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Abstrak

Model abakus telah digunakan secara meluas untuk mewakili pemetakan bagi sebarang
integer positif. Walau bagaimanapun, tiada kajian yang telah dilakukan untuk mem-
bangunkan manik abakus terkait dalam perwakilan bergraf bagi objek diskrit. Untuk
mengatasi masalah keterkaitan, kajian ini tertumpu kepada pencirian n-objek terkait
yang dikenali sebagai n-omino terkait, seterusnya menjana abakus rantai tersarang.
Selanjutnya, sifat konsep teori bagi abakus rantai tersarang dibangunkan. Di samping
itu, tiga jenis penjelmaan berbeza yang penting dalam pembinaan famili kelas turut di-
hasilkan. Fungsi penjana turut dirumuskan berdasarkan kelas ini dengan menggunakan
pengangkaan objek kombinatorik (ECO). Dalam kaedah ECO, setiap objek diperoleh
daripada objek yang lebih kecil dengan membuat pengembangan setempat. Pengem-
bangan setempat ini dihuraikan dengan cara yang mudah melalui petua turutan. Kemu-
dian petua turutan boleh diterjemahkan menjadi persamaan fungsian untuk fungsi pen-
jana. Kesimpulannya, kajian ini berjaya menghasilkan perwakilan bergraf baru bagi
abakus rantai tersarang yang dapat diaplikasikan dalam grid terhingga penjubinan.
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Abacus  model  has  been  employed  widely  to  represent  partitions for any positiveinteger.  However,  no  study  has  been carried  out  to develop  connected  beads  of abacus in graphical representation for discrete objects. To  resolve this connectednessproblem  this  study  is  oriented  in  characterising  n - connected objects knows as n connected  ominoes,  which  then  generate  nested  chain  abacus.  Furthermore,  the theoretical  conceptual  properties for  the  nested chain abacus  are being formulated.Along the construction, three different types of transformation  are being created thatare  essential  in  building  a  family  of  classes. To enhance further,  based on theses classes, generating functions are also being formulated by employing enumeration ofcombinatorial objects (ECO). In  ECO  method, each  object is obtained from smallerobject by  making  some  local  expansions. These local expansions are described in asimple way by a  succession  rule which can be translated into a function equation forthe  generating  function. In  summary,  this  stud  has  succeeded  in producing novelgraphical representation of nested chain abacus, which can be applied in  tiling  finitegrid.Keywords: abacus, partition, n-connected omnioes, generating function         
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· · · 

CHAPTER ONE 

INTRODUCTION 

 

1.1 Introduction 

 
The theory of partition is a fundamental area of number theory, it is concerning the 

representation of integer as sum of other integers. The theory of partition has been 

applied in many different areas such as combinatorics, statistical and particle physic. 

The partitions can be graphically represented with diagrams such as Ferrers diagram 

and Young diagram. Agraphical representation of partition is important in the partition 

theory because it can design and facilitate a visual structure of any shape in the form 

of discrete object. Henceforth, this thesis focuses on the use of graphical illustration of 

partition to develop a new design structure of connected ominoes. The beauty of this 

construction is further extended to be used in tiling fnite grid. 

 
1.2 Graphical Representation of Partition 

 
Diagrams are used to represent a partition of any positive integer. Since 1800s, the 

famous diagrams are the Ferrers diagram and the Young diagram (Benjamin & Quinn, 

2003; Hardy & Wright, 1979). On the other hand, a James diagram or known as e- 

abacus uses a β-number to represent a sequence of non-decreasing integer numbers 

(Gyoja et al., 2010). Next, the concept of partition and graphical representation of the 

partition are reviewed. 

Definition 1.2.1. (Andrews, 1998) A partition of a positive integer, t, is a finite non- 
n 

increasing sequence of non-negative integers (µ1, µ2, , µn) such that ∑ µi = t and 
i=1 

n is the number of parts of any partition. 

 

Example 1.2.2. (5, 3, 3, 2, 1), (5, 5, 2, 2), (6, 4, 2, 1, 1),· · · are partitions of t = 14. 

If µ = (5, 3, 3, 2, 1), then n = 5. 



The contents of 

the thesis is for 

internal user 

only 



202 

 

REFERENCES 

Abramovich, S. (2012). Partitions of integers, ferrers-young diagrams, and represen- 
tational efficacy of spreadsheet modeling. Spreadsheets in Education (eJSiE), 5(2), 
1-27. 

Andrews, G. (1998). The theory of partitions (No. 2). Cambridge University Press. 

Apostol, T. M. (2013). Introduction to analytic number theory. Springer Science & 
Business Media. 

Aval, C., DAdderio, M., Dukes, M., Hicks, A., & Le Borgne, Y. (2014). Statistics on 
parallelogram polyominoes and aq, t-analogue of the narayana numbers. Journal of 

Combinatorial Theory, Series A, 123(1), 271–286. 

Bacchelli, S., Ferrari, L., Pinzani, R., & Sprugnoli, R. (2010). Mixed succession 
rules: The commutative case. Journal of Combinatorial Theory, Series A, 117(5), 
568–582. 

Barcucci, E., Bertoli, F., Del Lungo, A., & Pinzani, R. (1997). The average height of 
directed column-convex polyominoes having square, hexagonal and triangular cells. 
Mathematical and Computer Modelling, 26(8-10), 27–36. 

Barcucci, E., Frosini, A., & Rinaldi, S. (2005). On directed-convex polyominoes in a 
rectangle. Discrete mathematics, 298(1), 62–78. 

Barcucci, E., Lungo, A., Pergola, E., & Pinzani, R.  (1999).  Eco:  a methodology   
for the enumeration of combinatorial objects. Journal of Difference Equations and 

Applications, 5(4-5), 435–490. 

Barcucci, E., Lungo, A., Pinzani, R., & Sprugnoli, R. (1996). Polyominoes defined by 
their vertical and horizontal projections. Journal of Theoretical Computer Science, 
25(7), 129-136. 

Barequet, G., Rote, G., & Shalah, M. (2016). λ> 4: An improved lower bound on the 
growth constant of polyominoes. Communications of the ACM, 59(7), 88–95. 

Beauquier, D., & Nivat, M. (1990). Tiling the plane with one tile. In Proceedings of 

the sixth annual symposium on computational geometry (pp. 128–138). 

Beauquier, D., Nivat, M., Rémila, E., & Robson, M. (1995). Tiling figures of the plane 
with two bars. Computational Geometry, 5(1), 1–25. 

Bender, E. (1974). Convex n-ominoes. Discrete Mathematics, 8(3), 219–226. 

Benjamin, A., & Quinn, J. (2003). Proofs that really count: the art of combinatorial 

proof. Mathematical Association of America, Washington, D.C. 

Berlekamp, E., Conway, J., & Guy, R. (2003). Winning ways for your mathematical 

plays (Vol. 3). AK Peters Natick. 

Berstel, J. (1985). Perrin, theory of codes. Academic Press, New York. 



203 

 

Carroll, L. (1867). An elementary treatise on determinants: With their application to 

simultaneous linear equations and algebraical geometry. Macmillan. 

Castiglione,  G.,  Frosini,  A.,  Restivo,  A.,  &  Rinaldi,  S.   (2005).   Enumeration 
of l-convex polyominoes by rows and columns. Theoretical Computer Science, 
347(1-2), 336–352. 

Castiglione, G., & Restivo, A. (2003). Reconstruction of l-convex polyominoes. Elec- 

tronic Notes in Discrete Mathematics, 12, 290–301. 

Chow, S., & Ruskey, F. (2009). Gray codes for column-convex polyominoes and a 
new class of distributive lattices. Discrete Mathematics, 309(17), 5284–5297. 

Cipra, B. A. (1987). An introduction to the ising model. American Mathematical 

Monthly, 94(10), 937–959. 

De Hoyos, I. (1990). Points of continuity of the kronecker canonical form. SIAM 

Journal on Matrix Analysis and Applications, 11(2), 278–300. 

Del Lungo, A., Duchi, E., Frosini, A., & Rinaldi, S. (2004). On the generation and 
enumeration of some classes of convex polyominoes. The Electronic Journal of 

Combinatorics, 11(1), R60. 

Duchi, E. (2003). Eco method and object grammars: two methods for the enumeration 

of combinatorial objects (Unpublished doctoral dissertation). Universit‘ a Degli 
Studi di Firenze. 

Duchi, E., Rinaldi, S., & Schaeffer, G. (2008). The number of z-convex polyominoes. 
Advances in Applied Mathematics, 40(1), 54–72. 

Fayers, M. (2007). Another runner removal theorem for v-decomposition numbers of 
iwahori–hecke algebras and q-schur algebras. Journal of Algebra, 310(1), 396–404. 

Fayers, M. (2008). Decomposition numbers for weight three blocks of symmetric 
groups and iwahori–hecke algebras. Transactions of the American Mathematical 

Society, 360(3), 1341–1376. 

Fayers, M. (2009). General runner removal and the mullineux map. Journal of Alge- 

bra, 322(12), 4331- 4367. 

Fayers, M. (2010). On the irreducible representations of the alternating group which 
remain irreducible in characteristic. Representation Theory of the American Mathe- 

matical Society, 14(16), 601–626. 

Ferrari, L., Pergola, E., Pinzani, R., & Rinaldi, S. (2003). Jumping succession rules 
and their generating functions. Discrete Mathematics, 271(1), 29–50. 

Fulton, W. (1997). Young tableaux: with applications to representation theory and 

geometry (Vol. 35). Cambridge University Press. 

Gao, W., & Wang, W. (2014). Second atom-bond connectivity index of special chem- 
ical molecular structures. Journal of Chemistry, 2014, 2-8. 



204 

 

Golomb, S. (1954). Checker boards and polyominoes. The American Mathematical 

Monthly, 61(10), 675–682. 

Goulden, I., & Jackson, D. (2004). Combinatorial enumeration. Courier Corporation. 

Goupil, A., Cloutier, H., & Nouboud, F. (2010). Enumeration of polyominoes in- 
scribed in a rectangle. Discrete Applied Mathematics, 158(18), 2014–2023. 

Goupil, A., Cloutier, H., & Pellerin, M. (2013). Generating functions for inscribed 
polyominoes. Discrete Applied Mathematics, 161(1), 151–166. 

Guttmann, A., & Enting, I. (1988). The number of convex polygons on the square and 
honeycomb lattices. Journal of Physics A: Mathematical and General, 21(8), L467. 

Gyoja, A., Nakajima, H., Shinoda, K., Shoji, T., & Tanisaki, T. (2010). Representation 

theory of algebraic groups and quantum groups (Vol. 284). Springer Science & 
Business Media. 

Hardy, g., & Wright, E. (1979). An introduction to the theory of numbers. Oxford 
University Press. 

James, G. (1978). Some combinatorial results involving young diagrams. In Mathe- 

matical proceedings of the cambridge philosophical society (Vol. 83, pp. 1–10). 

James, G. (1987). The representation theory of the symmetric groups. Berlin. 

James, G., Lyle, S., & Mathas, A. (2006). Rouquier blocks. Mathematische Zeitschrift, 
252(3), 511–531. 

King, O. (2014). The representation theory of diagram algebras (Unpublished doctoral 
dissertation). City University London. 

Klarner, A. (1966). Enumeration involving sums over compositions (Unpublished 
doctoral dissertation). University of Alberta, Edmonton. 

Littlewood, D.  (1951).  Modular representations of symmetric groups.  Proceed- 

ings of the Royal Society of London. Series A. Mathematical and Physical Sciences, 
209(1098), 333–353. 

Loehr, N. (2010). Abacus proofs of schur function identities. SIAM Journal on 

Discrete Mathematics, 24(4), 1356–1370. 

Loehr, N. (2011). Bijective combinatorics. CRC Press. 

Mahmood, A. (2011). On the intersection of youngs diagrams core. Journal of Edu- 

cation and Science (Mosul Univ.), 24(3), 143–159. 

Mahmood, A. (2013). Upside-down β-numbers. Australian Journal of Basic & Ap- 

plied Sciences, 7(7), 36-46. 

Mahmood, A., & Ali, S. (2013a). Direct rotation β-numbers. Advances in Mathematic 

Science, 15(2), 642–649. 

Mahmood, A., & Ali, S. (2013b). Rightside-left β-numbers. International Journal of 

Latest Research in Science and Technology, 2(6), 124-127. 



205 

 

Mahmood, A., & Ali, S. (2013c). Rightside-left o direct rotation β numbers. Inter- 

national Journal of Modern Sciences and Engineering Technology, 1(6), 36-46. 

Martínez, C., & Molinero, X. (2001). A generic approach for the unranking of labeled 
combinatorial classes. Random Structures & Algorithms, 19(3-4), 472–497. 

Mathas, A. (1999). Iwahori-hecke algebras and schur algebras of the symmetric group 

(Vol. 15). American Mathematical Soc. 

Mohammad, H. (2008). Algorithms of the core of algebraic youngs tableaux (Unpub- 
lished master’s thesis). Collage of Education. University of Mosul. 

Pergola, E. (1999). Eco : a methodology for enumerating combinatorial objects 

(Unpublished doctoral dissertation). University of Florence. 

Rechnitzer, A. (2001). Some problems in the counting of lattice animals, polyominoes, 

polygons and walks. University of Melbourne, Department of Mathematics and 
Statistics. 

Redelmeier, H. (1981). Counting polyominoes: yet another attack. Discrete Mathe- 

matics, 36(2), 191–203. 

Sami, H. (2014). On the main diagram of exchanging rows (Unpublished master’s 
thesis). Mosul University. 

Stanton, D., & White, D. (1986). Constructive combinatorics. Springer Science & 
Business Media. 

Surhone, L., Timpledon, M., & Marseken, S. (2010). Polyomino: Square tiling, polyi- 

amond, polyhex, tromino, tetromino, pentomino, hexomino, heptomino, nonomino. 

Betascript Publishing. Retrieved from https://books.google.com.my/books 
?id=Ffo2QwAACAAJ 

Tingley, P. (2008). Three combinatorial models for sln crystals, with applications to 
cylindric plane partitions. International Mathematics Research Notices, 2008. 

Wildon, M. (2008). Counting partitions on the abacus. The Ramanujan Journal, 17(3), 
355-367. 

Wildon, M. (2014). A short proof of a plethystic murnaghan–nakayama rule. arXiv 

preprint arXiv:1408.3554. 

Young, A. (1934). On quantitative substitutional analysis. Proceedings of the London 

Mathematical Society, 2(1), 304–368. 



206 

 

APPENDIX  A 

GENERATING FUNCTION W.R.T CHAINS 

Input Rows and columns 

r=input(’Input the number of rows:’); 

e=input(’Input the number of columns:’); 

* Classify cases 

* Case 1(If r < e and r is odd, then p1=e-r + 1 p2=2p1+6) 

if r<e mod(r,2)==1 

P1=e-r+1; 

P2=2*P1+6; 

end * Case 2(If e < r and e is odd. then p1= r-e + 1 and p2 = 2 p1 + 6) 

if e<r mod(e,2)==1 

P1=r-e+1; 

P2=2*P1+6; 

end * Case 3(If e < r and e is odd. then p1= r-e + 1 and p2 = 2 p1 + 6) 

if e==r mod(r,2)==1 mod(e,2)==1 

P1=1; 

P2=8; 

end 

* Case 4(If r < e and r is even then p1= 2r + 2e - 4 ( 2c- 1)=2r-2e+4, where c= r/2 and 

p2=p1 + 8.) 

if r<=e mod(r,2)==0 

P1=2*r-2*e+4; 

P2=P1+8; 

end 

* Case 5(If e <= r and e is even then p1= 2r + 2e - 4 ( 2c- 1)=2e-2r+4, where c= e/2 

and p2 = p1 + 8) 
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if e<=r mod(e,2)==0 

P1=2*e-2*r+4 

P2=P1+8 

end 

** Compute the generating function syms x 

syms y 

* f(x,y) fprintf(’===============f(x,y)================’) 

f(x,y)=-exp(1/(8*x*y8)) ∗ int(y(P2  9) ∗exp(1/8 ∗x∗y8), y) 

· Generating f unction f (x) 

f print f (
I
============ Generating f unction f (x) ================

I 

) 

f (x, 1) 

· PolynomialFrom 

f f (1) = 1; f f (2) = P2; 

f orn = 3 : 10 

f f (n) = f f (n 1) ∗ (P2 + 8); 

end 

∗W ritethisresult 

f ori = 1 : 10 

f print f (
I f (∗d) = ∗dI, i, f f (i)) 

end 
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APPENDIX B 

TILLING ALGORITHM W.R.T ROW 

 
thetacol = 25; 

thetarow = 25; 

H1 = 3; 

r = 5; 

e = 5; 

Computetheuppero f s, sI, sII 

slim = (ceil(thetarow/r))  1; 

s1lim = (ceil((thetacol e)/H1))+ 3; 

s2lim = ceil(thetacol/H1); 

Setcolors 

color2 = [255, 217, 102]/255; 

color1 = [131, 59, 10]/255; 

· Generatinginitialabacus 

∗temp = ceil(rand(1, e) ∗ (r numbead + 1)); 

temp = [2, 3, 2, 1, 2]; 

rect = zeros(thetarow, thetacol); 

f ori = 1 : r 

rect(i, temp(i) : temp(i)+ H1  1) = 1; 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
InitialRectangleI) 

H = max(temp); 

L = temp(1, 1); 

L1 = temp(1, end); 

p = H1; 
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p1 = L1 L; 

· I f L1 > L, thenapplicatethemapping1andmapping2, mapping3 

i f L1 > L 

f orm = 1 : r 

f or j = 1 : e 

f ors = 1 : slim 

i f rect(m, j) == 1and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacolandmod(s, 2) == 

1rect(m + s ∗ r, j + s ∗ p1) = 0; 

elsei f rect(m, j) == 0and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1) = 1; 

elsei f rect(m, j) == 1and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1) = 1; 

elsei f rect(m, j) == 0and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1) = 0; 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping1I) 

f orm = 1 : r 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 1 
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rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

end 

i f L1 > L 

f orm = 1 : r 

f or j = 1 : e 

f ors = 1 : slim 

i f rect(m, j) == 1and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1) = 0; 

elsei f rect(m, j) == 0and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1) = 1; 

elsei f rect(m, j) == 1and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1) = 1; 

elsei f rect(m, j) == 0and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1) = 0; 

end 

end 
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end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping1I) 

f orm = 1 : r 

f or j = H : e 

f ors = 0 : slim 

f ors1 = 1 : s1lim 

i f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacol 

andmod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m+s∗p1+s1∗p) > 0and (m+s∗p1+s1∗p) < 

0andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 
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(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

f orm = 1 : r 

f or j = 1 : H1 

f ors = 1 : s1lim 

f ors2 = 1 : s2lim 

f or j = H : e 

f ors = 0 : slim 

f ors1 = 1 : s1lim 

i f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacol 

andmod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 0 
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rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 1and(m+s∗p1+s1∗p) > 0and (m+s∗p1+s1∗p) < 

1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

f orm = 1 : r 

f or j = 1 : H1 

f ors = 1 : s1lim 

f ors2 = 1 : s2lim 
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f unctionDrawshape(M, a, b, color1, color2) 

f igure 

axis([0b0a]) 

holdon 

f ori = 1 : a 

f or j = 1 : b 

i f M(i, j) == 1 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color1); elsei f M(i, j) == 0 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color2); 

end 

end 

end 

end 

end 



215  

APPENDIX C 

TILLING ALGORITHM W.R.T COLUMN 

 
Initial conditions thetacol = 30; 

thetarow = 30; 

d1 = 3; 

r = 5; 

e = 5; 

s1lim = ceil(thetacol/e)  1; 

slim = ceil((r thetarow)/d1); 

s2lim = ceil(thetacol/e)  1; 

color1 = [56, 85, 34]/255; 

color2 = [156, 194, 228]/255; 

temp = [2, 1, 2, 3, 2]; 

rect = zeros(thetarow, thetacol); 

f ori = 1 : e 

rect(temp(i) : temp(i)+ d1  1, i) = 1; 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
InitialRectangleI) 

k = max(temp); 

k1 = temp(1, 1); 

k2 = temp(1, end); 

p = d1; 

p1 = k2 k1; 

i f k2 <= k1 

f orm = 1 : r 

f or j = 1 : e 
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f ors1 = 1 : s1lim 

i f rect(m, j) == 1and(m + s1 ∗ p1) > 0and 

(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 1 

rect(m + s1 ∗ p1, j + s1 ∗e) = 0; 

elsei f rect(m, j) == 0and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 1 

rect(m + s1 ∗ p1, j + s1 ∗e) = 1; 

elsei f rect(m, j) == 1and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 0 

rect(m + s1 ∗ p1, j + s1 ∗e) = 1; 

elsei f rect(m, j) == 0and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 0 

rect(m + s1 ∗ p1, j + s1 ∗e) = 0; 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

f orm = r  p + 1 : r 

f or j = 1 : e 

f ors = 0 : 6 

f ors1 = 1 : 12 

i f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0 

and(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0and 

mod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and 
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(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 
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end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

end 

i f k2 > k1 

f orm = 1 : r 

f or j = 1 : e 

f ors1 = 1 : s1lim 

i f rect(m, j) == 1and(m + s1 ∗ p1) > 0and(m + s1 ∗ p1) <= thetarow 

andmod(s1, 2) == 1 

rect(m + s1 ∗ p1, j + s1 ∗e) = 0; 

elsei f rect(m, j) == 0and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 1 

rect(m + s1 ∗ p1, j + s1 ∗e) = 1; 

elsei f rect(m, j) == 1and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 0 

rect(m + s1 ∗ p1, j + s1 ∗e) = 1; 

elsei f rect(m, j) == 0and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 0 

rect(m + s1 ∗ p1, j + s1 ∗e) = 0; 

end 

end 

end 
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end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

f orm = r  p + 1 : r 

f or j = 1 : e 

f ors = 0 : 6 

f ors1 = 1 : 12 

i f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0and 

mod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and 
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(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

f orm = 1 : d1 

f or j = 1 : e 

f ors = 0 : 6 

f ors2 = 1 : 12 

i f rect(m, j) == 1and(m + s∗ p1 s2 ∗ p) > 0and(m + s∗ p1 s2 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s2, 2) == 1rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s2, 2) == 1 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 1; 
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elsei f rect(m, j) == 1and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s2, 2) == 0 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s2, 2) == 0 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 1and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s2, 2) == 0 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s2, 2) == 0 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 1and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s2, 2) == 1 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s2, 2) == 1 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

end 

f unctionDrawshape(M, a, b, color1, color2) 
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f igure 

axis([0b0a]) 

holdon 

f ori = 1 : a 

f or j = 1 : b 

i f M(i, j) == 1 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color1); 

elsei f M(i, j) == 0 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color2); 

end 

end 

end 

end 

end 
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APPENDIX D 

GENERATING NC AND NR NESTED CHAIN ABACUS 

 
Code A 

r=input(’Enter a number of rows:’); 

e=input(’Enter a number of columns:’); 

thetarow = input(
I
Enteranumbero f colmnso f onutputrectangle(r < thetarow) :I) 

thetacol = input(
I
Enteranumbero f colmnso f onutputrectangle(e < thetacol) :I); 

d1 = input(
I
Enterthesamenumbero f beadposition :I); 

con = Findconnectedabacus(e, rd1 + 1, r, e, d1,I colI); numinitialrect = size(con, 1); 

i f numinitialrect == 0 

error(
I
Error : Thereisnoconnectedabacuse f ortheseparameters.I) 

end 

temp = con(randi([1, numinitialrect], 1), :) 

rect = zeros(thetarow, thetacol); 

f ori = 1 : e 

rect(temp(i)/2 + 1 : temp(i)/2 + d1, i) = 1; 

end 

slim = ceil(thetarow/r)  1; 

s1lim = ceil(thetacol/e); 

s2lim = ceil(thetacol/e); 

scolor1 = [56, 85, 34]/255; 

scolor2 = [156, 194, 228]/255; 

k = min(temp); 

k1 = temp(1, 1) 

k2 = temp(1, end) 

p = d1; 

p1 = k2 k1; 
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rect = zeros(thetarow, thetacol); 

f ori = 1 : e 

rect(temp(i) : temp(i)+ d1  1, i) = 1; 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
InitialRectangleI) 

 

 
if k2>k1 

for m=1:r 

for j=1:e 

for s1=1:s1lim 

i f rect(m, j) == 1and(m + s1 ∗ p1) > 0and(m + s1 ∗ p1) <= thetarow 

andmod(s1, 2) == 1 

rect(m + s1 ∗ p1, j + s1 ∗e) = 0; 

elsei f rect(m, j) == 0and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 1 

rect(m + s1 ∗ p1, j + s1 ∗e) = 1; 

elsei f rect(m, j) == 1and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 0 

rect(m + s1 ∗ p1, j + s1 ∗e) = 1; 

elsei f rect(m, j) == 0and(m + s1 ∗ p1) > 0 

and(m + s1 ∗ p1) <= thetarowandmod(s1, 2) == 0 

rect(m + s1 ∗ p1, j + s1 ∗e) = 0; 

end 

end 

end 
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end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

f orm = r  p + 1 : r 

f or j = 1 : e 

f ors = 0 : 6 

f ors1 = 1 : 12 

i f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0and 

mod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and 
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(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 1and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and 

(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacoland 

mod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ p1 + s1 ∗ p, j + s ∗e) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

f orm = 1 : d1 

f or j = 1 : e 

f ors = 0 : 6 

f ors2 = 1 : 12 

i f rect(m, j) == 1and(m + s∗ p1 s2 ∗ p) > 0and(m + s∗ p1 s2 ∗ p) <= thetacoland 

mod(s, 2) == 0andmod(s2, 2) == 1rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s2, 2) == 1 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 1; 
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elsei f rect(m, j) == 1and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s2, 2) == 0 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s2, 2) == 0 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 1and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s2, 2) == 0 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s2, 2) == 0 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 1and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s2, 2) == 1 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 s2 ∗ p) > 0and 

(m + s ∗ p1 s2 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s2, 2) == 1 

rect(m + s ∗ p1 s2 ∗ p, j + s ∗e) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

end 

f unctionDrawshape(M, a, b, color1, color2) 
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f igure 

axis([0b0a]) 

holdon 

f ori = 1 : a 

f or j = 1 : b 

i f M(i, j) == 1 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color1); 

elsei f M(i, j) == 0 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color2); 

end 

end 

end 

end 

end 

 

 

 
Code B 

r=input(’Enter a number of rows:’); 

e=input(’Enter a number of columns:’); 

thetarow = input(
I
Enteranumbero f colmnso f onutputrectangle(r < thetarow) :I); 

thetacol = input(
I
Enteranumbero f colmnso f onutputrectangle(e < thetacol) :I); 

H1 = input(
I
Enterthesamenumbero f beadposition :I); 

con = Findconnectedabacus(r, eH1 + 1, r, e, H1,I rowI); 

numinitialrect = size(con, 1); 

i f numinitialrect == 0 

error(
I
Error : Thereisnoconnectedabacuse f ortheseparameters.I) 

end 
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temp = con(randi([1, numinitialrect], 1), :); 

rect = zeros(thetarow, thetacol); 

f ori = 1 : r 

rect(i, temp(i)/2 + 1 : temp(i)/2 + H1) = 1; 

end 

slim = ceil(thetarow/r)  1; 

s1lim = ceil(thetacol/e); 

s2lim = ceil(thetacol/e); 

scolor1 = [131, 59, 10]/255; 

scolor2 = [255, 217, 102]/255; 

H = min(temp); 

L = temp(1, 1); 

L1 = temp(1, end); 

p = eH + 1; 

p1 = LL1; 

f igure 

Drawshape(rect, scolor1, scolor2) 

title(
I
InitialRectangleI) 

· I f L1 <= L, applicatethemapping1andmpping1 

i f L1 > L 

f orm = 1 : r 

f or j = 1 : e 

f ors = 1 : slim 

i f rect(m, j) == 1and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 1rect(m + s ∗ r, j + s ∗ p1) = 0; 

elsei f rect(m, j) == 0and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 1 
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rect(m + s ∗ r, j + s ∗ p1) = 1; 

elsei f rect(m, j) == 1and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1) = 1; 

elsei f rect(m, j) == 0and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1) = 0; 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping1I) 

f orm = 1 : r 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

end 

i f L1 > L 
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f orm = 1 : r 

f or j = 1 : e 

f ors = 1 : slim 

i f rect(m, j) == 1and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1) = 0; 

elsei f rect(m, j) == 0and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1) = 1; 

elsei f rect(m, j) == 1and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1) = 1; 

elsei f rect(m, j) == 0and( j + s ∗ p1) > 0and( j + s ∗ p1) <= thetacoland 

mod(s, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1) = 0; 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping1I) 

f orm = 1 : r 

f or j = H : e 

f ors = 0 : slim 

f ors1 = 1 : s1lim 

i f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacol 

andmod(s, 2) == 0andmod(s1, 2) == 1 
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rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

end 

end 

end 

end 

end 
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Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

f orm = 1 : r 

f or j = 1 : H1 

f ors = 1 : s1lim 

f ors2 = 1 : s2lim 

f or j = H : e 

f ors = 0 : slim 

f ors1 = 1 : s1lim 

i f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and(m + s ∗ p1 + s1 ∗ p) <= thetacol 

andmod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 0andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 1and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 0 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 
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elsei f rect(m, j) == 1and(m+s∗p1+s1∗p) > 0and (m+s∗p1+s1∗p) <= 

1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 1; 

elsei f rect(m, j) == 0and(m + s ∗ p1 + s1 ∗ p) > 0and 

(m + s ∗ p1 + s1 ∗ p) <= thetacolandmod(s, 2) == 1andmod(s1, 2) == 1 

rect(m + s ∗ r, j + s ∗ p1 + s1 ∗ p) = 0; 

end 

end 

end 

end 

end 

Drawshape(rect, thetarow, thetacol, color1, color2) 

title(
I
Rectanglea f terMapping2I) 

f orm = 1 : r 

f or j = 1 : H1 

f ors = 1 : s1lim 

f ors2 = 1 : s2lim 

f unctionDrawshape(M, a, b, color1, color2) 

f igure 

axis([0b0a]) 

holdon 

f ori = 1 : a 

f or j = 1 : b 

i f M(i, j) == 1 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color1); elsei f M(i, j) == 0 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color2); 

end 
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end 

end 

end 

end 

 

 

 
Code C 

 

 

 
function Drawshape(M, a, b, color1, color2) 

f igure 

axis([0b0a]) 

holdon 

f ori = 1 : a 

f or j = 1 : b 

i f M(i, j) == 1 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color1); 

elsei f M(i, j) == 0 

rectangle(
I
PositionI, [ j  1, ai, 1, 1],I FaceColorI, color2); 

end 

end 

end 

end 

end 

 

 

 
** Find all Initial rect 
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function com=createcombination(n, k) 

f ori = 1 : n 

tmp = []; 

f or j = 1 : k 

tmp = [tmp; ones(k(ni), 1) ∗ j]; 

end 

rr = []; 

f or j = 1 : k(i 1) 

rr = [rr; tmp]; 

end 

com(:, i) = rr; 

end 

com = com 1 

end 

 

 

 
 

Code D 

** Find the connected Abacus 

function con=Findconnectedabacus(n, k, r, e, H, str) 

con = []; 

· Findallpossibleinitialrects 

all = createcombination(n, k); 

· ∗Findtheconnectedabacus 

· Algorithm f orcolumn 

i f strcmp(str,I colI) 

f ornn = 1 : size(all, 1) 

temp = all(nn, :); 
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f lag = 1; 

rectisconnectedabacus) 

rect = zeros(r, e); 

f ori = 1 : e 

rect(temp(i)+ 1 : temp(i)+ H, i) = 1; 

end 

· ∗Testtheconnection 

t = sum(rectI); 

f ori = 1 : r 

f lag = f lag∗ (t(1, i) >= 1); 

end 

f ori = 1 : e 1 

A = temp(i) : temp(i)+ H  1; 

B = temp(i + 1) : temp(i + 1)+ H  1; 

C = intersect(A, B); 

f lag = f lag∗ ( isempty(C)); 

end 

i f f lag == 1 

con = [con; temp]; 

end 
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APPENDIX E 

CHAIN TRANSFORMATION 
 

 

File Number one 
 
 
 
 

clc 

kkk=0; 

clear; 

nt=0; 

v=1; 

global Tmat; 

r = input(’ numbers of rows ’) 

c = input(’ numbers of columns ’) 

mat = ones(r,c); 

Tmat=mat; 

 
r,c 

= size(mat) ; 

ch=21; 

path=0; 

tn=0; 

fl=[r,c] ; 

tmpv=min(fl)/2; 

tpn1=ceil(tmpv) 

while path <tpn1 

path=path+1 

v=v-.15 

si=path;sj=path; 
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i=si;j=sj; 

vv=path; 

n=0; 

sti=2; 

stj=2; 

str=(’r-si-1’); 

nr=r-si; 

nc=c-sj; 

vs=1/ch; 

vs=0; 

nt=nt+1; 

while 1 

if (i==si ) (j==sj )( n>0) 

break 

end 

n=n+1; 

if ( tn>=totn) 

break 

end 

mat(i,j)=v; 

tn=tn+1; 

pt(tn,4)=j; 

pt(tn,3)=i; 

pt(tn,1)=tn; 

pt(tn,2)=path; 

if ((i<nr+1)(sti>0)) 

i=i+1; 
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else if((j<nc+1)(stj>0)); 

j=j+1; 

sti=-1; 

else 

if (i>si) 

i=i-1; 

stj=-1; 

else if (j>sj) 

j=j-1; 

if ((i==si)(j==sj)) sti=1;stj=1; 

end 

end 

end 

end 

end 

i; 

j; 

A1 = path; 

A2 = n; 

end 

end 

s=size(pt); 

c=s(1); 

cp=1 

i=1; 

clc 

k=1; 
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pathStart(1)=1; 

for i=1:s 

if (i>1) 

if pt(i,2) =pt(i-1,2) k=k+1; 

pathStart(k)=i; 

end 

end 

end 

k=k+1; 

pathStart(k)=s(1) 

k(1:tpn1)=0; 

clc 

p01=1 

No=0; 

pt(:,5)=1; 

totalN ss 

=size(pt) 

tpn=max(pt(:,2)) 

for i=1:tpn 

i 

pn(i)=input(’ÚÏÏ ÇáÚäÇÕÑ ááãÓÇÑ ’) 

end 

for p=1:length(pn) 

for i=1:totalN 

if(pt(i,2)==p)(k(p)<pn(p)) pt(i,5)=11; 

k(p)=k(p)+1; 

end 
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ii=pt(i,3); 

jj=pt(i,4); 

mat(ii,jj)= pt(i,5); 

end 

end 

Ax=0 

ii=0; 

jj=0; 

**ccc=length(x1) 

Ax(1:pathStart(2)-1,1:5,1:3) =-1 

k=0 

for i=1:tpn 

i1=pathStart(i) 

if i<s(1) 

end 

if (i==tpn) 

i2=pathStart(i+1) 

else 

i2=pathStart(i+1)-1 

end 

* x1=pt(pathStart(1):pathStart(2)-1,:) 

x=pt(i1:i2,:) 

k=k+1; 

rrr=size(x) 

pL(k)=rrr(1) 

Ax(1:pL(k),:,i)=x; 

* Ax(1:length(x),:,i)=x; 
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end 

Ax(1:pL(i),:,i) 

clc 

** x1=Ax(1:pL(1),:,1); 

** x2=Ax(1:pL(2),:,2); 

** x3=Ax(1:pL(3),:,3); 

s=0 

N=0 

mTem=0 

i=1 

global Nx1 

Nx1=0; 

LoopF(i,Ax,pL,mat) 

F3 

 
 
 

File Number Two 
 
 
 
 

global Nx1 

global Tmat 

for t=1:sxv 

ii=xt(t,3); 

jj=xt(t,4); 

tt=xt(t,5) 

mat(ii,jj)= tt; 

end 
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mat 

 
r,c 

 
= size(mat) ; 

if (isequal(mTem,mat)) 

dlmwrite(’Rtxt’,mat,’-append’,’delimiter’,’ ’,’roffset’,1); 

***************************************************************** 

imagesc((1:c)+0.5,(1:r)+0.5,mat); 

colormap(winter); 

axis equal ; 

N=N+1 ; 

set(gca,’XTick’,1:(c),’YTick’,1:(r),... 

’XLim’,[1 c+1],’YLim’,[1 r+1],... 

’GridLineStyle’,’-’,’XGrid’,’on’,’YGrid’,’on’); 

rndd1 = 1 

rndd2 = 1 

Nx1=Nx1+1 

Tmat(:,:,Nx1)=mat; 

s=sprintf(’000 

saveas(gcf,s); 

****************************************************************** end 

mTem=mat; 

 
 

File Number Three 

a b w 

=size(Tmat) 

Tmat2=Tmat(:,:,:) 
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Tmat3=Tmat(:,:,1) 

k=0; 

m1=Tmat(:,:,1); 

m2=Tmat2(:,:,1); 

kk=1 

for i=1:w 

t=1 

t=0 

for j=i+1:w 

kk=kk+1 

m1=Tmat(:,:,i); 

m2=Tmat2(:,:,j); 

if Tmat(:,:,i)== Tmat2(:,:,j) 

t=1; 

end 

if k==150 

nnn=2 

end 

end 

if (t==0) 

k=k+1 

Tmat3(:,:,k)= Tmat(:,:,i) 
 
 
 
 

File Number Four 
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function it=LoopF(i,Ax,pL,mat) 

global Nx1; 

Nx1=Nx1*1 

LpL=length(pL) 

if i>LpL 

return; 

end 

pLt=pL(i); 

xt=Ax(1:pLt,:,i); 

sx(i)=size(xt,1); 

sxv=sx(i) 

mTem=0; 

N=0; 

clc 

for j=1:sxv 

sh=1; 

Y1 = circshift(xt(:,5),sh); 

xt(:,5)=Y1; 

F2 

Ax(1:pL(i),5,i)=Y1; 

**************************************************************** tt=i+1 

Ax2=Ax;pL2=pL;mat2=mat; 

LoopF(tt,Ax2,pL2,mat2) 

end 

end 
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APPENDIX F 

GENERATING FUNCTION 

clc;clear all;close all; 

key=3; 

tmp=key; 

fprintf(’=================================’) 

for n=1:7 

tmp1=[]; 

for i=1:size(tmp,2) 

tmp1=[tmp1,ones(1,tmp(i)-1)*tmp(i),tmp(i)+2]; 

end 

tmp=[];tmp=tmp1; 

fn=size(tmp,2); 

fprintf(’f 

(end 
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