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R ETEE
o flgE : NERILZ T ILINAF

o {1200 M ERIER, F{EO00H DI A 2—2D.
o ZMHEBETHOEARMNAMN-FEBN, £45, 3THA.

¥1,200/h
5 stress

¥900/h
3 stress

o BRIZSKME, ZILNA T 5RRZIMAZENTES.
o BEMDH, AFNLRAHREIF21THA.

- ST, COFHDHLET, ZARDTILNAMEZRZDHICIEED
b g DDTILNARZEENTZITTRILNND?

?

FF#R1200M = KF#R900M
-, SEEETERIRERT !

E

T4H...,
AL R:5x5=25 > 21(HFBE)




R 12 & T ElE

o {58

NERBIET ILINA
'E#%AIZOO 1D BRAEE, #8900

1D )T A3 —27D.

o BIEBETIERNAN=EBRM, {45, 3TH5.
o BERIZS5HFM, 7ILNNA 2T AFBZERAZENTES.
e BEMD=H, ANLRFREIF21THS.

E1E
max. 1200x,+ 900x,
s. t. x,+ x, =5
5x,+ 3x,= 21
X, x,= 0

Pt 1

TILINAME & KIE

7 ILsNA FEFfEIH S

EEAARL RFHIFY

TILINAREEIESER

{ BE{EETIV

$RMSEHE %, LP; Linear Program }
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max. (2, +9;

s.t. x; t x, =

B (X, x) = (3, 2)
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R 12 & T Bl

max.12x; + 9x,

[ Bi{KiE (simplex method) DRITIV—T ]

1.BEHNERTEZRDITS —-GWNEERT

s.t. x; + x, < 5 2.ratio test L, m/MEZRDI+5

5x,+ 3x, = 21 3.pivot(BEHL) TREEHEFEREHEIE

X, x,=0 reduced : .

1 2 ) 2 st non{baszc Avazrza‘ble simplex tableau
_ (X;, X5, 84, 8)) x2 sl s2 | rhs | ratio

max. 12x;+ 9x; = 0 0.0, 5. 21) 12) 9 [ 0o | o | o |rest
SLooxtXts, =5 basic [[sE [ 111 [ 1[0 | 5|5/

Sx;+3x,  ts,=21 variabl s2 (5 ) 3 0 1 21

X, Xy, S5, S,=0
max. 9/5x,
s.t.  2/5x,+s;-1/5s,
x; +3/5x, +1/5s,
X, X5, S;, $,=0

max. -9/2s, -3/2s,-z=-54

x;, -3/2s,+1/2s, =3
X;, Xy, S, 8y, =0

=4/5

pivot/ @

(X;,X5,8;,5,) xI | x2 | sl s2 rhs
-12/55,-2 =-252/5 (21/5,0,4/5,0) [JOBE 0 (9/5) 0 |-12/5/-252/5
T s1 | 0g2/ky 1 [-1/5] 45 |(2)
—2]/5 xI | 1 [3/5] o [1/5021/5] 7
B 16 @
(X)5 X5 84, 8) x1 x2 sl s2 rhs
(3.2,0.00  ToBil o [ o [-9/2] -3/2 | -54
<j> " x2 | 0 | 1 [5/2]-1/2)/2
xI | 1 | o [-3/2] 1/2 \.\3)
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ratio test

]
~ reduced cost

- £=(2 1/5, 0)

_; - _“' PETTLL :: .....

[ B {FiE (simplex method) ]
s2 rhs
0 0
0 5
1 21
s2 rhs
-12/5|-252/5
-1/5| 4/5
1/5 | (21/5)
sl s2 rhs
! 0 | 0 |-9/2] —3/2 | -54
x2 0 1 | 5/2 | -1/2 [/ 2
1 0o [-3/2| 1/2 |\ 3

i 1IF D rI‘:I_] |
A | 5

1\ 1
Obj. Value ()™ 21/5 5/1

ratio test




/AE LPIZ c‘:%)IE_t'ﬂf,

® BX

= 18 A i = [E R

- HAHILIEFTIEI3DDEFZA, B, C{E->TLVS.

e A B, CHFLIEHIEADIZ, FNFNLUTOMEINNLE
MEPHAE L 6kg, 2kg, 3kg,
MEQMNE L 3kg, 2kg, Skg,
MERMNE 4 41, 31, 21,
MPSME L 5g, 1g, 99

e CHOITIHZTHEATELMEP, Q. R, SOEIL, H%A2500kg, 3000kg,
18001, 5000¢TH 5.

e A B, CELIEfuF>THRLoNAFIRASL7HMA, 45H, 55H.

- Iz KRELD, A B, COEFEREGIEWSH?



= % fi% (an optimal solution)
R ETIEE ¥*=(6,0,0.0)
Ex 1@ {iE (the optimal value)

o HIKIEDEZA 12

max. 2x;+ 3x,+ x;+ 2x,
S. b 2x;+ 7x,t 3x3+ 3x,=0 <> x,=6-7/2x,—3/2x,-3/2x,
X, X5 X3 x,=0

% %92 F (reduced cost)

max. z ]2 .Z@;SJ@)% ¥ (dictionary)

s.t. x;=6-7/2x,-3/2x;-3/2x, BiEine
x] ’ ;\\\ /x4 > () (an optimal dictionary)

EEZE ’!;?5( basic variable) | | IEEJEZ £ (non-basic variable)

E}ﬁq&a&ba&i}% EITR[RE R JEf# (an feasible basic solution)

x=(6,0.,0.0) XZ0 F#-T RER




max. x;+ X,tT X;

%iﬁZE-I-E;i s.t. 2x;+ 6x,+ 3x;+ x, =24

2x, + x;  txs =6

-ﬂ%&m%ﬂﬁmgﬁ//ﬂ SR

=
X;, Xy, X3, Xy, X5, X5=0

max. x;+ X,T X;
s.t. 2x;+6x,+ 3x;= 24 X3
2x + x;=26 A HEZH x
1 <2 Eaalwﬁﬂ);wzohé” IABT
X, Xy, x;32 0 0,0,2) (0,£,0¢,-6£,06,0) | ZFEJEZEE0 X,
2E3% (0.3.2.0.4.0)
” 202" | (033"
RREEH X ¢ 2,7/3,2,0,0,0
N - Ty 2,7/3,2
ERELM x; | x,=0) X, =0
X5ZO (_ga _8 (0,4,0)
[2x,+x;=6] 0<g<?
Al 42
3,0,0) - f
A x,z0
X DHETIE x;=0 %3,%0,0,2) [2x +6x 433, = 24]

£in R CTIFRIE
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3: BRERERPIFRIERR
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max. xX;+ X,T X max.z =x;+ Xx,t X;
s.t. 2x;+6x,+ 3x;= 24 s.t. 2x;+ 6x,+ 3x;+x, =24
2x; + X;26 [ 2x; + x;; +x; =6
X;= 2 X3 +x5=2
X;, Xy, x3= 0 X;, Xy, X3, X4, X5,X5=0
z X X, | X3 | X4 | X5 | X4 | vhs | reices (X, X, X3 X4 X5, Xg3 Z)
oo | 1 [ 210 ]o| ool (0002620
X, | 0| 2 6| 3| 1| 0| 0| 24 (242 / \
o (Dl o 1ol 1]0o]s FREE | EE
G 0 | RE | ke
0 0 0 1 0 0 1 2 | 20
z X ] X 5 X 3 X 4 X 5 ratio test
tosil : | o [(CD]-12] 0o | 122
G 0| o [Col 2 | 1|
X, 0 1 0 | 12| 0 | 172 3/0
Xg 0 0 0 1 0 0 2/0




XKIRF (LA REPC

PCY2ZraF AL TLPZ##< Tz 5T

o VIMEFALTHEINTHELD !
- Gurobi i, AcademicH| F AR R & 4
— FICO Xpress B, FEFHAMREN
- IBM Ilog Cplex B A, AcademicH| A EF
- SCIP 1)—
— Excel Solver B B

- LINGO/LINDO i

- GLPK
— Matlab
— Octave
— Scilab
etc.

1) —
&R
1) —
1) —
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BEE (simplex method) ) G.B.Dantzig (1947) HE ETWHSE
( R RIE (interior point method) | N.Karmarkar (1984) E - BxffEleE (AT 5U5RAD) |
) ’ max. cx min. b’y
X3 s.t. Ax=b s.t. Alyts=c
x=0
 Newtong#gs
A O O| Ax 0
O A I |Ay|=|0
S O X| 4ds d
i e d Ll
Jacobi{T 5!l
X
’ NewtonZ5 IR 7ML
d;=p-xs,

(j:l). . ',I’l)



simplex ?

Del. Let S be an arbitrary set in E,. The convex hull of S ,denoted by
H(S), is the collection of all convex combination of S.
In other words, x € H(S) ifandonlyif x=35_ Ax;

SE A =1, = 0(¥))

x; € S(V))
Def. The convex hull of a finite number of points x,,...x,,, in E_ is
called a polytope.

Def. A collection of vectors x,,...x, in E _ is considered to be
linearly independent , if y*_ 2;x; =0 implies that 2,=0 for all j.

Def. 4 collection of vectors x,,..,.x, ., in E, is considered to be
affinely independent , if (x,-x,),..,(x,.; -x,) are linearly independent .

Def. If x,,...x,.; are affinely independent, H(x,,..,x,. ;) is called a
simplex with x,,..,.x;, ;.

cf. M.S.Bazarra, et. al. "Nonlinear Programming” Wiley(1979,1993)



simplex ?

The regular n-dimensional simplex

n=1 n=2 n=3

cf. J.Matousek, et. al. "Understanding and Using Linear Programming” springer(2000)
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Primal Dual
¥ folz8 (P o Jxtfaied (D
max. 4x1 + 3x, min. 5y;+ 21y,
s.t. x;tx, =5 s.t. y;+5y,=4
S+ 3, 21 <= b+ 3y, = 3
A1 A2 = =0 Yo V> = 0

| HHROE- RIS |

max. 4x, + 3x,

s.t. x;+x, =15
Sx;+ 3x, =21
X, Xx,=0

=

min. 5y, + 21y,
s.t. y,+5y,= 4

y;+ 3y2§ 3

| EERO:-wmE |

—ARBIIZ(X. .. 0




BT fa] e
’ﬂﬂﬁ%mﬁiﬁ

max. 15x;+ 13x, min. 5y, +7y,+17y;
(P)| st x;F 3x, = 5 ..D (D)| -t y; 3y, +1ly, =15
3x,+ x,=7 ..Q 3y 4y, y, =13
1x,+ x,=17...3 V5, Vi, Y3 =0
X, x,= 0

DXy +Q@ %y, +@ X y; 0y1yas =0 / \
(X, 13x,)y,+(3x +ox; )y, (1 L e, Jys = %7)’2_'_17)’3
< (v, 3y, 1y )x By v ty)x, = Sy Ty, 17y,

Vi VI l I RETIA I
%)x,,x,=0 ﬂﬁ + 13 x,




/E'EI : IFnﬁ%tﬂﬂﬂFnﬁﬂE:E
o LITOMRMETEREREIZXN T WX EEZ 7~

max. Sx;+ 2x,+ 4x;

(P)| s-t. 2x;+ x; = 3x;=3

dx,—3x, +2x; =5
3,7 2x, + x; =1
X, H4x,+5x;,= 2
X, x; =0




>t 7€ 3

» IV EHE
EEDEITAIRERE (x, x,), (v0,) [TDWT,
dx,+3x, = 5Sy,+2ly,

MY ILD y
max. 4x, + 3x, min. 5y, + 21y,
®P)|s.t. x;,+x,=5 @M st y,+5,=4
5x,+ 3x, = 21 y,+3y,=3
X1 X2 =0 Vi V2 = 0
o GlEEA

4x,+3x, < (y1 +5)/2))c1 +(y1 +3)/2))c2
= (x1 +x2)y1 +(5x1 +3x2)y2 <5y, +21y,

—ARBIIZ(X. .. o



>t 7€ 3

o Mxt7E I
T fRE(P) IS&5EfE(x,", x,") NFET H%Ebld, W
*IERED) [CbmEHE(,", y,") BFEL, REE
ZLLY, Bi5,

dx,*+ 3x,” = 5y, + 21y,

AR ILD 7
max. 4x; + 3x, min. 5y, + 21y,
P)|s.t x,+x,=5 @M s.t y+5,=4
5x,+3x, = 21 y;+3y,=3
X1 X2 =0 Yo Vo = 0

® EIEEE H% —HEEAIZIE. . 0



>t 7€ 3

o HIEETEIE
T RIRE(P) &t ERE(D) DEAITRIBERE (x, .x,),
v, DY (P), D)DHZBERTHE-ODRHE+5

22
A 450,920 [3(65-x+x,)=0
L +35,-3)=0 T 1(21-5x +3x,) =0

ML HETHD. 4
max. 4x, + 3x, min. 5y, + 21y,
P)|s.t x,+x,=5 @M s.t y+5,=4
5x,+3x,= 21 y;+3y,=3
X1 X2 =0 Vi V2 = 0

® EIEEE m% —HEEAIZIE. . o
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(1) 152:3?2531 X% = 0 | ERAREH

(i) [yi+5y,=4
yit3y, =3

oo\ [x(y,+5y,—4)=0 . (5-x +x,)=0
11 i 2 1 1 T X s
( ){xz(y1+3y2—3):0 12l 5x1+3x2)L GLT VA

Elﬁf'-d—ﬁiﬁ (x] ,x2) ()/],y2) EJL.OH_%):&
(FE) BE{K;% :mmelex methoc.Z= (l) (iii)Zi#&=L2D, (ii))DRILTHKT - N

(i), (iNzi&

ﬂlﬁﬁﬁ-ﬁi :dual simelex methoc.2= (i), (ii)Z@m=L>2, (I))DRKILTHKRT F&ALNVRE
N I—3

(ERxt) A RIE ‘grimal-duallpﬁ (i), (&=L 22, (i) DRI TET 2N
— ik €@

J/]ayZEO [ }
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