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1 The Dual of EDC-MRF

We recall the DC-MRF primal energy with pairwise potentials.
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We absorbed any bounds on the arguments of f;{ into those functions. In order to derive (a particular) dual
we need the following fact:
def

Fact 1. The conjugate of ¢(z,y) = >.(fi)o(zi, yi) +1a(x) is given by
¢*(z,w) = max {zi + (fi)* (wi) }. (2)
Proof. We need to calculate
¢*(z,w) = max 7z 4+ yTw — Z zi fi(yi/x;) [ti = yi/zi]
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= gleai(z:xi (zi + ff(wy)) = max {zi + (fi))" (wi) }.

This concludes the proof. O



By introducing respective Lagrange multipliers pi, .., p%, ., ¢4 <, ¢%4_:, We obtained the following dual
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The last two terms come from Y _1a(2s) + >, 07y, in the primal.

2 The Convex Relaxation Derived from Lpp.g

After introducing Lagrange multipliers A%, . and \{,_,, for the consistency constraints between z; and z,
we have the following Lagrangian:
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Since we minimize over z, € AY and = € AL, we eliminate z and obtain
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Elimination of z by minimizing over zs, z5; € R yields the dual
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where we used tha fact that (inf; fi)* = sup, f (see [Hiriart-Urruty & Lemarechal, Thm 2.4.1]). In order to
compute the primal we rewrite L(\, ) as
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subject to (we state the corresponding multipliers in the right column)
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We explicitly added the zero terms on the additional unknowns to highlight that they correspond to con-
straints in the primal. 0-\%, s translates to the usual marginalization constraints, =} = Z zd ete. 0 flst—s

e.g. translates to z; = Z” s, Since pgr—s appears with +1 in constraints z;, and with —1 in constraints

z;% for all 7, j. Hence, the corresponding primal reads as

Epc.pp-1(z, 2) ZZ (2, 21) (4)
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3 The Convex Relaxation Derived from Lpp

Again, after introducing Lagrange multipliers A%, . and A%, ,, for the consistency constraints between
and x4, we have the following Lagrangian:
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In the second line we expanded the marginalization constraints, e.g. x% Z xst, to move the terms into

the first sum. In order to obtain the dual we minimize over xs and xg subJect to the simplex constraints,
and the dual energy is computed by minimizing over z,
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