julia> pl(x1,x2)=339-1//100*x1-3//1000%x2
pl (generic function with 1 method)

julia> p2(x1,x2)=399-4//1000*x1-1//100%*x2
p2 (generic function with 1 method)

julia> C(x1,x2)=400_000+195*x1+225%*x2
C (generic function with 1 method)

julia> R(x1,x2)=x1*pl(x1l,x2)+x2*p2(x1,x2)
R (generic function with 1 method)

julia> P(x1,x2)=R(x1,x2)-C(x1,x2)
P (generic function with 1 method)

julia> using Symbolics

julia> @variables x1,x2
2-element Vector{Num}:
x1

) ¥4

julia> P(x1,x2)
-400000 - 195x1 - 225x2 + x1*(339 - (1//100)*x1 - (3//1000)*x2) + (399 - (1//256
)*x1 - (1//100)*x2)*x2

ulia> D(f,x)=expand_derivatives(Differential(x)(f))
(generic function with 1 method)

ulia> dpdx1=D(P(x1,x2),x1)
44 - (1//50)*x1 - (7//1000)*x2

ulia> dpdx2=D(P(x1,x2),x2)
74 - (7//1000)*x1 - (1//50)*x2

julia> A=[1//50 7//1000; 7//1000 1//50]
2x2 Matrix{Rational{Int64}}:

1//50 7//1000

7//1000 1//50

ulia> b=[144,174]
-element Vector{Int64}:
144
174

ulia> x=A\b
-element Vector{Rational{Int64}}:
554000//117
824000//117
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Float64. ([ x[1]1,x[2],P(x[1]1,x[2]1)])
-element Vector{Float64}:

4735.042735042735
7042.735042735043

553641.0256410256
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Example 2.1. A manufacturer of color TV sets is planning the introduction of

two new products, a 19-inch LCD flat panel set with a manufacturer’s suggested
retail price (MSRP) of $339 and a 21-inch LCD flat panel set with an MSRP

of $399. The cost to the company is $195 per 19-inch set and $225 per 21-inch

set, plus an additional $400.000 in fixed costs. In the competitive market in
which these sets will be sold, the number of sales per year will affect the average

selling price. It is estimated that for each type of set, the average selling price

drops by one cent for each additional unit sold. Furthermore, sales of the 19
inch set will affect sales of the 21-inch set, and vice—versa. It is estimated that

the average selling price for the 19-inch set will be reduced by an additional 0.3

— cents for each 21-inch set sold, and the price for the 21-inch set will decrease by

0.4 cents for each 19-inch set sold. How many units of each type of set should
| Ar———
\ be manufactured?
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julia> pl(x1l,x2)=339-a*x1-3//1000%x2
pl (generic function with 1 method)

julia> @variables a
l-element Vector{Num}:
a

julia> dpdx1=D(P(x1,x2),x1)
144 - (7//1000)*x2 - 2a*x1 | 1,662, 000

julia> dpdx2=D(P(x1,x2),x2) ) 40,000a — 49
174 - (7//1000)*x1 - (1//50)*x2 m— 581,7TX)

julia> A=[2*a 7//1000; 7//1000 1//50] - * 41)_0(H)a‘__519'
2x2 Matrix{Num}: —— .
2a 7//1000
7//1000 1//50

julia> xa=A\b

. 2-element Vector{Num}:

% (bl 500 {d4 434800 0., 70 adnlmfanbbd il l800dmembd0 L /7 ) *a) ) / (7//10007%
% (1445m348000//7) *a). /ot /AO00 Y =X 40/ /1) *a)

julia> simplify(xa[l])
(174((7//1000) - (40//7)*a) - (1//50)*(144 - (348000//7)*a)) / ((7//1000)*((7//1
000) - (40//7)*a))

uomank: -t DUk -tn Siwplicalimn wudtn, madL it “yswe

julia> expand(xa[l])
(174000//7) + ((1000//7)*(-(72//25) + (6960//7)*a)) / ((7//1000) - (40//7)*a)

A Gt bit \m.:ﬂfu\, \d- ghl “Gompll”

dr,  —66,480,000,000

da (40,000a — 49)2
a<,5)
%= opt hbr at .ot
julia> D(xa[l],a)
(((-4//35)*(144 - (348000//Z5=Y) / (((7//1000) - (4@//7)*a)"2) + (6960//7) / ((
7//1000) - (40//7)*a)) /4F//1000)

ulia> simplify(D(xaf],a))
831//612500) / 4##49//1000000000000) + (1//12500000)*af=n(1//30625)*(a"2))




julia> dxlda=simplify(D(xa[1l],a))
(831//612500) / (-(49//1000000000000) + (1//12500000)*a - (1//30625)*(a”2))

julia> substitute(a/x[1]*dxlda,a=>0.01)
-1.1396011396011398

julia> -400/351
-1.1396011396011396

julia> dx2da=simplify(D(xa[2],a))
(831//12250) / ((7//1000000000) - (1//87500)*a + (8//1715)*(a"2))

julia> substitute(a/x[2]*dx2da,a=>0.01)
§0.26816585069012255

Example 2.2. We reconsider the color TV problem (Example 2.1) introduced
in the previous section. There we assumed that the company has the potential
to produce any number of TV sets per year. Now we will introduce constraints
based on the available production capacity. Consideration of these two new
products came about because the company plans to discontinue manufacture of
some older models, thus providing excess capacity at its assembly plant. This
excess capacity could be used to increase production of other existing product
lines, but the company feels that the new products will be more profitable. It

is estimated that the available production capacity will be sufficient to produce
10,000 sets per year (=~ 200 per week). The company has an ample supply of
19-inch and 21-inch LCD panels and other standard components; however, the
circuit boards necessary for constructing the sets are currently in short supply.
Also, the 19—-inch TV requires a different board than the 21-inch model because
of the internal configuration, which cannot be changed without a major redesign,
which the company is not prepared to undertake at this time. The supplier is
able to supply 8,000 boards per year for the 21-inch model and 5,000 boards per
year for the 19-inch model. Taking this information into account, how should
the company set production levels?
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Float64. ([ x[1]1,x[2],P(x[1],x[2]1)]1)
3-element Vector{Float64}:

4735.042735042735
7042.735042735043

553641.0256410256

Example 2.3. Maximize x + 2y + 3z over the Set@yyf 422 = 3.
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