;d+a+b,b—;(i) wzyz -1
@-2. d=—a—b+c b<d (d+b+a,d;b,d;b,d;—b+a+d) zyzw D-2
®-1. d=—a+b+c | a<c,a<sh (c;a ca c;a+b,02a+b+c) yrzw O-1
®-2 d=—a+b+c | a<c,b<a (c—;-a ca 02a+b,c2a+b+c) yzzw D-2
®-3. d=—a+b+c cxa,a<b (a;c-kb a’a;-c_‘_b’a-zi-c’a;c) wzzy Q-1
©®-4. d=—a+b+c | c<La,b<a (a-2|-c+b a,a—2|-c+b’a-2|-c’a;c) wzrzy G-2
®-1. d=a—b+c b;i i’c (C2a cta c-;a b,c—;a—-b+c) zzyw O-1
®-2. d=a—b+c_ absiic (c2a cta c—;a b’c-;-a b+c) zzyw D-2
®-3. d=a—b+c c;iiya (a-2|—c_b+a’a-2+-c b,a;-c,a;c) ywzr @-1
®-4 d=a—b+c b;i i’a (“;C—Ha,“;c b,“;c,“;c) wyze @2
®-5 d=a—b+c cisa;,b (02c+b a, ;c+b, agc, a-;-c) zzwy Q-1
®-6. d=a—b+c cifl’a (a2c+b a, 2c+b’a;c’a-2|-c) .zzwy @-2
®-7. d=a—b+c aigbi_,c (c-;a ca c;a+b,cga+b—c) wyzz @-1
®-8 d=a—b+c aisc :b (C;a c—a c;a+b,c;a+b_c) ywrz @-2
@-1. d=atb—c c<ab<c (a26+b+a, ;c._‘_b’a;c’a-;-c) zywz @-1
@2 d=a+b—c c<a,c<b (a2c+b+a, 26+b, a;c’a;—c) zwyz Q-2
®-3. d=a+b—c a< c,b <c (c2a cta c-l2-a+b’ C;a+b—c) Tzwyz @-1
@-4. d=a+b—c agc,c<h (c2a c+a c_;a+b, c-;-a+b c) zywz @-2
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A9 <& 3o 939 g¥e gy o BAE
agoez ©Eo] HY og <1y 2% zot o o
‘@2 = 027 9ridte AL, ©-2 B39 v 9
sy dgrt Q-2 2%E 7HgE Aol

®2 @2
4 J
G2=>02= 02«64
T N/
®8=@2< 032« B4
T T
@4 ©®6

®-1=01= 01« -1
() J
1= 11

®3=>01=01«®1
T J
®@-1= o1

®-3=>0-1=>0-1<65
T d
@1=031

®-7=@1= 01« @3
T 4
@-1 = @-1

<31y 2> tlm ofalse A

Z, ul #7F 2% 0 o] ohd 999 (a,b,c,d) & 9]
9 24 A%+ 79 s §3a Z4%e @1, -1, O
-1, @1, @2, @2 Q-2 @2 2%9 Uy vyd&
g @-1, @1, @-1, @-1& A7 A5 e &2
F9 wEdg Mz, 02 @2 92 @2 A9
<3y >4 Bl Wl F47t £33z Oy v
27} 9o

4ngE 215 off YuYES ofL3d Yo Fo
A Zdol ng 2= F (ab,cd) T 7 F Yot

A, O-1 %% 7 Ee 999 (a,b,¢c,d) & g8,
42 =4 (0,1,2,3) o} itk

E4, o] dujg Aol m & F33, (a,bcd) & h,
otz £tk & h,=(0,1,2,3) o|t}.

~ c—a cta cta cta

} =

AR, By P +b, 2 +b+c)
ga 5o, W atcerl BFOH b, =

hps1, atc?t EFold h, ., = 2/~zm+li
et 229 h,, = O-1 2%E 714

YA, A9 A HA duEEE m+i=no| € “ﬂ’l}
A PEHA A@sE h,2 Uy do] ng 7t
A,

99 ¢uEL o8 AL Fd AT7AE H
¥ Aozt 2009 ¥l & Fohld AATAAAA
T Zoj7t 10, 20, -+, 190, 200 ¢ & & #rh

010 (5,9 17,31 )

020 ( 230, 423, 778, 1431 )

030 ( 10609, 19513, 35890, 66012 )

040 ( 978793, 1800281, 3311233, 6090307 )

060 ( 45152016, 83047505, 152748176, 280947697 )

060 ( ?082876103, 3831006429, 7046319384, 12960201916

070 ( 192167404461, 353450961809, 650097672673,
1195716038943 )

080 ( 8864740270458, 1630479367867, 29989201523742,
5158741162067 )

090 ( 408933139743937, 752145307699165,
1383410902447554, 2544483349890656 )

100 ( 37728417907092161, 69393379351699393,
127634323541132545, 234756120799924009 )

110 ( 1740423286143437108, 3201137493669929925,
5887809802922991460, 10829370687736358493 )

120 ( 80286250603180403871, 147669437360234672073,
27160644028660684998/4, 499562128250021925928 )

130 ( 7407257863344225493589,
13624071 280504980689209,
7998593,
46089903002175653411391 )
140 ( 3416990371 X
698415,

62848251 3289060697
1155959562576258T77706546,
2126141113009668056393615 )
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150 ( 15762679542071167858843489,
2809208770841671761 2034417,
53324762928008149064722658,
980795301 78586034536500564 )

160 ( 1454274313574143091410958425,
2B74827483406087132543036553,
4919774762709803145734191681,
948876559680033369638186659 )

170 ( 67086112277952580577891198072
123390597771648297758932592857,

226950692199350698751327196768,
417427402248951577088150986697 )

180 ( 3094702573346806563629931970535
569204545448396063642377

19256051842340085332307611008580 )

190 ( 285519124369556123649563518227581,
52515154381326756321 1226613265281
965904279016012271669937581323521,

177657494719883496853072771 2816383 )

200 ( 13171083237991975308096091566131010,

24225398951461 837083651 268387897667,

44557455431202875676230894318614598,
81963937620656738067978254272643275 )

AT AFHU AN AP AL+ e
Oy T2IYS(Diffy - National Library of Virtual
Manipulatives 2006, Two Diffy Game Applets 2006)&
Hu 10 AR A5 ALE & oA, AR
7t 7% ts9) Aojzt 2009 ¥l 9] Oy ML &
7 %ok a4 dFAe #88 AMd Z2aPd
Mathematica 50& °]&3te O &%5& & + Q&
Z2a@& ofgfe} o] BENY. Mathematica 50 4
Yo ‘Mathematica can handle numbers of any
size.(W2ulEl7he oWd 27|19 & dE F )
g3 247 Qi

Mathematica-§ T]3] Z2-13
In(1}= diffyfA ]
:= Abs[A-Rotateleft[All
In[2):= diffylist[B_]
:= ColumnForm[DroplFixedPointList
[diffy,B],-1]]
In[3]:= diffylength[C_}
:= Position{Drop[FixedPointList
[diffy,C},-11{0,0,00}}-1
In[4):= diffinallD_]

:= ColumnForm[{diffylist{D],
diffylength{D]}]

diffylA )& & W9 U3 g Aldgs}n, diffylist{B e
tsst B9 w 7R Algen), diffylengthiC 12 O3
o Zol& EASE, diffinallD ]S diffylist}
diffylength® Zo] BdZEd 4 S0 (0,1,2,8) 9
Usg Age dake otdsh g

In[5]):= diffy[{0,1,28}]

Out[5]:= {1,1,6,8}

Inl6):= diffylist[{0,1,2,8}]

Outl6}:= {0, 1, 2, 8},
{1 1, 6 8
0,52 7
{5357
2.2,2 2
{0,0,0 0

In[7]:= diffylength({0,1,2,8}]
Out[7):= {{5}}

In[8]:= diffinall{0,1,28}]

Out8]:= {0, 1, 2, 8},
{1, 1,6 8
0,527
5357
2,22 2
{0, 0,0 0
{51

A9 =298 Faol A7t 7o W 49 o
5 del 2000l A¢ BANA,

Im 2 &

°of A e °d AYe AT 2 AYS
dte FANAM AL B 74| TIT W3t
o A7s B3 d3Acth 19471 T olgdore E
Duccidl ¢zt TEolR sl Age o AAF
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The Head of Diffy

Kim, Hong Chan
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Diffy is a simple mathematical puzzle that provides elementary-school students with subtraction practice.
The idea appears to have originated in the late nineteenth century with E. Ducci of Itali. Thirty years ago
Professor J. Copley of the University of Houston introduced the diffy game to teachers in elementary
schools and it widely spreaded out.

During the diffy activity we naturally guess many interesting conjectures. First, does diffy always end?
Second, does the head of diffy always exist? Third, for an arbitrary given natural number n, is there any
possible method to find the diffy with the given length n?

In this study I give the necessary and sufficient condition for the existence of the head of diffy. Using
this condition 1 classify all possible heads of diffy and provide an algorithm to find the diffy with any
given length n. With this algorithm I find four natural numbers with diffy length 200. To ensure my
numbers are correct, I make a diffy program for Mathematica and check they are correct.

I suggest the diffy game is good for enlarging the mathematical thinking to all graded students, especially
gifted and talented students. It will produce rational consideration and synthetic judgement.

* 7DM Classification : A90

* 2000 Mathematics Subject Classification : 97A90

* Key Words : diffy, mathematical thinking, game for gifted
students



