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ABSTRACT

In this work we consider an elementary linear programming problem with one restric-
tion in order to be returned the set of solutions. For this, we include the corresponding

source code.
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1 Linear programming problem in two
variables and one restriction

There are numerous applications that use linear pro-
gramming [1, 3, 4, 5, 6, 7, 8, 9]. In general, a com-
mand from a computer algebra system finds a vector
that minimizes a linear objective function subject to
the constraints. For example, by using WolframAlpha
[10], Linear Programminglc, a,b] finds a vector x
(one vector) that minimizes (c, ) subject to the con-
straints a-x > b, x > 0. By solving the linear problem
formulated we are looking to return the set of solu-
tions. As it is formulated in the title, we consider the
following basic linear programming problem

c1+T1+ Cy -9 — min
(1

a1~x1+a2ox2§b

T1,T2 Z 0,

where (c1,c2) = ¢ € R?, (a1,a2) = a € R?, and
b € R are given. Denote by A = R% N H=, the
admissible set, where

H= = {(xlva) €R? |a1x1 + agzg < b}

is the usual halfplane. If A is nonempty and
bounded, then a solution exists for the problem
min(an,xQ)GA f(xlva)v since f R? — Rv
f(x1,22) = 1 - &1 + ¢2 - 2 is continuous.
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Remark 1. If ¢y = co = 0, the set of solutions equals
A.

Ifa; = ag = 0,c3+c3 > 0,and b > 0, the solution
is (0,0) if c1,¢c2 > 0, the solution is [0, +00) x {0}
ifc1 = 0, ca > 0, the solution is {0} x [0, +00) if
c1 > 0, co = 0, otherwise there is no solution. If
b < 0, there is no solution since A = ().

Suppose further on, that ¢ 4¢3 > 0 and a3 + a3 >
0. To find a solution, if exists, it is elementary (geomet-
rically or other way, including CASystems [10, 11]).
Note that CASystems provide at most one solution,
regardless the implemented algorithm. For particular
given data c, a, and b, to completely solve the prob-
lem, it is not difficult. Precisely, we are going to use
the extended simplex algorithm, recently proposed in
[2], motivated by the criteria for the nonuniqueness of
the solution. Mainly, it consists on deciding when the
set of solutions is a singleton, a convex hull of a finite
number of solutions, or an unbounded set (see Propo-
sition 1). Anyway, to close the problem, to cover it all,
is our task. Since, there should be a start for the com-
monly problem in R™ (at least n = 3 is achievable),
up to several restrictions, not exclusively.

If a; = 0, then 0HS N Oz, = 0; else, let OH= N
Ox1 = {.f‘o} = {(b/al,O)} If ao = 0, then OH= N
Oxy = P;else, let OH=NOzo = {7} = {(0,b/a2)}.

Let us consider the following two cases:

L (0,0) € HS, thatis b > 0;
IL. (0,0) ¢ HS, thatis b < 0.



For each case we distinguish three situations that lead
to the nontrivial cases of the admissible set, of an itself
triangle, respectively of an unbounded set; we prefer to
list them like this: ) Zo, Z(, € A; 1) To € A, T &€ A;
i) Ty € A, T & A.

Remark 2. The remaining situation Ty, T ¢ A, has
a trivial conclusion, if b > 0, then A = Rf_, therefore
(0,0) is the unique solution for c1,co > 0; there is no
solution if ¢c; < 0 or co < 05 the set of solutions is
[0,4+00) x {0} ifc1 =0, co > 0and {0} x [0, +0) if
c1 > 0,c3 =0.1Ifb < 0, then A = () thus no solution
exists.

To initiate the algorithm, the standard form is
C1T1 + c2To —> min
a121 + asxo +x3 =20 with data ¢ = (01, Ca2, 0)
L1,T2,T3 Z Oa
and (a; az 1) = (A7)1<;<3. The usual notations are
the following: b = apjA’, (in this particular case
B = {jtifa; > 00rB = {3}ifb= A% =1
is chosen), A" = «a;; A7, and o = ayjcj — ¢, for
i€B=1{1,2,3}\B.
Let us denote by S; the set of solutions and by S
the set of solutions for (1). In order to be completely
determined we refer to the following statement (see

[2D.

Proposition 1. Suppose that B is the optimal basis
and zP is a solution obtained by the simplex algo-
rithm. The following implications apply:
1. Ifmax ;o < 0, then Sgp = {xP}.
i€B
2. If maxoyo = 0 and minog; = 0, then Sy
ieB JjeB
{zP}.
3. If max oo = 0 and
icB
St If more:

min ag; > 0, then {x7}
jEB

a) for some i € By = {i € Blay = 0},
there exists k € B such that oz, > 0, then
Sst = co{xP 2B}, where xB" # 2B

B) for some i € By, oz, < 0,Vk € B, then
Sot = {xP+a-c|a >0}, & = (¢1,6,63),

where the components are defined by ¢; =

—Q3j, JjE€ B
L j=i
0, otherwise.
2 Results
Let us denote by d = e e ‘ . The following
a; G2

two basic propositions distinguish the solutions while
imposing the hypothesis d # 0 or d = 0. Although are
basic results along with their proofs, these are given
for the completion.
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Proposition 2. Let aj,as € R\ {0} and ¢1,¢0 €
R\ {0} be such that d # 0.
Then, the following assertions apply:

L i) the solution xy € A is such that

(0,0),
T,

ifci,co >0

ifc1 >0,c0 <0

l.fCl <0,c2>0

ifcy <0,c0 <0,d>0
ifc1 <0,c0 <0,d<0.

More oy = < Tg,

o,

Zo,
ifca <0, then S = 0;
ifca >0,c1 <0,andd > 0, then S = ();

ifca > 0, then S = {x}, where x is such that

f(mO) min{f(oa 0)7 f(jO)}

{f<o,o>,

c1 >0
c1 <0,d<0;

f(Zo),

ifcy <0, then S = 0;
ifc1 >0,c0 <0,andd < 0, then S = ();
ifc1 > 0, then S = {xo}, where x is such that

{f(o,t)),

f(x),

ifci <0Vey <0, then S =
if ¢ > 0 and co >

{{xo}, ifd>0

iii)

co >0
ca < 0,d>0.

1L i)

0, then S

{zo}, ifd<0;

ii) ifcy <0, then S = 0

0,
{EO}a

d<0

ifcy >0, then S =
fe { d>0;

iii) ifco < 0, then S = 0;

0,
{zo},
Proof. For all the implications we use tables 71, T2,
and T'3 from figures 1 and 2, respectively.

I. This case considers b > 0. Let ¢;,co > 0. By 71,
we have B = {A3} optimal, therefore the solution is
(0,0,0), thus g = (0,0). The solution is unique by
Proposition 1, since max{ag, a0} < 0.

d>0

ifco >0, then S =
fez { d<0.

1) This situation is for a;,as > 0. Let ¢c; > 0 and ¢y <
0, therefore d > 0. By T2 one obtains B = {A?}
optimal basis so zg = (0,b/a2) = Z(. Let c; < 0 and
ca > 0, thusd < 0. By T3, B = {A'} is optimal,
therefore 2o = (b/a1) = Zo.

Letcy < 0andcy < 0. By T2 and T'3, respectively,
z(,

ifd>0
To = .
ZTo, ifd<O.
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Figure 1. Tabels 7'1 and 72
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Figure 2. Tabel 7'3

ii) Here we have a; > 0 and a2 < 0. We have to prove
that there is no solution if ¢ < 0. The same for ¢; <
0,co > 0,and d > 0.

Let co < 0. By T'1, the algorithm stops since aag
—co > 0 and an3 = as < 0, so no solution exists.

Letcg < 0,co > 0. By T3, z¢ Zo for d
0, while for d > 0 there is no solution since asq
d/a1 > 0and agy = a2/a1 < 0.

iii) For this situation a; < 0 and as > 0. Let ¢; < 0.
From T'1, since av;g = —c; > 0 and a3 = a1 < 0,
there is no solution.

Letc; > Oand ¢; < 0. By T2, 29 = &, for d
0, while for d < 0 there is no solution since a;g
—d/as > 0and a1 = ay/as < 0.

>

II. 1) For this situation b < 0, a1, as < 0.

In this case, we prove that if c; < 0 V c3 < 0, then
S = 0. Indeed, for ¢; < 0, see T3 with B = {A'}
primal basis, agp = ¢1/a1 > 0and ag; = 1/a; <
0; for co < 0, see T2 with B = {A2} primal basis,
a3) = 62/a1 > 0and agy = 1/a2 < 0.

Letc; > 0andcy > 0.1fd > 0,by T3, B = {A'}
is optimal, so xy = Z is solution. If d < 0, by T2,
B = {A?} is optimal, therefore x¢ = Z{ is solution.

ii) In this case b < 0, a; < 0, and ay > 0.

Let ¢c; < 0. By T3, B = {A'} is primal admis-
sible, asg c1/a; > 0and az; = 1/a; < 0, so
S =0.
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Letc; < 0.By T3, ifd > 0, B = {A'} is optimal,
thus zg = Zg is solution. If d < 0, there is no solution
since B = {A'} is primal admissible, agg = d/a; >
0and as; = az/a; < 0,508 = 0.

iii) For this case b < 0, a; > 0, and as < 0. By T2,
B = {A?} is primal admissible. Let c; < 0. Since
agg = ca/as > 0and azy = 1/ay < 0, there is no
solution. Let ¢3 < 0.1If d < 0, B = { A%} is optimal,
therefore z T, is solution, otherwise there is no
solution. O]

Corollary 1. If d # 0, then (1) has at most one solu-
tion.

Proposition 3. Let aj,as € R\ {0} and c1,¢0 €
R\ {0} be such that d = 0.
Then, the following assertions apply:
Li) ifci,ca >0, then S = {(0,0)};
ifc1,c2 <0, then S = [Zo, T();
i) ifc; > 0and cy < 0, then S = ();
ifc1 <0,co >0, then

S ={Zo+a-cla > 0}, where ¢ = (—az/a1,1);

iii) ifcy < 0and cy > 0, then S = ();
if c1 > 0and co <0, then

S = {z)+a-c|a >0}, wherec = (—a1/az, 1);

1. i) ifc1,co > 0, then S = [Tg, T();
ifci,co <0, then S =

ii) ifcp > 0, co <0, then

S={Zg+a-(—az/a1,1)|a > 0};

ifc1 < 0andco >0, then S = ();

iii) ifcy > 0and co < 0, then S = (;
if c1 < 0andcy > 0, then

S={zy+a-(—ai/az,1)|a>0}.

Proof.

I.i) Recall that b > 0 and aj,as > 0. Let ¢1,¢c0 >
0. By T'1 we get solution (0, 0), that is unique since
max{alo, 0520} < 0.

Let ¢1,c2 < 0. By T2 and T3, B = {A?} and
B’ = {A'} are optimal, respectively, we obtain S =
[EOv %]

ii) Inthiscase b > 0,a; > 0,and as < 0. Letc; > 0
and c3 < 0. By T'1, B = {A?} is primal admissible,
S = () because Qo9 = —cg > 0 and g = ag < 0.

Letc; < 0,c0 > 0.By T3, asg =0, so BO = {2}
From Proposition 1 we obtain that Sy; is unbounded
and

Sst = {(Z0,0) + o (—a21,1,0) | > 0},



hence
S={Zg+a-c|la >0},
where ¢ = (—a91,1) = (—az/aq, 1).

iii) Here b > 0, a1 < 0, and as > 0. Let ¢; < 0 and
cg > 0.ByT1,since a9 = —c; > 0and ay3 = a1 <
0, it follows S = 0. B

Letc; > 0and ¢ < 0. By T2, a0 = 0,50 By =
{1}, therefore one obtains

S={z,+a cla>0}

where ¢ = (70&127 1) = (7&1/&27 1)

IL.i) Let ¢1,co > 0, then by T2 and T3 we get S =
[Zo,Z(). Let ¢1,c2 < 0. By T2, B = {A?} is primal
admissible, agg = ¢a/as > 0 and azy = 1/as < 0,
therefore S = 0.

ii) If ¢; > 0, c; < 0, then by T3, apg = 0, so By =
{2}, therefore we obtain

S={Zg+a-¢|la >0},

where ¢ = (—aw1,1) = (—az/a, 1).

Let c; < 0 and co > 0. By T'3, because agy =
c1/ay; > 0and az; = 1/a; < 0, the conclusion fol-
lows S = {).

iii) Here b < 0, a; > 0, and as < 0. Letc; > 0
and co < 0. By T2, because azg = ca/az > 0 and
azz = 1/ag < 0, again S = ().

Lete; < 0,c0 > 0.By T2, a9 = 0,50 By = {1},
therefore we obtain

S={x,+a cla>0}
where ¢ = (—a2,1) = (—a1/as, 1). O

From the previous two propositions one can re-
cover the necessary condition for S not to be bounded,
that is d = 0 (see [2], Proposition 4.5). This comes
from the condition for the gradients of f and OH< to
be linearly dependent, i.e. Ju € R, u # 0 such that
Vf=(c1,e2) = u-VOHS = u- (ay,az). More, S
is unbounded only if ¢; - ¢ < 0.

Structurally, by the data a, b, c, we spread the fol-
lowing items:

A. 2 +c2>0anda?+ a3 > 0;
Al. ¢1-ca #0,a1 - as #0;

All. d # 0, and the cases
1.(0,0) € HS, b > 0;14) %o, T € A;ii)ZTg €
AT & A;iid) T, € A, Ty € A.
I1.(0,0) € HS, b < 0; 1), i), i4i) in Proposi-
tion 2.

Al2. d = 0 along with the cases I. i), i3), ii); I1.
i), #), tit) in Proposition 3.

A2. ¢1 - = 05 a1 -ag # 0; 1. — I, i) — iii);
(Proposition 4, Proposition 5)

A3. ay-ag =0;5¢1 - ca # 0
A31. I.—11.,4") —ii"); a1 = 0, ag # 0; (Proposition
6)

A32. I.—1I1.7")—14i"); a1 # 0, aa = 0; (Proposition
7.

B. ¢y = c3 =0; a1 = as = 0;in Remark 1
ca = 0, a1 = 0; (Proposition 8)
c1 = 0, as = 0; (Proposition 9).
For item A2 we assign the next four propositions.

Proposition 4. Ler ¢, € R\ {0}, co = 0,and a1, as €

R\ {0}.

Then, the following assertions apply:
Li) ifcy >0, then S = [(0,0), Z(];
ifcr <0, then S = {Zo};
ii) if 1 > 0, then S = {0} x [0, +00);
ifcy <0, then S = 0;
iii) if c; > 0, then S = [(0,0), Zy];
ifci <0, then S = (;

IIZ)S: {j6+a'(07_1/a2)|a20}7 lfcl>0
’ 0, ifcp <0
”) S — {EO}a l:fcl > O

(2)7 ifcl < 0;
i) S = {Zy + a-(0,—1/a2) | >0}, ifcy >0
0, ifcy < 0.

Proof. In this setting d = ¢1 - a2 # 0.

I. i) This case considers b > 0 and ay,as > 0. First,
letb > 0. Let ¢; > 0, thus d > 0. By T'1, we have
B = {A3} optimal with agg = 0, By = {2}, by
T2, B = {A?%} is optimal with agg = 0, By = {3},
therefore the solution is S = co{(0,0),zZ{}. If b = 0,
then S reduces to {(0,0)}.

Letc; < 0, thusd < 0. By T3, B = {A'} is
optimal and S = {Zo}. The solution is unique since
max{ago, ag(]} < 0.

ii) This case correspondsto b > 0,a; > 0,and as < 0.

Let ¢; > 0. By T1, B = {43} is optimal with

g = —co =0,a93 =a2 <0,B= {3} By Propo-
sition 1 33), with 4 = 2, S is unbounded and

S ={(0,0,) + a-¢|a >0}, &= (0,1, —az)
therefore

S={(0,0)+a-(0,1)]a >0} ={(0,a)|a > 0}.



Let c; < 0,s0d > 0. By T3, there is no solution
since aog = d/a1 > 0 and a9y = ag/dl < 0.

iii) We have b > 0, a; < 0, and ag > 0. Let ¢; > 0.
From T'1, B = {A3} is optimal with a9 = 0. From
T2, B = {A2%} is optimal with a3y = 0. Once again,
Proposition 1 3.c) concludes that S = [(0, 0), Z], un-
less b # 0; for b = 0 it becomes a singleton.

Letc; < 0.ByT1, (T3 can be used as well) there is
no solution since ayg = —c¢1 > 0 and a3 = a1 < 0.

IL. i) This case considers b < 0, a; < 0, and ay < 0.
Letc; > 0, thus d < 0. By 72, B = { A%} is optimal
since apg = 7d/a2 < 0 and a3 = CQ/(ZQ = 0.
Also, ags = 1/ay < 0, therefore, by Proposition 1
3.8), S is unbounded and S = {Z{, + a - ¢|a > 0},
c= (0, —1/0,2).

Let ¢; < 0. By T3, B = {Al} is primal admissi-
ble, azgp = ¢1/a1 > 0and az; = 1/a; < 0, therefore
S=0.

ii) Here b < 0, a; < 0, and as > 0. Let ¢; > 0, so
d > 0. Since ag; = b/a; > 0, agg = d/a; < 0,
and azp = c1/a; < 0,by T3, B = {A'} is optimal,
therefore S = {Zo}.

Let ¢; < 0. From T3, B = {A'} is primal admis-
sible. Since azg = ¢1/a; > 0and 31 = 1/a; < 0,
S=10.

iii) In this case b < 0, a; > 0, and as < 0. Let ¢; >
0. By T2, B = {A?} is optimal (By = {2}) since
Qo2 = b/a2 > 0, agg = 62/(12 = 0, and a3y =
1/aa < 0, therefore T is a solution. By Proposition
1,8 ={z) +a-¢la> 0}, where ¢ = (0, —ag2) =

(0,—1/(12).
Let¢; < 0. By T2, a9 = —d/as > 0, a1a =
al/a2<0,soS:®. O

Proposition 5. Let ¢y = 0, co € R\ {0}, and ay, a2 €
R\ {0}.
Then, the following assertions apply:
L i) ifea > 0, then S = [(0,0), Zo];
ifca <0, then S = {Z}};

ii) ifca > 0, then S = [(0,0), Zo];
ifca <0, then S = 0;

iii) if c2 > 0, then S = [0, +00) x {0};

ifcg <0, then S = 0;
II.i) ifco > 0, then S = [b/a1, +00) x {0} = {ZTo +

(@, 0) [ = 0};
ifcg <0, then S = 0;

ii) if ca > 0, then S = [b/a1,+00) x {0} = {ZTo +
(@, 0) [ = 0};
ifcg <0, then S = 0;

iii) ifca > 0, then S = {Z(};
ifco <0, then S = (.

Proof. In this setting d = —cy - a; # 0. The proof is
similar to the previous one therefore it is omitted. [

If a; - a2 = 0 we assert the following.

Proposition 6. Let a; = 0, as # 0. Then, the follow-
ing hold:
Li’) b>0,as > 0.

Ifci,c0 > 0,then S = {(0,0)};

ifci <0, then S = (;

ifc1 >0, ¢ <0, then S = {z}};

ii’) b>0,a2 <0.

We have
{(0,0)}, c1>0,c>0
S— [0,+OO) X {0}, c1 <0,c5>0
{0} x [0,4+0), ¢1 >0,c0<0
0, c1 <0Ver <0

ILi’)) b<0,a3 >0, A=0,8=0.

ii’) b<0,as <0.
We have

S— {i‘é}, c1>0,c0>0
@, c1 <0Ve <0.

Proposition 7. Let a; # 0, as = 0. Then, the follow-
ing hold:
Li”) b>0,a; > 0.
Ifer,co > 0,then S = {(0,0)};
ifca <0, then S = 0;
ifc1 <0,co0 >0, then S = {Zo};

ii”) b>0,a; <0.A=R2.

One has
{(an)}v c > 0762 >0
S— [0,400) x {0}, ¢1 <0,c0 >0
{0} x [0, +0), ¢1 >0,c2<0
0, c1 <0Ve <O

ILi7) b< 0,01 >0 A=0,8 =0.

ii”) b<0,a; <0.
One has

S— {fo}, c1>0,c0>0
@, c1 <0Vey <O.

The final two situations, from item B, conclude our
analysis.



Proposition 8. Let a; = 0, co = 0, and c1,as €
R\ {0}. Then, the following hold:

Li’) b>0,as>0.
Ifc1 > 0, then S = [(0,0), Ty);
ifcy <0, then S = 0;

ii’) bZO,a2<O.A:R2+.

{0} x [0,+00), ¢1 >0

We have S =
0, c1 <0;

ILi’) b<0,a2 >0, A=0,8=0.
ii’) b<0,ay <O0.

{0} x [b/az, +0), ¢1 >0
0

We haveS:{
, c; <0.

Proposition 9. Let a; = 0, ¢c; = 0, and ay,co €
R\ {0}. Then, the following hold:

Li’) b>0,a; >0.
Ifca > 0, then S = [(0,0), Zo];
ifcg <0, then S = 0;

i’) b>0,a; <0.A=R2.

[0,4+00) x {0}, ¢2>0

We have S =
0, co < 0;

ILi’)) b<0,a; >0, A=0,8 =0.
ii’) b<0,a <O.

[b/ai,+00) x {0}, ¢c2>0

We have S =
@, co < 0.

Remark 3. The easiest case could be for co =

0 and ag = 0, a;,c1 € R\ {0}. Note that

S = & x [0,+00), where Sy is the set of solu-
Cl1-T1 — min

The admissible set is

tions for S a1 -x1 <b

x1 > 0.
[0,b/a4], a1 >0,b>0
[b/a1,+0), a1 <0,b<0
0, +00), a1 <0,6>0
0, a; >0,b <0,
c1 >0,
c1 <0,

A = therefore S; =

{0},
{b/a1},
{b/ai}, c¢1 >0,
0, c1 <0,
{0}, e >0,
0, c1 <0,

(2)7 ay > 07 b <O.
way S can be obtained for ¢ = 0 and a; = 0,
ag,cy € R\ {0}.

a; >0,b>0;

a1 <0,b<0 ..
In a similar

CL1<0,bZO
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3 Examples

Naturally, for each case an example is within reach.
Totally, more than 3%.2 of them, would cover all, there-
fore we unfold only a few.

Example 1. Ler us consider the problem
—Tr1 — X9 — min
x1+as -0 <1
T1,x2 > 0.
Collecting data ¢ = ¢ = -1, d =

‘ _11 ;1 ’ = —ao + 1, going through the results
2
{(1,0)}, as >1
1-— 0,1 =1
we get S = {( O‘va)|a€[7 ]}7 a2
{(0,&2)}, O0<ag <1
@7 as S 0.
Example 2. For the parametric problems
c1-x1 + 22 — min
r1— 120 <1 we have
T1,x2 2 0,
(Z), c1 < —17
{la+1,a)|a>0}, c¢g=-1
S=<¢{(1,0)}, —1<e1 <0
[0’ 1] X {O}a c1 =0
{(0,0)}, 0<ecy.
Example 3. Let us consider the problem
Tr1 — min

a1 -1 —To < —1

T1,x9 > 0.

For any a1 € R one obtains S = {0} x [1, +00).
Example 4. For the prob-
c]-r1] — min
1 +22<1
x1,22 >0,

{0} x [0, +50),
c0{(0,0), (1,0, (0,1)},
{(1,0)},

Cc1-T1 — min

parametric

lems we have S =
c1 > 0
c1 = 0
c <0,
1 —x9 <1 one has

z1,T2 > 0,

{O} X [O7+OO)7 c1 > 0
{($1,$2)€R3_|$1—$2§1}, 61:0
@, c1 < 0,

S:



c1+-T1 — min

and { —x1+ 29 <1 has
T1,T2 Z 07
{O} X [0, 1], c1 >0
S = {(1'1,-772)€R3_| —.Tl—i-l‘ggl}, c1=0
@, c1 < 0.

All the cases structured in A, A1, A11, A12, A2,
A3, A31, A32, and B are contained in a source code
(see a party of it in figure 3 below) and a sample of the
running software (see figure 4):

#Finclude <iostream:>
#Finclude <math.h>

using namespace std;
int maind)
i
int a[2], <[2], d;
int n, ij;
float b;

cout<<"read the components of wvector c:"<<endl;

Ffor(i=@;i<2;i++)
{ cout<<"c["<<ic<"] = 7;
cin»>»c[i];
cout<<endl;
b
cout<<"wvector c has components:” <<endl;
For(i=8;i<2;i++)

{
b

cout<<"c["<<i<<"] = "«<«<c[i]«<<endl;

cout<<"read the components of wvector a:"<<endl;

For(i=8;i<2;i++)
{ cout<<"a["<<i<<"] = 7;
cin»>»ali];
cout<<endl;
b
cout<<"wvector c has components:” <<endl;
For(i=8;i<2;i++)
{

cout<<"al["<cice™] = "<<al[i]<<endl;

¥
d=c[@]=a[1]-c[1]*a[@];

cout<<"the system determinant is: d =
cout<<"read the free term b:";

cin>>»b;

cout<<endl;

if(c[e]=c[1]!=0){

if(dt=e){

if(b>»=0){

if (al[e]>e&&a[1]>0)

i cout<<"This case corresponds to I. i)\n"

Figure 3. source code

To comment on CASystems, the Python script uses
PuLP (https://pythonhosted.org/PuLP/). Before using
optimization with PuLP, the user needs to get access
to pulp library via Anaconda Prompt pip install pulp.
Mainly, solve function is called for finding a solu-
tion of the linear programming problem. After the
script is running, the output is a/the vector solution
of the problem. For the linear programming problem

—x1 — To — min

1 +22 <1
1,72 > 0,

with

S={1-ao,a)|ac|0,1]},

"codccendl;

3
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Figure 4. running software

the commands required are:

import pulp *

prob

= pulp.LpProblem(pulp.LpMaximize)

x1 = pulp.LpV ariable('z1’,low Bound = 0)
x2 = pulp.LpVariable('z2', lowBound = 0)
prob+ =zl + x2

prob+ =2zl + 22 <=1

prob.solve()

By calling the solution values of the components
with the commands:

zl.varValue

1.0
x2.varValue
and 0.0 are returned, respectively.
In a similar way, for the linear programming prob-
—x1 + T2 — min
with

lem T, — a9 < 0

T1,T2 Z 0,
S={(a,a)|ae[0,+00)},

the returned values of the solution components are 0.0
and 0.0, respectively.

4 Conclusions and future work

For given data a, b, ¢ our programm returns the set
of solutions (see for example, figure 4). It would be



interesting to be able to select the answer when one of
the inputs is given as parameter.

Acknowledgement: The authors are grateful to
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