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Appendix A Proof of Lemma 2

First, we have
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where (a) holds by [1, Theorem 17.3.3], (b) holds by Lemma 1 and the fact that f(z) £ x(a — log, z) is increasing for z close
enough to zero. Then, we have
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where (a) holds by (A1), (b) holds because conditioning reduces entropy, (c) holds by the definition of Vy |z, .

Appendix B Proof of Lemma 3

Recall that F; £ Ajl.:” [Fa] in the encoding scheme. From Lemma 2, we know that
H(F;) > H(F;|2.") > |Fal = O(nv/ndn). (B1)
Since M; £ (F;, F; @ K;_1), then we have
H(M;) — H(Fj) = H(F; & K; 1| Fj)
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where (a) holds by the Markov chain K;_1 — ® — F;F;, (b) holds by the encoding scheme and Lemma 2, (c) holds by the
uniformity of ®, i.e., H(®) = |Vy|x,|. Finally we conclude by combing (B1) and (B2).
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Appendix C Proof of Lemma 4

We only prove the first inequality, the other one can be similarly obtained. First, we have
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where (a) holds by the definition of {K;, K;, F;, ®}, (b) holds by Lemma 2.
Recall that M; £ (F;, F; @ K;_1). Then we continue as follows.
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where (a) holds by the chain rule and positivity of mutual information, (b) holds because K;_1 — ® — K; K; F; ZSI;-" Fj, (c) holds
by the definition of {®, K;_1}, (d) holds by Lemma 2. The first inequality is obtained by combining (C1) and (C2).

Appendix D Proof of Lemma 5

Consider a sequence B, where B%:"[VVQ] carry uniformly distributed bits and the remaining bits are successively determined by

the conditional probability p \pli—1 (b3|By 1), for i € (Vvy)©. Let V3™ = B3 Gy, Further, consider a sequence Bi™™, where
2182

B%J”[Vvl‘vz] carry uniformly distributed bits and the remaining bits are successively determined by the conditional probability

P L1 (B3| By A1), for i € (Vg vy )¢ Let VH™ = BY'™G,,. Similar to the proof of [2, Lemma 5], we have
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Then by the chain rule for divergence [1], we have
D(pvllznVQI:n ||P‘711;n‘721:n) = D(pv21:n |\P‘721:n) + D(pvllznwzlzn ||p\711:n“721:n) < 2n6y. (D2)
In the encoding scheme, (S’?, MJZ) are carried by B;J" [Z5]. Notice that, S’? is uniformly distributed because
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H(S})=H(S; ® Kj) > H(S; ® Kj|K;) = H(S;|K;) = H(S}), (D3)

where the last equality holds by the independence between S; and K;. Note that MJ2 is a subvector of M. Similar to (D1), we
have by Lemma 3

D(pggmllpygn) < M| — H(M?) < O(nv/ndy,). (D4)

In the encoding scheme, (3;7 5’;“, M]la) and (53“’, M].lb) are carried by B%]” [Z1a\R},] and B%]” [Z1s URY,], respectively. More-
over, Rj_1 2 Bij;L—l[Rllb] is repeated in B%}" [Rip]. Let Rj_q 2 (Rj_y, Rj*,), where Rj_, and RJ", are the subvecotr of 5’;31

and Mjlﬁl, respectively. Similar to (D3), it is easy to see that {S’Jl-7 S’;G,S';b} are uniformly distributed. Let MJ1 e (MJ-la, Mjlb).
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Then we have
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where (a) holds by Lemma 3, i.e., |Mj1| — H(M]l) < O(nv/ndn), |R}L,| — H(R].;) < O(nv/ndyn), (b) holds because R}, —
UK 4 — M}, (c) holds by Lemma 4. Then by the chain rule for divergence [1], we have

D(pginglnllPpringin) = Dg1nllpyim) + DPgim gln Pyl g1in) < O(nyv/ndn). (D6)
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Since Vo — Vi — X. — Y.Z., we can factorize the joint distributions as
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where (a) holds by [3, Lemma 17], (b) holds by the triangle inequality, (c¢) holds by (D2), (D6) and Pinsker’s inequality.
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