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Goal and contribution

A dual ascent framework for Lagrangean decomposition of combinatorial problems

1|ST Austria

Goal: Efficient dual block coordinate ascent solvers for a wide range of large scale combina-

torial problems from computer vision and beyond.
Contribution:

@ We propose a new class of general LP-relaxations of ILP-problems, called
Integer Relaxed Pairwise Separable Linear Programs (IRPS-LP).
@ (IRPS-LP) generalize the local polytope relaxation for CRFs.

@ (IRPS-LP) allows explicit modelling of allowed configurations, instead of forbidding them with oco-costs.

This leads to more compact formulations and lower computational cost.

@ Relaxations of the multicut [4] (poster #75) and graph matching [5] (poster #69 tommorow afternoon)

problems can be written as (IRPS-LP).

@ We analyze dual block coordinate ascent for (IRPS-LP).
@ We prove monotonical improvement of a dual lower bound.

@ Popular algorithms TRWS [2], SRMP [3] and MPLP [1] for inference in CRFs are special cases.

Practical impact:

@ Efficient algorithms for multicut and graph matching have been written in our framework
(for extensive details see corresponding posters).

@ C++ implementation available at https://github.com/pawelswoboda/LP_MP.

Problem formulation (IRPS-LP)

Factor graph G = (F, E):
@ factors i € TF with variables yu; € X; C {0,1}¢

@ couplings ij € E C (]g) with constraints A jyui = Ag iyi-

(IRPS-LP):
(O, i)

- pi € conv(Xy) VieF
A= {(M i) ‘ Aiijyi = Agiky Vil € B J

A 2)p1=Ap 1) 12

1 € X

erf( L‘S)V: Lyf (€' L)V

A34)3=A4 3) 14

e € Xo

w/(a‘v)vzaﬁ(v‘a)v

p3 € X3

pa € Xa

Example: MAP-inference in CRFs as (IRPS-LP)

CRF:
@ Graph G = (V, E),
@ label space X = ][,y Xus
@ Yu € V: unary costs 0, : X, — R,
@ Yuv € E: pairwise costs 6, : X, x X, — R.

MAP-inference:

min

xeX ueV

Ou(Xy) + ZuveE Ouv(Xuv) -

(IRPS-LP): F =VUE, E = {{u,uv},{v,uv} : uv € E}. Simplex: A, = {x € R" - 27:1 Xj) =

1}.
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[ Ly € conv(Xy) :
tuy € conv(Xyy) :

(0, ) = wa flu) + Z (Ouv, tuv)

uvek

Ly € A|Xu|, uevV
Huv € A|Xuv\7 uv € E

Lg = «
A(uv,u),uuv = A(u,uv)Mu > puv(Xus Xv) = pu(Xy) -
| Xy eXy
CRF as (IRPS-LP)
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Example: graph matching

@ Label spaces X, C £ are part of an universe.

min» 0u(x,) + »  OulXw) sit.

xeX
ucV uvek

\

_J/

CRF

Example: V ={u,v,w}, L= {1 1"}
@ Unary factors: Each node takes a label.

Xy # Xy YUFV
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uniqueness constraints

@ Label factors: Each label can be taken

once.

(IRPS-LP):

min,LLGLG”,EL <97 lu>

///

st. i€ qVSEL: Y fius) <1

pu(8) = fis(U), s € Xy

ucV

couple CRF and uniqueness constraints .
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additional (IRPS-LP) factors
for unigueness constraint

Example: multicut

Optimization problem:

@ Weighted graph G = (V, E).

@ Find partition of G.

min
x€{0,1}E .

(IRPS-LP):

feXe, S.t.VcyclesC: Ve € C:
cE

ecC\{¢

\

Z Xo > Xo .
}

J/
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cycle inequalities

@ Factors: F = E U 3-cycle(E).
@ Couplings: E={{e,C}: C € 3-cycle(E),e € C}
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Motivation: Dual block coordinate ascent for CRFs

@ Observation: TRWS [2] is state of the art

among LP-based methods for
MAP-inference for CRFs:

@ Contribution: Develop dual block

coordinate ascent methods inspired by

TRWS [2] for (IRPS-LP).
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@ Primal variables P := {M — () L E ( -

o Coupling constraints: Au = (A(,-’j),u,- — A(j’,'),uj),'jEE = 0.

Hk con\;(Xk)

)}

@ Maximize dual lower bound: max, [D(¢) := min,cp(f, 1) + (¢, Aw)].
@ Reparametrization: ¢ := 0 + AT ¢.

Dual lower bound

Dualize primal problem w.r.t. coupling constraints:

Acknowledgements. The first author was supported by the European Research Council under the European Unions Seventh Framework Programme

(FP7/2007-2013)/ERC grant agreement no 616160, the second author by DFG Grant GRK 1653 and the last author by the European Research Council under the
European Union’s Horizon 2020 research and innovation programme (grant agreement No 647769) and the DFG Grant "ERBI” SA 2640/1-1.

Establishe

d by the European Commission

Elementary updates — Admissible messages

@ For factor / € BF take subset of
neighbors N C {j : jj € E}.
@ Consider dual variables ¢;; related to
couplings j € N.
Q Change (gbij)je/\/ by A such that
D(¢ — A) > D(¢).
lllustration in the figure:
factor 1, neighbors N = {2, 3}.

{m c X

P12

2 € Xo

8L¢

Elementary updates — Admissible messages

Computation of A:
® X € argmin, (07, x;) : opt. configuration before update.
® X € argmin, _, (07 “, x;) : opt. configuration after update.
Q <9?‘A,)“(,-> > <975,XA,-> : costs do not decrease.

(>0, Xi(8)

<0, Xis)

@ A =argmax, ,qmissible$O; 9?_A>= 0(8) <

1
0

Algorithm

Visit all factors i € IF and perform elementary updates:
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Special cases: TRWS [2], SRMP [3] and MPLP [1] for MAP-inference in CRFs.
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Results: graph matching
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Results: multicut
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For more details please see [4] and corresponding poster #75.
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