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Split Disjunctions and Split Cuts

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

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

0,771
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Split Cuts for Simplicial Cones

® Formulas: (MIG: Gomory 1960 and MIR: Nemhauser and Wolsey 1988)
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® Formulas: (Modaresi, Kiling, V. 2011)
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Split Cuts for Quadratic Cones

® Formulas: Modaresi, Kiing, V. 2011)
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10|

Crow = 1(x,tg) e R" xR :
|A(z — ¢)||2 < o,
|Bx — d

(also see Atamturk and Narayanan 2010 for elementary integer splits)



Split Cuts for Ellipsoids

® Formulas: (padush, Dey and V. 2011)

C:={zecR": ||A(z —c)|2 <1}
Cr ={x e R" : |[A(x —¢)|2 <1, ||[Bx—d|> < {a,x)+ b}

0,771

(also see Belotti, Goez, Polik, Ralphs, Terlaky 2011)



Split Cuts for Paraboloids

® Formulas: Modaresi, Kiing, V. 2012)

C:={(z,tp) e R" xR :
|A(z - )5 < to}

(also see Belotti, Goez, Polik, Ralphs, Terlaky 2012 for bounded case) 7/13



Message: Use the Right Split Cut

05

Paraboloid

Ellipsoid




Split Cuts for P-Order Cones

® Formulas: Modaresi, Kiing, V. 2011)

Elementary splits: 7w = ei

C:={(z,tg) e R" xR :
|z —cllp < tO}

o ::{(x,to) cR” xR

70,771
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® Atamturk and Narayanan 2010
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Conic MIR

® Atamturk and Narayanan 2010
C:={(x,tg) €Z" xR : ||[A(x — ¢)|2 < to, x>0}

Extended Formulation: (x,t,t5) € Z" x R"™ x R
Az —c)| <t
x>0

} € | inear Part

|t]l2 <ty == Nonlinear Part

Aggregate: ‘CZZI’J + Yo — 20 — b‘ < S0, Yo,20,80=>0, x€& Z?I—
Conic MIR: Y ¢s(a)z; — ¢p(b) < so+yo + 2
or(a) = la] + (a—la] = f)T/(1 = f)




Conic MIR and Nonlinear Split Cut

® Modaresi, Kiling, V. 2011
C:={(x,tg) €Z" xR : ||[A(x — ¢)|2 < to, x>0}
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Conic MIR and Nonlinear Split Cut

® Modaresi, Kiling, V. 2011
C = {(CIZ‘,tQ) cZ" xR : HA(CC — C)HQ < 1o,

Extended Formulation: (x,t,t5) € Z" x R"™ x R

G | inear Part

Az —¢) St}

|t]l2 <ty == Nonlinear Part




Conic MIR and Nonlinear Split Cut

® Modaresi, Kiling, V. 2011
C = {(Cl?,t()) cZ" xR : HA(.CIZ‘ — C)HQ < 1o,

Extended Formulation: (x,t,t5) € Z" x R"™ x R

Az —¢) St}

G | inear Part

|t]l2 <ty == Nonlinear Part

Conic MIR = Split cuts for linear part # Nonlinear split cut
(1—2f) (M Az — |[A\"Be|) + f < |\t

AeR™, A'XeZ", f: =X Bc— |\ Bc




Nonlinear Split Cut v/s MIR Strength

® Single Split Cut is Stronger than MIR




Nonlinear Split Cut v/s MIR Strength

® Single Split Cut is Stronger than MIR




Nonlinear Split Cut v/s MIR Strength

® Single Split Cut is Stronger than MIR

MIR Closure =————p
X 2 T

1
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® Single Split Cut is Stronger than MIR

Feasible for Nonlinear
Split Closure

MIR Closure =——————m——>
X 2™\ Ty
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Nonlinear Split Cut v/s MIR Strength

® Single Split Cut is Stronger than MIR

Feasible for Nonlinear
Split Closure fo 10

Nonlinear Split Cut =

X 2™\ _—

1




Summary and Open Questions

-ormulas for nonlinear split cuts

® Quadratic cones, ellipsoids and others.

® Strong ties to conic MIR.

—uture:

® Computation (INFORMS Phoenix).

® Extended Formulations (INFO

® More formulas.

RMS

Phoenix).

3/13



