A. Appendix

Proof of Proposition|l] Cycle consistency amounts to the
following property: Whenever there is a path p1,...,px
with p; € [d] andnodes s1, ..., s with s; € [m,,] such that
Xgp;’fﬁl] = 1 then it must hold that Xs[zl'él,:"] = 1 as well.
The constraints X P4 X1e7] < x[Pr] enforce the above con-
straints for paths of length three. By triangulation we can
extend this equation to paths of arbitrary length. We use the

path p1, ..., pg with p; € [d] as above. Then
xlpip2] | xlpeps] . . xlpk—1pk]
gX[Plps] co X[pk—lpk]

SX[plpk—l] . X [Pr-1pk]
< XxPrpe]

O

Example 1 (A minimal non-cycle consistent problem).
Consider the following multi-graph matching instance ()
with d = 3 and my, = 2Vp € [d]. Let
w2 = witsl — w23 = diag(—1,-10, 10, -1).
(24)

Then without cycle consistency constraints the optimal as-

signment will be
3 _ (0 1
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with objective value —60. After adding cycle-consistency
constraints an optimal solution is

0 1 10
X[12]:X[13]:<1 0), X[23]:<0 1) (26)

with objective value —42.

X2 _ xls) _ (25)

A.1. Cutting planes with cycle consistency subprob-
lems

Algorithm 2] proceeds by first computing the dual lower
bound of all subproblems that are connected to a given cycle
consistency subproblem z[P4715¢ (line . Then messages
are sent to P41t from all factors that are connected to it
(lines 2}9). Finally, the lower bound after these operations
is computed (line[I0) and the initial reparametrization is re-

stored (lines [TTT4).

Algorithm 2: Dual lower bound increase for z[P4"]:5*
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/+ lower bound without cycle
consistency subproblem glparlst */

o =
. —~lpal,s

Min__ofpr).s (0 ,

Min, ey pr,s <9[W]7S7

x) + ming ey (g ¢ (flarlt ) 4
e[p""] )t >

) +min_gipr e ;

/+ send messages to cycle
consistency subproblem glparlst */

- msg(f[pq] s, plparlst);

Alpalt = mgg(glarlt x[pqr] st

(
Alprlit — msg(x[m] it qplparl,st
(zl

)

)
);
= msg T qu‘ t)7
repam(z[iﬂl] x[pQ]’ x[pqr], t),
repam(A[pq] it glpdlt I[pqr] qt)’
repam (APt glprlt glparlsty.
repam(A[q rhe glarl, s, glparlsty;
/* lower bound after adding cycle

consistency subproblem x[Perlst */
bt =
. alpal,s .
min_ e, (07 ", 2) + ming ey farl.e (olarlt ) +
. t
ming ¢y e« (P15 ) + min peylori (9[pr] x) +
min(a,b,c)eY[PqT]vSt <0[pqr],st’ (av bv C)>’
/+ restore original
reparametrization */

repam(—ZM’57 glpals plparlisty,
repam(_A[pq],t7§[pq] it l.[pqr], t);
repam(—APLt et glparl, st);
repam(—z[qr]’s Flarls ):
return /bt — [b°;

il

ylparl.st

)




