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A method of maximization the total utility

Let a consumer which has a budget of acquisiongafods G,...,G, in value of S

u.m. The prices of the r goods,G=1r are p i=1r. The marginal utlities
corresponding to an arbitrary number of dosesratis following table:

No. of dose W Umr
1 Upq Uyy
| Uiy Uir
n U Unr
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We propose, in what follows, the determinationhaf humber of doses faom the

good G, i=1r such that the total utility: IUZZJ:U” be maximal.
[ENEl
1if thei-thdosdromthegood jisused
Let notex, =< . .
' |0if thei-th doseromthegood jisnotused

Because the impossibility of using the (i-1)-th elosvolved the existence’s
impossibility of the i-th dose, we shall put thenddion that: xON, O<x;<x;,; for
i>1 and j=,r.
We have alsoi:ipjxij <S.

i=1 j=1
The problem consists in the determinationo$xch that to have maXr:Z U, X; -

=1 i=1

The problem is therefore:

maxy > u,x,

==

(1)

Finally we shall have:jain: X, J=1r.
=]
Because the problem (1) is in integer numbers, &l spply the algorithm of
Gomory.
After the solving of (1) using the Simplex algorithwe shall have two cases:
Casel
If x;0ON, i=1n, j=1r the problem is completely solved.
Case 2

If Oxw ON, k=1n, p=l_r the variableikp is obvious in the basis.
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In this case, let notgy; the element of the Simplex table at the intere@otif %-
row with xs-column. In order to simplify the notations, letuw{Yipe O[0,1),

Vip={ xi» }0[0,1) the fractional part of these quantiti@s{ (9.h)Xgn is a basis
variablg andS={(t,s) X is not a basis varialjle

We have now, fromx,, =Xen = > YguXes 0(g,h)IB:

(ts)as

(2) ka =Xip ~ Zykptsxts = [kaJ+ Vkp - Z[ykpts]xts - kaptsxts
(ts)ds (ts)as

(ts)s

We can write (2) also in the form:
(3) ka - lepJ+ Z[ykpts]xts = Vkp - kaptsxts
(ts)as (ts)s

In order that the problem has integer solutioméréfore necessary and sufficient
that: x,, —[>_<ka+ Z[ykms]xts 0Z or, in other wordsy,, = > v, X, O0Z.
(ts)as (ts)as

Let now:

(4) e Vkp z Vkptsxts

(ts)ds
from where:

(5) 2 VX =VipV, VOZ

(ts)as

From the hypotesis,ys Vied[0,1) and > v

(ts)s

wXs 20 from the positive character of

variables.
We have now three cases:
Case 2.1

If v>0 we have UIN* therefore & v, X, =Vip'v. From this: y2v>1 —

(ts)as

contradiction with the choice ofy

Case 2.2

If v=0 we have that} v, X, =Vip=Vip-
(ts)ds
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Case 2.3

If v<O we have from the condition that v is integes-1v which implies: -#1.

Finally: >'v =Vigp-V2Vip+ 1>vi,>0.
(ts)s

kptsX ts

From these cases, we have that the condition toinbeger for X, is:

z VkptsX ts kap-
(ts)s

After all these considerations, making the notatign > v, X, -V, We shall
(ts)0s

obtain the new problem:

r n
maxy_ > u;X;
1=l
n

22X <S
i=1 j=1

(6) y - kaptsxls = _Vkp

(ts)s
i=2,nj=1,r

X = Xiygj — <
X, <1i=1n,]
X; >0,i =ﬁ]:j= 1,y20

If the problem (6) will has at finally an integeolstion the problem will be
completely solved. If not, we shall resume the ugbeps.

Example

No.ofdose | Wy | Ums | Un:
1 10 12 15

2 8 10 12
3 7 5 10
4 6 2 7

pP=6, =5, p=4, S=50.

The linear programming problem is:
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max(LOx,, +8X,, + 7X,, +6X,, +12X,, +10X,, +5X,, + 2X,, +15X,, + 12X, +10X,, + 7X,3)
6(Xll + X21 + X31 + X41) + 5()(12 + X22 + X32 + X42) + 4(X13 + X23 + X33 + X43) < 50

X; —X—LJ’.: =1
X; <Li= 1_j:1_
X; >0|:1_J =1,3

After the application of the Simplex algorithm wigtain:

X11=1, %1=1, %=1, %1=1/6, %=1, %=1, %=1, %45=0, %43=1, %=1, %3=1, Xsz=1
We shall add the restriction:

y-0,8%,=-1/6

and we obtain now the problem:

max(0x,, +8X,, + 7X,, + 6X,, +12X,, +10xX,, +5X,, + 2X,, + 15X, +12X,, + 10X, + 7X,3)
6(Xll + X + X + X41) + 5(X12 + X22 + X32 + X42) + 4(X13 + X23 + X33 + X43) = 50

y—-08x,, = 1/6

Finally, we have:
X171, %=1, %=1, %=1, %=1, %=1, %65=0, %2=0, %=1, %=1, %3=1, %=1

and: a=XitXortXa1+Xa=4, &=XiotXortXaotXa=2, @=XiztXaatXsatXes=4 and the
maximal utility will be U=97 for 4 goods X, 2 goods y and 4 goods z.
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