
Fix complex Euclidean spaces X and Y. Suppose we want to find a channel Φ ∈ C(X ,Y) which maximizes
the sum of some functions F1, . . . , Fn : C(X ,Y) → R. Suppose further that, for fixed Φ ∈ C(X ,Y), each
Fk(Φ) can be expressed as the optimal solution to an SDP whose primal and dual both have Slater points.
Suppose further that for these SDPs, only the B component (that is, the right-hand side of the constraint)
depends on Φ. In other words, for each k, there exist spacesWk,Zk, an objective function given by Ck ∈ Wk,
a constraint function Ψk ∈ L(Wk,Zk), and an affine mapping Bk : C(X ,Y)→ L(Zk) producing the following
SDP for Φ:

(Pk(Φ)) max 〈Ck, Xk〉
subject to Ψk(Xk) = Bk(Φ)

Xk ∈ Pos(Wk)

We note that the dual of this SDP is:

(Dk(Φ)) min 〈Bk(Φ), Yk〉
subject to Ψ∗k(Yk) � Ck

Yk ∈ Herm(Zk)

Express each Bk(Φ) as Ak(Φ) + D, for Ak ∈ L(C(X ,Y), L(Zk)) and D ∈ L(Zk). The complementary
slackness condition for (Pk(Φ)) and (Dk(Φ)) is:

(CSk) Xk · (Ψ∗k(Yk)− Ck) = 0

Suppose we have an easy way of finding an optimal solution to (Dk(Φ)). That is, we have an easily computed
f : C(X ,Y)→ Herm(Zk) such that f(Φ) is always an optimal solution for (Dk(Φ)).

By replacing Φ with its Choi representation M = J(Φ), we can express the original problem as an SDP:

(PΣ) max

n∑
k=1

〈Ck, Xk〉

subject to Ψk(Xk)−Ak(M) = D ∀k
TrY(M) = 1X

Xk � 0 ∀k
M � 0

The dual of this SDP is:

(DΣ) min Tr(Z) +

n∑
k=1

〈Dk, Yk〉

subject to Ψ∗k(Yk) � Ck ∀k

1Y ⊗ Z �
n∑

k=1

A∗k(Yk)

Yk ∈ Herm(Zk) ∀k
Z ∈ Herm(X )
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