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Development of a Matrix-focused Instructional Materials
for Personal Education for the Gifted Middle School
Students of Computer Science
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Abstract

In recent years, parents of students and government have been taking a growing interest in
education for the gifted students and there are many research reports about the gifted education.
Most of the reports, however, focuses on the conceptional feature of the gifted education program
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such as organization, operation, management, evaluation, etc,.

researches on

factor for successful education programs. So,

science area. The instructional materials titled as

Computer ~ Science”
recognition and groping for solutions.
understand the tight mathematics-computer

algebra.
» Keyword :  Gifted Student of  Computer
Equation
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instructional materials for gifted students even though the materials
this  paper
personal education for gifted students to contribute

is based on linear equation to usher the
Also, the instructional materials

In other words, there are very few
is a critical
introduces a lecture notes used in a
in developing education contents
"The Necessity and Application of Matrix in

students

m computer

into creative problem
is useful for students to

science relationship and the basic concept of liner
Science,  Instructional  Materials, ~ Matrix,  Linear
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Fig. 1. The Concept of Renzulli's
Three-Ring
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Table 1. Characteristics of the Education Curriculum

for the Gifted Student in Computer Science
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Table 2. Problems of the Education Curriculum for the

Gifted Student in Computer Science
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Table 3. How to Resolve the Problems of the Edu-
cation Curriculum for the Gifted Students of
Computer Science
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Table 4. Coursework Titles for Groping Phase
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Table 5. Coursework Titles for Developing Phase
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Fig. 2. Examples of Equations
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void main()
{ [ Ox + Oy = 0%/
float cx1 =2, cyl=-1, col =1;--®
cx2 =3, ¢cy2= 1, c02=9,-0

float

T2/ 3 SRiEAe| C olof E3
Fig. 3. Representation of Equations in C Language
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Fig. 4. Conceptual Procedure for Addition and
Subtraction Method
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void main()
{ /*

float

Ox + 0y =101 %/
cx3, cy3, co3;

gx3=c>< 1+cx2; cy3=cyl+cy2; co3=col+co2;

cx3=cx1-cx2; cy3=cyl-cy2; co3=col1-co2;

T8l 5 F Alo| 71 - Z4Z 25t C 2o F=
Fig. 5. C code for Addition and Subtraction of Two
Equations
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[2A 3] 7}~ 7ol sl =&9 A Al 091 HAS5

b EASEAS} G ol 1xlT4 AG7102140]
Yat Ao 42 Ausie s8] 728 1Y 49 <7
5490, 19 0] ok 918 C 9ol = o A

void main()
{
[* 3 */

if (cx3==01]cy3=0) {
if (cx3 1=0)
X = C03/Cx3,
else
y = co3/cy3, x=

float X, Y

y=(col-cx1*x)/cyl;

(col-cyl*y)/cx1;

21 6. 20| 4 Al 98t C olof T=

Fig. 6. C code for Handiing Cases
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void main()

{ /=~ ox + 0y = 0%/
float cx1 =2, cyl =-1, col =1, @
float ¢cx2 =3, cy2= 1, co2 =9;-@
float ¢x3, cy3, ({0 HRIERIEES (3]
float x, vy; /x 3} %/

cx3=cx1tcx2; cy3=cyltcy2; co3=coltco?2;

if (cx31=028&cy3 !1=0
cx3=cx1-cx2, cy3=cyl-cy2, co3=col-co2;
if (cx3==01] cy3==0) {
if (cx3 !1=0)
x = co3/cx3, y=(col-cx1*x)/cyl;
else
y = co03/cy3, x=(col-cylxy)/cx1;
printf("x=%7.2f, y=%7.2f#n", x, y):

) /BN A e/

o

else

printf("7}128 A& B7Hin");

N

O 7. 7ideE 2fst C olof Z=
Fig. 7. C code for Addition and Subtraction Method
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id main() vt x=ay+a FEHZ HIARITE A AR 29 38 S
void main )
RSy 40 S o6, b1 129 @), F WAl Ao wEL )
float Cy4, CO4; worerrrrreereeaaans [4) Cy7, CO7(1€1U 1294 0)94 Eﬂ% E?;—S_]'._, 0]%—% j_‘a]j 12
) AS]A 2= 9]
cyd = - cyl / ox1; 1 C 2of S=2 ddojd & gk
cod = col / cx1; (DA 2] 7 219 22% & A 52 Lyt =ay +
1 ) A GO Ao ZHE] y FhS deth o] HAE g C
IR 8 3 Aol wEE #fEl C 2lof 7= o] F= dE 1Y 130] BRI, I 1o TIPS A
Fig. 8. C code for Transformation of the First Equation
C o] 2= AAS BJch
[ 2] 1 W) W94 @ Addsael T vl 4 @ . .
#include <stdio.h>
of tigstd 4 @= Ay+a=A FEH Y 13} WFg2le] Ao
= No] 02 = aho] N X @] Q2% 5 void main() /* 2x -y = 1%/
e, o] 2le] 02 Z 3)o] A= 2 @9 QEZ 3} o2 { /% 3x by - g9/
aiEc) o] A& cyb, cob, cob’ 5 Al JRe BHEE =9)8} float cx1 =2, cyl =-1, col = 1;
o] X2 WY 99 @), ©] A< 7 89 4 O float 02 =3, oy2= 1, co2 = 9;
HE 7] 93t C 9l6) = o= 18 99} 7tk float cy4, co4; [* x =0y + 0 */
float cy5, co5, co51; /*x Ay + A = A */
void main() float x,
{ [* 0y + 0 =10 %/ cyd = —cyl / ox1: [x GA 1 %/
float ©y5, COB, COB1; wreeerrseseseeenns (5 cod = col / cxi;
Cy5 = Cy4*cx2 + Cyz; cy5 = cy4 * CX2 + cy2: /* Iﬂ'ﬁ] 2 */
co5 = codxcx2; cobl = co2; co5 = cod * cx2;
} : co51 = ¢o2;
12! 9. Chelof ofst DX 4715 9i8tC olof 3= y = (co51 - co5) / cy5; [+ A3 »/
Fig. 9. C code for Reduction of Equation by x = (col = cyl = y) /cx1s
Subsituion printf("x=%7.2f, y=%7.2fWn", x. y):
h
[ 3] 28 99 Uz} W44 @ZHE v Fho] AAE T2 1. CHlE 2ist C olof I=
Fig. 11. C code for Substitution Method
T2y g F A F sel B88te] x ghe 2 4 9 °
o o7xe A @S AMESVIE Sk 2' 102 vok x 7 _ ,
S Q= C olo] Ty, 18 118 B 1738 E31e 9 ¥O|d main()
A® Fcolth float cyb, co5; /* x =0y + 0 */--@®
float cyB, cob: /* x = Ay + A x/@
void main() cy6 = - cyl / cx1;
{ cob6 = col / cx1;
float x, y:
: cy7 = - cy2 / cx2;
y = (co51 - co5) / cy5 co7 = co2 / ox2:
>§=(1—0y1*)/cx1, o
} I3 12 35 0RIF 71 AR C oo 2=
2110, 274=! AojlA SHE FSl= C o] = Fig. 12 C code for Rearrangement of Equations based
Fig. 10. C code to Resolve the Reduced Equation on a Common Unknown
— void main
24 SAIY E0| oty { v
SAROIA ok 3 R W e, Whae) F Aol 5 float :
gt p|Ag g MElste] 1 vRGRE TE P|A|5e} A y = (co7 - coB) / (cy6 - cy7);
52 RS doluk }

[2A 11 WA xE 2A] 98 7 4

T2 13 SAADIM v Zie ke C ¢lof F=
Fig. 13. C code to Resalve the Rearranged Equation
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#include <stdio.h>
void main() /x 2x -y = 1%/
{ /% 3x + 1y = 9/
float cx1 =2, cyl = -1, col =1;
float cx2 =3, cy2 = +1, co2 = 9;
float cy6, co6; /+ Oy + O =/
float cy7, co7; /* Ay + A x/
float x, y;
cy6 = - cyl / oxl: /x ©A 1 «/
cob6 = col / cx1;
cy7 = - ¢cy2 / ox2:
co7 = co2 / cx2;
[x TA 2 */
y = (co7 - co6) / (cy6 - cy7);
x = (col — ¢yl * y) /ex1;
) printf("x=%7.2f, y=%7.2f#n", x, y):

T2l 14 SARIS SIE C el Z=

Fig. 14. C code for Equalization Method
3. @HS o/ et ARlWHAo 8 A FO|

31 #Eo) MY o Tl A
I :L% 159} R
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A 7ke g duk oA o
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Fig. 21. An Example of Application of Reverse Matrix to
Resolve Equations
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void main() [* 1Ix + 4y = 4 %/
{ [x 3x + 1y =1+%/
float col2][3] ={ 11, 4, 4,
3, 1, 1k
}

2] 2 olRieimAlel 3 EHS I8t C oo =
Fig. 22. C code for Representation of Equations in
Matrix

[2A 2]
D=(ad-bc)2] Fko] 00111%
o] =2 s
£ C oo} 7= oﬂOIE}.

i o]

void main()
float rol2l[2]; [+ A= AFG /
float D;
D = col[0][0]*co[1][1] - col[0][1]*col[1][0];
if (D==0){
printf("si7F $1&.. .Wn);
exit(1);
rc[0][0]= co[1][1]/D: rc[0][1]=—col0][1]/D;
re[11{0]=-co[11[0]/D; rc[1]1[1]= co[0]10]/D;
.

T8l 23 A48 XMEsl= C 2o I=
Fig. 23. C code for Application of Reverse Matrix

[&A 3] 9y=E& = (col0l[2], col1l[2D)e
Fol] HF e T3t o] FRE 93 C Ao I= dF
1% 249 Ba, I3 2ele 9 A4 24S 538 Btk

A %(}

void main()

float x, y;

x = rc[0][0]*co[0][2] + rc[O][1]*col1][2];
y = rc[11[0]*co[0][2] + rc[1][1]*col1][2];
printf("x=% 2.2f, y=% 2.2f#n", x, y):

T2l 24, o= SHE F5k= C Qlo] =
Fig. 24. C code to Resolve Equations by Reverse
Matrix
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#include <stdio.h>

void main() [* 1x + 4y =4 %/
{ [* 3x+1ly=1 #/
float col2][3] ={ 11, 4, 4
3, 1, 1}
float rc[2][2]; /x SE AL «/
float D;
float x, y;
D = co[0][0]*co[11[1] - co[0][1]*co[1][0]:
if (D==0){
printf("s17F §l=.. . Mn");
exit(1);

}
rcl0][0]= co[1][11/0; rc[0]

( [1]=—co[0][1]/D;
rc[1]1[0]=-co[1]10]/0; ro[ 1{1]= co[0][0]/D;
x = rc[0][0]*col0][2] + rc[O][1]*col1](2];
y = rc[1]1[0]*col0][2] + rc[1][1]*col1][2];
printf("x=%7.2f, y=%7.2f#n", x, y):

}

12 25, igiof of3t QIziINAl Zo| C ol 3=
Fig. 25. C code to Resolve Equations by Reverse
Matrix
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Fig. 26. Definition of Triangular Matrix
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Fig. 27. Transformation of Triangular Matrix to
Element Matrix

32 =6 ®
#include <stdio.h> /x 2x + 3y = z =7 */
void main() /* y+2z =5/
{ /* 3z = 6%/
float co[3][4] ={ 2, 3, -1, 7,
0, 1, 2, 5,
0, 0, 3 6L
float r;
int i, s
co[2][3] = col2][3]/col2][2): 2 37T T
co[2]1[2] = co[2][2]/col2][2]; 00
r = co[1][2]; 5 3.1 7
co[1]1[2] = co[1][2] - co[2][2 ]*r:O 1 O[]
co[1](8] = co[1][3] - co[2][3]*r; ¢ 4 DO
co[1][8] = co[1][3]/col1][1];
co[11[1] = co[1]1[1]/col1][1];
r =col0][1];
col0] [1] = co[0}[1] = col 1] 1]+r: 2 %‘;
col0][3] = col0][3] - col[1]1[3]*r: 00 1 2
r = co[0][2];
col0[2] = col0[2] - col2][2]+rs 2 § 0118
co[0][3] = co[0][3] - col2][3]*r; 00 DO
co[0][3] = col[0][3]/col0][1];
co[0]1[1] = co[0][1]/colO][1];
for (i =0; i <83 i+H) {
for (j =05 j <4 j++)
printf("%7.2f ", colilljl):
printf("wn");
}
}

T2 28, AlZiso| Tl vist C oo 3=
Fig. 28. C code for Transformation of Triangular Matrix
into Element Matrix
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#include <stdio.h>

void main()
{
float co[3][4] = {2, 3, -1, 7,
o, 1, 2, b5,
0, 0, 3, 654
float r;
int i, i, ks
for (k =2; k> 0; k—) {
for (i = k1 i <=2; i+) {
r =colkl[il;
colk][i] = colk][i] = colillil*r;

colk][3] = colk][3] - colill3]#r;

}

r = colk][Kk];

co[k][3] = colkl[3] / r;
colklk] = colk][k] / r:

3
for (i =0; i <=2; i++) {
for (j =0; j <=3; j+H)
printf("%7.2f ", colilljl):
printf("Wn");
I3

}
TI2! 29, AlZksHEo| CIojaH st C ol T=(QUHIS)
Fig. 29. C code for Transformation of Triangular
Metrix into Element Matrix(Generalized)
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Fig. 30. Process of Transformation into Triangular
Metrix(Gaussian Elimination)

#include <stdio.h>/*2x + 4y — 2z + 2u =12 %/
/*1x + 3y + 2z — 1u = 9 =/
void main() /*3x + 4y — 1z = 2u = 0 =/
/*4x + 5y - 3z + 3u =17 =/
float col4l[5]l ={ 2, 4, -2, 2, 12,
1, 3, 2, -1, 9,
3, 4, -1, -2, 0,
4, 5, -3, 3, 7%
float r;
int i, j, ks
for (k = 0; k < 3; kt+) { /+SA,FA 2/
for (i =k + 1: 0 <45 i++) {/+272%/
r = colillk] / colkl[k]:
for (j =k; j <5; j+t) /*AG 35/
co[l][J] =colillj] - colk]l[jl*r;
}
for (i =0; i <4 i++) {
for (j =0: j <5: j+t)
printf("%7.2f ", colilljl):
printf("wn");

T2 31. 7194 2945 9I5H C 2o 3=
Fig. 31. C code for Gaussian Elimination
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B, ol 492 2A AN AL 00] S B35 o
3 7218 s R3] Rl olBHE, 17 U9 9
W A9 RS et B WA 12 RS o,

#include <stdio.h>
#define N 4 [+ 4 12 A2 «/
int lem(int a, int b), ged(int a, int b);
[* 2x + 4y — 2z + 2u = 12 */
oidmin0 (oYt LT o
{ /* 4x + By — 3z + 3u = 17 */
float co[N][N+1]={ 2, 4, -2, 2, 12,
1, 3, 2, -1, 9,
3, 4, -1, -2, 0,
4, 5, -3, 3, 17}
int i, j, k, lc, r, r1, r2; .
/‘\3*1___
for (k = 0; k < N-1; k) { ij;gﬁ%;;
for (i=k+ 10 0 <Nii+H) { 7 5%
lc = lem(colkI[k]l, colillk]l); “
r1=1c /colkl[kl: r2 = lc /colillk]:
for (j =k; j <N+l j+4)
colillj] = colilljlxr2-colklljl*r1:
} .
for (k = N=-1; k >= 0; k—) {
for (i =k+1; i <N; i++) { gy
r =colkl[il; Gl
colkl[i] = colk][i] = colillil*r;] =
colKk]IN] = colk]IN] - colilIN]*r;%+<]
} B
r = colkl[kl]; =
co[k][N] = colk][N] / r; W 3}
colk][k] = colk][k] _
for (i =0; i <N; i++) { =9
for (j =0; j < NH1; j++) G|
printf("%7.2f ", colillil): = =
printf("#n"); 3
==
} =
int Iem (int a, int b) -
PN
int g 2w
g = gcd(abs(a), abs(b)); T o5
return(a*b/g): 235
} _
%nt ged(int a, int b) -
int big, sml, r;
if (a>Db) big=a, sml =b;
else big = b, sml = a; o
SLok
while (1) { -
r =big % sml; ;;2¢
if (r ==0) return(sml);
big = sml, sml =r;
}
} _

T2 3. LTI} MBS 7194 491 C ofof 3=
Fig. 33. C code for Gaussian Elimination using LCM
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Ag7E 02 Hol gle A4+ A8 dart gle Aotk
9 A siEs] A% e, 7 dAlelA A A
7] el 2749 27 vAEY ATt 0 A BF
oleh2 &A FaUTH HelXe Aeluks), o 45 thel
e 27 RS ofv] 24" Aot Fhstes &
HE A BEE 3= M AB3IGT, olF B C A
ol Z=E 17 3Hel Aok

# 20 A" Z23E 10071000003 AdE A
Ao AEe o) Aed oo N=S ST 2AS
By, o] oM eF77h BAEHA] st

ﬁ:l‘

3 +3y - 6z+ 3u|=[ 9]
-4x -2y + Bz + T7u|=| 24
X + 4y - 7z - du|=| -4
S=7x + 7y = 7z + 6ul =L 39
M3 +3 - 6z+ 3u]|=[ 97D
Ox + 6y - 9z +33u |=| 108 | @ A
Ox +i0y:+ 8z — 15u |=| 48 | ® @AD
~ Ox +42y - 68z + 39u. = 1801 @

T8 34 olle] M7t eF=ls oRiiEAlol of
Fig. 34. An Exanple of Equations Requiring Exception
Handling
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Table 1. Precision of Gaussian Elimination Programs
= olRIEAL | of HESHTOREE | SRS
Alsl Al af
-5 11 -4 11 39|-10 -10.000000954 -10.000000000
0 4 6 13 15-26| 14 1399999046 14,000000000
12 12 -15 -9 318|-15 ~15,000000000 ~15,000000000
45 15 1 14 25| 5 ~4.99009046 ~5000000000
9 -0 9 9-46| 6 6000000000 6000000000
1 6 8 12 9-u5| 2 2000000000 2000000000
6 6 3 1-16] ~1,000000000 ~1.000000000
2 -1 15 8 671 9 -9.000000000 -9.000000000
7 2 -1 11 10| 12 11.999990046 12000000000
2 10 -14 9 8 101| 4 4000000477 4,000000000
4 -3 10 6% 5 5000000000 5000000000
2 15 9 9 R4 0995000104 ~1,000000000
2 -3 8 3 91| —0.999996562 -1,000000000
3 -3 10 14 -10 38| 15 1500000094 15000000000
10 -12 -10 2-32]| 15 15.000003315 15000000000
° 7 3 2-7%4l| 6 6000000861 6000000000
o4 1 8 115 15000000000 15000000000
4 - -1 7 288l 6 6000000000 6000000000
3 3 6 11 59|15 ~15,000000054 ~15,000000000
8 9 2 3-u|-16 ~16.000000000 ~16,000000000
6 5 -4 -10 48| 2 2000002861 2.000000000
5 3 8 -7 2200 18 13000004768 13000000000
-5 14 -4 2 22|10 990506185 ~10,000000000
8 1 R 2Bl B 1490000520 15000000000
-1 7 6 9 16]-10 -9.999996185 —10.000000000
6 13 6 10 8-18| 5 4999999523 5000000000
4 5 8 12 6] 1 0999999642 1.000000000
7 125 1 4] 6 6000000477 6000000000
9 9 -5 11 17| 3 3000000477 -3000000000
7 48 B 121 099900063 1000000000
6 1311 3 & 2 ~2000000000 -2000000000
3 5 3 3 1] ~1,000000000 ~1,000000000
-0 8 4 10361 14 13999997139 14,000000000
8 0 1 -3 3209| 14 13999990046 14,000000000
18 -2 921 - ~1.000002384 ~1,000000000
1 -6 -16 -16-18| 14 14000000861 14000000000
-6 9 -14 -13 H|-15 -15.000000954 —15,000000000
9 -11 -16 =15 1-115] 3 3000000233 3,000000000
9 5 -4 -11 17| 15 1500000094 15000000000
8 4 1M 23| 7 6995009046 ~7.000000000
el 10% 100%
wj&o] Z2 a3 zAe] d9] Xed] i3k A= HEV}
5% Hog B}
H 2 JWMEl Z2O30| HE(HESE ofje] i)
Tadle 2. Verification of the Improved Program(Number of
the Accurate Answer)
=T
—— 100 1000 10000 100000
=8
Azl 0 9 87 fset 7096
st A ®B 90 B2 96385

#include <stdio.h>

#define N
#define NEQA 10000
int lem(int a, int b), ged(int a, int b),
random();
goid main()
float co[N][N+1], t;
int  xyzul[NI, I, i, j, k, e, lc, r,ri,r2;
for (I =0; | < NEQA; I++) {
for(j = p: j <N; j+f) } o 9
xyzu[j] = random(); :
for(i =0, i <N; i++) { n
for(j =r =0; j <N; j+H) {
colillj] = random(); i
r=r+colilljl*xyzuljl; k§4
}prmtﬂ”ww‘ﬁ (int)colilljl); 2%
colilljl =r: -
! printf("%4d | %3d#n", (int)r, xyzulil);
for (k = 0; k < N-1; k++) {
= N-1: = k: e— A=7F 0%1
for (e = N-1; e >=k; e )»7}%%’45—?—?

if (colellk]) break;
if (e < k) continue; -

for (i =k; i <e; itt) { A2 02 29
if (teolill k]) { A} upE
for (j =k j < NH1; j++)
t Co[l][J],
colilljl=colelljl, colelljl=t;
e—:
) ks
for ( =k + 1: 0 <N i+) { sz

|

f (lcolillk]) break: ks

= lom(colkl[k], colillk]);

r1 = lc/colk][k]; r2 = Ic/colillk];

for (j = k; j < NH1; j++)
colilljl=colilljl*r2-colk][jl*r1;

Ic

}
for (k =
for (i

N-1; k >= 0; k—) {
ktt: 0 < N5 i) {

[k][i]:

= colk][i] = colillil*
colk]IN] = coli]IN]

o) -
Ll

F-.b-“f o

r
r

for (i =0; i <N; i++) { .
for (j =05 j <N; j+) f
printf("%4d ", (int)colilljl);

} printf(" | %13.9fWn",

=
i

e

printf("

colillil):

I

Wn'");

T8l 3. olje] MalE 7ieA A C Z2T
Fig. 35. Gaussian Elimination Program with Exception
Handling
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Table 4. Evaluation for the Proposed Instructional

Materi—
als by the Degree of Students’ Achievement
E S A 34 B
1 o 2+ o 2+
2-3 5 O 24
41 o 25 o 2
42 O 25 Of 2
51 O S5 e 25
52 5 Of 2=
6 T Of =
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8 5 5
9 5 5
10 S 5
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