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Abstract

Now there are lots of ores and k bags for filling up ores that have been numbered as 1 to k.
Define “a set” of ores as a partition of k groups of ores with a total of n ores. For each time we
can do the following operation called “arranging”. First permute these k groups of ores, then put
the i*" group to the i** bag.

In this research, I tried to observe the pattern of the least arranging required, defined as s, to
make every bag contain the same number of ores. The second half of this research is about every
number x that satisfies the following condition: there exists at least one way to arrange the ores x
times so that every bag contains the same number of ores. I combined some graph theory
properties and discussed some cases to prove the results [ have found. If we change the value of
n, k, and the way to partition the ores in a set, how will it affect the number of arrangements that
meets the condition? I used some programming skills to carry out experiments starting from k =
2 and categorized the sets by the value of s. I tried to find the similarities in each category,

which turned into some results in the research.
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2. ERAOEWEAN  FELTBEAEER - K10 € App - HORIERAITT

= WAppHEALTE -
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3. #ab € App » QIFRREFE AL A aEMbER A E{ERS 1R aE
HIE » ERERE T A S o F e + PERG EONES T Hla+be
App > BllApp ELEIFAME -
A =M ERIApp Fy— 2 FEF - 6% -
E11: s =1 HlApp = Nu {0} -
P12 k=285 Fs =2 HlApp = {x|x =2k, k e NU {0}} -
S SRR A A a fayE - Hay # a; < BH—Hix € App » A —BEEHRUT
AEBAERE AN > WES AR - BEfEE P —EE R Am~Ka, » x —mK
az » AIE]1S

hjll
#

xn
ma; + (x —m)a, = >

a,t+a,=n

figtttx = 2m > SR RS - FEHEEBIRIN AT AL AU A Zm B A (S RS o 3
[F > Hfay, a; & mRARHA] - SFrAEE S EAppt » BATA S8 SR E App - 3
%‘; °
ME13: k=30% s =2 HlApp = {x|[x e NU {0}, x # 1} -

RHHH S Z EFAIRI2 € App > SCATFI Ry 7 ST THRERL © $(3 € App - HHZCERE
Z BSBRVEAI2 + 3 (i,) € N U {0}) EXE Y App - BHEDZE RIRER L5571 12,37 SMEAH & TT {5
2-DE-1) = 2L LMFTEEEY - X1 € App - Hdpp = {x|x e NU {0}, x # 1} -
% °

FHMEE 13HHEAE S5 HAppHPAMERYE FIME - R BB A DI A SR AR
App - BIHAIMEE13 2 R EN App FT2m Fs{x|x = 20 + 3), ,j € N U {0}} - TE3E (T
i 2, 3F B EA T o ERUTER AT B8 o AR D AN TR R
SR HHIE N Blay, ay, ..., aiRHHE -

B JAMELEK € App(ay, ag, -+, ay) » FEs(ay, az, -, a) = k > HlApp(ay, ap, -, a )&
T x|x =rk,r e NU{0}} ?

AR B 4 R A BRI FERR T P iV ERs 2 et i - (H2 HE8 R T 1EApp

14



PEITER B - bR > T USRIl R 14 ¢
M4 n, kTGN > App(ay, ag, .., a) = {x|x =k, € NU{0}} -

] d = ged(n,k) =1 B il MEBEOTAD - 4EApp T R B SRR (R0

—) - Hin, kEERIEARIs (a1, 0y, -, @) = k > EAIFIMEE 100 AIFTA ki BB {E App T
(M) - S7ts BRI T3 App(ay, az, ., @) = {xlx = Tk,r € NU{0}} - B -

O R RIS R, kB — BN L - SR R B S — (R A - TEHR
Aay, @, -, a AR App /N 209 7T 2 (FERIBA EHREAIE ) -« R B App Lk
BEELk € App » AT AT App 9T 2 DB BEKIIRIBR I 534 BV — S0 N T e
APy » TEZ BT TR LUy, €z, -, e ] App » Hrpe, FRILAPPHHIHE
x = i (mod k)2 f/NETEE » BHETEIRSSH T 4e, = ke -

{5k = YR > SSRGS I App > Hey, e, AIFE A2 - BEA
%20 ~ 30 » FRIL DB T H B A E TR 15y BBY - TR(ERUE—3R Tyt Fok
BT ay, g, QST » BISEASH TR

bag no.1 bag no.?2 bag no.3 bag no.k
a; Y11 Y12 Y13 Y1k
a, Y21 V2,2 Y23 Yok
as V31 V3,2 V3,3 Y3k
ag Yk Yk,2 Yk,3 Vi,k

HEZE AR > N yiy = kAXS yij = k> BRSTCRN—ERRY — - TR E
Efa —ERAXEN TR - B AR THRE - (SRS R T Fay, a0, a
A EE S IR 7 EMEAYEEIH  E A 285w Hall’s Marriage Theorem Z JEfifPEE
Every k-regular bipartite graph has k perfect matchings °
MELS o ASE R AXEN DR - AFEXx KRR SR ay, ap, -, ap (EEE

FEaiic -
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e AR o EA

Ay

HEREL < i) <k o, 88 Ay,; fRE - HRRZEFR THIE 2k (ERHI R E K

» R H Ry—(Elx-regular bipartite graph » B B {7/ E (858 FEUCED » AFRXTIRIE - HfE—
dHSESRULECT - Hay, JHERCYE - RRAEETIRET > BE R ARSI T
B o AL ERR A EX REREERG SR T ay, ag, -, ar EEETT & LI BCR - 552 -

HHMEL5% - AFEMEHRACES DRSS T ay, ap, -, ar ERIERC 2 ECEE - Bl
AHEEx € App(ay, az, -+, ay) °

R B 6 Z P M EAE LR /N - BN 3In, k = 3,5 = 38y AppaTan o] HSeiEine
a; = 0,gcd(ay, az,a3) = 1IN « H5G > Foiffa, = 1HY 3 ECTT A BHR e -

(a1,a,,a3) €1 €2 €3
(0,1,2) 4 2 3
(0,1,5) 10 8 3
(0,1,8) 16 14 3

(0,1,11) 22 20 3

22 e, e, ITT ] B B AT > 5 on = 31 AIRELITHEE
ME16 : App(0,1,31 —1) = [6l — 2,61 — 4,3] »

g

Claim 1:e;, =6l—2>

Le,=3q+1> a38q<2l—20%5>3g+1¢ App(0,1,31—1) > H

16



6l —2 € App(0,1,31 — 1) -

Eq<l—-10F > 3q+1<3l-2<3l—1  N=ELS7 P HBEEREE H1K3! - 1RO
%3q + 1t - A AR =4 A 3L — 1B EAME - #uA R e 31 — HEEZ 247N
71 Hrr3l — VEE VIR A 2 /031 — YEEE B0 AHE » 71153q +1 = 31 -
1 Crf&) - FH - HARmE3 - HEE#==2 A3g+1=26l—-2>g=2l—-1-

Hl—-1<q<2l-20 > AAgeAmMN3] - HEH %2> 2 - N3 - HE={f4E 557

HEEHq + 1, q,qfl > Fyimie App Z 855301 > U DU N B 2358 I EE ik (RO
ZEg)

bag no.1 bag no.?2 bag no.3
1 X x+3l—-1 x+3l—-1
3l-1 qt+1 q q
N EFRE oy —Eh oy > g —5 2 #aFnFAHE - B
x+(x+3l-D+x+3l-1)=q+q+(g+1) i
q=2l—14+x=221-1(FJF)-
Eq=20— 1k > 3q+ 1 = 6l — 20]fFELL PRI RCER
bag no.1 bag no.?2 bag no.3
0 l l 4] -2
1 3l-1 3l-1 0
3l-1 2l -1 2l -1 21

FMEE15%0 61 — 2 € App(0,1,31 — 1) » fife; = 61— 2 -

Claim 2 : e, =6l —4 -

e, =3q+2 > AFq<2l-30%>3qg+2¢ App(0,1,3L —1) > H6l -
App(0,1,31 —1) -

B Claim VDA <! — A& > MfEl - 1 < g < 20— 31 > FEL FRBAYEGY |
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bag no.1 bag no.?2 bag no.3
1 x x x+3l—-1
3l-1 q+1 q+1 q

B Claim 1EEHAME{DIA I Sx+x+ (x+3l—-1)=3q+ 2 &%
x=q+1—1-° FERFP—ITHIRFIFENRI3q + 2 (GEEAR T AOBYERE) » HEE3(H
R +3l-1D+q<3q+1> x=q+1-URABREH qg=2-2 (F/F) -

Bq=20-20 3q+1=06l—-4uEELl PSR

bag no.1 bag no.?2 bag no.3
0 0 3l-2 3l-2
1 4] — 2 -1 -1
3l-1 2l -2 2l -1 2l -1

FPEE15%0 61 — 4 € App(0,1,3L —1) » #ie, = 61 — 4 o

454 Claim 1K Claim 2fre; = 3 B[S MEE 16555 - s55E -

PEEBEEE RN App(0,2,31 — 2)HINTFE - DIERMEE 16AH{IAY T AGE]
App(0,2,31 — 2) = [61 — 8,60 — 4,3] - M % a, 31 — a GBI - App(0,a,3 —a) =
[61 — 2a, 61 — 4a,3]=k[6l — 4a, 61 — 2a,3] - H&ERaftik 2 Rk F AR -

HH1T - ged(a, 31— a) =1 App(0, a, 31 — )RR/ NERS6L - 2a,
61— 4a,3 -

st ged(a, 31— a) = 1Ha = 1(mod 3) > HI
App(0,a,31 — a) = [6] — 2a, 61 — 4a, 3]
e, =3q+a - fiEEq <2l —al% > 3q+a ¢ App(0,a,3l—a) > [
61 — 2a € App(0,a,31 — a) -
RI3q + adE3YREEL - BUNVAE MR IARIaBEAR[E] @ [REEHTEE 2 7 Rl » RIS H
JARI3L — a8 8 Z 725 Ryhgi—q > Ala X Ag = (Bl —a) X Az q » X gcd(a,3l—a) =1 #

alBz1o HBl— a)|A, ° Fhg= 61 — 2a, A3 o> 2a > HIFTRAEE= 61 > 61 — 2a » A7

18



iila= 3l — a, A3 q= atIFN o Ryl DU RIS G (RIER0Z (EE) -
bag no.1 bag no.2 bag no.3
a X x+3l—a x+3l—a
3l—a q+a q q

EAMEE 16 2 SE IR D e R TER | Z AR Al 1S

Hittq < 20 — aff0AZREE O3 57 > A6l — 2aEHE A (Blq = 21 —a) I > A] LA

x+(x+3l—-a)+(x+3l—a)=3qg+a

q=2l—a+x=>2l—-a

ST R IR
bag no.1 bag no.?2 bag no.3
0 l l 4l — 2a
a 3l—a 3l—a 0
3l—a 2l —a 2l —a 21

il fFe; = 6l — 2a

Le; = 3q —a > QIR E 164H[FERY AR HIELE B R T

bag no.1 bag no.?2 bag no.3
a X X x+3l—a
3l—a q q q—a

HIRF LA R (A

{x+x+(x+31—a)=3q—a
2x=2q—a

Mg =22l-a-

Eq =2l —alff > "SI ECR
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bag no.1 bag no.?2 bag no.3

0 0 3l — 2a 3l — 2a
a 4] — 2a l—a l—a
3l—a 2l — 2a 2l —a 2l —a

Hitte, =3x (2l —a) —a =6l —4a -

WS LL ERIEER TR > App(0,a,3l — a) = [6] — 2a, 6] — 4a, 3]

[E3 55 Ea = 2(mod 3)i% » App(0,a,3l — a) = [6] — 4a, 6] — 2a,3] - HAE
gcd(a,3l —a) = 18% > App(0,a, 31 — a)YE/ NG Fy6l — 2a, 61 — 4a,3 -

HEAME6HFME » 7lkApp (0, a, 31 — a) iEfH £ 5 —fEE i AYApp(a,a + b,a +
c) » WIELEAKk = 30 ApptfFe{EE5ek -

SEH T AIRYERTE - Al App(a, a + b, o) R App (0, a, 31 — )WYIE

b c
A , , =A y U, =A 4 ! )
pp(a,a+b,a+c) = App(0,b,¢) pp(o ged(b,c)’ ged(b, c)

FEA A 1769455851 > App(a, b, ORTEE B—e— , 2522 3 o BRIk = 3 > 5

ged(b,c)’ ged(b,c)’

R R 3T I App I TR R A GE R

e , = ¥ 2c 2¢c-2b
#3|b+c HlApp(a,a+b,a + OWIB/MERR 0=, 0,

2 - WIFEEERER R

— HERER
e —EPAnEEa - AEST - F—F (RnfElEa ks ) F&fasil
(ay, az, .., ;) > AFELLI S -
ME1 (0,0, ...,n) =k o
MR : s(ay, ap, . ap) = 1EAESa =a, = =a °
ME3  WNEE—H(ay, ay, ., ap) Eies(ay, ag, - ax) <k e

MWHE4 - En kH'E > Hls(ay, az, .., a) =k °

20



® i Lged(nk) =d > HIZ| s(ay .., ) °
w1 k =3 > ay, ap, azpFERG] (NEARO0) Es(ay, az as) = 2HIEEPR(T > HLILHF
nRy3HIEEL -
WHES © Fay, ay, -, a PHHEE R, €N > fls(ay, ag, o ar) Sk —i -
® R ERay, ag, . ax ST EIRLP, Py, o, BRI LRIV BRSSP
ik € N o BHEPNEqEE > Ws(ay, ap, ..., ) < min(k, lem(qy, 4z, -, qr)) ©
MEEG © #tay, ag, .., ap SHEEDN ~ I8~ 3 > BR—{EE - Rils{EASE -
MET a1+ ax = az + ag—y = - HEHERCBAA E 2 HEE HMESs(ag, ag, o a) =2 ¢

MES k= SE% € Ni% > s(aq, ay, ..., as) = 3% HfE¥5a,, ay, ..., as E[S‘I‘é}ﬁﬁlﬁ%ﬁ@?ﬁé% o

PEEY « {5k = 4H. € NBF > s(ay, a5, a3, a0) = 3% HifEF a1, ap, a3, @, PR —HEFR S -

ME10 : App R—EER R IIERT 28T -

MELL: s =1 HlApp =N U {0}

M2 ¢ k=20 > %55 =2 HApp = {x|x = 2k, k e NU{0}} -

ME13 k=30 %Fs=2> HlApp = {x|]x e NU {0}, x = 1} -

ME14 : n kGBS > App(ay, ag, ., a) = {x|x = rk,r € NU{0}} -

PEELS © S —ER AXER B - AR EX TR EE ST ay, ay, -+, a [EE
FFEEE -

ME16 : App(0,1,31 — 1) = [6] — 2,61 — 4,3] »

M7 ged(a, 31— a) = 185 > App(0, a, 31 — a) 1y E/NERY F561 — 2a,

6l —4a,3 -

2c 2¢c—-2b

N . ke , qi= N
ME18 : #53|b+ ¢ > RllApp(a,a + b,a + C)B/jEi/J\éE&Z%gcd(b,c)'gcd(b,c)'

R
FESIR ARG - ER I ECRIBESS AR T - B i DAER TR 2 35 DU
SRS TEMABRBEVIER T - FAREAERER PG ET S | HEENAER#K
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AGE S - RIS BCRAVTRE AR MM E—LEXA SHIIFEN - A LIS RFEARAVEE
2 o HATHARRBE IR B8R BRE0IcRERKAIIE T EATF R -

B~ RREE

fEaTamock = 3MVEEMELE - nitithmiek =5 s =1 2 » 3RO T AC T A\ fFApp 2
e i o FEEE A BCRI RNk = SHys i AppRIFTA SR - SEE (FEGHER - FAHEAM

FEk (BRI App BURE -

th~ 2F8R CURD FHEA;

AR (20214E8 ) » AR E B E — o - 60-04RIE28HE H T -

https://www.ntsec.edu.tw/LiveSupply-

Content.aspx ?cat=6842&a=6829&fld=&key=&isd=1&icop=10&p=1&lsid=17009
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