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A  Proof of Theorem 1

We will let & denote the event that at step /,
the following holds: for each ¢ € [p]\NBDFOUND,
(a) If |NG)| < ¢ then N(i), the out-
put of nbdSelect (i, L, {X[(;Z])\SETTLED }j681)
is  identical to = N(4), and
nbdverifY(ia N(Z)7 {X[p]\SETTLED}jesl)
o r NG >
nbdVerify(i, N (i), { X[\ sorroen |

furthermore,
= true.

then

jes ) returns false.
2

Let us condition on (1,&. Observe that if ¢ ¢
NBDFOUND at step ¢, then we are guaranteed that
N(i) C [p]\ SETTLED. Therefore, if d; < ¢, we are
guaranteed that nbdSelect will correctly identify N (4)
and nbdVerify will confirm this identification. On
the other hand, if d; > ¢, we are guaranteed that
N@G@) ¢ N(i) (since [N(3)] = d; < ¢). Therefore,
nbdVerify will return false. These two properties
together imply that Algorithm 1 correctly learns the
graph. Additionally observe that when counter ¢ = d;,
vertex i is enrolled in NBDFOUND and by the time the
counter ¢ reaches d? ., every neighbor of i has already
been enrolled in NBDFOUND, which of course implies
that 4 is enrolled in SETTLED and is no longer sampled
from. Therefore, the total number of samples accumu-
lated for vertex i is given by g(di ..) + h(d’,,,). This
implies that a budget B > >, g(di ) +h(d,,) is
sufficient.

To conclude the proof, we simply observe from (C1)
and (C2) (and a union bound) that P[£f] < pd, and
again using the union bound over the levels £, we get
the desired result.

B Proof of Theorem 2

In order to prove Theorem 2, we will let £ denote the
event that all the conditional independence tests suc-
ceed. That is for a pair of vertices 7, j € [p] and a sub-
set S C [p]\ {4, 5}, if Xi L X; | Xg, then [p; ;5| <€
and alternatively if X; £ X; | Xg, then ‘ﬁi,j\s‘ > £
Conditioned on &, it is clear that the following hold

1. Since (A1) holds, nbdFound, as defined in Algo-
rithm 2, satisfies condition (C1) from the state-
ment of Theorem 1.

2. nbdVerify, as defined in Algorithm 2, satisfies
condition (C2) from the statement of Theorem 1.

3. Therefore, from Theorem 1, we know that Algo-
rithm 2 succesfully recovers the graph.

4. Also, Algorithm 2 terminates when ¢ reaches
dmax- This implies that the computational com-
plexity of Algorithm 2 scales as O(p®max+2).

Next, we will bound the probability that for a fixed £
nbdFound fails to satisfy condition (C1) of Theorem 1.
Observe that, by the union bound, this probability is
bounded from above by

> Pl (1)
i,5€[p],
SC[p]\{i,5}:|S|=¢

We will now turn our attention to one of the inner
terms. Let us suppose that we are at level ¢ and let
n(i,7,5) be the total number of samples collected of
the random vector (X;, X;, Xs); we will just refer to
this quantity as n in what follows. We can split up the
analysis into two parts:

Case (A): X; L X; | Xg: In this case, we have that
pijis = 0. Therefore,

P [5§j|s} =P Hﬁi,ﬂS’ > 5] (2)
=P Hﬁi,ﬂs - pi,j|S’ > 5] (3)
< evm-2-1s)

exp{—(n—4— 1)) log (Tg)}
(4)

—Ci(n—-2—10)
exp{—(n—4—/z)1og (16+m2>} (5)

16 — m?

where (a) follows from Lemma 1 in Appendix D and
as in the lemma, the constant C; only depends on M.
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The last step follows from plugging in |S| = ¢ and
E=m/2.

Case (B): X; L X, | Xg: In this case, we have that
|p,;7j|5| > m, by assumption (A2). Also observe that
|ﬁi,j|S| < € and |Pi,j\s| > m together imply that
|pigis| = [Bigis| = m =& = |pijis — pigis| = m—¢,
since m > £. Therefore, in this case, we have

P [553‘\8}
=P [|pi ;5] <¢ (6)
SPHﬁi,j\S_pi,j\S‘ >m —¢] (7)

()
< Ci(n—2-|5))

2
exp {— (n— 4|5 log (jfgz:g)} (®)

—Ci(n—2-1)
exp{_(n_4_z>1og(m>}, (9)

where again (b) follows from Lemma 1 in Appendix D
and the last step follows from substituting |S| = ¢ and

E=m/2.

Using (5) and (9) in (1), we see that the probability
that nbdFound fails to satisfy condition (C1) of Theo-
rem 1 for a fixed ¢ is bounded from above by

g 2C4 (TL -2 — E)
i,5€[p];
SClp\{i,5}:[S|=¢

2
xexp{—(n—él—f)log(M)}.

Therefore, for all sufficiently large p ', we can check
that if n satisfies

2(0 43 + Cy)
log (16227

the above sum can be bounded from above by p~
(note that this quantity plays the role of pé in Theo-

rem 1). Since, for £ > 1, 20(Cy 4+ 4) > 2(£ + 3 + Cs),
log (15227

rithm 2. This would imply that for all sufficiently large
p, 2 we have n(i, j,S) > fclogp which guarantees that
(10) is satisfied for all £. Now, since ¢ is never more
than p, we have

n > log<(2(£)cz>+4+£, (10)

Ca—1

we can set g(¢) = clogp with ¢ = in Algo-

P [error] < p~©=. (11)

!n needs to be such that
2log(n—2—1¢)
Tog((16+m?)/(16—m?))

Zp > (26’1)7C2 A 4e/L, where the latter part guarantees

that the additive term 4 + ¢ is accounted for.

(n—4-10) >

Since we just demonstrated that we can choose g(¢) =
lclogp (and take h(£) to be 0), from Theorem 1 we
know that it suffices to set the budget as in Theorem 2,
i.e., B > cdmaxplogp. This concludes the proof.

C Proof of Theorem 3

As in the proof of Theorem 2, we will prove Theo-
rem 3 by showing that the choice of nbdSelect and
nbdVerify from Algorithm 3 satisfies the conditions
1 and 2 of Theorem 1. Along the way, we will also
identify the functions g(), h(), and the probability of
making an error in an intermediate step, d. This will
complete the proof.

Let us suppose that we are at iteration number ¢ and
let £ be the event that this is the first iteration where
either nbdSelect or nbdVerify make an error. Notice
that >,c(,) P [€F] bounds the probability of error from
above.

nbdSelect satisfies condition (C1) of Theorem 1

Suppose that d; = ¢. Since assumptions (A3) -
(A4) hold®, we know from Theorem 4, that there
exists constants Cj5,Cy,C5 such that provided
g(¢) = Csllogp, we are guaranteed that the proba-
bility that N(z) # N (i) is bounded from above by
Cyup~ . Therefore, the probability that there exists
an ¢ such that |N(7)] = ¢ whose neighborhood is not
found is bounded from above by Cyp~(Cs—1),

It is important to observe here that the regression
coefficients of the Lasso problem remain unchanged
even though we are observing marginal samples. To
see why this is true, simply observe that the in-
verse covariance matrix corresponding to the vari-
ables in S (i.e., S° is marginalized out) is given by
Kgs — Kgge (KSCSC)_1 Kgeg, the appropriate Schur
complement. Now conditioned on making no errors in
the previous stages, we can see that the corresponding
row of the precision matrix remains unchanged.

nbdVerify satisfies condition (C2) of Theorem 1

Suppose d; = ¢, nbdVerify fails to satisfy condition
(C2) of Theorem 1 implies that there is a failed condi-
tional independence test. At iteration number ¢, the
probability of failure of a conditional independence
test with a conditioning set of size £ is upper bounded
as in the proof of Theorem 2 by p~¢2 provided we
choose h({) log((16f$§)ﬁf6_m2))Zlogp. On the
other hand, consider the situation that d; > £. Since
nbdSelect, as defined in Algorithm 3, truncates
N (i) to be of size ¢, we are guaranteed that there

isaj e N(G)n N

We can again bound this

3note that these assumptions continue to hold even after
marginalizing out the variables in SETTLED.
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by bounding the probability of a failed conditional
independence test, which is the same as before.

We can now conclude the proof by observing that the
choice for g(¢) and h(¢) as stated in the theorem allows
one to bound the probability of error (and implicitly 4)
from above by >°7_, Cyp~ 3+ +p=C2 4 p=C2. Choos-
ing the constants appropriately, we conclude that the
total sample complexity (and hence a valid choice

for B) is given by cdmaxplogp at a confidence level
1—p .

D Helpful Results

D.1 Concentration of Partial Correlation
Coefficients

In this section, we will record some useful lemmata.
The first lemma concerns the concentration of empir-
ical partial correlation coefficients (defined as in the
paragraph after (2) in the manuscript) about their ex-
pected values. See [1] for a proof.

Lemma 1. Provided (A2) holds, given n samples from
(Xi, X, Xs), if the partial correlation coefficient p; ;s
is defined as above, then we have the following result

P [|pijis — pijis| = €]

SC’l(n2|S)exp{(n

(12)
where C1 > 0 is a constant that depends on M from
(A2).

D.2 Support Recovery for Lasso

Suppose y = XB* + w with iid rows z; ~ N(0,%).
Suppose S is the support of 5* and suppose that the
following hold

[Eses @so) 7| _ < 1-vrveu a3)
Anin (Zss) > Cmin >0 (14)
Amax (Xs5) < Cinin < 400 (15)

If we let B € RP denote the solution to the Lasso prob-
lem

~ 2
e min [ly = X85+ M (181, (16)

then we have the following result.

Theorem 4. Suppose w ~ N(0,02I) and suppose
that X satisfies the properties listed above. Then,
there exists constants C7,Cs, C3,Cy4,Cs such that if
A\n = oy 1 /2C  logp/n, n > Coklogp, and Buin =

4 + €2
~ 15])log (4_)}

mines |85 > g(A\n), where

o2logk
9(An) £ C

e

mlnn

the support B is identical to that of 8* with probability
exceeding 1 — C3p~ 4.

Proof. The proof of this theorem follows almost en-
tirely from Theorem 3 in [2]. In fact, the only thing
we modify from that result is the rate of decay of
the probability of error. In particular, we will show
that the probability of error decays polynomially in p
(or equivalently exponentially in logp) for all values
of k, whereas Theorem 3 of [2] shows that the error
decays exponentially in min {k,log(p — k)}, which is
somewhat weak for our purposes.

Towards this end, it is not hard to see that the result
that requires strengthening is Lemma 5 in [2]. We
furnish a sharper substitute in Lemma 2. O

Lemma 2. Consider a fized z € R*, a constant
c1 > 0, and a random matric W € R™* with
i.i.d elements W;; ~ N (0,1). Suppose that n >

64 :
max{(\[ 7 sk, 2k:log(p k:)}, then there exists a

constant co > 0 such that
1 —1
P [ | [(WTW> - Ikl z
n
—1

< 4dexp (—czlog(p — k))
Proof. Set A = (%WTW) — I. Observe that
PllAz] = e1llzlloo] < P[l[Allo = 1] by the defini-
tion of the matrix infinity norm. Next, observe that
since the infinity norm is the maximum absolute row
sum of the matrix, we have that P[||A]_ > c1] <

Pl|Ally, > cl/\/ﬂ. From [2, Lemma 9] (which follows

in a straightforward manner from the seminal results
of [3]), we know that

> G IIZIIOO]

P|All, > 6(n, k, 1)) < 2e7/2, (18)

2
where 0(n, k,t) = 2 (ﬂ—!—t) + <\/E—|— t) . We will

divide the proof into three cases:

Case (a): k < &

Suppose we pick t =, /% —1- \/g, under the setting

ﬁk, we have that

t > @ > 0. Notice that for this choice of ¢, we have

of this case, provided n >
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d(n,k,t) = % This gives us the following bound

]P’{I/”QZ\C/%]ﬁQexp ;(\/gl\/@z

(19)

2
< 2exp 7% <\/§1> (20)

2

Case (b): log(p — k) > k > g—z
Suppose we pick t = si}E’ we have that ¢ < 1, by the
64k>

- observe
1

6(n,k,t):2<\/§+t> + <\/§+t>2 (21)

. (22)

assumption of this case. Then, if n >
that

<

SE

This implies that

2
C1 ncy
A > < — .
P[” ”2_\/E]‘26Xp{ 128k} 25)

Notice that if n > g—ﬁklog(p — k), then n > Gi’rjz, as
required.
Case (¢): k> log(p—k)

In this case, we can adopt the result from Lemma 5

of [2].
Putting all this together, we get the desired result. [
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