A. Appendix
A.1. Proof of Lemma 4

Recall that V = {© : R(O5;+) < 3R(Oxy)}. To prove Lemma 4, consider the nuclear norm ball Sg(t) = {A
R(A) < t}. We
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k(n,|Q]) is a quantity that depends only on the dimensions n and |€2|. This is done by:
(a) Bounding the expectation, E[ sup
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(b) Showing an exponential decay of the tail.

2. Then use a peeling argument (Raskutti et al., 2010) to derive at the result in Lemma 4.
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Note that V. A € &, E[fgt X e A7l = [|Al3z = 1. Thus, by using standard symmetrization argu-

ment (Lemma 6.3 of (Ledoux & Talagrand 1991), with a Rademacher sequence, {¢;;,V ij € Q}, we have:
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is a contraction, and VA € &, ||A|lmax =

Also, VA € &, ¢i;(A) £ W

Thus, using Theorem 4.12 of (Ledoux & Talagrand, 1991) in Equation 1, we have:
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where (a) follows from Cauchy—Schwartz and as R(A) < t. Note that R*( ijeq €ij€ie ) is independent of A
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and depends only on n and |Q|. Let x(n,|Q?]) > E

V‘glnR*( ijeq €ijeie *)] be a suitable upper bound.
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A.1.2. TAIL BEHAVIOR

Let G¢4(2) £  sup
A€ENSR(t)
exactly one element. We then have:

Gi() —Gi() = sup mn Z A ‘ —  sup

T iea AL — 1‘. Let Q' C [m] x [n] be another set of indices that differ from 2 in
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By similar arguments on G¢(£2') —G¢(£2), we conclude that |G (2) -G ()] < W.
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Diarmid’s inequality, we have P(|G¢(Q) — E[G¢(Q)]| > ) < 2exp (—W). Using § = &1¢ nﬁ’zgl”
for appropriate constant %,
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Therefore, using Mc
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A.1.3. PEELING ARGUMENT

Consider the following sets, Sp = {A € £ : 207101, < R(A) < 2805, ), for all (integers) £ > 1. Recall that

Woin = 1\I}{fo}|\X\| Since, VA € £, R(A) > iy ||AllF = Ypnin, for each A € £, A € S for some ¢ > 1. Further,
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where (a) follows as z > logz for z > 1, and the last step holds for 1 > ¢~ ¢ Yminnlogn,

A.2. Proof of Lemma 2

Let E = é —/\C"')* N R R R ~ ~
R©)=R(O" + Agy ) 2 RO+ ) - R(Bg) =R(0) + R(Bgr) - R(By) (7

The above inequalities hold due to triangle inequality, and decomposability of R over ©* € M and AML € HL.
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where (a) follows as © is the minimizer of Equation (6) and using Cauchy Schwartz, (b) follows from Equation 7

and using T‘?HR*(PQ(X —9(©%)) < 3, and (c) follows from triangle inequality. O



A.3. Ahlswede—Winter Matrix Bound

The Orlicz norm of a random matrix Z € R™*" w.r.t to a convex, differentiable and monotonically increasing
function, ¢(z) : RT — R as follows:

1Z]l¢ Sinf{t > 0: Elo (|(Z, 2)|/t)] < 1,
vV Z' e R™*", and Zj; € [0,1]}

Lemma 1 (Ahlswede-Winter Matrix Bound). Let ZW 7@ ZE) be random matrices of dimensions m X n.
Let ||ZD||s < M, Vi. Further, 0% = max{|[E[Z®" Z®]|5, |E[Z® ZD"]|3}, and 02 = K | 02, then:
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The above lemma is an extension noted by (Vershynin, 2009) (Theorem 1 and a later remark) for the matrix
bounds resulting from (Ahlswede & Winter, 2002).

B. Additional Experimental Results

We provide the additional experimental results where we compare the error of the estimate in the parameter
space. We plot the results first against the proportion of the total entries sampled, % (Figure on left), and then
mll% ‘gn (Figures on right). We observe trends similar to those observed
in Section 5. Again, we find that the curves (for different n) given the “normalized” sample size, align and
converge (left), corroborating the theoretical results. Note that, the curves do not align when plotted against,
unnormalized sample size (right). Further, as with errors in observation space, with [Q| > 1.5rnlogn samples,
the errors parameter space also decay to a sufficiently small value.
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;°—n=50 ——n=50
0.9+ n=100{ 0.9r \ n=100
—e—n=150 \ ——n=150
0.8+ —e—n=2001] 0.8r |
ak0.71 1 ok 0.7
D os 1 Do
~F >
N:L“osf 1 =05/
; @
| 0.4r 1 | 0.4r
©)
= 0.3 b = 0.3
0.2 1 0.2
01" b 0.1+
0 ) > . be - - . . L ™
0 0.2 0.4 0.6 0.8 1 00 1 2 3 4
©2|/mn || /rnlogn

Figure 1. Parameter Error when measured (a) against proportion of the sampled values, and (b) against the ‘normalized”
sample size, when the distribution of the observations P(X|0©%), is Gaussian
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Figure 2. Parameter Error when measured (a) against proportion of the sampled values, and (b) against the ‘normalized”
sample size, when the distribution of the observations P(X|©™), is Bernoulli
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Figure 3. Parameter Error when measured (a) against proportion of the sampled values, and (b) against the ‘normalized”
sample size, when the distribution of the observations P(X|©%), is Binomial
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