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Linear Arithmetic / Linear Programming

Input: D =1 @ij * Tj 0; by fori=1,...,m
coefficients variables predicate bound
(€Z) (3x)) (€ {<, <)) (EZ)
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Linear Arithmetic / Linear Programming

Input: a; X 0; b; fori=1,...,m

Goal: xeR™ (LRA/LP) or xé&Z" (LIA/ILP)

Complexity: P NP
Example:
2y < bz, 3y > 4x,

2y < —=dzx + 15, 2y > —3x+ 4,

LIA: (z,y) = (1,2)
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Fast Cube Tests

for LIA constraint solving
(Bromberger & Weidenbach, I[JCAR 2016)

La?gegt Cube Test

 |argest cube inside the set of real solutions
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Fast Cube Tests

for LIA constraint solving
(Bromberger & Weidenbach, I[JCAR 2016)

La?gegt Cube Test

 |argest cube inside the set of real solutions
« center point
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Fast Cube Tests

for LIA constraint solving
(Bromberger & Weidenbach, I[JCAR 2016)

La?gegt Cube Test

 |argest cube inside the set of real solutions
« center point — integer point
« optimization LP (LRA) + evaluation
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|$y|—>2

Equalities

2y < 2+ 3z, 2y > —2 + dz,
oy < 25 — 3z, 2y > 4 — 2x,
y =2

substitute | y — 2z

2: 20 <243z, 2 -2x2>-2+ 5z,
5:2x <25 -3z, 2 -2x2>4-—2x,
xr < 2, 2>,

13z < 25, 3r > 2,
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Equalities

2y < 2+ 3z, 2y > —2 + dz,
oy < 25 — 3z, 2y > 4 — 2x,

y =2

Diophantine Equation Handler

A Practical Approach to

Satisfiability Modulo Linear Integer Arithmetic
by A. Griggio. JSAT 2012

3 4
y— 30|z Loy z— 3 13y < 50, 3y > 4,
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Equalities

2y < 2+ 3z, 2y > —2 + dz,
oy < 25 — 3z, 2y > 4 — 2x,

y =2

Diophantine Equation Handler

A Practical Approach to

Not Always Explicit!
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Implied Equalities

explicit | Vo e R [Ax <

Y - Y - Y
1 2 3 4 5

r 4
1

" - . "
2 3 4 5

Sldfr =

] implicit

2y = x + 2,

3y < —x +

2y > x+2,

87 392—954—8,

3y < —x +

8, y < 2x — 2,

\V4

AV 4

2y=x + 2

2y =x + 2

y =2x — 2,

y = 2x — 2,

Yy = —x +

8

3y = —x +

8
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Equality Basis

explicit

r 4
1

e & - —
2 3 4 5

Vo e R [Ar <b

—|dt 'z =

c]]  implicit

2y =x + 2,

3y < —x +

8, 3y2—2’?‘|‘87

2y > x + 2,

Yy < —x +

8, y < 2x — 2,

\V4

20 =1z + 2

y =2x — 2,

Yy = —x +

8
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2y =x + 2

y =2x — 2,

Yy = —x +

8
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Equality Basis

Equality Basis:

Implied Equalites:

1.set of All

linear independent | linear combinations

equalities | of the

2. maximal Equality Basis

[ ‘v’xER”.Aang%dTa::c]
L) A, A, ER
Jy < —x + 8, y <2z —2, Al' 2y = +2 +/12' 3y =—T+38
XZ NV

2y =x+2 N — (2/11"‘32,2)}7:
3y = —T +3 ’ (2’1 - Az)x + (22,1 - 8/12)
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Equality Basis

Equality Basis:

1.set of

equalities
2. maximal

linear independent

Implied Equalites:
All
linear combinations
of the
Equality Basis

5

[ Vo € R™.

2y > x+2,

3y < —x + 8,

y < 2x — 2,

\V4

2y=x+ 2

3y =—x+8

SaTIN

%dTa::c]
2=x+2 |— % Yy =—r+8
"\
y = 20 — 2,
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Equality Basis

Simplification:

via

Eliminating
Equalities

Substitution

Vo e R [Ar <b

%dTa::c]

2y > x + 2,

3y < —x + 8,

y <2z — 2,

2y=1x+ 2

\V4

T+ 2y — 2

Jy=—x+38

2y=x+2

3y =—x+8

_rlTpmm— Basis for Equalities — Bromberger, Weidenbach

>
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by = 10

V2

Y — 2
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Equality Basis

Simplification:
Eliminating
Equalities
via
Substitution

Verifying

Implied Equalities:

via
Substitution
(Nelson-Oppen)

[ Vo € R™.

Axr < bl—

dTa::c]

2y > x+2,

Jy < —x + 8, y <2z — 2,

\V4

2y=x+ 2

3y =—x+8

y=4y—6

Y 2 »@

0=0
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Nelson-Oppen Method
fw)=#f(@) Afx)=u A fY)=v A

Uu—-v=w A x<y ANy+z<x AN 0=z

E
U= WA xchange A
x<yA pairs of ];(8 i {L(Z)Q
y+z<xA equivalent f) =v
0<z w variables -
LRA UF
True True
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Nelson-Oppen Method
fw)=#f(@) Afx)=u A fY)=v A

Uu—-v=w A x<y ANy+z<x AN 0=z

X =Yy
N Exchange A
x=y A pairs of ];(8 i {L(Z)Q
y+z<xA equivalent fO)=v A
A variables . X=Y A
u=vAN u="v
W =12 u="v B

LRA UF

True True
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Nelson-Oppen Method
fw)=#f(@) Afx)=u A fY)=v A

Uu—-v=w A x<y ANy+z<x AN 0=z

X=y,W=2Z

N Exchange A
x=y A pairs of ];(8 i {L(Z)Q
y+z<xA equivalent fO=v A
0<z /\‘ variables . X=Y A
u=v AN u=v N
w =12z w="v w =12z
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Nelson-Oppen Method
fw)=#f(@) Afx)=u A fY)=v A

Uu—-v=w A x<y ANy+z<x AN 0=z

X=y,W=2Z

N Exchange A
x=y A pairs of ];(8 i {L(Z)Q
y+z<xA equivalent fO)=v A
0<z /\y\varia_bles_/ xX=y A
u=vA u=v A
w =12z w="v w =12z
True False
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Nelson-Oppen Combination
U ="

—

pairs of
equivalent
variables

TO = )
Yo = | >5’7 Y
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Nelson-Oppen Combination

U=
pairs of
equivalent
variables
w ==z
, o + hormalizing _
semantic > syntactic
equivalence equivalence

Find equivalent variables with DAGS!
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Nelson-Oppen Combination
U ="

How do we find equalities?

w =z

, o + hormalizing _
semantic > syntactic

equivalence equivalence

Find equivalent variables with DAGs!
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Equality Test

subject to: subject to:
a?m O; b@ affac@bz
fort=1,....,m : fort=1,....,m
where o; € {<, <}
Interior & Surface Interior
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Equality Test

subject to: subject to:
a?m O; b@ affac@bz
fort=1,....,m : fort=1,....,m
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Equality Test

subject to:

T
a; L Oj b@

for:=1,...
where o; € {<, <}

s TT

sat

—

l l I I ‘ ‘ max planck institut
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subject to:

al T Qb;

fort=1,....,m

unsat
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Equality Test

sat

Conflict: C' C {1,...,

rminimal subset such that\
Ix € R". Njec 0l x < b

\_ Is False

-

il plmf‘;}?k" et

T

Basis for Equalities — Bromberger, Weidenbach

subject to: subject to:
a?m O; b@ affac*@bz
fort=1,....,m : fort=1,....,m
where o; € {<, <}
unsat

a;xr=1b; forieC
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Equality Explanation

original Lo
—2z+y < -2,
2z +y < -2,
r— 2y < -2, Positive | 2z -y < 2
Linear
Combinations
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original

Equality Explanation

—2x 4+ 9y < =2,

x + 3y < 8,

33—2:93_27

IIIIJII

max planck institut
informatik
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Equality Explanation

strict 5»
—2r +y < -2, |
x + 3y < 8,
r— 2y < -2,
original L
—2r +y < -2, 1 oty <2,
T+ 3y <8, m — = 9y = -2
r—2y < -2, (%) vy= 4
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Equality Explanation

strict
—2r +y < -2, N 9wty < -2,
x+ 3y <8, <%5_¢ _|_ 0<0,
—I_ 20—y < 2,
w2 (D)
- Multiply « —
original 3
—2r+y< -2, -1 Crty< -2
T+ 3y < 8, —.®_‘ — 9y =2,
—+ 20—y < 2,
r —2y < -2, _-C@—T
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Equality Explanation

strict
2z +y < -2, %
D-Ew) :
x + 3y < 8, ®_ —
x— 2y < =2, —-@_ " o+ 3y < 8,]

Multiply %

original
—2x 4+ 9y < =2, %
@“ —Z—3Y S —8,]
Lt _@_ r+3y= &,
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Equality Explanation
strict

-2z +y < =2,

—r+2y < 2,

x + 3y < 8, : —
T —2y < 2, —-@ , $2y<27©

original
—2x 4+ 9y < =2, %
—x+2y < 2,
T+ 3y <8, —9 —

— _@ (o= <-2)
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Computing an Equality Basis

original strict equalities
2u=24+v—ux,

20> 24+v—ux, 20> 2+v—x,
3u<8—v—A4x, Ju < 8 —v—A4x,

u< -2+ 2v+uz, u< —2+2v+x
2y <9+3u—2z, |C_>| 2y <9+ 3u— 2, ——
2> % 2 > 2% 1. |substitutions||
y<4—-v—u, y<4—-v-—u, Vi~ =2+ 2u—+uw,
y > 2w, y > 2, <:|

sat unsat

l l I I ‘ ‘ max planck institut
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Computing an Equality Basis

original

2u>2+v—uwx,
Ju <8 —v—A4x,
u< —242v+zx,
2y <9+ 3u — 2z,
2y > 2v — x,
y<4d-—v-—u,
y = 2z,

sat

l l I I ‘ ‘ max planck institut
informatik

strict

equalities

0>0,

bu < 10 — oz,
—3u < —6 4+ 3z,
|:> 2y <9+ 3u — 2z,
2y > —4 4 4u 4+ x,
y<b—3u—uwx,

y > 2,

unsat

2u=24+v—ux,

|Isubstitutions||

v =24 2u+x,

Basis for Equalities — Bromberger, Weidenbach
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Computing an Equality Basis

original

2u>2+v—uwx,
Ju <8 —v—A4x,
u< —242v+zx,
2y <9+ 3u — 2z,
2y > 2v — x,
y<4d-—v-—u,
y = 2z,

sat

l l I I ‘ ‘ max planck institut
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strict

equalities

bu < 10 — oz,
—3u < —6 4+ 3z,

I:> 2y <9+ 3u — 2z,

2y > —4 4+ 4u + x,
y<b—3u—uwx,
y > 2,

unsat

2u=24+v—ux,
Su = 10 — 5z,

|Isubstitutions||

v =24 2u+x,
U 2—,
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Computing an Equality Basis

original

2u>2+v—uwx,
Ju <8 —v—A4x,
u< —242v+zx,
2y <9+ 3u — 2z,
2y > 2v — x,
y<4d-—v-—u,
y = 2z,

sat

l l I I ‘ ‘ max planck institut
informatik

strict

equalities

0 <0

—>| 2y <155z,

2y > 4 — 3z,
y < 2,
y > 2,

unsat

2u=24+v—ux,
Su = 10 — 5z,

|Isubstitutions||

v =24 2u+x,
U 2—,
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Computing an Equality Basis

original

2u>2+v—uwx,
Ju <8 —v—A4x,
u< —242v+zx,
2y <9+ 3u — 2z,
2y > 2v — x,
y<4d-—v-—u,
y = 2z,

sat
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strict

equalities

—>| 2y <155z,

2y > 4 — 3z,
y < 2,
y > 2,

unsat

2u=24+v—ux,
Su = 10 — 5z,
y =2z,

|Isubstitutions||

v =24 2u+x,
U 2—,
Yy — 2T,
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Computing an Equality Basis

original

2u>2+v—uwx,
Ju <8 —v—A4x,
u< —242v+zx,
2y <9+ 3u — 2z,
2y > 2v — x,
y<4d-—v-—u,
y = 2z,

sat

l l I I ‘ ‘ max planck institut
informatik

strict

equalities

—>| 9z < 15,

Tx > 4,
0 <0,
0> 0,

unsat

2u=24+v—ux,
Su = 10 — 5z,
y =2z,

|Isubstitutions||

v =24 2u+x,
U 2—,
Yy — 2T,

Basis for Equalities — Bromberger, Weidenbach

7/30/2017 13/15



Computing an Equality Basis

original

2u>2+v—uwx,
Ju < 8 —v —4dx,
u< —242v+zx,
2y < 9+ 3u — 2z,
2y > 2v — x,
y<4-—v-—u,
y 2> 2,

sat

l l I I ‘ max planck institut
informatik

strict
92 < 15,
Tx >4,
sat

Basis for Equalities — Bromberger, Weidenbach

equalities

2u=2+v—ux,
Su = 10 — bz,
y = 2x,

|Isubstitutions|

v =2+ 2u+x,
U 2—x,
Yy — 2T,
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Computing an Equality Basis

original

2u>2+v—uwx,
Ju < 8 —v —4dx,
u< —242v+zx,
2y < 9+ 3u — 2z,
2y > 2v — x,
y<4-—v-—u,
y 2> 2,

sat

l l I I ‘ max planck institut
informatik

simplified

equalities

—>| 9z <15,

Tx > 4,

sat

2u=2+v—ux,
Su = 10 — bz,
y = 2x,

|Isubstitutions|

v =2+ 2u+x,
U 2—x,
Yy — 2T,
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Quantifier Elimination

2y < 24 3x

Jy € R.

A oy <25 -3z N\

y < 2x

20> —-2+4+5x N\ 2y>4—-2z N\ y=>2

A

Virtual Substitution {| Elimination Set: E

JyeRF(y) & ViepF(1)
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Jy € R.

V

\
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Quantifier Elimination

2y < 24 3x

A oy <25 -3z N\

y < 2x

20> —-2+4+5x N\ 2y>4—-2z N\ y=>2

A

Virtual Substitution @ Elimination Set: Upper Bounds

(- )
0<0 A 2lz<40 A 2<z A 2y§é+33:
0> 2 A bx>2 A 2>=x y%lnt%cc)
0<2lz A 0<0 A 25 < 13z N\ 5953—356
60 > 31z AN 4dr>-30 A 25>13x yl—>5—%x

4 < 2z h
r <2 N 132<25 A 0<0 A y_@
2>z N 6z >4 A 0>0 Ly
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Jy € R.

V

\

l l I I ‘ ‘ max planck institut
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Quantifier Elimination

2y < 24 3x

2y > -2+ dx

A oy <25 -3z N\
N 2y>4-2z A

y = 2x

y > 2

A

Virtual Substitution @ Elimination Set: Upper Bounds

0<0 A 20z<40 A 2<z A aygéwa?
0> 2z A br>2 A 2>z vl ge
40<2lz A 0<0 A 25 <13z N\ |PYS20—97
60 > 31z AN 4dr>-30 A 25>13x yl—>5@—§x
z <2 A 132<25 A 0<0 A [ y<2e )
2>y A 6z>4 A 0>0 kyl—?%j)

Basis for Equalities — Bromberger, Weidenbach



Jy € R.

V

\
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Quantifier Elimination

20> —2+5x N\ 2y=>4-2

20< 243z |/\ Sy <25—-3z N\|y=2x

A

Virtual Substitution @ Elimination Set: Upper Bounds

(- )
0<0 A 2lz<40 A 2<z A 2y§é+33:
0> 2 A bx>2 A 2>=x y%lnt%cc)
0<2lz A 0<0 A 25 < 13z N\ 5953—356
60 > 31z AN 4dr>-30 A 25>13x yl—>5—%x

4 < 2z h
r <2 N 132<25 A 0<0 A y_@
2>z N 6z >4 A 0>0 Ly
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Quantifier Elimination

Jy € R.

20> —2+5x N\ 2y=>4-2

20< 243z |\ dSy<25—-3z \|y=2x

A

Virtual Substitution @ Elimination Set: 1 Equation

XK

4 _ 9 )
x <2 A 132<25 A 0<0 A y@f’f
> 1 A 6z >4 A 0>0 s

l l I I I max planck institut
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Quantifier Elimination

20 <24+3x |\ dy<25—-3x A\|y=2x |\

ElyER 20> —2+5x N\ 2y>4-2x
Virtual Substitution @ Elimination Set: 1 Equation
CGETT
r <2 A 13z <25 A 0<0 A y@f‘?
2> N\ b6z >4 A 0>0 \y|—>293)

XK

Jxr1 € R. [F(a:l) A [/\:11 alx o, bqﬂ

l l I I I max planck institut
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Puplications

Original paper:

(Computing a Complete Basis for Equalities\

Implied by a System of LRA Constraints
Bromberger & Weidenbach
\_ SMT Workshop 2016 Y

Extended journal version:

" New Techniques for Linear Arithmetic: A
Cubes and Equalities
Bromberger & Weidenbach
_ FMSD 2017 y
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Implementation via Simplex

 Extension of Dutertre & de Moura’s version of the
Dual Simplex Algorithm

« Highly incremental

« Substitution and Normalization is automatically
done via Pivoting

 Additional optimizations (Eliminating

unnecessary inequalities with the help of test
points)

l l I I max planck institut
informatik Basis for Equalities — Bromberger, Weidenbach 7/30/2017 15115



Conclusions

4 )

Finding Equalities:
\Aa: <b m) Axr < b = Conflict —=> Equality)

4 A Basis for Equalities: A

Ar <b m) Az <b = Equality > Basis

A\ {/

L Substitution )
;

Applications: A

e Simplify for LIA  * Nelson-Oppen for LRA)

Thank you for your attention! ]

max planck in
informati k

Basis for Equalities — Bromberger, Weidenbach 7/30/2017



Equality Test

Original System of Constraints P
actual implying strict
iInequalities iInequalities iInequalities
a; x < b; a; x < b; a; X < b
P Aaix=b||P —=ax=b|P fax=b
[ Equality ]

Explanation
a; x < b, a; x < b a; x < b
l Minimal I
Conflict
System for Equality Test
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Equality Test

Original System of Constraints P
actual implying strict
iInequalities iInequalities iInequalities
a; x < b; a; x < b; a; X < b
P Aaix=b||P —=ax=b|P AHax=b
[ Equality ]

Explanation

a; x < b, a; x < b
l Minimal I
Conflict
System for Equality Test
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Equality Test

Original System of Constraints P

- .. strict
non-strict inequalities inequalities
al x < b; a;j x < b a; x < b

737L>a;-rX:bi iP;}af}jX:bi 7374&?}(:[)7;

a; x < b, a; x < b

System for Equality Test

l l I I max planck institut
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Equality Test

Original System of Constraints 7)
non-strict inequalities Ly > 2, ine;Lr;(I:;[ties
al x < b; ! a;j x < b a; x < b
|
P 7L>a,;-rX:b,,; P alx=0b || P 7Qa,'fX:b?;
|
2y 2 2v — L, :

Satisfiable Assignment for 73
r—1 y—2 v—1

20 > 20 —x,=592-2>2-1-1, 4> 3,
y>2a )2z 1 2>,

l l I I max planck institut
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Equality Test

Original System of Constraints P

non-strict inequalities Ly > 2%, ine;Lr;(I:;[ties

al x < b; i a;j x < b a; x < b;
P 7L>a;-rX:b,,; EP —Salx=0b||P 7Qa,;-r:)czbf,;
2y > 2v—x, |
N~ | N~ N
a; x < b, E a; x < b
Ly > 2,
System for Equality Test

l l I I max planck institut
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Inequality Tableau & Bounds
Representation Representation

e < xp <up forke BUN

SUz':Zaz'j'CCj fori e B
JEN

Equalitiy Test

. < xp <ug forke BUN

:E@':Zaij'mj fori e B
JEN

Equalitiy Basis

xk:lkorzﬁk:uk

Ii:E a;; - r; forie B
max planck institut JEN
l l I p I ‘ inforlr)l}atikk 7/30/2017 16/17

Basis for Equalities — Bromberger, Weidenbach

al'x < b; fori=1,....m

’L —_—

a; x < b; fori=1,...,m

substitution

a;jx="b; foriel C{l,...,m}




Inequality
Representation
al x < b; fori=1,....m
a; x < b; fori=1,...,m

substitution
ajx="b; foriel C{l,...,m}

l l I I ‘ max planck institut
informatik

Equalitiy Test

Equalitiy Basis

Basis for Equalities — Bromberger, Weidenbach

Tableau & Bounds
Representation

e < xp <up forke BUN

SUz':Zaz'j'CCj fori e B
JEN

. < xp <ug forke BUN
:E@':Zaij'mj fori e B

JeEN
pivoting
[, = up for kel CN
T; = Z%j'él?j for: e B
JEN

7/30/2017 16/17



Bounds-and-Tableau Representation

basic
variables

c QU {—oc} c QU {+c}
Bounds: i < xr < uyg for ke BUN

non-basic
N

— .
B variables

Tableau: x; = Z aij-T; fori€e B
JEN

Inequality Representation:

a?xﬁbi fore=1,....,m

g J

l l I I ‘ ‘ max planck institut
informatik Basis for Equalities — Bromberger, Weidenbach 7/30/2017 15117




Bounds-and-Tableau Representation

basic
variables

c QU {—oc} c QU {+c}
Bounds: i < xr < uyg for ke BUN

non-basic
N

—e .
B variables

Tableau: x; = Z aij-T; fori€e B

JEN
N Ju+v+4xj< &
Inequality Representation: -
slacking
T a v \ 4
e < b —
a,zx_bz for 1 1,...,m) 3:3u—|—v—|—4:(:][—00§8§8]

\_

l l I I ‘ ‘ max planck institut
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Dual Simplex

Bounds: [l <z < ug for ke BUN

Tableau: x; = Z ai; - T;  tor1 € B
JEN

Assignment:  B(zx) € Q for ke BUN

Invariant: lk S 5(27,%) § Uk for k - N
,B(ZU@) = Z (L,;jﬁ(il?j) forv e B
JEN

l l I I max planck institut
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Dual Simplex

Bounds: [l <z < ug for ke BUN

Tableau: x; = Z ai; - T;  tor1 € B
JEN

Pivoting: =; = Z Qij - X

JEN
Invariant: lk S 5(27,%) § Uk for k - N

,B(ZU@) = Z (L,;jﬁ(il?j) forv e B
JEN
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Dual Simplex

Bounds: [l <z < ug for ke BUN

Tableau: x; = Z ai; - T;  tor1 € B
JEN

. . 1 7%
Pivoting: 7, = — -x; — Z Ly
Ak

Invariant: 1, < B(x1) < ug for ke N
,B(ZU@) = Z aijﬁ(acj) forv e B

jeN
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Dual Simplex

Bounds: [l <z < ug for ke BUN

Tableau: x; = Z ai; - T;  tor1 € B
JEN

. . ]_ i
Pivoting: xp+— — - x; — E 7 g
a. a.
K GEN\{k} U

Invariant: 1, < B(x1) < ug for ke N

,B(ZU@) = Z aijﬁ(acj) forv e B
JEN

l l I I ‘ ‘ max planck institut
informatik Basis for Equalities — Bromberger, Weidenbach 7/30/2017
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Dual Simplex

Basic Tableau:
e < Blzy) =3 <y s=3u+v+4r 2z+y<-2
I < Bag) =3 < uy s=3u-+v+4x r+ 3y <8,
I < Blxr) =3 < uy s=3u-+v+4x r— 2y < —2,
I < B(zk) =3 < uy s=3u+v+4x r— 2y < =2,
I, < Blag) =3 <y s=3u+v+4x
Ik < Blzg) =3 < uy s=3u+v+4x
Iy < Blzg) =3 < ug I < Blxg) =3 < uyg
Non-Basic: k< Blar) =3 <ur I < Blzg) =3 <y
Ik < Blag) =3 < uy e < Blag) =3 < uy

max planck institut
informatik

IIIIJII

Basis for Equalities — Bromberger, Weidenbach
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Dual Simplex

Basic Tableau:

B(rk) =3 e < 1 < ug s=3u-+v+4r 2x+y<-2,
Blag) =3 e < o < ug s=3u+v+4x x+ 3y <8,
Blxk) =3 e < xp < ug s=3u+v+4x r—2y < —2,
Blzk) =3 Ik < op < ug s=3u+uv+4r  z-2uy<-2
B(zx) =3 iy < xp < up s=3u-+v+4x
B(zk) =3 e <z < uy, s=3u+v+4x

B(rx) = g < xp < ug B(zr) =3 e < xp < uy

B(xg) =3 Iy < a2 < ug B(zr) =3 e < 2 < up

B(zr) =3 e <z < uy, B(xzy) =3 U <z < uy

Non-Basic:

IIIIJII

max planck institut
informatik

Basis for Equalities — Bromberger, Weidenbach
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Fast Cube Tests

for LIA constraint solving
(Bromberger & Weidenbach, |[JCAR 2016)

Unit Cube Test

 without optimization
* unit cubes: cubes with edge length 1
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Fast Cube Tests

for LIA constraint solving
(Bromberger & Weidenbach, |[JCAR 2016)

Unit Cube Test

 without optimization
* unit cubes: cubes with edge length 1
* unit cube => guaranteed integer solution
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