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1. INTRODUCTION

In prehistoric times there have been studies and the earliest known examples of magic square is the
Lo-Shu turtle from ancient China [1]. The magic square problem is how to arrange a number of m? numbers
in an m x m square box (matrix) such that it satisfies the magic square property, namely the sum of the
numbers in each row, column, and main diagonal are the same [2]. Research on the magic square construction
has been conducted by [3], [4], [5]. The magic cube is a dimensional extension of the magic square. A magic
cube is a number of magic squares arranged in such a way that it satisfies a magic cube property, namely the
sum of the numbers in each row, column, pillar, and diagonal of the space is the same or in other words it is
called the magic constant of cube [6]. The magic cube problem is how to arrange a number of m3 numbers
in a cube (matrix) m X m x m such that it produces a magic constant of cube [7]. The magic cube is divided
into several types including; simple, diagonal, pantriagonal, diagonal pantriagonal, pandiagonal, and perfect
magic cube [8]. Some previous studies on the completion of magic cube construction have been carried out
by [9], [10], [11]. Recently, several types of research have been published related to the magic square and
cube that applied their properties into some scopes such as cryptography, information security, public key,
secret sharing, remote access control, applied mathematics, and number theory [12].

A perfect magic cube is an expansion of the properties of a magic cube that has the properties that the
sum of the numbers in each row, column, pillar, diagonal space, and diagonal plane is the same. Research on
perfect magic cubes with natural number sequence entries has been done per case of each order in previous
years [13]. Therefore, this paper discusses how to construct a generalized perfect magic cube of order 8n for
n = 1 whose entries contain an arithmetic sequence with initial number («) and difference (8) which is set
to find a certain pattern, and the algorithm for constructing the perfect magic cube is then implemented into
a programming language to solve larger orders.

2. RESEARCH METHODS

This research will discuss the construction of a perfect magic cube of order 8n where n is the index for
n = 1 with the following research stages:

1. Literature study and formulate the problem of determining the settings for manually forming a perfect
magic cube of order 8n.

2. Prove the existence of the perfect magic cube of order 8n for n = 1,2 with arithmetic sequence.
Construct the perfect magic cube of order 8n algorithm for n = 1,2 with arithmetic sequence.

4. Recapitulate and test the feasibility of the algorithm up to large order and then construct a perfect
magic cube of order 8n for n > 1 with arithmetic sequence using Python software.

5. Prove the existence of the perfect magic cube of order 8n for n > 1 with arithmetic sequence.

2.1 Magic Square, Magic Cube and Perfect Magic Cube with Arithmetic Sequence

In this section, the definitions and properties of magic square, magic cube, and perfect magic cube with
arithmetic sequence entries are presented. It also presents illustrations and theorems related to magic square,
magic cube and perfect magic cube.

Definition 1. [14]. An arithmetic sequence is a sequence of numbers {a,,, } with difference () if for a fixed
natural number mand forall k = 1,2, ... ,m,
A — A1 =P,
where a, = initial number = a.
Based on Definition 1, an arithmetic sequence can be written in Equation (1) as follows:

aa+f,a+2B,a+36,..,a+(Mm—=2),a+ (m—-1)p, (1)
atat+Bta+2f+tat(m-2)B+at+(m-1DB="(a+a+m-1B (2)
An arithmetic series is the sum of the arithmetic sequence written in Equation (2) [15].
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Definition 2. [16], [17]. The magic square can be denoted as follows
C = [Ci,j:l < l,_] < m]

iS an m X m matrix (square) containing an arithmetic sequence whose entries appear exactly once then
arranged such that the sum of rows, columns, and main diagonals yields the magic constant of square % 2a +

(m? — 1)p).
Example 1. [5]. The magic square with arithmetic sequence entries is illustrated in Figure 1(a).

Definition 3. [18]. A three-dimensional matrix m X m X m consisting of m rows, m columns, and m layer
is called a cubic array of order m or can be written C = ¢; jx ,i,j, k € {1,2,3,...,m} where ¢; ;, is the i th
row element, j th column element, and k th file of the array (layer). The set of m elements of

I. {Citrjk + 1 =12,...,m}isacolumn,
ii. {cijrie * L=12,...,m}isarow,
iii. {cijk+1 + L =12,...,m}isapillar,

iv. {Ci+l,j+l,k = 1,2,...,m}, {Ci+l,j,k+l = 1,2,...,m}, and {Ci,j+l,k+l = 1,2,...,m} are the
plane diagonals,

V. {cirrjrrkrr 2 1=12,...,m} and {ciypeq1-(j+nk+r * L =12,...,m} are the space diagonals,
where t = m.

Definition 4. [19], [20]. The magic cube is a generalization of the magic square which can be denoted as
follows

C=cijr:l<ijk<m]

is an m X m X m matrix (cubic array) containing an arithmetic sequence whose entries appear exactly once
then arranged such that the sum of rows, columns, pillars, and space diagonals yields the magic constant of
the cube.

Example 2. [21]. The magic cube with arithmetic sequence entries is illustrated in Figure 1(b).
LLemma 1. [18]. The magic cube containing an arithmetic sequence has the magic constant of cube % 2a +
(m® = 1)p).
Proof. Suppose that a number of arithmetic rows summed in Equation (2) are then placed in m rows, m
columns, and m layers of a cube matrix
3

a+(@+p)+(@+2p) ++a+m®—1)B="-(a+a+(m®—1p), 3

Since only one row, column, pillar, or diagonal space of the magic cube is needed, then

" (2a+(m*-1)p) _

m

S, = ZQa+(m* - 1)p). = (4)

Definition 5. [18]. The perfect magic cube is a cubic array containing an arithmetic sequence whose entries
appear exactly once arranged so that the sum of rows, columns, pillars, plane diagonals, and space diagonals
produces the magic constant of the cube based on Equation (4).

Example 3. [22]. The perfect magic cube with arithmetic sequence entries is illustrated in Figure 1(c).
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Figure 1. (a) magic square of order four with &« = 7, 8 = 1, and the magic constant of squares sums to 58, (b)
magic cube of order three with a« = 1, 8 = 1, and the magic constant of cubes sums to 42, (c) perfect
magic cube of order six with &« = 1, 8 = 1, and the magic constant of cubes sums to 651

The magic cube that has arithmetic sequence entries can be determined using Equation (4) with the
following information:
Sc = the sum of a rows, columns, pillars, and space diagonals,
m = order of the magic cube,
a = initial number,
B = the difference between each number,
a,p EZ[23].

A perfect magic cube has different properties from a magic cube. The difference in properties between the
magic cube and the perfect magic cube of order m causes the construction of the perfect magic cube to exist
form =1, m # 2,3,4. The case of m = 1 has a trivial solution [24].

Theorem 1 [25]. There is no perfect magic cube of order two.

Proof. Let C, = (ci, j,k), i,j,k € 1,2 perfect magic cube of order two whose entries are arithmetic sequence
with each element i rows, j columns, and k layers. Based on Equation (4) in Lemma 1, the magic constant
of cube S.. Take any square matrix in a layer e.g.:

c _(01,1,1 C1,2,1)
2 €211 €221/

based on the properties of magic cube ¢y 11 +¢121 = €111 + €211 = SC, €121 = €211, SiNCe each entry
must be different, it is a contradiction with Definition 5.m

Theorem 2 [18]. There is no perfect magic cube of order three.

Proof. Let C5 = (Ci,j,k); i,j,k €1,2,3 perfect magic cube of order three whose entries are arithmetic
sequence with each element i rows, j columns, and k layers. Based on Equation (4) in Lemma 1, the magic
constant of cube S,.. Then it holds

Ciak T C22k T €33k = SC, C1ok + C22k T C324 = SC,

€13k T C22k T €31k = SC, €216 + C226 + C236 = SC,
these imply that ¢, , , = Sc/3 for k = 1,2, and 3, a contradiction with Definition 5.m
Theorem 3 [18]. There is no perfect magic cube of order four.

Proof. Let C, = (ci,j,k)ri; J, k € 1,2,3,4 perfect magic cube of order four whose entries are arithmetic
sequence with each element i rows, j columns, and k layers. Based on Equation (4) in Lemma 1, the magic
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constant of cube S.. First, it will be proved that each layer of the cube has the sum of its four corners elements
S.. Then it holds

Crik tCiok T Ciakt Crak =Crikt C22k +C33k + Cask =Crik+ C21k + 31k + Cark =SC
Crak T Co3k T C32k tCank = Crak tCoak+C3ak +Caak = Carkt+ Cazit Cankt Caur =SC
these imply that

4 4
2(01,1,k + Crak tCa1xt+ C4,4,k) + Z Z Cijx = 6(50),
i=1 j=1

4 4
Z Z Cijx = 4(Sc),

i=1j=1
Ci1k T Crak T Cark T Canr = SC.

So, the sum of the corners is Sc for k = 1,2,3, and 4. Consider only the corners perfect magic cube. Thus, we
have

€111+ €114+ Can1 tCa1a =Can1+Ca1a+Caanr+Caaa =C111+FC11a+Cann+ Cana=Sc,

hence

1
€111 T C114 = > ((01,1,1 t €114t Ca11 C4,1,4) + (C4,1,1 +C414 +Ca41t C4,4,4)

—(01,1,1 tC1,1,4 T Casq + C4,4,4)),

Sc

=

Therefore, any two corners sum up to Sc/2. Similarly, it can be shown that ¢; ;1 + ¢y 41 = Sc/2, thus
€114 = €141, acontradiction with Definition 5.m

1
=§(Sc+SC—Sc)=

3. RESULTS AND DISCUSSION

The construction of a perfect magic cube is inspired by the construction of a magic square. The idea of
constructing a magic square is to change/swap entries. The method of determining the pattern by assigning
points can also construct a magic square. The combination of the two methods is used to construct the perfect
magic cube of order 8n for n > 1. Visualizing a three-dimensional image (cube) can be simplified with a
two-dimensional image. The following is the pattern of the perfect magic cube of order 8.

Layer 1 Layer 2 Layer 3 Layer 4
O+ + 00+ + O + 00+ + 00 + oO++ 00+ + O + 00+ +00 +
O+ +00+ + 0 + 00+ + 00 + O++00+ + 0 + 00+ +00 +
+ 00+ + 00 + O++ 00+ + 0 + 00+ + 00 + O+ +00+ + 0O
+ 00+ + 00 + 0O+ + 00+ + 0O + 00+ + 00 + oO++00+ + 0
+ 00+ + 00 + 0O+ +00+ + 0 + 00+ + 00 + O+ +00+ + 0O
+ 00+ + 00 + 0O+ +00+ + 0O + 00+ + 00 + oO++00+ + 0
O+ + 00+ + 0O + 00+ + 00 + oO++ 00+ + O + 00+ +00 +
O+ +00+ + 0 + 00+ + 00 + O++00+ + 0O + 00+ +00 +

Layer 5 Layer 6 Layer 7 Layer 8
+ 00+ + 00 + 0O+ +00+ + 0O + 00+ + 00 + O+ +00+ + 0O
+ 00+ + 00 + 0O+ + 00+ + 0O + 00+ + 00 + oO++00+ + 0
O+ + 00+ + 0O + 00+ + 00 + oO++ 00+ + O + 00+ +00 +
O+ +00+ + 0 + 00+ + 00 + O++00+ + 0O + 00+ +00 +
O+ + 00+ + 0O + 00+ + 00 + oO++ 00+ + O + 00+ +00 +
0O+ +00+ + 0O + 00+ + 00 + 0O+ +00+ + O + 00+ +00 +
+ 00+ + 00 + O+ +00+ + O + 00+ + 00 + O+ +00+ + 0O
+ 00+ + 00 + 0O+ + 00+ + 0 + 00+ + 00 + 0O+ +00+ + O

Figure 2. The pattern of Constructing the Perfect Magic cube of order 8
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Each layer in the Figure 2 is a partition of the perfect magic cube of order 8. Each layer can be assumed
to be a matrix. Note that, each matrix has the the sum of the numbers of O and + elements in each row,
column, main diagonal, and pillar are the same. This pattern will result in the number of rows, columns,
pillars, and diagonals having the same value (magic constant of the cube). We shall now proceed to the
construction of a perfect magic cube of order 8n for n = 1,2 with illustrations in each step and for n > 2 it
will be proved by a theorem.

Theorem 4. There exists a perfect magic cube of order 8 with arithmetic sequence.

Proof. Define Q,, = a u-th layer or matrix withu = 1,2,3,..., t and t = 8n partitioned from the cubic array
matrix C = [c; jx:1 < i,j, k < 8]. Given an arithmetic sequence with initial number (a) and difference (3).
Here is the construction of perfect magic cube of order 8n forn = 1.

1. Column partition the created even-order (8n) x (8n) matrix Q,, into four column matrices, e.g. Q,, =
[Au, By, Cy, Dy ]

Layer 1 : Layer 2 Laver 3 Layer 4

Laver 5 H Laver 6 Layer 7 Layer 8

As  Bs  Cs Dy I Aq  Be  Co Dy A By G D, Ag Bg  Cs  Ds

2. Place the initial number in Q in the first row and column of matrix A,, continue to matrix B;, C;, and
D, then continue to the second row of the first column repeatedly until the first column in matrix
A4, B4, Cy, and Dy is filled.

Laver | Layer 2 Layer 3 Layer 4

a a+f a+2B a+3f
a+4f a+5p a+6f a+7f
o+8f a+9p a+108 a+11p
a+128 as*13f a+14f a+158
a+16f a+17f a+188 a+198
a+208 a+21B a+22f a+23f8
at24f a+258 a+26f a+27f
a+288 a+298 a+308 a+318

Ay B, C, D, A, B, C, D, A By Cy D, Ay By Cy Dy

Layer 5 Layer 6 Layer 7 Layer §
As B Cs Dy Ag By Cs Dy A5 B, [ D, Ag By Cy Dg

2
3. Place the next number (the difference ((8%) ﬂ) from the previous column) to fill the next column in

the matrix columns A4,, By, C;, and D, following Step 2. It means, place (a + 32f) in the next column
in the first row following Step 2 until layer Q; is filled. Place the next number (the difference ((8n)28)
from the previous layer) following Step 2 and Step 3 on @5, Q3, ..., Qg until all matrices are filled. It
means, place (a + 64) starting from the first row of the first column of the second layer and then fill
the next entry following Step 2 and Step 3 until layer Q,, Qs, ..., Qg,, are filled.
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Layer 1 Layer 2
o | 0+32B | o#B | a+33B | o#2B | a+34P | o#3p | a+35P at64B | at96B [ at65B | at97B [ a+66B | a+98P [ a+67p  a+99p
Ca+4p | 0+36P | a+5B | o+37B | o+6B | a+38p | a+7B | o+39B a+68B |0+100p| 0+69B [a+101B| 0+708 0+102B| 0+71p a+103p
a+88 | o+40B | o+9B | 0+41B | a+10B | o+42B | a+11B  o+43p 0+728 a+104p| o+73p | at105B| o+74p  at+106B| at75p  atl07f
a+12B | o+44p | a+138 | ot45p | a+14B | o+46p | a+1SB | o+47P 0+76B a+108B| o+77B (at+109B| 0+78B at+110B| at79p atl11B
a+16B | 0+48B | a+17B | o+49B | a+18B | oFS50B | a+19B | oF51P 0+80B [a+112B| o+81P (at+113B| a+82B ot+114B| o+83P ot+115B
a+20B | 0+52B | @21 | 0+53B | a+22B | o+54p | a+23p | o+55p | | 0+84p [o+116B| 0+85p [o+117B| o+86p a+118B| a+87p a+119B
a+24B | o+56B | a+25B | a+57B | a+26B | oS8P | a+27B | o+59B 0+88B [a+120B| a+89B (o+121B| o+90P [at+122B| o+91B o+123PB
a+288 | a+60B | a+298 | a+61p | a+30B | a+62 | a+31B | a+63B 0+92B a+124p| 0+93p [a+125B| 0+94p at+126B| a+95p at+127B
A, i B, c, D, 4, B, G D,
Layer 3 Layer 4
0+128B]0+160B[0+129B  a+161pB[a+130B | a+162B[a+131B 0+163B 0+192f | a+224B[a+193p a+225p[a+194B a+226B[at195p at+227P
0+132B/0+164B|0+133p 0+165p|a+134B a+166B|a+135p a+167B 0+196B  a+228B|a+1978  a+2298|a+198p | a+230B|a+199p a+231B
0+136B/0+168B|0+137 0+169p|a+138B a+170B|a+139B o+171p 0+200B | 0+232B|a+201p  a+233p|a+202p | a+234B|a+203p at+235B
0+140B/0+172B|0+141B  0+173B|a+142B a+174B|a+143B o+175B 0+204B  a+236B|a+205p | a+237p|a+206B |a+238p]a+207p a+239B
0+144B at+176p|a+145p  at1778|a+146B | at+178B|a+1476 a+179B 0+208B | a+240p|a+2098 | a+241p|a+210B a+242p|a+2116 a+243B
0+148B a+180 | 0+1496 | a+1818|a+1508 at+182B|a+1516 o+183B 0+212B | a+244B|a+213p  a+2458|a+214B | a+246B | a+215p a+247B
0+152B 0+184B|o+153p o+1858|a+154B at+186B|a+155p a+187B 0+216B | a+248pB|a+2178 a+2498|a+218p | a+250p|a+219p a+251B
0+156B | 0+188p| a+157p a+189B|a+158B 0+190B|0+159p o+191p 0+220B 0+2528|a+221p 0+253B|a+222p o+254B|a+223B 0+255B
A3 BZ C3 DS A4 B4 C4 D4
Layer 5 Layer 6
0+256p a+288B[0+257p 0+289p]0+258p a+290B[a+2598 a+291p 0+320B a+352p at321p | a+353B[at322B a+354B|a+323B 0+355p
0+260B  0+292B| 0+261P  0+293B|0+262p | 0+294B|0+263B  0+295P 0+324B  0+356B| 0+325B  0+357B|o+326B  0+358B|0+327B a+359PB
0+264B 0+296p | 0+265p 0+297B|a+266p o+298p|a+267B a+299B a+328B 0+360p|0+329p 0+361B|at330p a+362p|a+331B at363p
0+268p 0+300B|0+269p | 0+301p|a+270B 0+302p|a+271p a+303B 0+332p 0+364B|0+333p 0+365p[0+334B 0+366p|0+335B a+367B
0+272p a+304B|a+273p 0+305B|a+274B a+306B|a+275B a+307B 0+336B a+368B|a+337B o+369p|a+338p a+370B|a+339p a+371p
0+276B a+308B|0+277p 0+309p]|0+278p a+310B[a+2798 a+311p 0+340B | a+372p | a+341p | a+373B|a+342B a+374B|0+343B 0+375p
0+280B a+312B|0+281p o+313p]|0+282p o+314B[a+283p o315 0+344B a+376B | a+345 a+377B)|a+346B a+378B|a+347B 0+379p
0+284B a+316B| a+285p a+317B]a+286B o+318B|a+287B 0+3198 0+348B 0+380B| a+349p 0+381B)a+350B o+382B|0+3518 0+383p
Ag By €s Dy A B, C: D;
Layer 7 Layer 8
0+384B 0+416B[0+385B 0+417p[at386B at418B[a+387B ata19p 0+448B | a+480B[a+449p 0+481p[a+450B at482p[at451B o483
0+388B 0+420p|0+3898 a+421B|a+390p 0+422B|a+391B 0+423p 0+452B a+484p | a+453B 0+485B|a+454B at486B|at+455B a+487B
0+392B a+424p| 03938 0+425p | 0+394B a+426B[at395p 0+427p 0+456B | a+488p | a+457B 0+489B|a+458B at+490B|a+459B a+491B
0+396pB 0+428B[a+397B at429B|a+398p 0+430B[at399B a+a31p 0+460B a+492p|0+461B a+493p|0+462p a+494B|o+463p a+495p
0+400p a+432B|a+401B  a+433B|a+402B at+434B|o+403p a+435p 0+464B 0+496pB | 0+465p 0+497p|a+466p 0+498B|a+467B a+499p
0+404B a+436B|a+405B a+437p|a+406B at+438B|o+407p a+439p 0+468B a+500B|a+469B  a+501p|a+t470B at+502B]|o+471p 0+503p
0+408B a+440B|0+409p o441 o+4108 a+442p[at411p at+a43p 0+472B a+504B|0+473p 5058 at474B at+506B|a+a75p 0+507B
0+412p a+444p| a+413p 0+445B|a+414B a+446B|o+415B o+447B 0+476B a+5088| a+4778 0+5098|a+478B at+510p|at+479B a+511B
4, B, c, D, Ag By Cy Dy

4. Suppose X, = [Ay, Byl and Y, = [Cy, D, ] then Q, = [Xy, Yyl

Layer 1 Layer 2
o 0+32p  o+p | «33P | av2p  o+34p  a+3p | o+35p a64p  0+96p a+65p | a+97p | 0r66p 098P  a+67P | 0+99p
a+4B | a+36P o+ | a+37B | a+6p  «+38p  a+7p | 0+39B at68p a+100B a+69B at101p| o+70B a+102p at+71B o+103p
o+88  a+40B  a+9p | o+41B | a+10B  «+42B  o+11B | a+43B at72B a+104B a+73B at105B| o+74B a+106B at+75B a+107p
a+12B | o+44p  a+13B | 0+45B | a+14B 46  a+1SP | o+A7p 076 a+108p o+77B o+109B| 0+78B a+110B +79B o+111P
a+16p  o+488  a+17B | o+49B | o+188  o+50B  a+19p | o+51P a+80p o+112p o+81B o+113B| 0+82B a+114B a+83p o+115B
a+208 | +52B  a+21B | 0+53B | o#22p  o+54B  a#23p | o+5SP “at84 o+116B o+85p at117B| 0+86P o+118p +87B ar119p
a+24B  a+56B  a+25B | o+57B | a+26B  a+SSP  a+27B | a+SOP “0+88P 0+120p 0+89B a+121B| o+90B 0+122 a+91B o+123P
a+288  a+60B  a+298 | o+61B | a+30B  a+62B  a+31B | a+63P 04928 0+124B at+93B o+1258| a+94B 0+126B 0+95B at127B
Xy Y, X, Y,
Layer 3 | Layer 4
0+128B a+160B a+129B 0+161B[a+130B a+162p a+131B at+163P 0+192p 0+224p o+193p a+225p[a+194p a+226B o+195B 0+227p
0+132B a+164B a+133p 0+165p|a+134p a+166p a+135 at+167B 0+196B 0+228p o+197p a+2298|a+198p a+230B o+199B o+231P
0+136p 0+168B 0+137P a+169B|a+138p o+170B a+139B o+171 0+200B o+232B 0+201p 0+233p|a+202p 0+234B 0+203p 0+235B
0+140B 0+172B a+141B o+173p|a+142B a+174p a+143p at+175B 0+204p 0+236P a+205p  0+237p|a+206p a+238B a+207f a+239B
0+144B 0+176p o+145p a+177p|a+146p a+178B a+147p o+179p 0+208P 0+240B a+209p a+241p|a+210p a+242p a+211B a+243p
0+148B +180B o+149p o+181p|0+150p 0+182B o+151B o+183p 0+212B a+244B 0+213P 0+245B|a+214p a+246B o+215B o+247B
0+152B 0+184p o+153P o+185B|a+154B 0+186P 0+155B o+187B 0+216p a+248p o+217P 0+249B|a+218p 0+250p a+219p a+251P
0+156B +188B a+157B a+189B|0+158p o+190B o+1598 0+191B 0+220B 0+252B +221B a+2538| 02228 04254 0+223p 0+2558
X, Ys Xy Y,
Layer 5 [ Layer 6
0+256p 0+288 o+257P a+289B[a+258B a+290B 0+259p 0+291B|  [0+320B 0+352 o+321B a+353p[a+322P a+354B a+323B o+355P
0+260p 0+292B 0+261B a+293p|a+262p a+294p a+263p a+295p 0+324B 0+356p a+325p | a+357p|a+326p a+358p a+327p at+359B
0+264B 0+296B 0+265B a+297p|a+266p a+298p a+267p at+299p 0+328B 0+360p a+329p | a+361p|a+330p a+362p a+331P at+363p
0+268B a+300B 0+269p 0+301B|a+270B 0+302B a+271P 0+303PB 0+332B a+364B o+333p 0+365p|a+334p a+366B a+335B a+367p
0+272B 0+304B 0+273B 0+305B|a+274B 0+306B a+275B 0+307B 0+336B 0+368p 0+337p a+369P|a+338P a+370B a+339B a+371P
0+276B 0+308B a+277B a+309p|a+278p a+310B a+279 a+311P 0+340B 0+372 o+341p a+373p|a+342p a+374B a+343p a+375B
0+280B 0+312B 0+281P a+313p|a+282p a+314p a+283p a+315p 0+344B 0+376p o+345p a+377p|a+346P a+378P a+347p a+379p
0+284B o+316 0+285p a+3178|a+2868 a+318p a+287p 0+319p 0+348B 0+380B 0+349p |a+381p|a+350B a+382B a+351B o+383P
X5 Y Xg Y
Layer 7 5 LayérS
0+384P 0+416P 0+385P o+417B]o+386p o+418p o+387B a+419B 0+448p a+480p a+449p | a+481pJo+450p a+482p a+451p a+483p
0+388B a+420B 0+389P 0+421B|a+390B 0+422B a+391P 0+423B 0+452B a+484B 0+453P a+485p|0+454p 0+486P a+455p o+487B
0+392B 0+424 0+393P 0+425B|0+394B 0+426B a+395P 0+427B 0+456B a+488B 0-+457P a+489B|0+458p a+490B a+459p o+491PB
0+396B 0+428 0+397P 0+429B|0+398B 0+430B a+399P 0+431B 0+460B a+492B 0+461P | a+493|0+462 0+494B a+463p o+495B
0+400B 0+432B 0+401P 0+433B|0+402B 0+434B o+403B o+435B 0+464B o+496B a+465B | 0+497B|0+466P a+498P a+467p a+499p8
0+404B 0+436P 0+405B 0+437B|0+406B 0+438B o+407B o+439B 0+468B 0+500B a+469B a+501B|a+470B «+502p a+471B a+503p
0+408B a+440B 0+409P o+441B|o+410B 0+442B o+411P 0+443B|  |a+472B a+504B 0+473B a+505B|0+474B a+S506B 0+475B o+507P)
0+412f 0+444B 0+413B 0+445p|a+414p o+446p o+415p a+447p 0476 0+508p a+477B a+509p]|a+478B o+510p a+479p o+511p
X, Y, Xg Yy

5. Mark the entries in each corner area of the matrix with sizes % (8n) x %(Sn) and %(Sn) X %(Sn) of the
center areas of matrices X, and Yy, in the Q1.2.(4n—1) and Q¢—(an—2).2.¢ layers.
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6.

7.

Mu’min.,et.al SOME CONSTRUCTION OF 8N-DIMENSIONAL PERFECT MAGIC CUBE...
Layer 1 | Layer 2
o ot32f  a+f o338 | a+2B  oi34B a+3p | af35B 0t+64f  at+96B o+65B | o+97P | 0+66P «t98B a+67B | o+99B
o+4B  0+36P  a+5B | af37P | o46B  o+38P | a+7B | o+39B a+68B a+100B 0+69P [0+101B| a+70B a+102B o+71B a+103B
a+88  0f40B  a+9B | a4l | a+10B  oF42p  o+11B | a+43B 0+72f 0+104B o+73f a+105B| o+74B o+106f o+75B «+107B
| at12B  o+d4p .7g+13ﬂ@7””qf4§§ a+14B  0F46B _ a+158 | 0+47p | at+76B a+108B o+77f a+109B| a+78p o+110p a+79B a+111PB
a+16B 0488 o+17B | of49B | a+188 oS0 q+19B | o+S1B | «+80p o+112p a+81Bp a+113B| 0+82f a+114p a+83P o+115B
Q208 0528 #21B | at53B [ a+22B @54 o423B | atSSP 0+84B o+116P 0+85B o+117B| 0+86P o+118B o+87P a+119P
0+24B  o+56B  a+25B | at57B u+26§ o588 a+27B | ot+59B o+88f o+120f o+89P (0o+121B| 0+90f o+122B o+91P o+123B
a+283  a+60B  a+29B | af61B | o308  o+62f  a+31B | 0i63B 0+92f3 o+124 0493 0+125f| 0+94f o+126B o+95B o+127P
X, Y, X, Y,
Layer 3 | Layer 4
a+128B 0+160B o+129B o+161B|o+130B 0+162B a+131B a+163B @+192B a+224B a+193B a+225B[a+194p a+226p 0+195B a+227P
0+132B a+164p o+133P 0+165p|at134p 0+166p a+135pia+1678 a+196B 0+228p a+197B 0+229B|a+198F 0+230P 0+199f o+231PB
0+136B 0+168p 0+137p 0+169p|a+138p a+170p o+1398 a+171p 0+200p 0+232p a+201B a+233P|a+202p a+234P o+203p 0+235p
a+140B 0+172B_o+141B a+173B|0+142B a+174B_o+143B o+175B 0+204B a+236B a+205B 0+237B|a+206p 0+238P a+207B a+239B
0+144B 0+176B 0+145p a+177p|0+146p 0+178B 0+147p a+179p| a+208B a+240B a+209B o+241B[a+210P a+242P o+211B 0+243p
0+148p a+180B a+149B o+181B|a+150p a+182B a+151B a+183p 0+212B 0+244B a+213B 0+245B|0+214p a+246P 0+215B 0+247p]
0+152 0+184B a+153B a+185B[a+154p a+186B o+155B a+187p a+216B a+248B a+217B a+249B|a+218P a+250B o+219B o+251P
o+156B 0+188p 0+157p 0+189B|at+158p o+190B o+159p a+191p 0+220B 0+252B a+221B 0+253B|a+222B 0+254P 0+223B at+255B
X Y, X, Y,
Layer 5 [ i Layer 6
a+256B 0+288p 0+257B a+289p|at+258B 0+290B a+259Bia+291P 0+320B 0+352p +321B a+353B|at+322B a+354p o+323B at355P
a+260B 0+292p 0+261P a+293B|a+262p 0+294p a+263B a+295p 0+324B 0+356P 0+325B o+357P|a+326B o+358P o+327B a+359B
a+264B 0+296B 0+265B 0+297B|a+266B a+298 0+267B a+299B 0+328B 0+360B 0+329B 0+361B[a+330p 0+362B a+331P o+363B
a+268B 0+300B a+269B 0+301B|a+270B a+302 o+271P a+303B 0+332B 0+364B_a+333B 0+365B|a+334p a+366B_0+335B a+367P
0+272B 0+304B a+273B a+305p |a+274p 0+306B 0+275B a+307B|  |0+336B 0+368B a+337P a+369P|a+338P a+370B 0+339B o+371P
0+276B o+308B a+277B a+309B|a+278B 0+310B o+279B a+311P 0+340B 0+3728 a+341P 0+373B|a+342P 0+374B at+343B o+375B
0+280B 0+312p 0+281B 0+313p|0+282P a+314p 0+283B a+315B 0-+344B 0+376P 0+345B a+377P|a+346P a+378P a+347B a+379P
a+284B 0+316B o+285B 0+317B|a+286B a+318p o+287B a+319B 0+348B 0+380B 0+349B 0+381B|a+350B 0+382B o+351P o+383B
Xe Y X; Y
Layer 7 | Layer 8
a+384P 0+416B a+385P 0+417B[a+386B a+418 o+387B a+419B 0+448B a+480B 0+449B o+481B[a+450p a+482B o+451P o+483B
0+388p 0+420p 0+389P a+421B|a+390p a+422p a+391B a+423p 0+452p a+484p a+453B a+485P|at+454p 0+486p a+455p at+487P
a+392B 0+424B a+393P 0+425B|a+394B a+426B 0+395B | a+427B a+456P 0+488B a+457B 0+489B|a+458B 0+490B a+459B o+491B
0+396p 0+428p a+397P a+429p |a+398p a+430p a+399B a+431p a+460B a+492B, a+461B a+493B[a+462p 0+494p 0+463p a+495B|
0+400B 0+432P 0+401P 0+433B(0+402f a+434B a+403p a+435B|  Jo+464P o+496P 0+465B o+497P|a+466p a+498p o+467P a+499p
0+404B 0+436p 0+405B a+437B|a+406p a+438p a+407B a+439p 0+468p a+500p a+469B a+501B|a+470p 0+502p a+471B a+503P
0+408B 0+440p 0+409p a+441B|a+410p a+442p a+411P | a+443p a+472p 0+504B 0+473B 0+505B|a+474p a+506B 0+475B o+S507P
0+412B 0+444B o+413B o+445p|a+414B 0+446P o+415B 0+447B 0+476P 0+508B 0+477B 0+509B|0+478p o+510B o+479B o+511P

X,

Y,

Xy

Yy

Mark the entries in each corner area and the center of the matrix other than in Step 5 in the @5.5.(4ny and
Qt—(an—1):2:(t—1) layers.

Layer 1 | Layer 2
3 o+328 o+ | oFf33B | o+2B | 034 o+3B | of35P 0t64f  o+96p at65B | 0+97P | at66p 0+98B at67P  ot+99B
a+4B  @+36B oa#5B | @37 | o+6B w38 o+7B | 0F39B 0+68B a+1008 o+69B (a+101B| o+70 o+102f o+71B o+103B
a8 40P o#9B | ot41f | a+10B  «+42p  q+11B | o+43B ot+72B o+104f o+73B [a+105B| o+74B o+106B o+75B8 o+1078
a+12B  ot44f  a+13B | oF45P | a+14B  o+46P  a+15B | at47P at+76B o+108B_ a+77f 'a+109B| a+78B o+110B_ a+79B at+111P
a+16B8  oF48B  o+17B | oF49B | o+188  o+SOB  a+19B | oFS1P a+80p o+112f «+81P fa+113B| a+82B o+114f o+83f ot+115B
a+20B o522 o+21B | oFS53P | a+22B 054 a+23B | oFSSP | a+84p o+116B «+85B fa+117B| a+86P o+118f o+87P 'a+119B
a+24B  a+S6P  a+25P | o+57B | a+26B  a+SSP  a+27B | a+5OB | a+88B a+120B a+89B (a+121B| a+90p o+122f o+91P at+123B
o+288  0+60B  o+29B | o+61P | a+30B  o+62P  a+31B | aF63P 0+923 o+124f o+93B (a+125B| 0+94f a+126B o+95B o+127B
X, Y, X, Y,
Layer 3 | Layer 4
< 128 @1 160p @i 1296 o 1618 et 1308 @t 1625 ar131p oi1638 4+192B 0+224p a+193P 0+225p|a+194p 0+226P a+195p a+227p
@+ 1328 a+164p o+133B o+165B[o+134B a+166B at135B at167B r196B a+228 0+197B a+229B|a+198p 0+230B a+199p o+231P
a+136B a+168 o+137 o+169B[o+138B a+170B a+139B a+171B 2008 a+232B a+201p | a+233p|0202p a+234p 0+203p ot235p
0+140B o+172B o+141p 0+173|0+142B a+174p o+143B 0+175p 0+204p 0+236p ,0205p | a+237B|a+206p a+238,0+207p a+239p
0+144B a+176B 0+145p 0+177B|a+146p a+178B o+147p a+179p 0+208B a+240B 0209 (02416 0+210p a+2428 a+211P at243p
0+148B o+180B 0+149p 0+1818|a+150p a+182B o+151B a+183p 042128 a+244B a+213p | 0+245p|04214p a+246B a+215P a+247B
0+152p 0+184p 0+153p 0+185p[0+154B o+186B o+155p a+187p 0+216B a+248P o+217B 0+249p|0+218p a+250 a+219P a+251P
0+156 0+188B o+157B 0+189P|a+158B a+190B o+159B a+191p 0+220B 0+252B 0+221P 0+253B|a+222p 0+254B a+223 o+2558
X, Ys X, Y,
Layer 5 [ ] Layer 6
w+256B 0+288p a-257P o+289p|a+258p a+290P 0+259P a+291p ©+320B 0+352p a+321B a+353p|0+322p a+354P 0+323P 0+355p
a+260B 02928 o+261B a+293p|0+262B a+294p 0+263B a+295p +324B a+356B a+325B a+357p|at326B a+358B 0+327B at359P
12648 a+296B a+265p at297B|at2668 a+298B a+267B at299p a+328B a+360B o+329B a+361B|at330B a+362p 0+331B at363p
0268 ¢+300B,0+269p a+301p[a+270p a+302B ,a+271p 0+303p +332B a+364B a+333B | a+365p|at334B a+366p 0+335B at367P
at272p a+304p 0+273B a+305p[a274p a+306B a275p 0+307B o+336p o+368B 0+337p 0+369p|a338P 0+370p a+339p @+371p
at276B a+308B a+277B at309B|at278p a+310B 0+279B at311p a+340B a+372B a+341B | a+373p|at342B a+374p 0+343B at375P
a+280B o+312B 0281 a+313p[0+282p a+314p o+283B a+315B|  |o+344p a+376B a+345B a+377p|at346B 0+378P a+347p a+379B
@284 0+3168 0+285B 0+3178|a+2868 a+3188 0+287B 0+319B +3488 0+380B 043498 |0+381B| 3508 0+382B 0+351B o+383B
Xs Ys X, Yo
Layer 7 | Layer 8
a+384B a+416P o+385p 0+417p|0+386p a+418P a+387P o+419B 0+448B a+480B o449 0+481p|0+450p a+482p a+451P a+483P
0+388F 0+420B 0+389P a+421B|a+390B a+422B a+391P o+423p 0+452 0+484B a+453p a+485P|a+454p 0+486B a+455P a+487P
a+392B a+424p o+393B a425B[0i3948 a+426B a+395B o+d27) a+456B a+488p o+457B a+489B|a+a58P a+490B a+459P atd91p
0396 +428p,0+397p a+429p[a+398p a+430p a+399p a+431P a+460B a+492B o+461B | a+493p|ata62B a+494B a463 atd95p
a+400B a+432p ot 401B a+433p[at4028 a+434pTat203p a+435B a+464B a+496B o+465B | a+497B|ata66B a+498B a+467p at499p
a+404B a+436B a+405p a+437B|at4068 a+438 o+407B at439p a+468B a+500p a+469B | a+5018|a+470p a+502B a+d71p at503B
a+408B a+440B o+409B a+441[a+410p a+442B atal1p o+d43p| | @472 0+504B a+473B a+505p|atd74B a+506B a+475B a+507B
@412 a+444P o+413P 0+4458|0+414B o+446B o415 a+447p 0476 a+508B a+477p 0+509p| 0+478B o+510B o+479B o+511p

X;

Y,

Xg

Yy

Exchange the matrix entries marked in Step 5 and Step 6 by crossing and reflection respectively to form
a perfect magic cube (PMC).




0+379B a+164f at+133p
0+136p o+343p o+374f

a+346B
a+169p

0+377p a+166B o+135p a+344p
0+138p a+341B 0+372B a+171p

0+140p a+339B a+370P

a+173p

0+142B a+337B o+368p 0+175B

0+196 a+283p a+314p
a+3118 o+232p a+201B
0+307f a+236B a+205B

a+229p

a+278p

a+274

0+198B a+282p a+312f a+231P
0+309B a+234p a+203B at+276p
a+305B 0+238f a+207f at+272f

a+144B a+335B a+366B

a+177p

0+146p 0+333B o+364p a+179p

a+148 a+331B a+362p

a+181p

a+359B a+184B a+153B

0+355p 0+188B at+157B

a+326p
a+3228

0+150B a+329p o+360B a+183B

0+303p 0+240p a+209p
0+299f 0+244p a+213B

0+357B a+186p a+155p a+324P

0+353B o+190p 0+159p 0+320p8

a+216B a+264B a+294B
0+220B a+260B a+290B

@+270p

a+236p

a+249p
at253p

a+301P 0+242f a+211P at+268f
a+297P a+246B a+215B at+264f
0+218B a+261B a+292B at+251P
a+222B 0+257f a+288B at+255f

X3

Yy

X4

Yy

Layer 5

Lay

er 6

a+256p a+223B at254B

a+289p

«258p at221p at252p a291p

[o+191B o+352p a+321p

a+158p

a+189P a+354p 0+323B ot 156p

0+260B a+219B a+250B
0247 0+296B a+265p
0+243B a+300B a+269B

02936
a+214p
a+210B

a+262p at+217p 0+248p a+2958
at245B 0+298B 0+267p at212p
at241p a+302B o+271p a+208p

0+239B a+304B a+273B

0+206B

0+237B 0+306p 0+275B 0+204p

a+187B 0+356p a+325B
0+328B o+151f a+182B
a+332p 0+147f a+178B
a+336f 0+143p at174p

a+154B
a+361B
a+365p

0+369p

0+185B 0+358B 0+327p o152
a+330B 0+149B o+180B a+363p
a+334P at+145B o+176p o+367p
0+338B at+l141B o+172B a+371P
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Layer 1 Layer 2
o511 o328 q+f | ot478B | a+5098 «+34B | q+#3B | a+476p ot64f o+415p o+446B; a+97P | 0+66p ot+413B o+444B at+99p
a+507p  o+36B  a+5B | at474P | a+5058 «+38f  q+7B | a+472B a+68p o+411f a+442B/a+101B| a+70p o+409P a+440B a+103p
o+88  ot471p a+5028  0+41B | a+10B  ot469B a+S00B | o+43P a+439f 0+104B o+73P [0+406p|at437p o+106B o+75P |at+404P
a+12B  0t467p a+498B  oF45B | o+14f ot465p o+a96B  oF47P a+4358 o+108f o+77B (a+402B|0+433B o+110f o+79B (o+4008
a+16p  0F463p a+494B  0F49B | o+188 o+461B o+a92B | oFS1P 0t+431p o+112f o+81P (0+398p|at+429B o+114p o+83p 'o+396p
a+20B 04598 a+490B | oF53B | a+22B  ot457B o+488B | otS5P a+427f 0+116B 0+85P '0+394B|a+425B o+118f o+87P 'a+392P
a+d87B  o*S56P  o+25p | o*dS4P| o485 otS8P | a+27B | a*4S2P a+88p a+391P 0+422p a+121B] a+90p 0+389P o+420p a+123p
a+4838  oF60B  o+29B | o+450B | a+481B a+62B  a+31B | a+448p a+92B 0+387P 0+418B/0+125B| a+94p o+3858 at+416f o+127B
X4 Y, X, Y,
Layer 3 | Layer 4
0+383B a+160p o+129B a+350p[at381p o+162p at+131p at348p a+192B a+287B a+318P a+225p[a+194B a+286B o+316P a+227

¢+235B 0+308P 0+277B a+202B]|0+233B 0+310B o+279p +200B ¢+340B o+139B 0+170B | a+373B|0+342B 0+137P a+168B a+375B
a+280B a+199B a+230B o+313p|at282p a+197p 04228B a+315p [0+167B a+376B 0+345B a+134B|a+165p a+378P a+347B o+132B
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The yellow background represents the O element and the white background represents the + element
in Figure 2. In the Step 7 illustration, the sum of the entries of each row, column, pillar, diagonal plane, and
diagonal space is the same. This can be proven using Equation (4) in Lemma 1 or can be calculated manually
in a row, column, pillar, diagonal space and diagonal plane as follows:

i.  Choose any rows, e.g:
cl,j,8 = C1,1,8 + Cl,2,8 + -+ C1,8,8 = (a + 633) + (a + 4‘80B) + -4 (a’ + 28B) == 8a + 2044ﬁ
j=1

ii.  Choose any columns, e.g:

Ci,4,,5 :C1,4,,5 + C2'4,,5 + -+ C8,4'5 = (a + 289B) + (a + 2933) + -+ (a + 317B) = 8a + 2044ﬁ

-

1l
[

i

iii.  Choose any pillars, e.g:

Cl,l,k =C111'1 + C1:1y2 + -+ C1'1'8 = (a + Sllﬁ) + (0( + 64‘3) + -+ (0( + 63ﬁ) = 80( + 20443

Mo

k=1
iv.  Choose any plane diagonals, e.g:

NG

Ci,j,3 =C111'3 + C2,2'3 + e + 68,8,3 - (a + 383B) + (0( + 164ﬁ) + e + (0( + 320ﬂ) - 80( + 20443
i=j=1
v.  Choose any space diagonals, e.g:
8

Z Ci,j,k = Cl,l,l + C2,2'2 + b + 68,8,8 = (a + Sllﬁ) + (0( + 411ﬂ) + b + a = 80( + 20443 |
i:j:k:]_

Theorem 5. There exists a perfect magic cube of order 16 with arithmetic sequence.
Proof. Define Q,, = a u-th layer or matrix with u = 1,2,3,..., t and t = 8n partitioned from the cubic array
matrix C = [c;jx:1 <i,j,k < 16]. Given an arithmetic sequence with initial number (a) and difference
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(B). The following results of constructing a perfect magic cube of order 8n for n = 2 using Steps 1-7 in
Theorem 4 are illustrated in Figure 3.
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Figure 3. Perfect magic cube of order 16 with arithmetic sequence

As the order of perfect magic cube increases, the construction pattern (yellow background) of perfect
magic cube also expands as well as for perfect magic cube of order 8n for n = 2. In Figure 3, the sum of the
entries of each row, column, pillar, diagonal plane, and diagonal space is the same. This can be proven using
Equation (4) in Lemma 1 or can be calculated manually in a row, column, pillar, diagonal space and diagonal
plane as follows:

Choose any rows, e.g.:

16

Z C2j4 =C214 1t C2241tC234+Coaa+ "+C2134+FC2144+FC2154+C2164

j=1

= (@ +772B) + (a + 836pB) + -+ (a + 903B) + (a + 967B) = 16a + 32760p.

Choose any columns, e.g.:

16

E Ci10,14 = C1,10,14 T €2,10,14 T €3,10,14 T C4,10,14 - T C1410,14 T C15,10,14 T C16,10,14

i=1

= (a+701B) + (a + 697B) + -+ (a + 6458) + (a + 6418) = 16a + 32760p.
Choose any pillars, e.g.:
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16

Z C3gx =C381 1t C382 1t C383+C384..1TC3813 T C3814 1+ C3815 T C3816
k=1
= (a + 38948) + (a + 4578) + -+ (a + 37858) + (& + 54B) = 16a + 327608.

Choose any plane diagonals, e.g.:
16

Cijk =C111 T C122 +C1 33+ Craa+ "+ C11414 T C11515 T C1,16,16
j=k=1

= (& + 40958) + (a + 320B) + -+ (a + 3715B) + (a + 608) = 16a + 32760p.

Choose any space diagonals, e.g.:
16

Z Cit+1-jk —C1161 T C2,152 T 3143 T C4134 + =+ + C14314 T C15215 + C161,16
i:j:k:l

= (@ + 39008) + (a + 391B) + - + (a + 3704B) + (a + 1958)
= 16a + 327608. m

Theorem 6. There exists a perfect magic cube of order 8n for n > 1 with arithmetic sequence.

Proof. By Definition 5, given an arithmetic sequence of (8n)3 numbers to satisfy the entries of perfect magic
cube with initial number a and difference g for each a, € Z. Since n > 1, we take n = 1 as the basis.

We will prove the existence of perfect magic cube of order 8n forn = 1.

By Theorem 4, there exists the perfect magic cube of order 8 with magic constant of cube as
follows

8
5 2a+ (8 ~1p).

We will prove the existence of perfect magic cube of order 8n forn = 2.

Since the algorithm for constructing the perfect magic cube of order 8 is the basis of
construction pattern, the algorithm for constructing the perfect magic cube of order 16 follows the
algorithm for constructing the perfect magic cube of order 8 (Steps 1-7) in Theorem 4 or can be
denoted 8 < 16. Consequently, there exists a perfect magic cube of order 16 in Theorem 5 with
magic constant of cube as follows

8(2

% (Za + ((8(2))3 - 1) ,8).
Furthermore, it is assumed that for the case n = k, there exists a perfect magic cube of order 8k for k
natural numbers. Based on this assumption, it will be proved that perfect magic cube of order 8(k +
1) also exists. That means it will be proved that the algorithm for constructing the perfect magic cube
of order 8(k + 1) follows the algorithm for constructing the perfect magic cube of order 8 (Steps 1-
7) in Theorem 4 or can be denoted 8 < 8(k + 1).

Assuming that there exists the perfect magic cube of order 8k, it is known that

a. The algorithm for constructing the perfect magic cube of order 8k follows the algorithm for
constructing the perfect magic cube of order 8 (Steps 1-7) in Theorem 4 or can be denoted
8 < 8k. Since there exists perfect magic cube of order 8,16,...,8k.

b. the algorithm for constructing the perfect magic cube of order 8(k + 1) follows the
algorithm for constructing the perfect magic cube of order 8k or can be denoted 8k < 8(k +
1). Since there is the perfect magic cube of order 8,16, ...,8k, 8(k + 1).

Since the algorithm for constructing the perfect magic cube of order 8k follows the algorithm
for constructing the perfect magic cube of order 8 (Steps 1-7) in Theorem 4 and the algorithm for
constructing the perfect magic cube of order 8(k + 1) follows the algorithm for constructing the
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perfect magic cube of order 8k, then based on the transitive property, it can be concluded that the
algorithm for constructing the perfect magic cube of order 8(k + 1) follows the algorithm for
constructing the perfect magic cube of order 8 (Steps 1-7) in Theorem 4 or can be denoted 8 < 8(k +
1). By doing inductive proof, it has been shown that Theorem 6 there exists a perfect magic cube of
order 8k, then there exists the perfect magic cube of order 8(k + 1) with magic constant of cube as
follows

w (2a + ((8Ck + 1)’ - 1) ).

So, it has been proved that Theorem 6 holds foralln > 1.m

4. CONCLUSIONS

In this paper, the construction of a perfect magic cube of order 8n is based on pattern formation and

algorithm. Constructing the perfect magic cube of order 8n with arithmetic sequence entries with initial
number (a) and difference (f) can be adjusted for , 8 € Z. The pattern and algorithm of the perfect magic
cube of order 8n for n = 1 serve as the basis for constructing the perfect magic cube of order 8n forn > 1.
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