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Cuts Can be Non-linear

® Split Cuts for Cones
® Non-linear, but ...

® “Class Preserving” &

® Simple Formulas®?
® General Convex Hulls

® Blekherman, et al. 2013

® Horst and Tuy. 2003
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“Simple” Shape = Simple Techniques

Do not depend on set class

(e.g. conic quadratic, semi-algebraic, etc.)

® Affine transformations extends “Canonical’ cuts:

L (conv (C'\ S)) = conv (L (C)\ L(S5))

® Imply general cuts for quadratic sets.

® [echnigues:

(1) Interpolation, (2) Aggregation.
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Interpolation for Separable Functions
® Modaresi, Kiling, V. 2013:

C:={(z,tp) e R" xR : fo4
f (WTZE) + g (P#x) < to}

Pri=1—(1/|x]3) ="

Croro = {(z,t0) € R" xR
f (WTLU) +g (P#x) <t
ar’x +b+g (P#a’;) < to}

>
o T X

“Simple” Split = Ignores tg : 7l <my V wla > m




Cuts for Some General Functions

C = {(z,tp) ER* xR :

exp (x%) — exp(0)
+]xo]?< to |

Cet ry = {(x,t0) ER* xR :

exp (x%) — exp(0)
+lzs|? < tg

axry + b+ 3 < t()}
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Cuts for All Paraboloids (Simple Split)

® Modaresi, Kiling, V. 2012
C:={(z,tp) e R" xR :
|B(z — )|z < to}

o P .= (1/ H7T||§) mnl, Pt =1 — Py

o 2] = ||Przl|: + || Pl
o [Pzl =(1/|x])? (xTx)

|z|l3 <to < f(772) +g(Pra) <t




Cuts for All Paraboloids (Simple Split)
® Modaresi, Kiling, V. 2012:

Croro = {(z,t0) ER" X R :
|B(z — o)[[2< to

am’ x4+ b+ ‘|P§_T7TB(:E — c)Hzg to |




Interpolation for Conic Functions
® Modaresi, Kiling, V. 2013:

e ¢ is positively homogeneous in addition to convex.

(

1
C:=<(x,tg) e R" xR : (‘WTSE‘p +g (Pﬁlx)p> ' < to}

\

Cr.ro :={(x,t0) €ER" xR : (‘wa‘p + g (P#x)p)l

(‘aﬂTT:E + b‘p +g (P#x)p) 1/p§ tO}

® See also Atamturk and Narayanan 2010.
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Cuts for All Quadratic Cones (Simple)
® Modaresi, Kiling, V. 2012

(also Atamturk and Narayanan 2010, Andersen and Jensen 2013)



Similarly: Cuts for All Ellipsoids
® Dadush, Dey and V. 2011

e ¢ is positively homogeneous in addition to convex.

C:={reR": f(wTaz) +g(P7TL:C) <0}

(also see Belotti, Goez, Polik, Ralphs, Terlaky 2011)
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Interpolation “Form” is Crucial

_\/1 — i+ |z2| <tg

Cone to = 0

\/(axl +0) +a

Paraboloid
ary +b+ x5 <1 _

0.5

Ellipsoid
ary 4+ b+ |xa2] <0 -




Extensions 1: Other QP Split Cuts

® General Split Cuts: n'x + 7ty < mp V7l + Tty > 7

® Paraboloid ||z||; < to and Cone ||lz], < to

HP#'QB + (awTa: + b) 7'('“2 <ecmlx+dtg+e

® Other “Simple” Split Cuts: 7Tz <mgVrla > 1

® Hyperboloids: \/ |z||5 + 12 <t

HP;'ZU + (cmTa:' + b) 7TH2 < 1o
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Extensions 2: Parabolic n-split cuts

Bz = o)lz < to.

Z (ajmj x4 b))




Extended QCP: Parabolic n-split cuts

Conic MIR of Atamturk and Narayanan 2010
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Aggregation = SDP Approach

C = {(z,ty) e R"" :

S = {(z,tp) e R"" :

f convex, g concave.

conv (C'\ 5) ={(z,tp) e R" xR :

f(x)< to
hos (2)< to}

ha(z) == Af(z) + (1 = A)g(x)

A* :=min{\ € [0,1] : hy convex}




A Case Where Aggregation Works
® Modaresi, Kiling, V. 2013:
(.= {(iU,to)GRn_l_l ; f(iE)Sto} aiJ—ajv Z#]

S = {(x,to) e R 1 g(z) >t} 0 # an > «;
w; are convex

n
f(x) = Z W, (aiTx) +miz+r wy, 18 “coercive”
i=1

g(x) = — Z aw; (a; x) — 1"z —q

1=1

f(x) + (1/an)g(z)




Case Gives Cuts for All Paraboloids
® Modaresi, Kiling, V. 2013:

2! Exta’z+ f < tO} v

® Also Bienstock and Michalka 2011 and 2013.
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Summary

® [wo techniques for non-linear cuts:
® General classes, but simple geometry.
® General geometry for quadratic sets.

® [echniques can be equivalent...

® Both yield convex quadratic cuts.
® ... but not always
® Aggregation technigue cannot yield conic cuts.

® Cut Name? Intersection/Concavity Cuts?
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