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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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Do not depend on set class                           
(e.g. conic quadratic, semi-algebraic, etc.)

Affine transformations extends “Canonical” cuts:

Imply general cuts for quadratic sets. 

Techniques:

 (1) Interpolation, (2) Aggregation.
/24
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Modaresi, Kılınç, V. 2012: 

• kxk22 = kP⇡xk22 +
��
P

?
⇡ x

��2
2

• kP⇡xk22 = (1/ k⇡k)2
�
⇡

T
x

�2

• P⇡ :=
⇣
1/ k⇡k22

⌘
⇡⇡T , P?

⇡ := I � P⇡
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C⇡,⇡0 =
�
(x, t0) 2 Rn ⇥ R :

kB(x� c)k22 t0

a⇡

T
x+ b+

��
P

?
B�T⇡B(x� c)

��2
2
 t0

 



Modaresi, Kılınç, V. 2013: 
• g is positively homogeneous in addition to convex.

C :=

⇢
(x, t0) 2 Rn ⇥ R :

⇣��
⇡

T
x

��p + g

�
P

?
⇡ x

�p⌘1/p
 t0

�

C⇡,⇡0 :=
�
(x, t0) 2 Rn ⇥ R :

⇣��
⇡

T
x

��p + g

�
P

?
⇡ x

�p⌘1/p
 t0

⇣��
a⇡

T
x+ b

��p + g

�
P

?
⇡ x

�p⌘1/p
 t0
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Modaresi, Kılınç, V. 2012
kx� ckp :=

⇣Xn

i=0
(xi � ci)

p
⌘1/p

/24

Technique 1: Interpolation

Cuts for Some General Functions

13



Modaresi, Kılınç, V. 2012
C :=

�
(x, t0) 2 Rn ⇥ R :

kB(x� c)k2  t0
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C⇡,⇡0 =
�
(x, t0) 2 Rn ⇥ R :

kB(x� c)k2 t0
⇣�

a⇡

T
x+ b

�2
+
��
P

?
B�T⇡B(x� c)

��2
2

⌘1/2
 t0

 



Dadush, Dey and V. 2011

C :=
�
x 2 Rn : f

�
⇡

T
x

�
+ g

�
P

?
⇡ x

�
 0
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15(also see Belotti, Góez, Polik, Ralphs, Terlaky 2011)

• g is positively homogeneous in addition to convex.
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General Split Cuts: 

Paraboloid                 and  Cone 

Other “Simple” Split Cuts:

Hyperboloids:
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B�T⇡i ? B�T⇡jC :=
�
(x, t0) : kB(x� c)k22  t0

 

X

j2J

�
aj⇡

T
j x+ bj

�

+
X

j /2J

dj

�
⇡

T
j (x� c)

�2  t0

�
(x, t0) : kB(x� c)k22  t0,

J ✓ {1, . . . , n}
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conv (C \ S) =

S :=
[n

i=1

�
(x, t0) : ⇡i

0  ⇡

T
i x  ⇡

i
1

 



C :=
�
(x, t0) : kB(x� c)k22  t0

 
B = I, ci = 1/2, ⇡i = ei

�
(x, t, t0) 2 Rn ⇥ Rn ⇥ R :

ktk22 t0,

|xi � ci| ti, 8i
(1� 2F (ci)) (xi � bcic)

+F (ci) ti, 8i
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conv (C \ S) =

S :=
[n

i=1

�
(x, t0) : ⇡i

0  ⇡

T
i x  ⇡

i
1

 

Conic MIR of Atamturk and Narayanan 2010
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S :=
�
(x, t0) 2 Rn+1 : g (x) > t0

 

conv (C \ S) =

f convex, g concave.
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Modaresi, Kılınç, V. 2013: 
C :=

�
(x, t0) 2 Rn+1 : f (x)  t0

 

S :=
�
(x, t0) 2 Rn+1 : g (x) > �t0

 
ai ? aj , i 6= j

0 6= ↵n � ↵i

h�⇤(x) :=
f(x) + (1/↵n)g(x)

1 + �/↵n

f(x) =
nX

i=1

wi

�
a

T
i x

�
+m

T
x+ r

g(x) = �
nX

i=1

↵iwi

�
a

T
i x

�
� l

T
x� q

wn is “coercive”

wi are convex
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Modaresi, Kılınç, V. 2013: 

S :=
�
(x, t0) 2 Rn ⇥ R :

kA(x� d)k22  1
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Technique 2: Aggregation

Case Gives Cuts for All Paraboloids

23
Also Bienstock and Michalka 2011 and 2013.

conv (C \ S) =
�
(x, t0) 2 Rn ⇥ R :

f (x) t0

x

T
Ex+a

T
x+ f  t0
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Two techniques for non-linear cuts:

General classes, but simple geometry.

General geometry for quadratic sets.

Techniques can be equivalent...

Both yield convex quadratic cuts.

... but not always

Aggregation technique cannot yield conic cuts.

Cut Name? Intersection/Concavity Cuts?
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