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THEORY

Input: (LP): min{cx : x € P} where P ={x € R" : Ax > b,z > 0} and A is a rational m X n matrix. Theorem.
(MILP): min{cx : x € Pr}where P ={x € P:x,;, € Z, j € I} forasubset] C [n] = {1,...,n}. Let 3° and 3" be given such that, for ¢ € {0, 1}, ha > s valid for P N F9.
x: An optimal solution to (LP).
Then the inequality ax > [as defined below is valid for conv(P \ int S) if either the inequality cuts a
Goal: Tighten relaxation of P; via valid inequalities cutting off . vertex of P N int S or there exists a point p? € P N F'? achieving hp? = B9for ¢ = Oand q¢ = 1.

Throughout, S will denote a split set{z : mp < mx < M9 + 1}
satisfying Pr Nint S = Jand T € int S.

Let FO ={z:mz =moland F' = {x: 7z =my + 1},

G

EXTENSIONS

COMPUTATION

Define o0 = {j € I : &; ¢ Z} as the set of integer variables fractional atz. Let S; = {z : |Z;| < z; < |Z;]|} bethe m

simple split on x; for j € o.

Experiments: Measured percentage of integrality gap closed by tilted cuts on 42 small (at most 500 rows and 500 Can we mix information from different splits? Too slow, too many cuts!
columns) benchmark instances from MIPLIB, where the cuts were generated from all possible simple splits. .

Theorem. (Gunlik and Pochet, 2001) Idea: choose only a subset of the bounds to tilt.

: 110 pl 3. _ 0 pl

GMI cuts are used as benchmark. Tilted cuts are added together with GMI cuts in results. Forj € g, let §. = min{", 5"} and §; = I_na?c{,ﬁ P , I3 | . .

Let B3y = max{]ﬂ . j € o} Assume 3; < B/ 1ty < 7. (T1*) Only tilt bounds tight at min{cx : x € PN F9}
How to tilt? Which inequalities to tilt? Then the followi_r{g inequality 1s valid for P;. for either g = Oor ¢ = 1.

he > Bo+ S (B — By 1) . . | |

Forq € {0,1}, set 579 = min{hx : x € PN F7}. (T0) Natural first choice: objective vector. o ; ’ ’ 7 Order of magnitude more efficient, but still doubling

This is tilting. 7 number of GMI cuts.

(T1) Other 1inequalities in input: row and column bounds.

Gap closed 229 31.8
Time 0.1 454
# cuts / # GMI 1.0 1.0 15.2

Gap closed 229 352 354
# cuts /# bounds 0.1 0.1 14 ,

Time 454 458 3.1 3.1

# cuts / # GMI 1.0 152 4.4 2.0

# cuts /# bounds 0.1 1.4 0.3 0.2

Other ways to use several splits at once? Conclusions
Many, many cuts.
Instance  GMI TO T1* T1'M Ty T{oxk #GMI #T1* #T1'M  #T i (T ) Tilt intersection cuts from P N F'9. Results show we can use tilting to

generate strong cuts quickly.

bell3a 61.6 64.6 64.6 523 36 458 o
misc0] | | | | 0.0 - )6 410 16 1 170 For validity, these are only generated from

Gap closed '
In fact, cuts can be generated for free while

gathering strong branching information.

splits on binary variables.

Time
# cuts / # GMI 17.0 26.5
#cuts/#bounds 1.7 2.8

mod013 . . . . 5.7 262 5 5 1 57
p0282 . 813 172 172 510 64 39 1,000
prod| . L 635 91 91 2,002 196 130 1,000
tp2 . . . . 31 27 27 1,982 6l 38 762

steind5* . 237 278 314 46 45 [0 1,000
timtab1 26.4 3431 429 146 1,000

Many open questions left, both from the
computational and theoretical sides.

But strong and fast.

Much more left to do!
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