Ch.3. Traditional Methods - Part 1

Linear Programming

® [P Problem:
max ayx; + 0+ ag,x,
st. ayry+ - a,x, < b, (@':17...7m1)
aﬂ.’L'l—f— e a]nf]jn S b] (]:m1+17...7m1+m2>
apz, + - apx, < b, (k=m;+my+1,-++, M)
T 207 7$n20

LP problem — CP (convex programming) problem



(ex) Production scheduling problem

- Profit

chair : $20 / unit
table : $30 / unit

- Requirements
Wood (unit) Labor (hour)
Chair 1 3
Table 6 1
Total available 288 99

— Problem

determines the number of chairs and tables produced

to maximize factory's profit

= Formulation
x; * no. of chairs to be produced

x,  no. of tables to be produced

max 20x; + 30z,

st. x+6x, < 288
3z, +xy = 99
= 0,2y =0

- Solution



(ex) Transportation problem
- Warehouses: Wi, Wo, W3

Demands: D1, Dy, D3, Dy

- Cost Table
From/to D, D, D, D,  Supplies
W, 22 36 24 23 20
W, 31 19 32 26 30
W, 25 25 16 22 50
Demands 20 30 30 20
- Problem

F Eugo] Ahst HE W — Dy (=123, =12.34) o 5532

- Formulation

x; 1=1,2,3 j=1,23:W - D 29 5%

Min u = 22x,, + 36x, + 24x, + 23xy,
+31x, + 19x,, + 32x,, + 206x,,

+20x, + 20x, + 16x, + 22x,,

S.t
Xyt Xy Xy = 20
Xpp ¥ Xy ¥ Xy = 30
X+ Xy + Xy = 30
Xyt Xy + Xy =20
X1 Xpo Xg3 X3 = 0



Corner point theorem

The maximum or minimum of a linear program, if it exists, will

necessarily occur at vertices (corner point) of the constraint set.

X2 A

X1

Simplex Method (B{k#k)

- LP ¢ d)% Tah AFE duds

Local Search
S1. 999 vertex & 7|2 A ZF
S2. 39 (neighborhood) ¢| vertex & 3] ©]& => pivoting (413])
S3. O o] 37 AR Fs W 7bA] S2 §hE

- Global optimum solution
LP C CP

- Pivoting rule
Tl o7 vertices & 9] vertex & °o]&& Z<I7} ?

- Stop condition
duEFe] T8 202 FAME?



B Canonical form

- Inequality equation => equality equation

- slack variables F7}

(ex)
Max z =X, t X,
s.t x,*+2x,=10,
3x,+2x,=18,
x, =20, x,=0

1
*e

B(0.5)

4(0,0)

2

C(0.9)

074, 3)

E(6.0) F(10.0)

slack variable x3, x4 57} => canonical form

x,*t2x, + x3 = 10

3x,+2x, + x4 = 18

X,, X, X3, x4 = 0.

B Tableau form

A1

———- ()
- (@)

X3 = -x, — 2x, +10
X4 = —3x, —2x, +18
X, X9 X3 X4
X3 -1 -2 0 0 10
X4 -3 -2 0 0 18
zZ 1 1 0 0 0
B Basic Variables / Non-basic variables
- Basic variable

main constraints equations ¢ Z} 2o F-<L3}HA

- Non-basic variable

basic variable ©] o}d W=



B Basic Point / Basic Feasible Point

- Basic point : non-basic variables 7} =5 0 €1 7-%-, main constraints eq.
o] 3
- Basic feasible point : basic point % non—negative constraints & A7)
= 3
(ex)

X, | X, | X3 |X4 (1) (2) vertices z
A O] O |10 18 x3=10| x4=18 O 0
BlO|5]0]|8]| x5 | x=8 0 5
Clo|9[-8]0] x=-8 x,79 X X
D43 /0|0 x=4 | x,-3 0 7
E 6 0 4 0 x3=4 x,=6 O 6
F [10] O 0 |[-12| x,=10 xX4==12 X X

C(0.9)

B(0.5) D(4.3)

X

E(E,D)\ F(10.00

B Corner point theorem (modified)
The maximum of a linear program in canonical form, if it exist, will occur at

a basic feasible point of that program.



B Pivoting
- dA 9 vertex ©]%9] vertex Wi
- T} basic pointE W
- basic variable (non-basic variable) x|

(ex)
(1)

max z=a, +y -+
st. x4+ 2xy+ 13 =10 (2)
31, 4 22y + 1, = 18-+ (3)

Ty, Ty Ty, Ty = 0

x Ty Ty x4
T -1 -2 0 0 10
T4 -3% -2 0 0 18
z 1 1 0 0 0
current basic variable: x5, 4
current basic point: (xl,xQ, T3, x4) = (0,0,10,18) => z=0
pivoting
x; © basic variableZ %Y
x,  basic variableo| A &gt
2 1
->(1), (2)
1
max 2 — §x2—§x4—|—6
1
s.t. 32 + x5 TR 4
2 1
xl—i—ga%—i—g%: 6
Ty, Toy Ty, Ty = 0
new basic variable: x3x,
new basic point: (xl, Ty, T x4) = (6,0,4,0) => 2=26
L1 Lo L3 Ly
T3 0 -4/3 0 1/3 4
x 0 -2/3 0 -1/3 6
z 0 1/3 0 -1/3 6




B Pivoting in

tableau

X ag; alj 0 0 bl

Z ¢ C; 0 0 d

!
x; L L Ti

x; a/ a, J 0 1/ y,; 0 —b,/ Ay
z | ay— o)/ | O ayf/ay | O | b—b)a)/a,
z | a—(ae)ay | O ¢fay | 0| d=b)c)/a




B Pivoting Element A%

B Stop =71
RE ¢ T 47 SA8A &5 wW => optimal solution
(e

;

X
21 ) T3 Ly
Zq -1 -2 0 0 10
T, -3% -2 0 0 18
z 1 1 0 0 0
| pivoting
Ly Lo L3 Ly
T, 0 -4/39 10 1/3 4
T 0 -2/3 0 -1/3 6
z 0 1/3 0 -1/3 6
| pivoting
Ly Lo L3 Ly
Zy 0 0 -3/4 | 1/4 3
T 0 0 1/2 | -1/2 4
z 0 0 -1/4 | -1/4 7

stop

c HAAE (x,1y) = (3, 4), z2=7



(Ex)
max 20z, +30x,
x, +6x, < 288
3z, +xy = 99
= 0,2y =0

canonical form

T, +6xy T3 = 288
3z, txy +2,=99
r, = 0,29 = 0,24 = 0,24 =0

T3 = —x —06x, + 288
Ty = —3x;, —Ty +99
ry =0,y = 0,23 =0,2, =0

tableau
Ly Lo L3 Ly
Ty -1 | -6% | 0 0 288
xy -3 -1 0 0 99
z 20 30 0 0 0
I
L1 Lo L3 Ty
Ty -1/6 0 -1/6 0 48
zy | -17/6%| 0 1/6 0 51
z 15 0 -5 0 1440
I
L1 Lo L3 Ly
Ty 0 0 -3/17 1/17 45
x 0 0 -1/17 -6/17 18
z 0 0 -100/17 | -90/17 | 1710

_10_



