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Resumen

En este trabajo se presenta un procedimiento de obtencién de cotas superiores para
una funcién lineal a partir de ciertas familias de empaquetamientos, cubrimientos y
conjuntos ordenados especiales. Asimismo, se presenta un nuevo método de deteccién
de restricciones redundantes en problemas de programacion lineal 0-1 basado en dichas
cotas que permite considerar conjuntamente varias restricciones. Ademéds, se muestra
una situaciéon de redundancia que es detectada por este método, pero no por los
métodos tradicionales, los cuales consideran las restricciones individualmente.
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Abstract

In this paper we present a procedure for obtaining upper bounds on a linear
function by means of certain families of packings, coverings and special ordered sets.
We also present a new method for detecting redundant constraints in 0-1 linear
programming problems based on these bounds that allows consideration of several
constraints jointly. Furthermore, we show a redundancy situation which is detected
by this new method, but not by the traditional methods, which consider the constraints
individually.
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1 Introduction

Consider the 0-1 linear programming problem

max {Zle‘j |Zaij$j"’bi Viel, l‘je{o,l} VjEJ}, (P)
JjeJ jeJ
where J = {1,...,n}, I ={1,...,m}, {¢j}jes,{aij}icr, jes, {bi}icr are rational numbers

and ~ is the sense of each constraint (<, >, =).

In integer programming there are many ways of representing the same problem, and
the choice of formulation is of crucial importance to solving it (see e.g. [8, 10, 13, 14]).
Preprocessing attempts to improve the initial formulation by using several automatic
techniques such as infeasibility and redundancy detection, variable fixing and constraint
reformulation (see [3, 8, 9, 12, 14] among many others). It is well known that preprocessing
techniques can considerably reduce the time required to solve large-scale integer
programming problems.

The LP relaxation of (P) is the same problem (P) where each variable z; is allowed
to take any value in the interval [0, 1].

Detection of redundant constraints in (P) (i.e., constraints whose elimination does not
add any feasible solution to the LP relaxation of (P)) is based on computing bounds on a
linear function z whose variables (x;);es are restricted to take values in a certain subset
of [0,1]™. Obviously, the best bound is the one given by the optimal value of z in the
associated optimization problem. However, in general, this problem is not easy to solve,
since it is similar to the LP relaxation of (P), see Section 4. Hence, there is a need to
develop simple procedures for obtaining bounds on z.

In easy terms, a packing, a covering and a special ordered set can be considered as
subsets of indices of 0-1 variables where at most, at least and exactly one such variable,
respectively, can take the value 1. These structures may appear explicitly in the problem,
but can also be derived from the constraint system by using probing techniques (see
e.g. [1, 7, 14]). Other methods for packing identification can be found in [4, 12] (see
also [11]).

The earliest papers dealing with obtaining bounds on linear functions consider only the
coefficients of those functions (see [3, 14] among others). In 1985, Johnson, Kostreva and
Suhl introduced a more advanced procedure that makes use of information from families
of pairwise disjoint packings (see [8, 9]) and, in 1996, Escudero, Garin and Pérez improved
this procedure allowing overlapping among certain pairs of packings (see [5, 12]).

This is a theoretical paper whose contribution is twofold. First, we extend the
procedure given in [5] to obtain upper bounds on linear functions, using certain families
of packings, coverings and special ordered sets, so-called admissible families. Secondly,
we present a new method for detecting constraint redundancy in 0-1 linear programming
problems that allows consideration of several constraints jointly. This method can easily
be generalized to mixed integer programming problems with bounded variables (see

e.g. [14]).
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The paper is organized as follows: Section 2 reviews the concepts of packings, coverings
and special ordered sets. Section 3 introduces the concept of admissible families, describes
a procedure for obtaining upper bounds on a linear function based on this type of families,
and provides an example in which the procedures using only families of packings obtain
worse upper bounds. Section 4 presents our method for detecting redundant constraints in
problem (P). It also shows a situation detected by this method, but not by the methods
available in current literature, which consider single constraints. Finally, Section 5 draws
some conclusions from this work.

2 Packings, coverings and special ordered sets

Given a set of variables {z1,...,2,} and a set F' C {1 .,n}, let X(F) denote the sum
of the variables whose indices belong to F, that is, X (F Z zj.

JjeEF
Based on the notation used in [2], we define the following concepts:

Definition 1. A packing C is a non-empty subset of indices of 0-1 variables that induces
the constraint X (C*) — X(C~7) <1—1|C~|, where CtUC™ =C and CTNC~ = 0.

Definition 2. A covering C' is a non-empty subset of indices of 0-1 variables that induces
the constraint X(C*) — X(C~7) >1—|C~|, where CtUC™ =C and CTNC~ = 0.

Definition 3. A special ordered set C is a non-empty subset of indices of 0-1 variables
that induces the constraint X (CT)—X(C~) = 1—|C~|, where CYUC™ =C and CTNC~ =
0.

Lemma 1 proves that any proper subset of a packing or of a special ordered set is a
packing.

Lemma 1. Let C be a packing or a special ordered set, let C' be a proper subset of C
and let (zj)jec € {0, 1Yl be a feasible solution for the constraint induced by C. Then

Z .Z'j— Z xjgl—]C'ﬁC_\.

jeCc'nC+ JjeC’'NC—

PROOF. Since C'NCT =CH\(CH\ ("), C'NC™ =C7\(CT\C"), Y z;— Y ;<

jec+ jeC—
1—|C7| and z; € {0,1} Vj € C, we obtain that Z xj — Z xj = Z T —
jeC'NC+ jec'nC— jec+

Za:j— Z T+ Z 2; <1-|CT[+[CT\C'|=1-|C'"NC7|. =

jeC— jecH\c jec—\c’
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3 Obtaining upper bounds on a linear function

Definition 4. A constraint with variables x1,. .., x, is said to be valid for a set R C IR"
if it is satisfied by any vector (x1,...,zy) € R.

Definition 5. Let {Cy}rek,, {Ck}rer, and {Clrek, be a family of packings, coverings
and special ordered sets respectively. The family {Cy}rex, where K = K1UKoUKs3, is said
to be admissible for a set R C {0,1}" if the constraints induced by {Cy }rex are valid for
R and each set K; with 1 € {1,2,3} can be expressed as the union of three pairwise disjoint
sets, say Dy, S; and S;, that satisfy the following conditions, where D = Dy U Dy U Ds,
S=5,US85US; andgzgl Ugg Uggt

(1) If k€ D and k' € K \ {k}, then Cx N Cy = 0.

(2) For each k € S there exists a unique 5(k) € S such that Cj N Cspy = (CF N C;Ek)) U
(Cp NCqpy) # 0, and C,NCrr =0 VK € (S\ {k}) U (S\ {5(k)}).

(3) For each k € S there exists a unique s(k) € S such that3(s(k)) = k, and CxNClr = ()
VK € S\ {k}.

NOTE. By conditions (2) and (3) above, we have that |S| = |S|.

All of the results stated from now on can be generalized to admissible families such
that the constraints induced by {Cy}rex are of the form X (C;) — X(Cy) < ny — |C |,
X(C) = X(Cy) > ng — |C; | and X(C}F) — X(C) = ng — |Cy |, where ny is an integer
with 1 < ng < ‘Ck’

Given a non-empty set R C {0,1}", we are interested in obtaining upper bounds on

a function z = Zajxj, where {a;}jcs are rationals and (z;);c; € R. For that, we
jeJ
consider an admissible family for R, say C = {Ck}rex, where K = K; U Ky U K3 and
{Ck}rek,, {Ck}rek, and {Ck }rek, are a family of packings, coverings and special ordered
sets respectively. Without loss of generality let us assume that C, = ) for each k € K
(otherwise, it suffices to substitute z; by 1 -z Vj € U Cy ).
keK

Let u, ¢ = max {Z a;jxj | (z;)jes € Re}, where Re = {(x;)jes € [0,1]" | X(C) <1
JjeJ
Vk e K1, X(Cx) >1 Vke Koy, X(Cr) =1 Vke K3} (if K =0, we define Re = [0,1]™).
Then R C Re, since the constraints induced by {Cy }rex are valid for R. Thus, Uz ¢ is an
upper bound on the function z.
Below we give some cases where eliminating one of the elements of C leaves the set R¢
unchanged and, so, the bound u, ¢ also remains unchanged.
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Let k, k' € SU S be such that Cj, C Cy.

e If ke S;US; and k' € S;US,US3US3, we can eliminate k from S; US| and move
k' to Dy U Ds.

o If k€ SUSy, |Cx| =1and k' € SyUSs, we can eliminate k from S; US; and move
k‘/ to DQ.

o If k€ S5US,US3US3 and k' € S, U S5, we can eliminate &’ from S, U S and move
k to Do U Dg.

o If ke SoUSy and k' € S;US|US3US3, we can fix xj =0 Vj€ Cp\Cy, eliminate
k' from S; U S; U S3U S3 and move k to Ds.

o If ke S3US3 and k' € S;US;US3US3, we can fix xj =0 Vj€ Cp\Cy, eliminate
k' from S; U S; U S3U S3 and move k to Ds.

Now, let k € D be such that Cy = {j}.

e If kK € Dy, we can eliminate k from D;.

o If k € Do U D3, we can fix z; = 1 and eliminate £ from Do U Ds.

Therefore, we can assume that, for each k € K, |C;| > 1 and, if 3k € K \ {k} such
that Cj, C Cy/, then k € S U Sy and k' € S U Ss.

Any non-empty subset of R¢ verifies that, if (z;);ecs is restricted to belong to that
subset, then u, ¢ is still an upper bound on z. Consequently, whenever u, ¢ is mentioned,
it will be assumed that (x;)je; can take any value in R¢ and the initial set R will be
allowed to be empty. (Note that Re # ().

Lemma 2. Let R, = {(z;)jes € [0,1]" | Zajxj < b}, where b is a rational constant.
jed
Then Re C R, if and only if u, ¢ <.

PRrooF. It follows from the definition of u, ¢c. =

Given a set C' C J, we define 3(C) = max{a; | j € C} and $y(C) = max {®(C),0}.
Let J* ={jeJ|aj>0}, J-={jeJ|aj<0}, J0={jecJ|a;=0},T=|]J Cpand
keK
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?0(Ck)
?(Ck)

. 4

jeCrnTt
?(Ck)

max {@(CrNC5)
max {@(CrNC5)

>

JE(Csry)\Cr)NJI T
max{@(CrNCsx)), Po(Cr\Csr)) +@(Cs31) \Cr) }
max{P(CrNC51)), P(Cr \Csxy) +Po(Cs2) \C) }

>

JE(CK\Cs(iy)NJI T
max{B(CrNCs(1)), P(Cr \ Csr)) +B(Cs6) \C) }

>, 4

JE(Cs()\Cr)NJ T+

a; + @(Cg(k))

(Ck\Cs(i)) +Po (Cs(6y) \C) }

7@0
s Po(Cr\Csi)) +P(Csy) \Ck) }

?0(Ck) +

a; + ao(og(k))

?(Cr) +

>

JE(CK\Cs(ry)NJI T
> g
JE(CRUCs gy )NJ+
max{@(CrNC5x)), P(Cr\Cs1)) +@(C5()\Cr) }

>

a; + @(Cg(k))

JE(CK\C5(iy))NJ T

max{P(CrNC51)), P(Cr \Csxy) +Po(Cs2) \C) }
max{p(CrNCsx)), P(Cr\ Cs(ry) +P(Cs(r) \Cr ) }
?(Cr) + > a;

JE(Csry)\Ci)NJI T+
max{@(CrNCsx)), P(Cr\Csr)) +P(Cs)\ C) }

Theorem 1. u, ¢ = Z ug + Z aj.

keDUS JEJT\T

Vk € D
Vk € Dy such that C), C J—

Vk € Dy such that Cy € J~

Vk € D3

Vk € S; such that 3(k) € Sy
Vk € Sy such that 3(k) € S
and Cg(k) \Cy, CJ~

Vk € Sy such that 3(k) € S
and Og(k) \ Cp L J™

Vk € S; such that 3(k) € S3
Vk € S, such that 3(k) € Sy
and Cj, \ Cg(k) cJ-

Vk € S, such that 3(k) € Sy
and Cl \ Cg(k) Z J-

Vk € Sy such that 3(k) € S
and Cf U Cg(k) cJ-
Vk € Sy such that 5(k) € S,
Cr,CJ™ and Cg(k)\Ck,@J‘
Vk €Sy such that 3(k) € Sa,
Ck\Cg(k) Z J~ and Cg(k) cJ-
Vk €Sy such that 3(k) € Sa,
Cr € J and Cg(k) ZJ-

Vk € S, such that 3(k) € S3
and Cj \ Cg(k) cJ-

Vk € Sy such that 3(k) € S
and Cj, \ Cg(k) ZJ-

Vk € Ss such that 3(k) € Sy
Vk € S3 such that 3(k) € S
and Cg(k) \Cy CJ~

Vk € Ss such that 5(k) € Sy
and Cg(k) \ Cp € J™

Vk € Ss such that 3(k) € S

PrOOF. Since the sets {Cy}rep, {Cr U C5(x)}res are pairwise disjoint, it can easily be
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verified that Zajxj < Z uy, + Z aj Y(zj)jes € Re. On the other hand, it is

jeJ keDuUS jeJt\T
clear that EI(:L';-)jEJ € Re such that Z ajr; =uy Vk €D, Z ajr; =u VkeS
Jj€Ck jGCkUCE(k)
and Z a;r; = Z aj. Hence, we have that Zajznj- = Z ug, + Z a;, which
JjEI\T JjEJ\T jeJ keDUS JEJT\T

proves the assertion. m

Corollary 1. Let 2’ = X z, where X\ is a non-negative rational constant. Then uy ¢ =
A Uz, C-

Corollary 2. u, ¢ >0 if Ko = K3 = 0.

In general, there will exist several admissible families for the set R. Example 1
illustrates the great variations in the value that u. ¢ takes depending on the family C
that has been selected; this demonstrates the importance of making a good choice.

EXAMPLE 1. Let z = 21 — 4xo + 223 + 624 — x5 — 3x6 — D7 + 4g and let R be the set of

solutions (z1,...,x8) € {0,1}® that satisfy the following constraints:
1+ 22 + T3 + 7 < 1 (1)
T3+ T4 + 7 < 1 (2)
T2 + x6 + X7 > 1 (3)
T4+ T +zg = 1 (4)

Consider the packings C; = {1,2,3,7} and Cy = {3,4,7}, the covering C3 = {2,6,7}
and the special ordered set Cy = {4,5,8}. (Note that constraints (1)-(4) are induced by
Cy,...,Cy respectively).

The family {Cy,Co,C5,Cy} is not admissible for R, since C1 N Cy N C3 # 0.
Nevertheless, by Lemma 1 any non-empty set C C Cy, where k € {1,2,4}, is a packing
whose induced constraint X (C) <1 is valid for R.

Let C' = {C1, C3,C3}, where C7 = {1,2,3,7}, Cy = {3,4,7} and C} = {5,8}. Taking
Dy ={3}, S ={1}, S1 ={2} and Dy = Sy = Sy = D3 = S5 = S35 = () we have that C' is
an admissible family for R and, by Theorem 1, u, ¢/ = u1 +uz = maz{2,1+6} +4 = 11.

Let C" = {CY,CY,CY}, where Cf = {3,4,7}, C§ = {2,6,7} and C§ = {5,8}. Taking
D1 = {3}, S1={1}, So = {2} and S1 = Dy = Sy = D3 = S3 = S3 = () we have that C" is
an admissible family for R and, by Theorem 1, u, ¢ = uj + uz +a; = maz{—5,6 — 3} +
441=28.

Let C" = {CI",CY,C,.CI"}, where C = {1,2,7}, C¥ = {3,4}, C¥ = {2,6,7}
and C}' = {4,5,8}. Taking S; = {1,2}, So = {3}, S3 = {4} and D1 = S1 = Dy =
Sy = D3 = S5 = () we have that C" is an admissible family for R and, by Theorem 1,
Uy, e = ui +ug = mar{—4,1 — 3} + maz{6,2 + 4} = 4.
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The best upper bound on the function z is given by C"”, since uy ¢cr > uy cr > uy com.
Furthermore, choosing x1 = x4 = x¢ =1 and r9 = r3 = x5 = x7 = xg = 0, we obtain that
(x1,...,28) € R and x1 —4x9+2x3+ 624 — x5 — 316 — D7 +428 = 4. Consequently, there is
no upper bound on z stronger than u, ¢n. (Note that if one restricts the admissible families
for R to families of packings, as the traditional procedures do, then the associated upper
bounds on z will be greater than 4, since maz{x; —4xe+ 2x3+ 624 — x5 — 3w6 — Hx7 + 428 |
> oa;<1 Vke{1,2,4}, z;€[0,1] Vie{l,...,8}}=7)

JE€CK

4 Detecting constraint redundancy

Let r € I, Ry = {(2j)jes € [0,1]" | Y agz; ~b; VieI\{r}}and R, = {(;)jes €
Jj€J
[0,1]™ | Zam—xj ~ b,}. We are interested in determining whether the rth constraint is
jeJ
redundant, that is, whether R, C R, (in this case the rth constraint can be dropped
from (P), although it may be preferable not to do so, since, in some cases, redundant
constraints can be converted into non-redundant ones by applying coefficient increasing
or reduction methods, see [6]).

Let R = {(zj)jes € {0,1}" | Zaijxj ~ b, Vi e I} and let C = {Ci}rex be an
jeJ
admissible family for R, where K = K1 UKyU K3 and {Cj }rek,, {Ck }rek, and {C }rek,
are a family of packings, coverings and special ordered sets respectively. The family C will
be obtained as follows:

We start by identifying a family Cy of packings, coverings and special ordered sets
whose induced constraints are valid for R and that contains the family Cp of packings,
coverings and special ordered sets that induce contraints of problem (P), see Section 1.
If Cy is an admissible family for R, we take C = Cp; otherwise, by Lemma 1 it is easy
to determine an admissible family for R from Cy, see Example 1. (For simplicity, we can
assume that, for each k € K, C_ =0, |Cx| > 1 and, if 3k’ € K \ {k} such that C} C Cy,
then k € S Ugl and k' € S, Ugg).

Let I¢ be the set of indices of the constraints in (P) that are induced by {Ck}rek-

Without loss of generality, from now on we assume that every constraint in (P) is an
inequality of type <. (Note that any inequality of type > can be converted into another
one of type < by multiplying it by —1, and any equality can be decomposed into two
inequalities).

Proposition 1. Let iy,...,i, € I\ I¢ be such that i #ip V1,1 € {1,...,p} withl # 1,

and let z = Z()\l Qi j = A2 Qiyj — .. — Ap G4, ) T, where p > 1 and Ay, ..., \, are positive
jed
integers relatively prime. If u, ¢ < A by — A2 by, — ... — Ay by, and RZ-_1 C Re, then the

i1th constraint is redundant.
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PROOF. Let b = A1 bj; —Aabyy, — ... = Apb,. If u, ¢ < band Ri—1 C Re, by Lemma 2 it

follows that R; C R,p. Moreover, for each [ € {2,...,p} we have that Zaizj zj < by,
jeJ
V(zj)jes € Ry, since i1 # 4. Thus, Ay Zahjl’j < A1 b, —l—Z()\gaizj—i-. A Apaq, i)y —
jeJ jeJ
A9 bi2 — .= )\p bip <M\ bi1 V(:Ej)je] S Rz’_l’ hence Rl_l - Ril- |

In Proposition 1 it is not necessary to impose the condition that A,..., A, be integers
relatively prime. Assuming they are integers, A1b;; —A2bs, —...—Apb;, and the coefficients of
the function z are rationals. On the other hand, if A1, ..., A, are positive integers, it follows
from Corollary 1 that the result of applying Proposition 1 by considering Ay, ..., A, is the

A A
same as by considering —1, ..., =2, where M is the greatest common divisor of A1, ..., Ap-

Therefore, in order to make the calculation of Ay b;; — A2 b, —... — Ay by, and u, ¢ easier,
it is advisable that A,..., A, be relatively prime (if p = 1, we will take A\; = 1).

If when applying Proposition 1 one obtains that u, ¢ < Ay b; —A2b;, —... — Ay by, and
R; < Rc, then adding the constraints induced by {Ck}rer () to the constraint system
of (P), where K (i1) = {k € K1 | Rj, € {(7;)jes € [0,1]" | X(Ck) <1}}U{k € K2 | R;, €
{(@))jes € [0,1]" | X(Ck) > 1}}U{k € K3 | R € {(x5)jes € [0,1]" | X(Ck) = 1}}, we
have that R; C R¢ and, consequently, the i;th constraint is redundant.

It is clear that Proposition 1 also holds for any indices i2,...,7, € I such that
i1 # 14 VI € {2,...p}. Now, Lemma 3 proves that if some of them belong to Iz and
Proposition 1 detects the redundancy of the i;1th constraint by considering i, ...,%,, then
it will also detect it by considering only those indices in I\ I¢.

Lemma 3. Let i1,...,iy € I\ I¢ be such that ip # ip V1,1 € {1,...,p'} with 1 # U,
let iyt1,...,1p € Ic be such that iy # 1 VLU € {p'+1,...,p} with | # U, let z =

Z (/\1 ailj —/\2 ai”- — ... —)\paipj) l‘j and Z, = Z (/\1 ailj —)\gain — ... —)\p/ aip,j) l‘j,
jedJ jeJ
where 1 < p' <p and M\i,...,\p are positive integers relatively prime. If uy ¢ < A1 b, —
)\2 biz — ... )\p bip, then Uy, C < )\1 bi1 — )\2 bi2 — ... )‘p’ bz'p/-
PrROOF. Let b = )\11)2'1 —)\gbiz —.. '_)\pbip and b = Albil —)\gbiz—. . '_)\p’bip/' Ifuz7c <,
by Lemma 2 it follows that Re C R, and, since iy 11,...,% € Ic and A\pyyq,..., A, >0,
we have that Re C R,/ y, hence uy ¢ <b'. =

Given Ty .- ,ipef\[c, ingZKgZ@ and Albil—)\gbiz—. . '_)\pbip <0 VAq,... ,)\p>0,
it is not necessary to apply Proposition 1, since u, ¢ > 0 by Corollary 2 and, so,
Uy, C > Al bil — X bi2 — ... —)\pbip.

If K9 = K3 = (), without loss of generality we may assume that the family Cy from
which C has been obtained (see above) is formed only by packings C' such that |C| > 1
and AC" € Cy\ {C} with CT C C'" and C~ C C'~ (see Lemma 1). Then by Lemma 4 it
follows that, taking p = 1 in Proposition 1, the redundancy of a constraint induced by a
packing will not be detected.
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Lemma 4. Letr € I\ I¢ and z = Z arjxj. If v is the index of a constraint induced by
Jj€J
a packing and Ky = K3 = 0, then uy ¢ > b,.

PRrROOF. Let C be the packing that induces the rth constraint and let Cy be the family
of packings from which C has been obtained. Since C' € Cy, we have that |C| > 1 and
AC" € Cy\ {C} such that CT C C"" and C~ C C'".

If [C~| > 1, then b, <0, hence u, ¢ > b,, since u; ¢ > 0.

If |C7] =1, then |Ct| > 1 and b, = 0. Thus, considering that a,; =1 Vj € CT, by
Theorem 1 it follows that u, ¢ > 1 > b,.

If |[C~| =0, then |CT| > 2, C = C" and b, = 1. Therefore, since r ¢ I¢, it must be
C Z Cp Vk e K and, by Theorem 1, we obtain that u, ¢ >2>b,. =

Example 2 shows a situation where it is possible to detect a redundant constraint by
considering it jointly with another constraint, but not by considering it alone.

EXAMPLE 2. Let (5)-(8) be the constraint system that defines the feasible region of (P).

3x1 +bx2 —x3+x4+ 625 < 10 (5)
1+ o —23+74+4dr5 < 4 (6)
1+ T2 < (7)

xa+ x5 < 1 (8)

Let C = {{1,2},{4,5}}. (Note that constraints (7) and (8) are induced by the packings
{1,2} and {4,5} respectively). By applying Proposition 1 to constraints (5) and (6) we
have that z = (3)\1 — /\2)331 + (5)\1 — /\2)332 + (—)\1 + )\2):173 + ()\1 - )\2)334 + (6/\1 - 4/\2):175,
uy,¢c = maz {bA1 — A2, 0} + maz {1 — A2, 61 — 4X2, 0} + maz {—A; + Ao, 0} and
A1 b, — Ao by, = 1001 — 4)a.

1
o If N < g Ao, then Uy, Cc = —A1 + A2 =10A1 —4Xo — 11X; +5X9 > A\ bil — A biQ.

1 2
o Ifg)\g <A< g)\g, then Uy Cc = BAL —Aa— A1+ A3 =4A = 10X\ — 4y — 61 +4X >
A1 by, — A2 by,

2
° Ifg)\g <A1 < A, then uz ¢ = A1 — Ag +6A1 —4ho — A\ + Ay = 10N — 4\ =
A1 by, — A2 by,

o If A\ > )Xo, then Uy, ¢ = BAL — Ao +06A1 —4Xg = 11A] — 59 = 101 —4Aa + X1 — Ao >
A1 bi, — A2 by,
So, to detect the redundancy of constraint (5) it suffices to choose A\ and Ay such that

2
g)\g < A1 < A2. However, if Proposition 1 is applied only to constraint (5), the redundancy
is not detected, since taking \1 = 1 we obtain that u, ¢ =5+ 6 =11 > b;, .
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5 Conclusions

In this paper we have presented a new procedure for obtaining upper bounds on linear
functions that makes use of the information provided by certain families of packings,
coverings and special ordered sets. It can determine better upper bounds than the
traditional procedures, which do not consider either coverings or special ordered sets,
and it can be particularly useful in problems without packings. We have also presented
a new method for detecting redundant constraints in 0-1 linear programming problems
based on these upper bounds. It can detect some redundancy situations that the methods
available in current literature cannot, since it allows consideration of several constraints
jointly, whereas the existing methods consider only single constraints. Consequently, this
new method can improve the current preprocessing techniques.
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