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Split Disjunction
L ={z €R" : (7, x)
Gr =1z € R" : (m, x)
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Split Disjunction
L;O — {$ € R" : <777I> < WO}

Gr =1z € R" : (m,x) > m}
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Split Disjunction
L ={z €R" : (7, x)
Gr =1z € R" : (m, x)

Cr.m := conv(CN(LT UGT )

m™ =T+ 1




Split Disjunctions and Split Cuts
Split Disjunction

L ={z €R" : (m,x) < 7o}

Gr =1z € R" : (m,x) > m}

Crromo = conv (CN(LE UGT. ) T .

={x :9;(x) <0,1€ 1, ' N 7T
mo=mg+1 hilr)<0,5€J Split Cuts




Split Disjunctions and Split Cuts

Split Disjunction
Ly ={zx € R" : (m,x) < mo}
G ={rcR" : (mx) >m}

re 4", mi=myg+1 € Z
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Split Disjunctions and Split Cuts

Split Disjunction
Ly ={zx € R" : (m,x) < mo}
G ={rcR" : (mx) >m}
Elementary Splits:

T =€

337;<7T() V 337;>7T0—|—1

Cr.m := conv(CN(LT UGT )
={x :g;(x) <0,7 €1, |
mo=mg+1 hilr)<0,5€J Split Cuts




Split Cuts for Simplicial Cones

® Formulas: (MIG: Gomory 1960 and MIR: Nemhauser and Wolsey 1988)




Split Cuts for Quadratic Cones
® Formulas: (Modaresi, Kiling, V. 2011)
C(B,c) = {(z,tg) e R" xR :
|B(z —c)[2 < to}

(also Atamturk and Narayanan 2010, Andersen and Jensen 2013)
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Split Cuts for Paraboloids

® Formulas: Modaresi, Kiing, V. 2012)

Q(B,c) == {(z,50) € R" xR :
|B(z — )|z < s0}

Q = Q(B,C)

Qr,mo = 1(2,80) € R" X R
B(x —c)l3 < so.
D(z —d)||3 < s0 + (a, fl’f>+b}

® Stronger than “conic” cut for Shortest Vector.



Conic MIR and Extended Formulation

Q(B,c) = {(z,50) €R" xR : [ B(x — o)|I3 < 50}
Extended Formulation: (z,t,s9) € Z" x R™ x R, v <t

B(x —c)| <t <= Linear Part )

||tH% < S) <= Nonlinear Part 0| < 1 Vi

® Atamturk and Narayanan 2007, Modaresi, Kiling, V. 2011



Conic MIR and Extended Formulation
Q(B,c) := {(:z:,so) cR" xR : ||B(x — c)H% < 30}
Extended Formulation: (x,%,s9) € Z" x R"™ x R v <t
B(x — ¢)] <t <G Linear Part )

||tH% < S) = Nonlinear Part vil < £V

Conic MIR = Spilit cut for linear part fi=nlc—m € (0,1)
L:={(z,t) eR" xR" : |B(x —c)| <t}

{ B(z —c)|<t }
(1 —2f) (7TT(L‘—7T())—|—f§ ‘B_Tﬂ t

® Atamturk and Narayanan 2007, Modaresi, Kiling, V. 2011




Non-linear Effect of Linear Cut
(x,1) € Lw,m}

2
Itll5 < so0

{(x,t,so) cR" xR" xR :

Equality for B =1 and 7 = €.

QT"ﬂTO g PI’Oj(x’SO) (MIR2 )
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Containment can be strict.




Non-linear Effect of Linear Cut
(x,1) € LW,WO}

2
Itll5 < so0

TT,7T0

MIR: = {(x,t,so) c R" xR" xR :

Q.o © Proj(x’SO) (MIR2 ) Equality for B = I and m = €*.

TC .70 . .
707 Containment can be strict.

For B =1 o o
Proj; ) (ﬂ MIR?’%L%J) C () Qe i}
' 1=1

1=1

Strict containment for n =2 and ¢ = (1/2,1/2).




MIR CVP Bound > Split CVP Bound
For B=1and ¢; =1/2

n/4 = min {Haz = zn}

min{so : ($ 30) EPrOJ(ms ) (ﬂ MIR@ LCJ)}

1=1

1/4 = ]glg)l {30 . (x,80) € ﬂ QW,WO}

(7,0 ) EZL™ X 7




CMIR Bound

n/413¥1£n{80 . (z,50) € Proj, ) (ﬂ MIR?, LCJ)}

1=1

|CIZ‘7; — 1/2| Sti \V/Z,

(W]WIR2 (z,t,50) : (1—=2f)(w; — [1/2]) + f <t Vi,
=1 1t5 < s0
@z —1/2| <t; Vi,
=< (x,t,50) : 1/2<t; Vi,
1ty < so

f=nlc—my=1/2



No Dominance Between Cuts

® Split cuts cut portion of MIR closure.
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MIR Closure =—————m———————>
X 2% T

1
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® Split cuts cut portion of MIR closure.

Feasible for Nonlinear
Split Closure o 10

Nonlinear Split Cut =

20

MIR Closure ————————————

X1 2




GAP Closed [%] = 2 n Cuts
B Conic MIR

B Nonlinear Split

15

GAP Cosed = 100 x (1

Cut Bound >

Optimal CVP
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Summary and Open Questions
® Non-linear Split Cuts
® [00 Expensive.
® Solution: Non-linear extended formulation.
® Computationally:
®» Non-linear extended formulation helps by itself.

® Neither cut seems to help.

® Do you have difficult quadratic MIP problems®?
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