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v HEYUOZO| 2t Simplex &S 01t &
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Ao =00 5 X, +x, +x; +x;, =50

X, +X; +Xx, +x, <50 X, Xy +x, +xs +xg =50

Xy + X +x, <50 P Xy + X+ X + Xy =50

0<x,<40, 0<x, <25, X, +x,, =40, x; +x,, =25,

0<x,<50, 0<x,<50 PoXy X, =50, X +x,; =50

B StA : Where, X7, Xg, Xg s Xjg, X1, Xjp X3 0 22 B
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2x, +y—z—(, =
2x,+y—z—-(,=3
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=HI°| 0 2 2x+y—z—-¢, =3
2x,+y—z—-(,=3

(3><6)X(6><1) + Y(3X1) D(3><1) X, + X, = 9)
Olg] B ~ _ Whel"e,xl,x2y,z,é’1,é’220
x (= X))
_ 1= x -
2 01 -1 -1 O 2(( Xz)) y ;
021 -1 0 -1} """ |4 Y, |=|3
z(=X,)
1 1.0 0 O O Y, 2
) B 4/1(:X5) - - = -
_4/2(:)(6)_

X3 X4 X5 X6 Y1 Y2 Y3 bi bi/ai
1 -1 1 0 1 0 0 3 3/2
1 -1 0 -1 0 1 0 3 -

0 0 0 0 0 0 1 2 2

-2 2 1 1 0 0 0 w-8 -
7

Ol A4S B5F O F2& ti¥ A0, 138: -(2+0+1)=-3)



E=5
=
2] Xt | X2 | x3 [ x4 [ x5 [ x6 [ Yt [ Y2 | Y3 | bi |biai

X1 1 0 1/2 | -1/2 | -1/2 0 1/2 0 0 3/2
Y2 0 2 1 1 0 -1 0 1 0 3 3/2
Y3 0 1 1/2 | 1/2 | 1/2 0 -1/2 0 1 1/2 1/2
A. Obj. 0 -3 | -1/2 | 1/2 | -1/2 1 3/2 0 0 w-7/2
3 X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 bi bi/ai
X1 1 0 1/2 | -1/2 | -1/2 0 1/2 0 0 3/2 3
Y2 0 0 2 2 1 -1 1 1 2 2 1
X2 0 1 -1/2 | 1/2 | 1/2 0 -1/2 0 1 1/2
A. Obj 0 0 -2 2 1 1 0 0 3 w-2
4 X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 bi bi/ai
X1 1 0 0 0 -1/4 | 1/4 | 1/4 | -1/4 | 1/2 1
X3 0 1 -1 /21 -1/2 | 1/2 | 172 -1 1

0
X2 0 1 0 0 174 | -1/4 | -1/4 | 1/4 | 1/2 1
A.Obj.| O 0 0 0 0 0 1 1

X (1x5) :[xl X, Yy z ¢ 4/2]
OIZ8H X =1, X=1, X;:=1, X,=X=X,=0
metM =0 EHIel x£71 JI™ Jistl 32l otl= x, =x, =Lv=y-z=1,{,=4,=0¢

g
)

0191 =X 2=J1 00122 X7| 71X IS0t PFOHAS
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Slmplex Programming 1}A

F

ooouﬂ

A H= SHl MIAl 1-30]] THOH Simplex O F

bl.'— ]:[E:!EHC’ II-A‘IQ-EI..

e e el

2 Ml OIA] #1: page 3 Z 1
2 Hl MIAl #2: page 4 &1
2 Hl MIAl #3: page 5 &1l

||||||| r>
-1 0&

Z
g
-z
I i JI‘;l

o O =X ‘5**2} =& 88 A9 O0l= MHEE Us 0 £HAstir.
(Phase& ZJH st AN

e Simplex Table& Olg?_* Z0| A E Console Z2 FileE ZEHILL.

o A HIMAIO| GHE A& M PivotOl O] JH =XHOl= & Roll Back
H8S HA E A 2)1 0]&9] 0 & A8t
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LA HIZE ZHI OIAL #1

-
Maximize z =4x, +5x, x1. | x2 | x3 | x4 | bi |bi/ai
181 x3 -1 1 1 0 4 4
Sub]ea o — X + Xy <4 2%: | x4 1 1 0 1 6 6
3M: lobi. | -4 -5 0 0 f-0
X, +x, <6 el
X, Xy 20
X1 X2 x3 x4 bi bi/ai
OH. _ -
X HOH: x,=1, x,=5, x3=x,=0, f=-29 188: 1 x2 1 1 1 0 4 4
284 | x4 2 0 -1 1 2 1
3M: L obj. | -9 0 5 0 | f+20
X1 X2 x3 x4 bi bi/ai
188. | x2 0 1 0.5 | 0.5 5
200 1 X1 1 0 |-0.5] 0.5 1
3%: | Obj 0 0 0.5 | 4.5 | f+29

SDAL "
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MY A= 2H1 OlAl #2

S
Minimize f = —x. —2x. +2x 1) Phase 1: 19| 5& BI+8 J|E2E

- 2 3 PivotE =88 (w = 00 E I{NIX] =)
Subjectto 3x +2x,—2x, <12 —
X X X X X X 1 1/al

2x,+3x,—-3x, 26 x4 | 3 2210 o0]|nn

X, Xy, %, >0 x6 |2 3] 30| 1|1]°%s

obj. | 1| 2| 2] 0| o] o0|fo

AObj.| 2| 3| 3 |0 | 1] 0 |wsé

X1 X2 x3 x4 x5 X6 bi bi/ai

. B SIA (2 J|XOE pivat S
2) Phase 2: =S & &t {E )|=O & PivotS » T 1, 1 o ol 21 e

AUHGI‘(EI-I 6I-AO| = E"Aj[ 20' Oll—l [!H]][
T ~BH x6 2 3

obj. | -1 | -2
A.Obj.| -2 | -3

wI Nl Ol

0

0 0 0 f-0
x1 X2 x3 x4 x5 x6 bi | bi/ai 0
x4 5/3 0 0 1 2/3 | -2/3 8 12
x2 2/3 1 -1 0 -1/3 | 1/3 2 -6

Obj. 1/3 0 0 0 -2/3 | 2/3 | f+4

X1 X2 x3 x4 x5 x6 bi bi/ai
x4 5/3 0 0 1 2/3 | -2/3 8

x1 x2 x3 x4 x5 X6 bi | bi/ai x2 2/3 1 -1 0 -1/3 | 1/3 2

x5 5/2 0 0 3/2 1 -1 12 - Obj. | 1/3 0 0 0 |-2/3|2/3| f+4
x2 3/2 1 -1 1/2 0 0 6 - A.Obj.| O 0 0 0 0 1 w-0 - 118

DL/ L
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i eS—
B MY oE Aol IS 2ots 24 L] X1 | x2 | x3 | x4 | x5 | x6 | Y1 | Y2 | ¥3 bi | bi/ai
Y1 2 0 1 S 0 1 0 0 3 3/2
2x, +y—z—_, vz ol 21 alo|lalol|l1]o 3
Y3 1 1 0 0 0 0 0 0 1 2 2
2x2 TyY—2z §2 =3 AObj| -3 | 3| 2| 2 | 1 1 1o o] o ws
X +x,=2 >
X1 | x2 | x3 | x4 | x5 | x6 | Y1 | Y2 ]| Y3 bi | bi/ai
where,xl,xzy,Z,gj,(z > () X1 1 0 |12 |-1/2|-172| o [1/2] 0 0 | 372
Y2 0 2 1 -1 0 | -1 0 1 0 3 3/2
Y3 0 1 |12 1212 0o |-1/2]| 0 1 1/2 | 1/2
xl=x2=1,v=y—z=l,§1=§2= A.Obj.| 0 -3 |12 172 1172 1 | 3/2] 0 0 | w-7/2
3 X1 | x2 | x3 | x4 | x5 | x6 | Yt | Y2 ] Y3 bi | bi/ai
X1 1 0 | 1/2|-172]-172) o [1/2]| o 0 3/2 3
Y2 0 0 2 | 2| 1| - 1 1 7] 2 1
X2 0 1 |-1/2|1/212] 0o |1/2] 0 1 1/2
A.Obj.| 0 0| -2 | 2 1 1 0 0 3 w-2
4 X1 | x2 | x3 | x4 | x5 | x6 | Y1 | Y2 ]| VY3 bi | bi/ai
X1 1 0 0 0 |-1/4| 1/4 | 1/4 | 174 | 172 1
X3 0 0 1 A |22 12 |12 | A 1
X2 0 1 0 0 | 1/4 | -174|-1/4| 1/4 | 172 1
Computer Aided Ship Design 2008 - PART IlI: Optimizg A_ Obj. 0 0 0 0 0 0 1 1 1 w-0
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Ma Hi= 2H WAL #10l Simplex 22 &= A}

i eS—
. . mllll|lll1|:IIIII|III2|:IIIII|III3|:IIIII|III4|:IIIII|
Maximize z=4x, +5x 1 -1.0000 1.0000 1.0000 0.0008 | 4.0000
1 2 : 1.9009 1.0000 0.9000 1.9000 |  6.0000
. R i i S i P i i P [-==-mmn-
Sub]ect to _xl + X2 < 4 4 -4.0000 -5.0000 0.0000 0.9000 | ©.0000
5
< 6§ Row = 1
7 Col = 2
X +x, <6 :
=]
i}
xl,xz 2 O 1 -1.6060 1.0080 1.0000 ©.8080 | 4.0000
12 2.6860 0.8000 -1.8000 1.8000 | 2.8000
. _ _ o _ ] - e e e e L S R S, |---=------
X Z{0H: X1=1, X;=3, X3=X,=0, f=-29 14 -0.9000 ©.9000 5.0000 ©.0000 | 20.0000
15
16 Row = 2
x1 X2 x3 x4 bi bi/ai 7 (ol = 1
13
19: 1 x3 -1 1 1 0 4 4 1g
28
2%: | x4 1 1 0 1 6 6 21 6.6600 1.6600 ©.5660 ©.56608 | S5.8080
2z 1.6868 0.8000 -0.5808 8.5088 |  1.2609
3W:Jobj. | -4 | -5 0 0o | f0 | - B3 <ol |-=-------
24  9.@000 9.0000 9,580 4.5888 | 29,8080
x1 X2 x3 x4 bi bi/ai
18: | x2 -1 1 1 0 4 -4
208 | x4 2 0 -1 1 2 1
3%: | Obj. -9 0 5 0 f+20
X1 X2 x3 x4 bi bi/ai
18: 1 x2 0 1 0.5 | 0.5 5
288 1 x1 1 0 -0.5 | 0.5 1 -
20
w. [on: _ SDAL
Compu:t;ecr?A ObJ - 0 0 0.5 4.5. f+29 hOdS Advanced Ship Design Automation Lab.
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. Simplex Class &1H

[ ——

class Simplex

{

public:
Simplex();
Simplex(const Simplex& rhs);
virtual ~Simplex();

//member variables

Matrix m_VariableTable;

Matrix m_SimplexTable;

Matrix m_biaiTable;

int m_NumOfRow,m NumOfColumn;

int m_pivotRow,m pivotColumn;

int m_nPhase;

static std::vector<Simplex*> m_SimplexChild;

//member function

void InitializeSimplexTable(Matrix VarT,Matrix SimT, Matrix biaiT);
void FindPivotColumn();

void FindPivotRow();

void Pivot();

bool CheckEndCondition();

void Solve();

}s



IS mplex ¥ Programming Guide
1) FOIX SX A MY ZHALZFH Simplex Table 7o

— DI A

— T

j|I‘| E:‘_J'g_ (09%;‘%“ B=) 7|I

i A x1 x2 | x3 | x4 | x5 | x6 bi | bi/ai
12 x, | 3% +2x,-2x; +x, =12

i x4 3 2 | 2 | 1 0 0o | 12
2eBE0e 62 - 3x, —3x, —Xs+x, =06

5 5 /> X6 2 3 | 3]0 1 1 6
38t — X =X, + 24X =
. 2 3 / Obj. 1| 2| 2 0 0 0 | fo0

4. —2x,—3x,+3x;  +x; =w—0 Aobj.| 2| 3| 3 | o | 1 0 | w6

void InitializeSimplexTable :

(Matrix VarT,Matrix SimT, Matrix biaiT); int m_NumOfColumn

\ A
x1 x2 X3 | X~ X6 bi | bi/ai

~ {\
int NG | 2] 2] 1]o]d]|n
m_NumOfRow < X6 Matrix -1 1\ 5
Obj. m_SimplexTable; 0 0 \ £0
fAobi | 2 | 3| 3 | o |1 0 \| wo

Matrix Matrix
— m_VariableTable; m_biaiTable;




[Simplex gy Programming Guide

Y1) =R 2 X SHAALHIE XRHAIOZEE] Simplex Table A
S
= Simplex Table A Al 89| Al

1. Simplex TableQ| biljl Y= &S BF LT 1UHOF E.
}2tA], Simplex Table€ QI= 2 biQ] BT % A0 251 US Al
M 2B0l= Rowlll 25 (1) E a

o)
=

2. SR IS 32 55 g0 0l S0l= Rowsd 25 02

HU

== |
=

&
1
ir

3. ST PSS A X200 OE 20} #4:, Q0| B, A9
=
o

SDAL “
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|
'Simplex 2™ Programming Guide
¥ 2) Pivot ¢ *5“ Phase 1. O1Y =X gt

| —
x1 X2 x3 x4 x5 X6 bi [ bi/ai >< P]VOt Ab" AI $2I AI'?)'.

x4 3 22110 ] o] 12

6 | 2 | 3| 3o | 1|16 » 81 MEH A| bi/ai af0] 001 AL MEHSE

obji. | 1|2 2o o] o]lro ] .
anob ] 21 31 3 o 1| o0 [we Round off Error(jl CHH|0HOF &!

(ex) &= x = 021X] THOI1 AHS I,
1) X201 9| d2 JHXl= & M &=2= 0lAl: if (x==0)
void FindPi votColumn() = HIZ OlAl: if (fabs(x) < 10e-6)

2) F &0 bi/ai &S K= B MY

= & MEH A 2201 9] a2 JiXl= 80l
v void FmdPlvotRow(), 012 JHO! ZH, W HERLAE KXol
A0 OF 8. (Roll Back J|5)
x1 X2 x3 x4 x5 x6 bi bi/ai . ?:I; ﬂﬂ AI .I_IA_I b1/a1 7|_° JI_II._ UH I
¢ | 3]l 2] 2110 o] n2]s ol JHo AL, IIHEE.'éE I‘l’“UL_L!
x6 2 | 3| 3| o 11| 6] 2 AO{0F &, (Roll Back 71S)
o 11212191919 1M - OI9] £ 8t40] IE JITf 0 3 X8,
A.Obj. | -2 -3 3 0 1 0 w-6 ﬂ'?‘l E&Il GE}J_F;}OI OOI Ol'é [[H, Roll
Back@ & X &E Simplex® S0t

SDAL  *
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[S1mplex 2H Programming Guide
'2) Pivot 28 Phase 1(219] 2 1)
[ —

% Roll Back J|s9| 24

i
2.
3.

pivotColumn &= LHREMIA x40 &
Haghl 22 40l EIHot=X] T

m_SimplexChildel= L0l M2 SimplexE IS HAOIEE &

NW

std: :vector<Simplex*> m_SimplexChild;

for(int 1=0;i<NumOfColumn;i++)

{
if(fabs(minvalue-Z2|gf) < 10e-6)
{
//=A MAXE Soll &2 Simplex 44
Simplex* temp=new Simplex(*this);
m_SimplexChild.push back(temp);
}
}

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods
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| . .
LSlmplex 4" Programming Guide
' 3) Pivot = *5“ Phase 121 =& 8+) S8 X Phase 2(5& &) U

3)-® %EE' 201X ™ (Phase 1)

if (x==0) (X)
if (fabs(x) < 10e-6) (0)

1. OIS ™St a40] 021 X] T
2. 00|™ OEE0IO 2 [I2 Y XId » Phase 2 A|&}

3)-@ PivotE =¥ (Phase 2)

VoI X Bt [ 0|A HQOHK| &eb=, v’ Phase 11} OFXHJXIZ Pivot =%
HIAHA I]III H SH2 11HOHAl &2
X1 X2 x3 x4 x5 X6 bi bi/ai X1 X2 x3 x4 x5 X6 bi bi/ai
x4 5/3 0 0 1 2/3 | -2/3 8 - S x4 5/3 0 0 1 2/3 | -2/3 8 12
x2 2/3 1 -1 0 -1/3 | 1/3 2 / x2 2/3 1 -1 0 -1/3 | 1/3 2 -6
Obj. 1/3 0 0 0 -2/3 | 2/3 | f+4 - Obj. 1/3 0 0 0 -2/3 | 2/3 | f+4
A. Obj. 0 0 0 0 0 1 w-0

SDAL =

Advanced Ship Design Automation Lab.
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[S1mplex "kt Programming Guide
' 4) Pivot ¥ *"“ Phase 258 8ls) 88

W

Sx 3H20| B HISIF 2471 0U™ (0 0140 H) EF0},

X1 X2 x3 x4 x5 X6 bi bi/ai

x5 [52] 0| o |32] 1 | 1| 12
x2 |32 1 1 |12 0o | o | 6
Obj. 0| o 1 0 | o |f+12

J

2

2 X %I-AO| O=
/] T BT — 4T
A2l ol OF = &

(¢, =x3=x,=0,x,=6,xs=12,=-12)

H=IJt0O0I&40I1EZ
of

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods
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ISlmplex 4HH Programming Guide -

booI Simplex::Solve()

{

}

while(1)
{
if (m_pivotColumn == -1)
FindPivotColumn();
if (m_pivotColumn == -1)| Z|Aa0] St OlH(BE Al ¥
1

}

m_SimplexChild.pop_back();
return temp.Solve();

Simplex temp = m_SimplexChild[m_SimplexChild.size()—1]

}
if (m_pivotRow == -1)

FindPivotRow(); <~ HIS N XIA O] OFATL IS
it (m_pivotRow == —1) | P/ HIZ0] 2221 S+t BlS

/&S

= 13 53 Ol

% Solve 8t S 1@

)
Roll back 7|S& S0l

— 01 ZHHI0 HSUE

Simplex@ &0t

}
Pivot();

if(CheckEndCondition()) ost 2O s abj| 9

return frue;

if (m_NumOfinteration >= 100 && m_SimplexChild.size() > 0)

{

/&S

a

}

return true;

A

SDAL
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[Simplex 4" Programming Guide
' - Roll Back J|s FFBE Ut ‘vector’ libraryQ| Al W

| % vectorQ] Al

1. M9| .

#include <vector>

using namespace std;

std::vector<int> a;

std::vector<Simplex*> m_SimplexChild;

push_back(...) : H8 X&E, O0iXI12H0l X &ol= H=It It
pop_back() : OFXIH0l &= H+-S il

size() : HIE9] 3J|

std::vector<int> a;

a.push_back(1); //a[0]Oll 1 M &
a.push_back(2); //a[1]0l 2 M &

intb =a.size(); //bOl HHE 2 37| 20t H& &
//al1]0] &K

//b0ll BHE2l 3D[10] H&EE=

a.pop_back();

b = a.size();

PN
o

-
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Linear Systems Vs Matrices

5

X, +2x,+x;=1

<

----------------------------------------------------------
. »,
o .

3x;-X,-Xx;=2
row2 +
row1x(—3)

. +) -3x,-6x,-3x,=-3

J .
.
.,
0
g
b3 ---------------------------------------"‘

x;+2x,+x;= 1

'7x2 '4x3_ '1

0'x1-7x2 '4x3 — '1

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

N L )
A2 pL
PUECLLICICIILICCIRITLEER | I I LR : row? +
3 ..... . 1 ..... _1 x2 25 row‘lx(—S)
2 3 -1 x -3
\Z - =/
éa - )
12 17x] [1
0 -7 —4||x |=| -1
2 3 —1|x -3
\_ — -

SDAL >
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Linear Systems Vs Matrices

A

le + 3x2 . x3= '3

i )

X+ 2x,+x;=1

0-x,-7Tx, -4x;=-1

N /

......................................................
. e
o »,

row3 + _|_)-2x1 -4x,-2x,=-2
rowIx(—2) / X, 3x,= -5

.
.
.

»

Q

Q

N R
---------------------------------------------------------

x;+2x,+x;= 1

0-x-Txy - 4x;=-1

0'x1'x2 - 3X3= '5
N\ /

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

3 —lix —3i| | frow3 +
s n2d) C(—2)

AL 33
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Linear Systems Vs Matrices

‘r x;+2x,+x;=1

3Ix;— X7 x3=2

le + 3x2 . x3_ '3

4 0’x1- 7x2 '4x3 = '1

row 2 < row 3

K()'xl' xz '3x3='5j

U

G ) 4 D)
x;+2x,+x;=1 1 2 1 |x 1
0‘x1-x2 '3x3='5 O _1 _3 x2 = _5
il _ — _ 0 -7 —-4|«x —1

KOx1 Tx, -4x, 1/ S AB) LT

~ row 2x(— - ~

4 _ I
X+t 2x,+tx;=1 1 2 1 |x 1
0-x,+x,+3x;=5 0 1 3 |x,|=|5

K()-xl- Tx, -4x3=-1/ 0 =7 —4]x

- @/SDAL y
Computer Aided Ship Design 2008 - PART IlI: Optimization Methods e naGed S ip. Jesi gt maiion.Lab.
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F

Linear Systems Vs Matrices

!"I

. BRI

3x;— X7 x3=2 3 -1 —1}x,
2x,+3x, - x;= -3 23 x| [-3
g N - Y
X+ 2x,+x;=1 1 2 1 x
0-x;,.x,+3x;=5 0 1 3 x,|=|5
0-2,=7x, -d4x;= -1 0 -7 —4| x, —1
g / \_ - Y
row 3+ row 2x7
Ao N - o)
x;+2x,+x;=1 1 2 1| x 1
0-x,+x,+3x;=5 0O 1 3|x,|=|5
0-x,+ 0-x,- 17x,=34 0 0 17| x,4 34
\_ T

The last equations and matrix are equal to given equations.

SDAL »
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2008'H235t7| & ststZto|-57-080910 (O.D.E)

Linear Independence

N

Definition 3.1 Linear Dependence / Independence )
A set of functions 7, (x), /5 (x), ..., f, (x) is said to be ‘linearly
dependent’ on an interval 7 if there exist constant ¢, ., c, ....c,,, not all zero
suchthat ¢, f,(x)+c, fo(x)+---¢c, f,(x) =0
for every . in the interval.
If the set of functions is not linearly dependent on the interval, it is said to be
‘linearly independent’

\ )

In other words, a set of functions is ‘linearly independent’ if the only constants for

o fix)+e, fo(x)+-+c, f,(x)=0

are CI:CZ:---:cn:O

“two functions are linearly independent when neither is a constant multiple of the other”

{ f,(x)=sin2x {fl(t):et

f>(x)=sinxcosx £ =€

on(—oo,0) on(—o0,0)

: | t 2t _
fz(x)zsmxcosx:5s1n2x ce +c,e 0

i Satisfied only when C,=¢C, = O on the interval
s ()= Efl(x)

Linearly Dependent Linearly Independent

SDAL **
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Linear Systems Vs Matrices

." L]

» NI

ZX1 + 3x2 'x3= '3

e 2+ x, =1=0 4 ) (e 5 1\

x;+2x,+x;=1

1 2 17 x

LL0x+x,+3x,-5=0 0-x,+x, +3x;=5 0 1 3|x,|=|5

10X 400, +17x;=34=0| (- -+0-x, +17x; = 34 0 0 17| x, 34
N = T

No. of equations which are linearly independent ?

() +e(f)+e(f) =0
c(x,+2x,+x;, =D+, (0-x, +x,+3-x,=5) +¢c;(0-x, +0-x, +17x, -34) =0

¢l+0-¢c, +0-¢;)x + (2 [+ +0-¢)x, +(c]+3c,|+17¢y)xy + (—¢, —5¢, —34¢;) =0

7 - S 7
fl, fz,f3 : linearly independent. —> rank:3

SDAL iy
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Linear Systems Vs Matrices

K.

/

No. of equations which are linearly independent : 3

* X+ 2, +=1

2x1 + 3x2 = x3= '3

~

X+ 2x,+x;=1
0-x,+x, +3x;=35

0-x,+0-x, +17x;= 34

Unknown variables x, , x,, x; n=3

)
4 e

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

No. of equations which are
linearly independent : 3

rank : 3

2 ™™
3 -1 —1x,|=
2 3 =1 x -3
[ _ Y
1 2 X, 1
0 1 3|x,|=|5
0 0 17| x,| |34
\ /
rank : 3
. Unique
Unknown variables n=3 Solution

~

X+ 2x,+x;=1
0-x,+x, +3x3;=35
0-x,+2x, +6x;,=10

SDAL *
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Linear Systems Vs Matrices

"
ot 2x, +x,= 1 ) x+2x,+x,=1
1 2T A3 1 27 X3
0-x,+x,+3x;=5 E> 0-x+x,+3x;=5
0.5*row 3
0-x+2x, +6x;=10 ) 0-x,+x, +3x;=95
=y
Jax+2x, +x,—-1=0 x,+2x,+x;=1
f,:0-x,+x,+3x,-5=0 0-x,+x, +3x;=5

f3:0-x, +2x,+6x;,-10=0 0-x,+0-x, +0-x,=0

No. of equations which are linearly independent ?

a(f)+c,(f,)+¢(f;)=0

c(x,+2x,+x,—D)+c,(0-x, +x, +3-x;,=5) + ¢, (0-x, +2x, + 6x, +10) =0

p—

c|+0-c,+0-¢c,)x, +(2c|+c, +2¢c,)x, + (¢ |+ 3¢, +6¢,)x, +(—¢,|—5¢, +10c,) =0
! 2 3771 | 1 2 377%2 1 2 3773 1 2 3
’ A
\l/ :
c,=-2¢c, €= arbitrary number
. ﬁ, f2, ]2 : linearly dependent. s
SDAL
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Linear Systems Vs Matrices

X

x;+2x,+x,=1 ) +2xn + X =

1 2T X3 x;+2x,tx;=1
0-x,+x,+3x;=5 E> 0-x+x,+3x;=5

0.5*row 3
0-x+2x, +6x;=10 ) 0-x,+x, +3x;=95
=y

Jax+2x, +x,—-1=0 x,+2x,+x;=1

f,:0-x,+x,+3x,-5=0 0-x,+x, +3x,=5

f3:0-x, +2x,+6x;,-10=0 0-x,+0-x, +0-x,=0

No. of equations which are linearly independent ? rank : 2

¢(f)+e,(f)=0

c,(x,+2x,+x,-D)+c,(0-x,+x,+3-x,-5)=0

(c,|+0-¢c,)x, +(2c

[u—

+c,)X, +(|Zl|+3c2)x3 +(=¢, = 5¢,) =0

CIZO 6220

fl, f2 : linearly independent.

SDAL  *
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Linear Systems Vs Matrices
1

€,

X+ 2x,+x,= 1 /_1 2 1| x _1_\
0-x,+x,+3x;=5 0 I 3 x,|=|5
0°x1+2x£6x3 =10 L 0 2 o] x; —10—/
- —
X+ 2x,+x;=1 { 2 1 x
0-x,+x,+3x;=5 0 1 3)x|=|5
0-x,+0-x, +0-x,= 0 _ 0 0 Oflx;| |0 )
inearly independent; 2 | = | "ak:2 | < Unknownvariables n=3 | ) (0 G TE
. Solution ?
(}.; AX = AX— X =() Trivial Solution
SDAL  *
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Linear Systems Vs Matrices

5

’!. !olution ?

(A—ADx =0

to have a solution x except x=0

rank(A—Al)<n det(A—-Al)=0

\ Zero row A: eigenvalues, x: eigenvectors

x: Infinite many solutions

l

Objective function —>

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

[
(E AX=AX——— X = () Trivial Solution

x: Infinite many solutions

|Optimization Problem

Solution determined

-2 2 3 Rank : 3
A=| 2 1 -6
-1 =2 0 Trivial x
(A-ADx=0
[—2-2 2 =3
A== 2 1-4 -6
| -1 =2 0-2]
2-4 2 -3
det(A — AI) = 2 1-4 -6
-1 -2 0-2
=(5-A)(A+3)° =0
when A =5
A—-Al=A-51
-7 2 -3
=l 2 -4 -6
-1 -2 -5
Row reductionﬂ
-7 2 -3
0 -—24/7 -48/7 A
0 0 0 Rank : 2

infinite no. of x

SDAL
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. Notation of inverse matrix
IWerse section, only.square.matrices.are.considered.exclusively.

Notation of inverse of an nx n matrix A=[a;] : Al

AA_I == A_IA = I , Where I is the nx n unit matrix.

Nonsingular matrix : A matrix that has an inverse.
(If a matrix has an inverse, the inverse is unique)

Singular matrix : A matrix that has no inverse.

Proof of uniqueness of inverse matrix

If B and C are inverses of A (AB =1 & CA = I) R
We obtain B = IB — (CA)B = C(AB) — CI — C

(the uniqueness of inverse)

44

SDAL

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods



. Inverse by the Gauss-Jordan Method

For!ractical determination of the inverse A-! of a nonsingular » x n matrix A, Gauss elimination can be
used.
: This method is called Gauss-Jordan elimination

~~

Step 1. Make augmented matrix. A =[A 1]

Step 2. Make Multiplication of AX=I by A" -
(by applying Gauss elimination to A — [A I])

This gives a matrix of the form [U H]

Step 3. Reduce U by further elementary row operations to diagonal form.
(Eliminate the entries of U above the main diagonal and making the diagonal entries all 1 by
multiplication. See the example next page.)

SDAL  *
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. Inverse of a Matrix. Gauss-Jordan elimination.

Determine the inverse A-! of

-1 1 2
A= 3 -1 1
-1 3 4

Step 1. Make augmented matrix.

-1 1 2|1 0 0
[AI]=| 3 -1 1]0 1 0
-1 3 4|0 0 1

Step 2. Make Multiplication of AX=I by A-! by applying Gauss elimination

to
SDAL *
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. Inverse of a Matrix. Gauss-Jordan elimination

-1 1 2|1 0 0
[ATI]=] 3 -1 1]0 1 0
-1 3 4]080 1

-1 1 2] 1 0 O

Row3

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

(i) ] 3 1] 0Row2+3Row1§
22 | -1 0 IJROW3—3Row1§

0 0 =5[=4 -1 1] nowe -

0
*
*
*
— 3
*
*
*
A\
0

S O =

S = O

11
0 2
{:—100
'02 -0

dlagonal matrix

_0 O

- Row1

—-0.6 —-04 0.4 /| +0.4Row3
—-26 —-04 1.4 | Row2

+1.4Row3

-5 -4 -1 1
0.7 -02 -03] Row1
-0.5Row2

-26 -04 14

-4 -] I
-07 02 03] Rowl
-13 —02 0.7 OSRowz
0.8 02 -0.2] -0-2Row3
SDAL 4
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. Inverse of a Matrix. Gauss-Jordan elimination

007 02 03] b -(-
0 1 0|-13 —02 07| b=
b13 — (_
Bt ¢ e | 0.8 0.2 -0.2
g Al - b, =(3
Check _the result. ) b22 _ (3
Let by b, b b,y = (3
AA'=B

= bzl bzz b23 b31 = (_
_b31 by, by b, = (_
- T 7 b33 — (_

—1 1 2(-0.7 0.2 0.3
= 3 -1 1| -1.3 -0.2 0.7 L B=

_—1 3 4__ 0.8 0.2 —0.2_

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

+1x

+1x

.7) (-

-1)
~1)x(0.7)+1x(~0.2)
(

~0.7)+1x(~1.3)+2x0.8=1

(-0.2)+2x0.2=0

(0.7)+2x(-0.2)=0
1)x(=1.3)+1x(0.8)=0
x(=0.2)+1x(0.2)=1
=0
3)x(=1.3)+4x(0.8)=0
)x(=0.2)+4x(0.2)=0
)x(0.7)+4x(-0.2)=1

@Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr



. Inverse of a Matrix. Gauss-Jordan elimination.

—Xx, +x,+2x, =7

3x,—x,+x, =4

—x, +3x, +4x, =17

_ =
-1 1 2| x
3 -1 1] x,

-1 3 4] x

<

-1 1 2
3 -1 1
-1 3 4

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods
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17
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. Inverse of a Matrix. Gauss-Jordan elimination

Computer Aided Ship Design 2008 - PART III: Optimization MethodsE

D N N = N

7
4
17

7
25
10

7
25
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