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| 1. 2RI ¥ standard fllslack form

. - n
minimize —2x; + 3x; maximize 2x; — 3 + 3%
subject to sbject ¢o ' "o« 7
X, + x, = 17 X, + X - X =
’ "
Xi — 2, < X1+ x, = Xx, = 17
X1,X5, X5 > 0
maximize 2x; — 3Xx,
subject © maximize 2x; — 3x; + 3x;
X1 + X =17 subject to
X, — 2x2 < 4 X, - X2 —_ X3 < 7
x - 0 —X; — X2 + X3 < -7
1 >
X3 — 22X + 2x3 < 4
. . : - X1,X2,X3 = 0
maximize 2x; — 3x, + 3X,
subject © n
X, + x; — x’z’ = 7 maximize Zc,x,
X, — 2x; + 2xj < 4 =
1 2 2 = subject to
’ " L
>
X1, X2, X3 = 0 Yayx; = b fori=12...,
J=1
x; = 0 forj=12,...,




b 1. 2L Y standard #lslack form

o slack form M LAk 7
U ¥t standard form#4, ~Nslack form?

n
maximize Z €;X; Z = v + z CjX;j
o » jeN
subject to N xi = b - Za,‘,x, fori € B,
Zd.,‘.\‘, < b fori=12,....m jeN
o1

in which all vanables x are constmined to be nonnegative.

x; > 0 faoj=12,...,n.
maximize 2x; — 3x, + 3x3
subject to
X1 + X — x3 < 7
—X; — X2 + Xx3 = =7
X7 — 22X 4+ 2x3 < 4
X1,X2,X3 > 0



b 1. 2L Y standard #lslack form

o slack form M LAk 7
U ¥t standard form#4, ~Nslack form?

n
maximize Z €;X; zZ = v + Z CiXj
j=1 » jeN
subjectto xi = b - Za,’. x; forieB,
Za”.\", < b fori=12,....m jeN
ju=1

in which all variables x are constrained to be nonnegative.

x; > 0 fooj=12.....n.
maximize 2x; — 3x, + 3x; = 2x; — 3x +  3x;
subject to Xy = 7 — X3 — X2 + X3
X+ X2 — x3 = 7 Xs = =7 + X1 + X2 — X3
X1 — X2 + X3 = -7 Xe = 4 — X3 4+ x5 — 2x3
X7 — 22X 4+ 2x3 < 4
X1,X2,X3 > 0



1] &H2:  linear program ') i

e Shortest paths
— PRAEFERE AT A XA AR (R R A 2

maximize d,

subject to
d, < dy,+ w(u,v) foreachedge (u,v)cE

d, = 0.




5] f%2: linear program W A

o« RE=2F| Hlinear program K 5 S [n) @il " 1L 2
— There are m different types of food, F,,...,F,, that
supply varying quantities of the n nutrients, N,,...,N,
that are essential to good health.
Let c; be the minimum daily requirement of nutrient
N..
J

Let b, be the price per unit of food F..

Let a; be the amount of nutrient N; contained in one

unit of food F..

The problem is to supply the required nutrients at
minimum cost.




5] f%2: linear program W A

Let y; be the number of units of food F; to be purchased per day. The cost per day
of such a diet is
biyr + boy2 + -+ - + b Ym. (1)

The amount of nutrient N; contained in this diet is
a15Y1 + a2iY2 + - + AmjiYm

for 7 =1,...,n. We do not consider such a diet unless all the minimum daily requirements
are met, that is, unless

a1y1 + agy2 + - + AmjYm = € for j=1,...,n. (2)

Of course, we cannot purchase a negative amount of food, so we automatically have the

constraints
ylZO,ZIzZO,---,ymZO- (3)

Our problem is: minimize (1) subject to (2) and (3). This is exactly the standard minimum
problem.



7] f%2: linear program W

o k%2 F| Flinear program >R #5511 2

— There are | persons available for J jobs.
The value of person i working a whole day at job j is a; for
i=1,...,land j=1,...,J.
The problem is to choose an assignment of persons to jobs
to maximize the total value in one day.
(Note: A person can work at different jobs at different
times of the day.)




5] f%2: linear program W A

An assignment is a choice of numbers, z;;, for ¢ =1,...,I,and j =1,...,J, where
x;; represents the proportion of person ¢’s time that is to be spent on job j. Thus,

J
Y ;<1 fori=1,...,1 (11)
j=1
I
Y ;<1 forj=1,...,J (12)
1=1
and
z;; >0 fori=1,...,] and j=1,...,J. (13)

Equation (11) reflects the fact that a person cannot spend more than 100% of his time
working, (12) means that only one person is allowed on a job at a time, and (13) says that
no one can work a negative amount of time on any job. Subject to (11), (12) and (13), we
wish to maximize the total value,

I J
Z Z Qi Tij. (14)

i=1 j=1
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5] f%2: linear program W A

o TR H]Hlinear program i EE 5 SE R r] L | AL 2

A company is involved in the production of two items (X and Y). The resources
need to produce X and Y are twofold, namely machine time for automatic
processing and craftsman time for hand finishing. The table below gives the
number of minutes required for each item:

Machine time Craftsman time
X 13 20
Y 19 29

The company has 40 hours of machine time available in the next working
week but only 35 hours of craftsman time. Machine time is costed at £10 per
hour worked and craftsman time is costed at £2 per hour worked. Both
machine and craftsman idle times incur no costs. The revenue received for
each item produced (all production is sold) is £20 for X and £30 for Y. The

company has a specific contract to produce 10 items of X per week for a
particular customer.

Formulate the problem of deciding how much to produce per week as a linear
program.



Let x be the number of items of X, y be the number of items of Y.
Then the LP is
maximise
20x + 30y — 10(machine time worked) — 2(craftsman time worked)
subject to:
13x + 19y < 40(60) machine time
20x + 29y < 35(60) craftsman time
x = 10 contract
x,y=0

so that the objective function becomes

maximise
10(13x + 19y) 2(20x + 29y)
2 — —
0x + 30y 0 0
i.e. maximise
17.1667x + 25.8667y
subject to:

13x + 19y < 2400

20x + 29y < 2100

x,y=0
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maximiz 3x;, + X
subject to

X3 + x

2x; + 2x

i4x, + x;

Xy, X2,X3

~

T = 3x, +

x, = 30 — x -

Xxs = 24 — 2x;, -

X = 36 — 4x, -

+ 2

+ 2

b 3. SIMPLEX

CHIE S,

2xq

-+ 3."3

+ 5x 3

2x,

MPLEXH B % e 2
— X5 1:  basic solution
— RHEIR2: pivot

-~ B W

12
13
14
15
< 30 16
< 24 17
< 36
> 0.
Xy X X
\',:9_—_—3__"
4 2 4
2
;t’ » x4 = 30—x3—x2—3x2
X x X
: - 30-(9-—‘-—’-—“)-«2
5x, - 2 4
3x, 5x X
2x, = 2] — — e — -
o

SIMPLEX(A.b. )

(N,B,A.b,c.v) = INITIALIZE-SIMPLEX (A. b, ¢)
let A be a new vector of length m
while some index j € N has¢; > 0
choose an index ¢ € N for which ¢, > 0
forcachindex i € B
ifae>0
A; = bifase
dse A; = o0
choose an index [ € B that mimimizes A
if Ar == o0
retum “unbounded”

else (N,B,A.b.c.v) = Pivor(N.B. A.b,c,v.l.¢)

fori = lton

fichB
X = b
else x;, = 0
return (%,,%,.....3 T )

7 X2 X4

T = 2 + 3 + Y

Xa X

n=9- 2 - 5

3x, S5x

.Y,. = 2' _ — — —3

— 3x, - 2
3x,

xs = 6 — 7‘ — 4x3
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o] /13: SIMPLEX (1)

o VREfRIX A
HIGEA 1 G2
— Ay A E
linear program
e HARATE?

— initial basic solution

U R A F feasible,
IS/ WY

maximize —Xg

subject to

j=1

3
E ayxy;—xp = b fori=12,...,m,

x; = 0 forj=0,1,..., n.

INITIALIZE-SIMPLEX (A. b. ¢)

1

W

O 00~

..
-~
~

11
12

13
14

15
16

let k be the index of the minimum b;
if by =0 // is the imitial basic solution feasible?
return ({1.2.... .0} . In+ 1.n+2,..., n+m}, A b.c,0)
form L_,, by adding —x; 1 the left-hand side of cach constraint
and setting the objective function to —xg
let (N, B, A, b, c,v) be the resulting slack form for L,
l=n - k
// L., has n + | nonbasic vanables and m basic vanables.
(N,B,A.b,c.v) = PIVvOT(N, B, A,b,c,v.1.0)
// The basic solution is now feasible for L.
iterate the while loop of lines 3-12 of SIMPLEX until an optimal solution
to L, is found
if the optimal solution to L, sets X to 0
if X is basic
perform one (degencrate) pivot to make it nonbasic
from the final slack form of L_,, mmove x; from the constraints and
restore the original objective function of L, but replace each basic
vanable in this objective function by the night-hand side of its
associated constraint
return the modified final slack form
else return “infeasible”
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e pivotiZH AT 4?7 A T4
X B ARAS AR AL, FESIMPLEXH & A H4
* pivotA A 1l AEK A 2L
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