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Design of guide RNA for Genome editing by
CRISPR-Cas9

Bang-Ook Jun'

Department of Biology, Gangneung-Wonju National University

ABSTRACT

CRISPR-Cas9 system requires designing new guide RNA to target the
specific site in the genome, and it is much easier than designing
polypeptides required by ZFN and TALENs. Because Cas9 generates the
double-strand break just upstream from 3 base pairs of the PAM, it is
important to choose a guide RNA that will position the double-strand break
as close as possible. When searching for well-positioned protospacer PAM
combinations, it is possible to profile their possible off-target binding sites
elsewhere in the genome and choose the one that appears to be most
favorable in that respect. Finally, if possible, it's best to avoid GC-rich
protospacers as this has been suggested to increase the chance of
off-target effects. In this paper, the three S. pyogenes guide RNAs were
designed to target the gene ANGFPTL3 responsible for the cholesterol

disorder known as the familial combined hypolipidemia, the most favorable

1) corresponding author. Email: bojun@gwnu.ac.kr



A IE&HThe Journal of Natural Science, GWNU) #2338 15 (8¢ #|37%) 2017. 12.

one was chosen. However, the best way to choose among the possible
candidates maybe to actually test them in cells to empirically assess which
has the highest on-target efficiency in vitro. The PCR product of the cells
can be subjected to Sanger sequencing, or next-generation sequencing, in

order to identify the specific mutations introduced at the target site.
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1) A%-%. PDNA 89, Fe|An {HAAE] L. o454, 2017. 18p.
2) Carroll, D. Basic Background on Genome Editing. Aug 25, 2015.
https://vimeo.com/137282545.
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Double-strand break
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Non-homologous end-joining (NHE)) Homology-directed repair (HDR)
1 1
IIOO0T TITIT
Error-prone TITITTTI — TITTTTT
Repair template l

Wild-type Indels/frameshifts

mutation

Fig. 1. Two repair mechanisms of double strand breaks.?)

1) A%, PDNA 39, F2]An FAAZIY L. oS4, 2017, 30-31pp.
2) Strong, A., & Musunuru, K. 2017. Genome editing in cardiovascular diseases. Nature
Reviews Cardiology, 14, 11-20.
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PAM
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CTGACTACGTGGTCTAGTGTCACCACGTAATGCACGEEE"GTGTACCACCCCTAGCAAAC
GACTGATGCACCAGAT BT CACATGGTGGGGATCGTTTG
20-bp protospacer |
CBCAGTGGTGCATTACGTGC .
T L AR T E R Guide RNA
S. pyogenes GTGTCACCACGTAATGCACG

Cas9 protein

Fig. 3. Genome editing mechanism with guide RNA and Cas9.”
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1) Jinek, M., East, A., Cheng, A., Lin, S., Ma, E., & Doudna, J. 2013. RNA-programmed
genome editing in human cells. elife, 2, e00471.

2) Krause, K. W. CRISPR-Cas9: Not Just Another Scientific Revolution (Special Report).
February 6, 2016. https://thedotingskeptic.wordpress.com/2016/02/06/crispr-cas9-not-just
-another-scientific-revolution/
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1) 0h9A0] ©AZg o Zuto] WskAlZ] Russell Vanceo] Ustold 32jam §Axblglel ¢2ie o
2 9lt}t. Doudna, J. A. CRISPR Biology and the New Era of Genome Engineering. May 17,
2016. https://www.youyube.com/watch?v=xl-iGnGFmxI.
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1) Ran, F. A., Cong, Le., Yan, W. X., Scott, D. A., Gootenberg, J. S., Kriz, A. J., Zetsche, B.,
Shalem, O., Wu, X., Makarova, K. S., Koonin, E. V., Sharp, P. A., & Zhang, F. 2015. In
vivo genome editing using Staphylococcus aureus Cas9. Nature, 520, 186-191
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—]
- Sraphylococcus aureus
| ———
Ligate two short oligos into plasrmedd
encoding guide RMNA = pSaGuide i

Iﬂ

<_| e promoter g G, guwide RMA i>

Fized plasmid encoding Cas9 and greem
flucrescent protein [(GFP) = pSaCasz9_ GFP

I—I—

Qﬂmmcr I Casd (from S. ourews) I 5

Plasmids awvailable from Addgens; other 5 aurews CRISPR-Cas9 plasmids are available

Fig. 4. Introduction of Cas9 and guide RNA into cells.l)
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ATGTTCACAATTAAGCTCCTTCTTTTTATTGTTCCTC
TAGTTATTTCCTCCAGAATTGATCAAGACAATTCATC
ATTTGATTCTCTATCTCCAGAGCCAAAATCAAGATTT
GCTATGTTAGACGATGTAAAAATTTTAGCCAATG...

Fig. 5. ANGPYL3 coding sequence (from genome sequence)
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GCTATGTTAGACGATGTAAAAATTTTAGCCAATG...

Fig. 7. PAM #2: protospacer = ATTGTCTTGATCAATTCTGG
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GCTATGTTAGACGATGTAAAAATTTTAGCCAATG...
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Fig. 8. PAM #3: protospacer = TGAATTGTCTTGATCAATTC
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1) Raghavan, A., Chen, T., Kuperwasser, N., Ding, Q., & Musunuru, K. 2015. Therapeutic
Targeting of Human Lipid Genes With in vivo CRISPR-Cas9 Genome Editing.
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Fig. 9. ANGPYL3 coding sequence (above) and ssDNA oligo for S17X

mutation (below).
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-Review Article-

A Review on the Water and Functional Water

Sung Hyun Lee and Sang Il Jeon"

Department of chemistry, College of Natural Science, Gangneung-Wonju

National University, Gangneung 25457, Korea

ABSTRACT

Water is a chemical substance that is the main constituent of most
living organisms. Access to safe drinking water is essential to health, a
basic human right for health protection. Conventional drinking water is
removing unwanted chemicals, minerals, biological contaminants, odors or
tastes through selected water purification processes. Functional water with
a novel altered water structures and characteristics are quite different from
the conventional water. The magnetically treated water (magnetized water)
is one of the functional waters, which has a unique experimental properties
with a reproducibility and is studied in our laboratory for long years. The
only way many of the properties of water can be explained is by
understanding that water has a unique molecular structure. The magnetized
water is supposed to be organized by forming numerous nano/micro
clusters with structuring. Although it has been known that the magnetized
water shows different physicochemical properties, the exact nature of the
magnetized water is not clearly elucidated yet. The studying of it is

necessary to continue in success.

1) corresponding author. Email: chemjeon@gwnu.ac.kr
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& WHet2 salt column assay 2 £3f 3 282 JLE5MYTH[20] AR E2= A}
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Mhs Na+= MlZQ71A] HEAS RAIGHH S5t AREEA|RE, gufjet oA
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121 1. The structural characteristics of ordinary and magnetized water.
The ordinary water have mixed structures with large and small clusters,
and even free water molecules without clusters. However, the magnetized
water have the cooperative organized clusters by forming the numerous

smaller sized clusters.
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Properties of Rough approximations
Seo Yon Gark, Jung Mi Ko

Dept. of Mathematics, Gangneung-Wonju National University, Gangneung,
25457, Korea

Abstract: In this paper, we study the mathematical properties of rough
sets. We investigate accuracy (roughness) measures and positive (negative)

regions of a set. Moreover, We give their examples.
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1. Introduction

Pawlak introduced the rough set theory as a formal tool to deal with
imprecision and uncertainty in the data analysis. It is based on equivalence
relation and crisp sets. There has been a rapid growth in interest in
rough set theory in recent years. Its applications are decision system
modeling and analysis of complex systems, fuzzy sets, neural networks,

evolutionary computing, data mining and knowledge discovery, pattern

1) Corresponding Author. E-mail: jmko@gwnu.ac.kr, Tel: +82-33-640-2268
o] =R FSURT ARt ATL AU wol AYH UG
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recognition, machine learning, business and finance, chemistry, computer
engineering, environment, medicine, etc.

In this paper, we study the mathematical properties of rough sets. We
investigate accuracy (roughness) measures and positive (negative) regions

of a set. Moreover, We give their examples.

2. Equivalence relations

Definition 2.1 A subset R of Xx.X is an equivalence relation on X if
it satisfies the following conditions:
(Reflexive) (z,z)eR for all z€ X,
(Symmetric) If (z,y)eR, then (y,2)ER,
(Transitive) If (z,y),(y,z)ER, then (z,2)ER.
A subset R of XxXx is a quasi-equivalence relation if it is reflexive
and transitive. A subset R of XxxX is a tolerance relation if it is
reflexive and symmetric. Let R and S be equivalence relations on X.
We call S a refinement of R if sc . We also say that S is finer
than R.
We denote

2], ={yEX | (x,y)ER}, X/rR=A{[xlg | xEX}
A family P={X, | X, c X} is called a partition (classification) of X if it
satisfies X=U.X, X,NX,=2.

4 17

3. Rough approximations

Definition 3.1 Let X be a nonempty set and R an equivalence relation on
X. A pair (X,R) is called an approximation space. The function
Aprp: P(X)—>P(X)x P(X) 1is called a rough approximation if it is defined
by Aprp(4)=(R(A),R(A)), for all A= P(X) where

R(A)={xeX | [xlg c A}, R(A)={xEX | [x]lzgnA= &}
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and [z],=1{yEX | (x,y)ER}. Moreover, R(A4) is called a lower rough

approximation of 4 and R(4) is called an upper rough approximation of
A.

Definition 3.2 Let (X,R) be an approximation space. A pair
(R(4),R(A)eP(X)xP(X) is called a rough set of A iff
(R(A),R(A))= Aprp(A) for some A€ P(X).

(1) A subset 4 c x is called definable iff R(4)= R(A). If 4 is definable, 4
is called an exact set.

(2) ap:X—[0,1] is called accuracy measure defined as

_R(Y)
|R(Y)|

Oé}z( )

(3) pp:X—0,1] is called roughness measure defined as

By
PR(Y)*l—mfl ap(Y)

(4) by(Y) is called boundary of Y if b,(¥)=RY— RY.
POS,(Y) is called a positive region of Y if POS,(Y)=RY.

N,(Y) is called a negative region of Y if N,(¥)=X-RY.

Theorem 3.3. Let R,R,R, be equivalence relations on X. For each
A,Be P(X), we have:

(1) R(4) < Ac R(4),

(2) R(2)=o =R(2).

(3) R(X)=X=R(X),

(4) If Ac B, R(A)c R(B) and R(A) c R(B).

(5) If B CR,, R(A)C R (A) and R,(A4) C Ry(4).

(6) R,(4)N R(A) C RN R,(A)

(7) BR(4)= U{xlgEX | [x]z c A}.

(8) R(4)= U{lxly | [xlxnA= @},

(9) R(z],) =[z],= R(z],) for all z€X,
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(10) R(R(A))= R(A)
(11) R(R(A))= R(A)
(12) R(R(A))= R(A)
(13) R(R(A))= R(A)
(14) R(A) = R(49,
(15) R(A) = R(49,
(16) R(ANB)= R(4)N R(B)
(17) R(AUB) > R(A)U R(B)
(18) R(ANB)C R(A)N R(B)
(19) R(AUB)= R(A)U R(B)

Proof. (1) Let z=R(4). Then [z], Cc A. Since R is reflexive, (z,z)ER. So,
2EA. Let z€4. Then [z],NA= &, zER(A).
(2),(3) and (4) are easily proved.
(5) Let z€ R,(4). Then xE[x]Rz c A. Since [ac]R1 c [x]RZ C A, we have zE R (4).
Let 2ZRy(4). Then [z],NA= . Thus [z],NA= 2. So, 2ZR,(4).
(6) Since R (4)C RNR(A) and Ry(4) C RNRy(A),

Ry(A)N R (A) © RN Ry(A)
(7) Tt is trivial R(4) c U{[xlzeX | [xly c A}. Let y=lz],cA. Then
lylp=Ilz]lp c A. So, y= R(4).
(8) It is similar to (7).
(9) It follows from (1) and

veR(z)=lelnlyl = o= [2]=1y]
= y<R(z])
(10) Let z= R(A4). Then [z], € A. From (4) and (7),
[2]r = R([z]z) © R(A).

So, z= R(R(A)). Hence R(A4) c R(R(A4)). From (1), the result holds.

(11) Let ye R(R(A)). Then [y]l,N R(4)= @. There exists z€X such that

z€yl, and zER(A4). Hence [z],=[yl,NnA= &, yER(A).
(12) Let y= R(R(A4)). Then [y],N R(A) = @ . There exists € X such that
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rE[ylp, and 2= R(A). Hence [z],=1[ylz C A. So, y=E R(A).
(13) Let ye R(4). Then [y],N A= . There exists z€ X such that z=[y], and
tEA4. Since x4 implies R(z],) < R(4). Hence [z],=1[ylz < R(4).So,
yE R(R(A)).
(14) rER(A) & [z]lcAd & A°Cz]°

& [zlnAdA‘=2 < zeR(AF
(15) It follows from(14).
(16) Let 2 R(A)N R(B). Then [z],c 4 and [z], C B. So, [z], C (AN B) Hence
rER(ANDB).
(17) and (18) are easily proved from (4).
(19) Let z€R(AUB). Then [z],N(AUB)= @ implies [z];NA= @ or
[x],NB= & .

Theorem 3.4. Let (X,R) be an approximation space. If 4 and B are
definable sets, then AUB, ANB and A° are definable sets.
Proof. Let R(4)= R(A) and R(B)= R(B).
(1) R(AUB)=R(A)UR(B)=AUB,
AUBC R(A)U R(B) C R(AU B).
Trivially, (AU B) c AUB. Hence R(AUB)=AUB= R(AUB)
(2) RANB)c RA)NRB)=ANBS
ANB=R(A)N R(B)= R(AN B).
Trivially, ANBc R(ANB). Hence R(ANB)=ANB=R(ANB).

(3) R(A)=R(A)=A° and R(A°)=R(A)*=A°. Hence R(A9)=A°= R(A").

Example 3.5. Let R,,R,, R, be equivalence relations on X= {a,b,c} such that
R, ={(a,a),(b,b),(c,c)} R, ={(asa),(a,b),(ba),(b,b),(c;c)}
Ry ={(a,a),(b,b).(b,c). (c;b): (c:c)}

Then  Xx/R, ={[al.[bl.[c]} X/R,={labl,lc]} X/Ry={lal,[bc]}

Since R, C R,, we have
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Ry({a,c})={c} € Ri({a;c}) ={a.c},
R ({a,c}) ={ac} c Ry({a,c}) =X,

Ry({a,c})={a} R;({a.c}) =X,
Since R,N Ry = R,, we have

RyN R;({a,c})={a,c} = &({a,c})ﬂ&({a,c})z .

(By(2), Ry(2))=(2.2), (R({a}).Rs({a}))={a}.{a})

(B ({b}):R;(\b})) = (@, {b,c}), (Ry({c}).Ry({c})) = (@,{b.c})
Ry (

(#;({a.b}),R3({a.b})) = ({a},X),

(&({ba(:})aRij({baC})) = ({byC}a{baC})a (&(X )aE(X )) = (XaX)

R;({a,c}).R;({a})) = ({a},X)

R,({ab)UR,({c}) = {arc) = Ry({ab} U {c)) =X

Ry({a,b})NRs({a,c})=XNX =X = R,({a;b} N{a,c}) ={a}.

Example 3.6. Let (X=1{0,1,2,...,10},R) be an equivalence relation with
X/Rr=1{[0,1],[2,6,9],(3,5],[4,8],[7,10]}
Then X; =1{0,1,3,5},X,=1{3,4,5,8},X;=1{7,10} are exact sets because

R(X;)= R(X;) for i=1,2,3. Moreover, ay(X;)=1 for i=1,2,3.

(1) Since R({1,7,8,10})={0,1,4,7,8,10} and R({1,7,8,10})= {4,8}, we have

1 2
aR({L?asylo}):ga pR({ly’?agalo}):g

bp({1,7,8,10})

R({1,7,8,10}) - R({1,7,8,10}) = {0,1,7,10}
POS,({1,7,8,10}) =R ({1,7,8,10}) = {4,8}
NR({1,7,8,10}) =X — R({1,7,8,10}) = {2,3,5,6,9}

(2) Since R({2.3,4,5})=1{2,3,4,5,6,8,9} and R({2,3,4,5})={3,5}, we have

5

(23,450 =2, p({2345)=2

br({2,3,4,5}) = R({2,3,4,5})— R({2,3,4,5}) = {2,4,6,8,9}
POS,({2,3,4,5})=R({2,3,4,5})={3,5}

Np({2,3,4,5}) =X —R({2,3,4,5}) = {0,1,3,5,7,9,10}
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Definition  3.7. Let (X,R) be an equivalence relation.

F={X,,...X, | X, c X} be a family of sets.

(1) RF={RX,,...RX,}is called lower approximation of the family F.
(2) RF={RX,,.-,RX,} is called upper approximation of the family F.
(3) ap(F) is called accuracy of approximation of F by R defined as

MIR(X,
i=1

OéR(F) = —

IR

(4) vz(F) is called quality of approximation of F by R defined as

ZIR

i=1

Yp(F) = T

Example 3.8. Let (X=1{1,2,....,8},R) be an equivalence relation with
X/R=1{[1,3,5],[2,4],[6,7,8]}

Let F={X,=1{1,2,4},X,=1{3,5,8},X;=1{6,7}} be a family of sets.
R(X,)= R({1,2,4})={2,4}

{3,58})=o

R(X,

1)

(X;) = R(
R(X;) = R({6,7})= &
(X;) ({1,2,4})=1{1,2,3,4,5}

R(X,)= R({3,5,8})={1,3,5,6,7,8}

1

Since ZIR X,)l=2 and ZIR X,)l =14, we have aR(F)—7,

4, F 33
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Dept. of Mathematics, Gangneung-Wonju National University, Gangneung,
25457, Korea

Abstract: In this paper, we investigate the properties of MV-algebras.
Moreover, we study the relationships between implications and

MV-algebras. We give their examples.
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Keywords: implications, negations, residuated lattices, MV-algebras

1. Introduction

Hajek introduced a complete residuated lattice which is an algebraic
structure for many valued logic. It is an important mathematical tool for
algebraic structure of fuzzy contexts and the model of computing with
words, pattern recognition and data base theory. MV-algebra was
introduced by C.C. Chang to provide algebraic models for infinite-valued
propositional logic. Recently, they are developed many directions
(BL-algebra, residuated algebra, quantale).

On the other hand, implication structures play an important role in metric

spaces, algebraic structures.

1) Corresponding Author. E-mail: yck@gwnu.ac.kr, Tel: +82-33-640-2270
o] =2 FeUsM AT ATL AYg wob AAIE g

_48_



UBE, YR MV-TIAS 399 HUS

In this paper, we investigate the properties of MV-algebras. Moreover, we
study the relationships between implications and MV-algebras. We give

their examples.

2. Prelimilinaries

Definition 2.1. Let L be bounded lattice with top element T and bottom
1. The structure (Z,—,1,7) is called an Implication if it satisfies the
following conditions, z,y,z€ L,

(I11) Toz=u=z,

(12) (@—y)=lly—z)->@—2) =T,

(13) (z—y)—>y = (y—z)—>z.

Definition 2.2. An operator N:L—L is called a negation if it satisfies the
following conditions. For all z,y= L,

(N1) w~n(0)=1,N(1)=0,

(N2) N(z) < N(y) if z>y.

(N3) N(N(z))==2.

Definition 2.3. A structure (L,o,—, 1, T) is called a residuated lattice if
the following conditions:

(1) (£,®,7T) is a commutative monoid.

(2) If y<z, then z0y < z®z.

(3) 20y < 2 iff 2 < y—z.

3. Properties of MV-algebras and implications

Definition 3.1. Let L be bounded lattice with top element T and bottom

1. The structure (Z,®,*,1,T) is called an MV-algebra if it satisfies the

following conditions. For all z,y,z€ L,

(MV1) z®@ydz)=(zDy)Dz,
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(MV2) 2®y=yPux,

(MV3) z® 1L ==,

(MV4) 2=z and T =1,
(MVB) 2T =7,

(MVB) (2" ®y) ®y=(y ®z) Pz.

Example 3.2. A structure (P(X),®=U," =91 =g,T =X) is an MV-algebra.
MV1) Au(BUC)=(AUB)UC,

(

(MV2) AUB= BU A,

(MV3) Aug =4,

(MV4) A4“=4 and X‘=g,

(MV5) AuX=X,

(MV6) (A°UB)UB=AUB=(BUA)UA.

Example 3.3. A structure ([0,1],®=Vv,2* =1—2,1L=0,T=1) is not an

MV-algebra from:

(MV1) zv(yvz)=(zVy)Vz,

(MV2) zvy=yVuz,

(MV3) zv 1L =z,

(MV4) 2" =z and T =1,

(MV5) zvT =T,

(MV6)  (0.3'v0.9)'V0.9=0.9=0.7= (0.9 0.3)"\V0.3.

Example 3.4. Let P=({0,1},®=V,p* =-p,L =0,T =1) be a classical logic.

Then P is an MV-algebra from:

(MV1) pvigvr)=(pVveVr,
(MV2) pvg=qVp,

(MV3) pvo=p,

(MV4) =(-p)=p and -1=0,
(MV5) pvi=1,
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(MV6) —(-pVq)Vg=pVqg=-(=qVp)Vp.

Theorem 3.5. Let (Z,—,1,T) be an implication and N(z)=z—1
negation. Define & : L x L—L as follows:
r®y= Nl(z)—>y.
Then (Z,®,N,1,T) is an MV-algebra.
Proof. (MV1)
@ (yDz) =Nz ) (Ny)—z)
(x®y)®z= NWN(z)>y)—>z= N(i)—>(Nz)-y)

= N(z)—(N(2)—y) = Nz ) (Ny)—z).

(MV2) r®Dy=N(z)>y=Ny)>zr=yDz.
(MV3) z® 1L = N(x)—> L =NN@)) ==
(MV4) N(N(z)) =z .

(MV5) 2T =N@)>T=T.

(MVb)

N(N(z)®y)dy= (Nx)Py)—y = (2—y)—y

S MV-Ch42t Bole) HUS

a

Example 3.6. Let ([0,1],—, 1 =0, T =1)be an implication with N(z)= (1—2?)"?

and z—y=(1—2"+4")"?A1 from the following statements:
(I1) 1—»2==x.
(I2) If z <y <z, then
(z—y)—>((y—2)—>(2—2))
= (1—a"+ )P (1 =y + 22)P— (1 — 2P + 27)7)
=(1—a"+y") P —ar +y")/P = 1.
If 2<2z<y, then
(z—y)— ((y—z)—(2—2))
=1 ((1— ¢ + ")/’ (1 — 2" + 7))
=1—-z"+ yp)l/pA 1=1.

If <2<y, then
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(z—>y)— ((y—2)—(2—>2))
=1->((1—y +2")">1) =1
If x<y<z, then
(z—y)—((y—2)—>(3—2))
=1->(1-1)=1.
Other cases are similarly proved.
(I3) If =z <y, then
(z—>y)oy=1-y=y
(yoa)oe=1—y +2") " or=(1-1+y" —a’ +2")/" =y.
Other case is similarly proved.
By the above theorem, we obtain an MV-algebra from:

r®@y= N(z)>y= (meryp)l/pA 1.

Theorem 3.7. Let (£,®,", 1, T) be an MV-algebra. Define
z<y iff 2’ ®y="T.

Then the following properties hold.

(1) If =<y, then 2®z < yDz.

(2) (£,<) is a partially ordered set.

(3) azvy=("®y) ®y.

Proof. (1) Let z <y ii.e. 2°@y=T. Then z®z < y®z from:

(2®2)® yPz)=(z®2) ®2)By

= @) P By=GC @) dT=T.
(2) < is reflexive from:
T=@E®T)dT =(T"dz) Br=1 Pz

If <y and y< 2, then 2'®2 >y @®2= 7. Hence z < z. Thus < is transitive.
If x<y and y< =z, then y= (" ®y) Py= @y ®z) dz=u2.
(3) We have y < (z'®y) @y and z < (y ®z) ®z. If 2 <2 and y < z, then
Z@r<y®r and y®z) Bz < (ZPz) Dr=("Dz) Pz=2
Thus (" ®y) ®y=(y Bz) Bz < 2.

Example 3.8. A structure (P(X), & =U," =1 =9,T =X) is an MV-algebra.
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Then A< B iff A“GB=X iff AC B

Example 3.9. Let P=({0,1},®&=V,p* =-p,L =0,T =1) be a classical logic.
p<gq iff -pvg=1.
Theorem 3.10. Let (Z,®,,1,T) be an MV-algebra. Define z—y=2z®y

and N(z)=2z". Then (£,®,",1,T) be an implication with a negation N.

Proof. (I1) Toz=T Gz=LPr=2z.
(12) (z—>y)—((y—>2)—>(2—2))
=@ dy) @y dz) @ &2))
=@ ®y) @y ®z) ®2da’)
= (= dy) ®(yvz)dz)
= (2 vy )®(yV=2)
>y By=T.
Hence (Z,®,",1,T) be an implication.
Theorem 3.11. Let (£,4,",1,T) be an MV-algebra. Define z0y=(z"®y")".
Then the following properties hold.

1) 20yo2)=0y)0z,
2

(
(
(3
(
(
(

) 20y=yOu,
)

4) 7=z and L =T,
)
)

zOT ==z,

5
6

Conversely, if (£,®,",1,T) satisfy the conditions (1)-(6), then (Z,®,",1,T)

x®» 1L =1,

(z'oy)oy=y o) o .

is an MV-algebra.

Proof. (1)

tOWO2) =20 @) =Dl @)

=((z®y )Pz ) =(2Oy)Oz

rOy= (x*EBy*)* = (y*GBx*)* =yOz.
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* %k

(3) OT=@oT) =2 =2

(5) tOL=(®L) =1.

(6) @0y Oy=aoy)oy=(zdy) ®y)
= ((yda") ®2") = (b2 )ow
=y o) o

Other cases are easily proved.

Example 3.12. Let ([0,1],®,L=0,T=1) be an MV-algebra with
Nz)=(1-2")"" and 2®y=(z"+y")"’A1l. By the above theorem, we obtain
an MV-algebra from:

rOy=NN@)BN(y)) = N(N)” + Ny "A1) = @+ — 1)V 1.

Example 3.13. Let ([0,1],®,1L =0,T =1) be an algebra with Nz)=1-z=2"
and zG®y=zy. It satisfies (1)-(5) but not (6) in the above theorem from

(ac*@y)*(Dy: (1—y+xy)y;é (l—a:-l-xy)w: (y*Qx)*Gx.

Example 3.14. A structure (P(X),®=U," =1 =9,T =X) is an MV-algebra.

By the above theorem, we obtain an MV-algebra from AnNB=(4°UB°".

Example 3.15. Let P=({0,1},®=V,p* ==p, L =0,T =1) be a classical logic.

By the above theorem, we obtain an MV-algebra from pAqg=-(-pV —q).
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Design and Construction of Penrose Tilings
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Abstract: Based on principal concepts for Penrose tilings

,  fundamental
images are designed and constructed by using Mathematica's
programming functions

iterative
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[ 1] Number of tiles followed by the dissection of + triangle
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ofRA A-Etdue WM & Al Lobws] 945l MATHEMATICAS ol §sto]
d

1A BEe 2aste 2L ofefol AAIIT,

phi=GoldenRatio//N; (x ¢3fS 8|2 1A *)
toppoint={1/2,Sin[72 Degree]*phi}//N; (» AZg°] ¢ HAH] £t A *)
starttriangle={toppoint,{1, 0.},{0., 0.}, 1}; (x + AFZF&9o] ZEX|H9] Ftxw A|A )
(x + A7y PQRY M=z &7 N Adstal, RNQe + Ao s,

RNPE - A7tgdoz 2uelA At «
dissect[{p_, q_, r_, 1}]:=
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(newpoint=(phi*g+p)*(2-phi);
{{r, newpoint, q, 1}{r, newpoint, p, -1}})
(+ + 3719 PORY) A2& B€4 N2 Ast, RNQE: - 4zdoz,
PONE + A7td oz pushA Agaict. )
dissect[{p_, q_, r_, -1}]:=
(newpoint=(phi*r+p)*(2-phi);
{{r, newpoint, q,- 1},{p, q, newpoint, 1}})
(« listo] YAS PASHL AR typeS WHAICE 1 5, opx|ar Azigm
typeo] thE AP listol] B0t #)
dissect[list_]:=(type *=-1;
Select[list, Last[#] !=type &]
(+ opRlgt

_|\I

g1t typeZt LX|oh= A4S listo]] A5kl dissect[list_]& &

[e)

(x + A7ZFHS BSst E}Y-S TriangleDissection© 2 A9Jstal, 7 Qto] EfUL
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TriangleDissection[n_]:=(type =1:
tiles=Nest[dissect, starttriangle, n]/. {p_, q_, r_, x_}->
{{PointSize[0.05],Hue[0.5],Point[p]},
{PointSize[0.05],Hue[0.8],Point[q]}
Line[{q,r.p}], {RGBColor[1,0,0],Thickness[0.01], Line[{p, a}l}}
Show|[Graphics[{Thickness[0.0005], tiles}],
AspectRatio->toppoint[[2]],

PlotRange->All])
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Kite & Dart EtUdZ AAbskes w2 offier Zoh. oA AR&SE phi,
toppoint, starttriangley} dissect?] AolES =2 GX|stct. KitesAndDartsQt
TriangleDissection®] Rt Afol= QA &4 X0 HAFUS AMEE & UL
= 2ng nog 4R[St R|ZAloA Wk Aie Al AAa g2gS st

= 2458 71t o 9tk

KiteAndDarts[n_]:=(type =1:
tiles=Nest[dissect, starttriangle, 2*n] /.
{ip_, a_, r_, -1}->Line[{q, r, p}l,
{p_, a_, r_, 1}->{Hue[0.9], Polygonlig, r, p}],
GrayLevel[0], Line[{q, r, p}}}

Show[Graphics[{Thickness[0.0005], tiles}],
AspectRatio->toppoint[[2]], PlotRange->All])
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[ 6] Penrose rhombs
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2t ghch shtel B-EtUolA AAF A Wit 21 Wg AAsE Hex oigw
7F rsojRltt. Mlzx g A7) Sl ofollA A&t Al Fwe] Efdol of
3t d2]S o] 854 B2 X259 Az S AMF|Stch ohe2 [T& 7]9] Penrose

-
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(* starttriangle?] 2% % 2n+1¥x] &30S 1
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Rhombs[n_]:=(type =1;
tiles=Nest[dissect, starttriangle, 2*n+1] /.
-, g, r_, 1} -> Line[{r, p, g},
b, q., o, -1} -
{{Hue[0.17], Polygon[{p, q, r}l}, Line[{p, q, ril}}:;

Show|[Graphics[{Thickness[0.003], tiles}],
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Distance Three Coloring for the Cartesian Product

of a Complete Graph and a Cycle

Byeong Moon Kim', Byung Chul Song?

Dept. of Mathematics, Gangneung-Wonju National University, Gangneung,
210-702, Korea

Abstract. A 3-distance coloring of a graph G=(V,E) is the integer valued
function f on V such that f(u) and f(v) are distinct for any wvE V
satifying dist(u,v)<3. The smallest number of colors used for 3-distance
coloring of G is the 3-chromatic number x3(G’) of G. In this paper, we

show that If n=3 and m=6n, then

3n, if m=0 (mod3),

X3 (K,L1C, )= {3n+1 if m=1,2(mod3)-

ok 13jm G=(VE)9] A2l 3 MAL dist(wr) =32 WEA7|E ofH wove Vo
OsIAE f) 9 fO)7F o2 B3ge ZRE VoA AolE @4 folct. g 3

O
MRS shetl st 7P A Ao 25 ¢ AR x;(G)2F FHE o] E=FoflA]

o

= pn=3 o] m=6n 4 O

3n, m=0 (mod3)¥ ,

Xg(KnDCm)z{gn+ 1, m=1,2(mod3)¥ v,

1) E-mail address: kbm@gwnu.ac.kr
2) Corresponding author. Tel.: +82-33-640-2271; fax: +82-33-647-3256,

e-mail: bcsong@gwnu.ac.kr.
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1. Introduction

A 3-distance coloring of a graph G=(V,E) is the integer valued function
f on V such that f(u)=f(w) for any wweEV with dist(u,v)<3. The
smallest number of colors used for 3-distance coloring of G is called the
3-chromatic number x;(G) of G. The distance coloring is not only the
generalization of the graph coloring but also graph labeling problem
motivated by Hale [8]. In a wireless communication network, the channel
assignment problem(CAP) is the effective assignment of a channel to each
transmitter in that system. The channels assigned to transmitters must
satisfy certain distance conditions to avoid the interference between them.
Because of the mass increasing needs of demand calls in the latest
network, we have to find a delicate and reasonable assignment solution to
minimize the range of channels used.

The origin of mathematical model for the channel assignment problem
was proposed by Griggs and Yeh[7]. Let G=(V,E) be a graph, 1=d=diam
(G) and j,j,--.j; nonnegative integers. An  L(j,,j,-.j,)-labeling, or
distance d labeling, is a function f: V—N which satisfies that [f(u)—f(v)l=
js for woweV with d§=dist(u,v)<d. The L(j,,j5 .j,;)-labeling number
jpjzw---,j,,(G) for G is the minimum span among all L(j;.j,,j,)-labeling of f.

The survey papers[4, 5, 18] contain plenty of results concerning the
2-distance labeling, or L(j,k)-labelings of various classes of graphs

including the L(1.1)-labeling and the ZL(2,1)-labeling.
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Recently studies concerning the 3-distance labelings for graphs are
increasing. The standard efforts on distance three labeling is to find the
X301 (G) for classes of graph G [6, 9, 14]. For special cases, A ;,(G) and
>\27171(G) are computed when G is a path, cycle, grid, complete binary tree
or cube[l, 2, 3, 10, 11, 12, 14, 15, 16, 17, 19]. Especially L(1,1,1)-labeling
problem is the 3-distance coloring problem and there is a survey[13] on it.
Note that A, (G)+1=x,(G).

The Cartesian product of two graphs G=(V.E,) and H=(V,,E,) is the
graph G[JH such that the vertex set is VXV, and two vertices (u;u,)
and (v;,v,) are adjacent if {u,v}EE, with u,=v, or {u,v,}€E, with

u; =v,. In this paper, we show that

_[3n,  if m=0 (mod3),
X?’(K"DQ”)_{?)TH'L if m=1,2(mod3)
where K is the complete graph of order n=3 and C,6 is a cycle of

order m > 6n.

2. Main results

For zZ and k€Z", we define [z],=z— |- ]k by the residue of =

x
k
modulo k. Let G= K [1C, =(V,E) such that
V={(,5)0=i=n—1,0=j=m—1}
and
E={{(,5),i,5)} either i=i and j =3, or i=4 and j =j+1(modm)}.

Figure 1 displays the example A;[](;, the cartesian product of A; and

G
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Theorem 1. If n=3 and m=6n, then

3n, if m=0 (mod3),

X3 ([(;lD Cm)z {3n+ Lifm= 1,2(1’1’10d3)

Proof. For m=0(mod 6), let f,: V —[0,3n—1],

T .)_{[Hnj]g,,ﬂ if j=0.1,2(mod 6),
FOD) =11, + [ln, £ j=3.4,5(mod 6).
Nelo| 1] 23|45, 6]7 89|10 11
0] o0[3]6/0[3]6]0/3[6]0]3]6
V[ 1] a7l 1] al 7] 1] a7 1]4]7
2 | 2] 5]8]l2]5/8[2]5/8]2[5]38

Table 1. 3-distance coloring f, of KLI1C,

Suppose that (i,5) and (i,j') are at distance at most three and
f1G.5)=f,G",5"). Then, either j —j=0,%1,+2(modm), or j =j+3(modm) and
i’=1i. We may assume that j —j=0,1,2(modm), or j =j+3(modm) and
i’=i. From the definition of f,, we can see that [t];n=f (s,t) <([t];+1)n for
all (s,t)e V. Since f,6,5)=f,G"j"), [j'l; =[jl;. Since m is a multiple of 3, we
have j'=j, or j'=j+3(modm) and i=i". If j =j, then since
f1G,5)=f,G",7"), we have i=i". Also we can see that either f,(i,j)=i(modn)
and f(i,j')=i+1(modn), or f,(,7)=i+1(modn) and f(,j )=i(modn). Thus
f1G,5)= f,G",5"). As a consequence, f, is a 3—distance coloring of K ,[1C,.

Hence x,;(&,[1C,)<3n.
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Conversely, for all distance three coloring f of KA [IC , any two of 3n
vertices (i,j) with 0=j=<2 are at distance at most 3. Thus x;(&,[1C, )=3n.

Therefore x,(&,[1C,)=3n.

m

For m=3(mod6), with m#3, let f,: V —[0,3n—1],

i+ngly,, if 7=0.1,2(mod6) and j=m—4,
£, G g)=3li+1], + [l if j=3,4,5(mod 6),

Nol o 1] 23|45 6| 7|8| 9|10 11|12]13| 14
0,0/ 3/, 6,14 7/0] 3] 6] 147258
1 114,725/ 8] 1147258 0]3]6
2 | 2151801 3]6]2]/5]8]/0/3]6]1]4]7

Table 2. 3-distance coloring f, of KLI1C;
The proof for x;(K,[1C,)=3n in this case is similar to that of the
previous case except that the proof for f,(i,7)=f,(G",j') is somewhat

complicated when j'= j+3(modm) and i=i". We omit the proof.

For m=1(mod3), let f;:V —[0,3n—1],

[i+”j]3n+1= if 0=5=<3n,
£, ) =1li+2], +i—1lm if 3n+1<j<m—1, and j=1,2,3(mod6),
3

i+1l, =1l if 3n+1=<j=<m—1, and j=0,4,5(mod 6).

No| O] 1] 2| 3| 4|56 78| 9|10 11|12| 13| 14| 15
0 |0 3] 6] 9258147258147
1 11470 3] 6]9]2]5/8/,0,3/6]2]5]8
2 12,518 1147/ 0, 3|69 114, 7/0]3]6

Table 3. 3-distance coloring f; of K;L1C,
Suppose that (i,5) and (i’,j') are at distance at most three and
f3G,5)=f;G",5"). We may assume that j'—j=0,1,2(modm), or
j'=j+3(modm) and i"=i. If 0<j<;j'<3n and j <j+2, then since

m=<i+in<i'+jin<(G +1)n=<jn+3n+1
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and
f3(3) =it jnly, =" +35'nly, o = F,G"57),
we have (i,5)=(",5"). If 0<j<j <3n and j'=j+3, then
f3ig) =litgnly, o = li+jn+3nly, =l +5'nly, 1 = £33,
This is a contradiction. If 0=<j<3n and j' > 3n, then since 3n+1<j <3n+3
and £;(0,3n+1) = [3n];n=0,
fG,5) = £0,3n+1)+i+(G—3n—1)n=i+({—3n—1)n=1[i+jnls, ..
By a similar method as above, we have a contradiction.

If In+1=<j<j <m—1 and j<5+2, then since [j—1l;n=
fj)<(j=13+1n and [j'=1lpn=r>G";")<({j'=1;+1)n, we have j =j.
Thus i'=i. If 3n+1=j=<j'<m—1 and j =;j+3, then f(i,j)=f(@,j+3)=
fG’,5"), a contradiction.

If j=m—1 and j =3, then we can see f(i,j)Zi=f(ij)(modn). Thus
j'—ji=1,2(modm). If j =0, then since f(i’,0)=i'<n and fG,j)=[i—1n=n
for j=3n—1,3n, f(,j)=f3G"4"). If =1, then since f(i’,1)=i"+n<2n and
F@.3n)=Bn—1;n=2n, fG.5)=fG"j").

As a consequence, f,; is a 3—distance coloring of KA []C . Hence

3 (K 1C, ) <3n+1.

Conversely, let f be a distance three coloring of K [IC, with 3n colors.
For each j, define S ={f(i,j)l0<i=n—1}. Since both 5.5,.,.5;,, and
Si+ 194253 are mutually disjoint and only 3n colors are used, S, =.5,, ;for
all j. Thus & =, which cotradicts that two vertices (i,0) and (i',3n) are
at distance one for all i and 4'. Thus x,;(&,[JC,)=3n+1. Therefore

X3 (K, JC,)=3n+1.
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For m=2(mod3), let f,:V —[0,3n—1],

[i +ngls, 415 if 0=j=6n+1,
fiG,5)=3li+1], +[—1ln, if 6n+2=<j<m—1, and j=2,3,4(mod6),
i+2], +i—1n  if 6n+2<j<m—1, and j=0,1,5(mod6).

NJI0|1]23/4(5/6|7|8|9/|10[11|12/13|14|15|16/17|18]19|20|21|22
010/3/6/9]2|5/8/1[4]7|0/3|6]9|2|5/8[1]4|7|2|5]|8
111/4]7/0]/3|/6[9]2]5/8|1[4]7/0/3|6[9]2|5/8[0]3]|6
2 12]5/8[1]4]|7/0/3][6]9]2|5][8]1]4]|7|/0[3]6|/9]|1[4]7

Table 3. 3-distance coloring f, of A[1C),
The proof for x;(&,[1C,)=3n in this case is similar to that of the

previous case, m=1(mod3). We omit the proof.
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Numerical Computation of Drop Spreading

by Using a Thin-Film Flow Model
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Abstract: In this paper, we study numerical simulations of the spreading of
a drop on a solid, using the lubrication approximation model. We consider
only capillary effects in the lubrication model and deposit a precursor film
to remove a singularity on the contact line. We present an explicit
numerical method to solve the model equation. We apply the numerical
method to a test problem and validate it. We also apply to the physical

problem of a drop spreading and examine its dynamic behavior.

Keywords: drop spreading, lubrication approximation, capillarity, precursor

film
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1. Introduction

The coating of a solid surface by a thin liquid film and the dynamics of
the contact line are problems of interest from both practical and
theoretical points of view (Dussan 1979, Gennes 1985, Gennes et al. 2004).
Extensive research has been directed to explore these problems for last
decades. The problem of a thin film is usually studied in the framework of
lubrication approximation. In the lubrication approximation, the velocity
field 1s depth-averaged over the thickness of the film, so that
Navier-Stokes equations (or Stokes equations) reduces to a single
fourth-order partial differential equation which governs the time evolution
of the film thickness h(z,y,t) (Troian 1989, Kondic 2003).

Assuming fluid spreading on a horizontal substrate, the thin film

equation under the lubrication approximation is given by

Z—]Z+ V- D(h) v V2h] — v [D(R )PV h] = 0. 0

The second term corresponds to the capillary effects and the third term
comes from the gravitational force. If one assumes the usual no-slip
boundary condition at the moving contact line, the nonlinear diffusion is
given by D(h)=h" with n=3. Equations of the type of Eq. (1) are also
important in other fields for different values of n; for example, the
evolution of a thin neck in a Hele-Shaw cell, the diffusion of dopants in
semiconductors, and Cahn-Hillard models with degenerate mobility
(Constantin 1993, Bernis 1992, Elliott & Barcke 1996).

A major difficulty in the study of fluid spreading is in the contact line,
where liquid, gas and solid phase meet. A moving contact line coupled with
a no-slip boundary condition leads to a multi-valued fluid velocity at the
contact point and the stresses diverge. This problem is well known as the
contact line paradox (Dussan 1979, Gennes 1985) and manifests also in the
lubrication equation (1).

In the case of completely wetting fluids, experimental evidences (Radigan

et al 1974, Beaglehole 1989) motivate the inclusion of a microscopic
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precursor film in front of the contact line, which removes the singularity.
This approach is consistent with a long-range van der Waals model
(Gennes 1985, Bertozzi & Pugh 1994). In the general context of partially
wetting fluids, the contact line problem is usually modelled by relaxing
no-slip boundary condition, or by accounting for the effects of the
long-range van der Waals forces.

In this paper, we study the case of completely wetting fluids with the

precursor film. We focus on the simpler equation which includes only

capillary effects, setting (=0 in Eq. (1) and consider the diffusion D(h)=h"

Z—?:— Al AvAve ) (2)
This fourth-order diffusion equation is degenerate, since the diffusivity
vanishes as h—0. We consider this equation for the exponent n <3 for the
following reasons: for the cases of n <2, direct comparisons of the
computational and theoretical results are possible, and for the case of
n=3, the model equation corresponds to the real physical problem of drop
spreading on a solid. Note that the advanving front solution does not exist

for n> 3.

2. Numerical method

In this section, we present a finite-difference-based numerical method to
solve the model problem (2). For a space discretization, the computational
domain is defined by 0<x <L, and is discretized by the node points

z,=iAz, i=0,..,N, where Ax=L/N, Let h,(t) denote a discrete

K3

approximation to h(z,t). We need to formulate Eq. (2) for dh,/dt at each i.

This equation can be written in the form

dh,

(3

a

i=1,...,N, —1 (3)

where f. is a discretization of the right hand side of Eq. (2). The boundary

1
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condition gives h, =1, hy,=b>0.

The values of f; involve y, at the grid points adjacent to the point ¢ and

K3

depend on how we calculate the required derivatives. Special care is
needed due to the high order of the governing equation. It is easy to
check that a naive use of central differences can lead to a large
computational stencil; there would be many neighbor points involved in
calculating f at a given node ¢. One can easily check that the fourth-order
term would lead to a seven-point stencil, with
j=i—3,i—2,i—1,4,i+1,i+2,i+3 involved. We present a  simpler
discretization, involving only five points, but still second-order accurate.
Using a smaller stencil is important not only due to computational
simplicity and performance, but also because a larger stencil would involve
a number of extra points at the boundaries.

For a discretization of the fourth-order term, we consider Eq. (2) in

one-dimension

in our case D(h)="h". We define forward and backward differences by

hi+1_hi

h n hi_hz‘ﬂ

Equation (4) can be now discretized as

h; = (a(hiﬂvhz‘) h )x , (6)

where af(s;,s,) is some approximation to D(h). It can be easily verified that
this scheme leads to a five-point stencil; i.e., two neighbor points on each
side of the given point i are used, and the scheme is second-order
correct, as long as a is a second-order correct approximation to g. The

only remaining question is the choice of a. One could use, for example,

a(sp,5,) = ~1D(s,)+ Dis,)]  or a(sl,SQ)ZD[l(sl—i-sz)}. 7)

2 2

In our simulations, the former one in Eq. (7) is applied for a.

For a time discretization, we apply an explicit scheme to solve Eq. (2),
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which uses the right hand side at time ¢t to calculate the time derivative.
The simplest choice is the forward Euler scheme,

h;(t+ At)—h,(t)
At

= £.(t), i=1,..,N—1, (8)

and then solves this system of equations for y,(t+At), i=1,...,N,—1. Here
/,t) represents the right hand side of Eq. (2) at z=z;.
This scheme, while simplest to use, has a time step restriction from a

CFL condition. For Eq. (2), the stability requirement is At < CAz', where C
is a constant. For reasonably small Az, this requires a very small A¢. One

may overcome the time step restriction by applying an implicit scheme.

3. Numerical results

We perform some numerical tests on a simpler problem (n=1) with a
known exact solution and then consider the physical problem of a
spreading drop (n=3). Equation (2) with D(h)=h" has a self-similar
solution for n<3 (Bernis et a/ 1992). We compare this solution to test
performance of our numerical method. In the computational computations,

the initial value is given by

(1—2)*+b, 0<x<1,
h(fE,O)—{ 9)

b, x> 1.
(1) Test problem: the case n=1

For the initial condition (9), the theoretical solution for the center ho(t),

assuming the zero contact angle, is

hy(t) = (14120¢)

o] =

(10)

Figure 1 is the numerical result for the evolution of the drop profile. The
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grid size is given by Ax=0.01 and the thickness of the precursor film is
set to b=10"*. Figure 2 is the comparison of the numerical result for the
height of a drop h,(t) with the theoretical solution. Fig. 2 shows that the
numerical result is in an excellent agreement with the theoretical solution,
which validates our computational method.

Figure 3 is the drop profiles at ¢t=0.02 with several grid sizes Az. The
thickness of the precursor film is fixed to b=10 2. Fig. 3 shows the
convergence of the numerical results with the grid size.

Figure 4 plots the values of h, at t=0.02 versus Az for b=10"% and
10~3. We observe that for b=10 2, the solution is slightly larger than the

exact value hy(t=0.02)=0.7829. The solutions for smaller b, such as 10~°
tend to converge to the exact solution as Ax—0. Note that the results for
b=10"% with the grid size Az <0.025 are not given in Fig. 4, because these
cases require very small time step the solution can not be obtained in a
reasonable time. It turns out that the solution for n=1 can be accurately
computed by using our numerical method based on the explicit time

discretization.

[l

FIG. 1. Evolution of the drop profile for n=1 at ¢t=0,0.01,0.02,...,0.1. The

grid size is Az =0.01 and the thickness of the precursor film b=10"*.
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FIG. 2. Comparison of the numerical result for the height of drop h,(t) with

the theoretical solution.
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FIG. 3. Drop profiles for n=1 and b=10"? at t=0.02, using different grid

size.
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FIG. 4. Height h, of the drop for n=1 at t=0.02 as a function of Az with

b=10"2 and 10 3.

(2) Physical problem: the case n=3

We now apply the numerical method to simulate the spreading of a
physical droplet (n=3). Figure 5 is the result for the evolution of the drop
profile. The grid size is given by Ax=0.05 and the thickness of the
precursor film is set to b=10"%. The drop profiles are similar to the case
of n=1, but spread much faster than the case of n=1. Figure 6 shows the
convergence behavior with Ax—0 for two values of b. It is found that

smaller b's yield larger values of h,. Unlike the case of n=1, the results
for h, for n=3 have relatively large differences with the values of b.

We find that our explicit numerical method takes a lot of computation
times, due to the time step restriction from the CFL condition. An efficient
numerical method, based on implicit time-integration methods, is needed

for further investigation of the drop spreading.
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FIG. 5. Evolution of the drop profile for n=3 at ¢=0,0.1,0.2,...,1. The grid

size is Az =0.05 and the thickness of the precursor film is b=10 2.
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FIG. 6. Height h, of the drop for n=3 at t=1 as a function of Az with

b=10"2% and 103,

4. Conclusions

We have conducted numerical simulations of the drop spreading, using

the thin film model under the lubrication approximation with the precursor
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film for the boundary condition. The numerical result for the test problem
is in an excellent agreement with the theoretical solution. The numerical
solution converges to the theoretical solution by reducing the grid size and
the thickness of the precursor film, which validates our numerical method.
For the physical problem of the drop spreading, it is found that smaller
film thickness yields larger values of the drop height, and the numerical
results are sensitive to the thickness of the precursor film, unlike the

result for the test problem.
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Format of FIFA World Cup final tournament

Young Hoon Lee and Soon-kwi Kim"

Dept. of Information Statistics, Gangneung-Wonju National University,
Gangneung, 25457, Korea

Abstract: The present format of FIFA World Cup final tournament in which
32 teams participate is examined. And the drawbacks of expansion to 48

teams in 2026 for the economic profit of FIFA are discussed.
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Forecasting for a domestic credit loan from
households

Ki-Hyuck Kweon?, Dong-Bin Jeongz)

1)Gz"adual‘e School of Economics, Yonsel University, Seoul, 03722, Korea

Z)Depl‘. of Information Statistics, Gangneung-Wonju National University,

Gangneung, 25457, Korea

Abstract: A credit loan from households carries not only economic
implications for country and for individuals, but it is a crucial factor
influencing the social stability of its people. In this work, transfer function
model is exploited to forecast a domestic credit loan from households
(CLH), which is the extended version of the linear regression model with
autoregressive errors treated on Jeong(2017). At this time, both mortgage
loan (ML) and certificate of deposit(CD) can be considered as input
variables. The complicated economic phenomenon can be explained and
figured out by forecasting the credit loan from households.
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[ 1] Time-plot of a credit loan from households
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[ 2] Box-Ljung statistics on optimal transfer function model

Box-Ljung S3 &
AR | moaz | ZE2R° = ee | RuEs”
1 031 77 033 1 B56
2 -130 77 649 2 723
3 - 151 180 1.504 3 681
4 212 184 4.383 4 357
5 -.021 AEL 4.400 5 493
6 -140 196 5223 6 515
7 -122 189 5.876 7 554
8 124 202 6.574 8 583
9 -019 204 6.591 9 680
10 -.098 204 7.061 10 720
11 060 205 7.245 11 78
12 049 206 7.375 12 832
13 -047 206 7.504 13 874
14 -079 207 7.881 14 895
15 -039 208 7.979 15 925
16 138 208 9.277 16 902
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Problems and Improvement Plan of Physical

Education in Physics 1

Seong-Ho Ko and Jae Sun Yoon!

Dept. of Physics, Gangneung-Wonju National University, Gangneung,
210-702, Korea

n

Abstract: The physics @I of the current curriculum includes the
micro-world and quantum phenomenon " which was not covered by the
previous curriculum. This section belongs to modern physics. Students who
study this have many difficulties due to excessive learning and learning
content that does not fit in the classroom. The number of concepts and
terms used in this section is largely numerous, and it is difficult to find a
link between the contents without understanding the flow of content. Also,
the formula related to quantum physics has become the subject of
memorization because the process was omitted and only the result was
presented. In contrast, there were only about 70 possible classes of
lectures, whereas the total number of units in physics I was about 35,
meaning that a learning quantity is too much. As an alternative to these
problems, we proposed improved plans to reduce contents and to attach

importance to the concept.

1) Corresponding Author. E-mail: jsyoon@gwnu.ac.kr, Tel: +82-33-640-2293.
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Table 1. Terms, concepts and equations of subsection 1 of Chapter 4
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Table 3, Terms, concepts and equations of subsection 3 of Chapter 4
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