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Abstract

For many inference problems in statistics and econometrics, the unknown param-
eter is identified by a set of moment conditions. A generic method of solving
moment conditions is the Generalized Method of Moments (GMM). However, clas-
sical GMM estimation is potentially very sensitive to outliers. Robustified GMM
estimators have been developed in the past, but suffer from several drawbacks:
computational intractability, poor dimension-dependence, and no quantitative re-
covery guarantees in the presence of a constant fraction of outliers. In this work, we
develop the first computationally efficient GMM estimator (under intuitive assump-
tions) that can tolerate a constant € fraction of adversarially corrupted samples, and
that has an ¢ recovery guarantee of O(+/€). To achieve this, we draw upon and
extend a recent line of work on algorithmic robust statistics for related but simpler
problems such as mean estimation, linear regression and stochastic optimization.
As a special case, we apply our algorithm to instrumental variables linear regression
with heterogeneous treatment effects, and experimentally demonstrate that it can
tolerate as much as 10 — 15% corruption, significantly improving upon baseline
methods.

1 Introduction

Econometric and causal inference methodologies are increasingly being incorporated in automated
large scale decision systems. Inevitably these systems need to deal with the plethora of practical
issues that arise from automation. One important aspect is being able to deal with corrupted or
irregular data, either due to poor data collection, the presence of outliers, or adversarial attacks by
malicious agents. Even traditional applications of econometric methods, in social science studies,
can greatly benefit from robust inference so as not to draw conclusions solely driven by a handful of
samples, as was recently highlighted in [4]].

One broad statistical framework, that encompasses the most widely used estimation techniques
in econometrics and causal inference, is the framework of estimating models defined via moment
conditions. In this paper we offer a robust estimation algorithm that extends prior recent work in
robust statistics to this more general estimation setting.

For a family of distributions {Dy : § € ©}, identifying the parameter 6 is often equivalent to solving
EXNDe[g(Xa 9)] =0, (D

for an appropriate problem-specific vector-valued function g. This formalism encompasses such
problems as linear regression (with covariates X, response Y, and moment g((X,Y),0) = X (Y —
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X7T0)) and instrumental variables (IV) linear regression (with covariates X, response Y, instruments
Z,and moment g((X,Y, Z),0) = Z(Y — X70)).

Under simple identifiability assumptions, moment conditions are statistically tractable, and can
be solved by the Generalized Method of Moments (GMM) [16]. Given independent observations
X1,..., X, ~ Dy, the (unweighted) GMM estimator is

2
R 1 &
6 = argmin ||— g(X;,0)| .

fe© n; ( ) 5

Of course, for general functions g, finding 0 (the global minimizer of a potentially non-convex
function) may be computationally intractable. Stronger assumptions imply that all approximate
local minima of the above function are near the true parameter, in which case the GMM estimator is
efficiently approximable. For instrumental variables (IV) linear regression, these assumptions follow
from standard non-degeneracy assumptions.

Due to its flexibility, the GMM estimator is widely used in practice (along with heuristic variants,
in models where it is computationally intractable) [29]. Unfortunately, like most other classical
estimators in statistics, the GMM estimator suffers from a lack of robustness: a single outlier in the
observations can arbitrarily corrupt the estimate.

Robust statistics Initiated by Tukey and Huber in the 1960s, robust statistics is a broad field
studying estimators which have provable guarantees even in the presence of outliers [[L8]. Outliers
can be modelled as samples from a heavy-tailed distribution, or even as adversarially and arbitrarily
corrupted data. Classically, robustness of an estimator against arbitrary outliers is measured by
breakdown point (the fraction of outliers which can be tolerated without causing the estimator to
become unbounded [14]) and influence (the maximum change in the estimator under an infinitesimal
fraction of outliers [[15]). These metrics have spurred development and study of numerous statistical
estimators which are often used in practice to mitigate the effect of outliers (e.g. Huber loss for mean
estimation, linear regression, and other problems [[17]). Problems such as robust univariate mean
estimation are by now thoroughly understood [24, 22], and have statistically and computationally
efficient estimators.

Unfortunately, in higher dimensions, there has long appeared to be a tradeoff between robustness and
computational tractability; as a result, much of the literature on high-dimensional robust statistics has
focused on statistical efficiency at the expense of computational feasibility [S} 23} [13]]. While there
is a rich literature on IV regression and GMM in the context of robust statistics, those works either
present computationally intractable estimators [21} [12] or are robust in the sense of bounded influence
[} 27, 120] but not robust against arbitrary outliers. Until the last few years, most high-dimensional
statistical problems lacked robust estimators satisfying the following basic properties [[7]:

1. Computational tractability (i.e. evading the curse of dimensionality)
2. Robustness to a constant fraction of arbitrary outliers

3. Quantitative error guarantees without dimension dependence.

Recently, a line of work on algorithmic robust statistics has blossomed within the theoretical computer
science community, with the aim of filling this gap in the high-dimensional statistics literature.
Estimators with the above properties have been developed for various fundamental high-dimensional
problems, including mean and covariance estimation [7, 9], linear regression [[10} 3]], and stochastic
optimization [26, |8]]. However, practitioners in econometrics and applied statistics often employ
more sophisticated inference methods such as GMM and IV regression [29} 2]]. Such methods are
not traditionally under the purview of theoretical computer science and learning theory; perhaps as a
result, computationally and statistically efficient robust estimators are still lacking.

Our contribution We address this lack. Methodologically speaking, our main contribution is
to introduce GMM to the algorithmic robust statistics literature and vice versa (even aside from
robustness, basic algorithmic questions about GMM remain open and surprisingly unstudied). Theo-
retically speaking, we prove that a simple modification to the SEVER algorithm for robust stochastic
optimization [8] (based on using higher-derivative information) yields a computationally efficient
and provably robust GMM estimator under intuitive deterministic assumptions about the uncorrupted



data. We instantiate this estimator for two important special cases of GMM—instrumental variables
linear regression and instrumental variables logistic regression—under distributional assumptions
about the covariates, instruments, and responses (and in fact our algorithm also applies to the IV
generalized linear model under certain conditions on the link function).

Experimentally, we apply our algorithm to robustly solve IV linear regression. We find that it performs
well for a wide range of instrument strengths. In the important setting of heterogeneous treatment
effects, our algorithm tolerates as much as 10% corruption. Applied to a seminal dataset previously
used to estimate the effect of education on wages [6], we provide evidence for the robustness of the
inference, and demonstrate that our algorithm can recover the original inference from corruptions of
the dataset, significantly better than baseline approaches.

Technical Overview Our robust GMM algorithm builds upon the SEVER algorithm and framework
introduced in [8]] for robust stochastic optimization, which itself builds on seminal work on robust
multivariate mean estimation via spectral filtering [7,|9]. In this section, we outline the increasing
levels of complexity.

First, given samples vy, ..., v, € R? among which en are corrupted, robust mean estimation asks
for an estimate of the mean of the uncorrupted samples. The spectral filtering approach due to [9]]
iteratively does the following, until the sample covariance matrix is bounded: remove outliers in the
direction of the largest variance. So long as the uncorrupted samples have bounded covariance, the
filtering ensures that at termination, the empirical mean will approximate the uncorrupted mean.

Second, given functions fi,..., f, : RY — R among which en are corrupted, robust stochastic
optimization asks for an approximate critical point of the mean of the uncorrupted functions. The
SEVER algorithm [8]] achieves this by alternating between (a) finding a critical point w of the current
sample set S, and (b) applying one iteration of spectral filtering to the vectors {V f;(w) : ¢ € S},
terminating when no samples are removed from S°| The termination guarantee of spectral filtering
immediately implies that at termination, the average gradient of the uncorrupted samples at w is near
the average gradient of the final sample set S at w, which is 0 by part (a). So w at termination is an
approximate critical point of the mean of the uncorrupted functions.

In our problem, we are given functions g,...,g, : R? — RP among which en are corrupted,
2
and wish to find an approximate minimizer of H ﬁ Y icy 9i(w) H , where U C [n] is the set of
uncorrupted functions. The obvious approach is to alternate between (a) finding a minimizer w
1
of ||y Sies 9:(w)

vectors {g;(w) : i € S}, terminating when no samples are removed from S. The termination
guarantee of spectral filtering implies that the final sample average ﬁ > icg 9i(w) is near the

2
, where S is the current sample set, and (b) applying spectral filtering to the
2

uncorrupted average ﬁ > _icy 9i(). Unfortunately, there is no guarantee that ﬁ > icg 9i(w) has
small norm: part (a) only implies that w is a local minimizer (and hence critical point) of the norm, so
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In the above equality, the sample gradient matrix at w could be arbitrarily corrupted, so the sam-
ple average at w could have arbitrarily large norm. In principle, even the global minimizer could
have large norm. However, this issue can be fixed by using higher-derivative information: specif-
ically, we also apply spectral filtering to (projections of) the matrices Vg; (). Under appropriate
boundedness and smoothness assumptions, it can then be shown that at termination (when neither
filtering step removes samples), w is an approximate critical point of the norm of the uncorrupted

2
average H ﬁ >icv 9i(w) H2 By a “strong identifiability” assumption, this implies that w0 is near the

2
, as desired.
2

minimizer of H ﬁ Z,EU 91(95)’

3 A related approach simply applies robust mean estimation to estimate the gradients at each step of gradient
descent [26].



2 Preliminaries

For real scalars or vectors {&;};cs indexed by a set S, we use the notation Eg[¢;] for the sam-
ple expectation |—é‘ > icg &i- Similarly, if & are scalars, then we define the sample variance

Vars(§;) = Eg(& — Egé;)?. If & are vectors then we define the sample covariance matrix
Covs(&) = Eg(& — Esé) (& — Esé)T. A random vector X is (4,2, 7)-hypercontractive if
E(X,u))* < 7(E((X,u))?)? for all vectors u.

Definition 2.1. For a closed set #, a function f : H — R, and v > 0, a y-approximate critical point
of f (in H) is some = € H such that for any vector v with z 4+ dv € H for arbitrarily small § > 0, it
holds that v - V f(x) > —v||v]],.

Definition 2.2. For a closed set , a y-approximate critical point oracle £ 4 is an algorithm which,
given a differentiable function f : H — R returns a y-approximate critical point of f.

Definition 2.3. The (unscaled) logistic function G : R — R is defined by G(x) = 1/(1 + e~ 7).

Outline In Section we describe the robust GMM problem, and we describe deterministic assump-
tions on a set of corrupted sample moments, under which we’ll be able to efficiently estimate the
parameter which makes the uncorrupted moments small. In Section[d} we describe a key subroutine
of our robust GMM algorithm, which is commonly known in the literature as filtering. In Section 3}
we describe the robust GMM algorithm and prove a recovery guarantee under the assumptions from
Section[3] In Section[6] we apply this algorithm to instrumental variable linear and logistic regression,
proving that under reasonable stochastic assumptions on the uncorrupted data, arbitrarily e-corrupted
moments from these models satisfy the desired deterministic assumptions with high probability.
Finally, in Section[/} we evaluate the performance of our algorithm on two corrupted datasets.

3 Robust GMM Model

In this section, we formalize the model in which we will provide a robust GMM algorithm. Classically,
the goal of GMM estimation is to identify 6 € O given data X1, ..., X,, ~ Dy, using the moment
condition Ex..p,[g(X,0)] = 0. We consider the added challenge of the e-strong contamination
model, in which an adversary is allowed to inspect the data X7, ..., X,, and replace en samples with
arbitrary data, before the algorithm is allowed to see the data. This corruption model encompasses
most reasonable sources of outliers.

For our main theorem, we do not make stochastic assumptions about {Dy : § € O}. Instead, we
make deterministic assumptions about the empirical moments g;(0) := g(X;, #) of the given data,
which are robust to e-strong contamination. Concretely, we make the following assumption.
Assumption 3.1. Given differentiable moments g1, ..., g, : R — RP, a corruption parameter
€ > 0, well-conditionedness parameters A and L, a Lipschitzness parameter L4, and a noise level
parameter o2, there is a set Igooa C [1] With |Ige0d| > (1 — €)n (the “uncorrupted samples”), a vector
w* € R? (the “true parameter”), and a radius Ry > |lw* ||, with the following properties:

* Strong identifiability. oy (Ez,,, Vg(w™*)) > A

* Bounded-variance gradient. E;_, (u” Vg(w*)v)? < L? for all unit-vectors u € R?, v € R?
* Bounded-variance noise. E;,_, (v - g(w*))? < oL for all unit vectors v

* Well-specification. ||E;,,,g(w*)||, < o0vLe

* Lipschitz gradient. |[E;,,Vg(w) — Ep,,Vg(w*)|| < Ly [w — w*|, forall w € By, (0)

op —
* Stability of gradient. Ry < \/(9L,).

Intuitively, Assumption 3.1 can be thought of as a condition on the uncorrupted samples, because
if they satisfy the assumption with parameter ¢, then after e-strong contamination, the corrupted
samples will still satisfy the assumption with parameter €y + €. Strong identifiability is needed for
parameter recovery (even without corruption). Bounded-variance gradient is a technical condition
which e.g. reduces to a 4th moment bound for I'V regression. The third and fourth conditions ensure



that the data is approximately well-specified by the moment conditions. The fifth and sixth conditions
hold trivially for IV linear regression; for non-linear moment problems, such as our logistic IV
regression problem, this condition requires that the {5-norm of the parameters be sufficiently small,
such that the logits do not approach the flat region of the logistic function, a condition that is natural
to avoid loss of gradient information and extreme propensities.

4 The FILTER Algorithm

In many robust statistics algorithms, an important subroutine is a filtfering algorithm for robust mean
estimation. In this section we describe a filtering algorithm used in numerous prior works, including
e.g. [8.9]. Given a set of vectors {¢; : i € S} and a threshold M, the algorithm returns a subset of S,
by thresholding outliers in the direction of largest variance. Formally, see Algorithm [I]

Algorithm 1 FILTER

procedure FILTER({; : i € S}, M) A A
o &+ Eglg], Covs(&) = Es[(& — €)(& — ©)7]

1:
2
3 v < largest eigenvector of Covg(&;)
4: Ti<—(v-(§i—§))2fori65

50 if 157 Xies 7 < 24M then

6 return S
7 else

8 Sample T' < Unif([0, max 7;])

9 return S\ {ie S: 7, > T}

This algorithm has two important properties. First, if it does not filter any samples, then the sample
mean is provably stable, i.e. it cannot have been affected much by the corruptions, so long as the
uncorrupted samples had bounded variance (proof in Appendix [B.T].

Lemma 4.1 (see e.g. [8,9]). Suppose that FILTER does not filter out any samples. Then

|Es€ — i€, < 3V48\/(M +]|Covi (€Il )e
forany I C [n] and € > 0 such that |S|,|I| > (1 — €)n.

Second, if the threshold is chosen appropriately (based on the variance of the uncorrupted samples),
then the filtering step always in expectation removes at least as many corrupted samples as uncorrupted
samples. Equivalently, the size of the symmetric difference between the current sample set and the
uncorrupted samples (i.e. the number of corrupted samples in the current set plus the number of
uncorrupted samples which have been filtered out of the current set) always decreases in expectation

(proof in Appendix [B.1.T).

Lemma 4.2 (see e.g. [8LO]). Consider an execution of FILTER with sample set S of size |S| > 2n/3,
and vectors {&; : i € S}, and bound M. Let S’ be the sample set after this iteration’s filtering. Let
Lyooa € [n] satisfy |Igo0a] > (5/6)n. Suppose that Covy,,,,(§;) < M1, then

]E|S/Algoud| S E|SAIgood|a

where the expectation is over the random threshold, and A denotes symmetric difference.

S The ITERATED-GMM-SEVER Algorithm

In this section, we describe and analyze an algorithm ITERATED-GMM-SEVER for robustly solving
moment conditions under Assumption [3.1] The key subroutine is the algorithm GMM-SEVER,
which given an initial estimate wy and a radius R such that the true parameter is contained in
Bpr(wy), returns a refined estimate w such that (with large probability) the radius bound can be
decreased by a constant factor. We assume access to an approximate constrained critical point oracle
L (Definition [2.2), which can be efficiently implemented (for arbitrary smooth bounded functions) by
gradient descent.



Algorithm 2 GMM-SEVER

procedure GMM-SEVER(L, {g1, ..., gn},wo, R, 7y, L, 0)

1:

2 S <« [n]

3 repeat

4: Compute a y-approximate critical point w < L g (wo)([[Es(g:i(-)) ||§)
5: u + Egg;(w)

6 S" « FILTER({Vgi(w) - u : i € S}, L?|Jul|?)
7 if S’ # S then

8: Set S + S’ and return to line 4

9: S" « FILTER({g;(w) : i € S},0%L + 4L*R?)
10: if 5" # S then

11: Set S «+ S” and return to line 4

122 untilS” =S
13: return (w, S)

Algorithm 3 AMPLIFIED-GMM-SEVER

1: procedure AMPLIFIED-GMM-SEVER(L, {¢1,...,9n}, w0, R,7,€,L,0,0)
2 t<« 0

3 repeat

4: w, S  GMM-SEVER(L, {g1,...,9n}, wo, R,7y, L,0)

5: t—t+1

6 until [S| > (1 —11e)n or (1/10)' <§

7 return w

Like the algorithm SEVER [8§]], our algorithm GMM-SEVER alternates (a) finding a critical point of a
function associated to the current samples, and (b) filtering out “outlier” samples. Unlike SEVER, the
function we optimize is not simply an empirical mean over the samples, but rather the squared-norm
of the sample moments. Moreover, we need two filtering steps: the moments as well as directional
derivatives of the moments, in a carefully chosen direction. See Algorithm [2] for the complete
description.

We will only prove a constant failure probability for GMM-SEVER. However, we will show that
it can be amplified to an arbitrarily small failure probability 5. We call the resulting algorithm
AMPLIFIED-GMM-SEVER; see Algorithm [3] The algorithm ITERATED-GMM-SEVER then consists
of iteratively calling AMPLIFIED-GMM-SEVER to refine the parameter estimate and bound the true
parameter within successively smaller balls; see Algorithm [4]

We start by analyzing GMM-SEVER. In the next two lemmas, we show that if the algorithm does not
filter out too many samples, then we can bound the distance from the output to w*. First, we show a
first-order criticality condition (in the direction w — w™) for the norm of the moments of the “good"
samples. If there was no corruption, then we would have an inequality of the form

(0 —w*)" ANT -

[ — w*HQEIgooan(w) Bl (@) <.
With e-corruption, the algorithm is designed so that we can still show the following inequality,
matching the above guarantee up to O(+/€) (proof in Appendix :

Lemma 5.1. Suppose that the input parameters R and wq satisfy Br(wg) C Bag,(0). Under
Assumption at algorithm termination, if |S| > (1 — 10€)n, then the output W of GMM-SEVER
satisfies

K V() Er,,g(0) < v+ 2750 L% /€ + 603L*R\/e
2

Moreover, we can show that any point satisfying the first-order criticality condition must be close to
w*, using the least singular value bound on the gradient (proof in Appendix [C.2).

Lemma 5.2. Suppose that the input parameters R and wq satisfy Br(wg) C Bag,(0). Under
Assumption[3.1] suppose that w € Br(wy) satisfies

(w —w)"Ey,,,,Vg(w) Er,,g(w) < s llw—w,.

good



Algorithm 4 ITERATED-GMM-SEVER

1: procedure ITERATED-GMM-SEVER({g1, ..., dn}, Ro,7,€ A, L, 0,0)

2 t < 1,wy < 0, Ry < Ro, &' + ¢6/log(RVL/(0+\/€),y = o L?/?\/e
3 repeat

4: Wy := AMPLIFIED-GMM-SEVER({g1,...,9n}, W, Rt €, L,0,7,0")
5: Ri1 ¢ 27/0% 4+ C((L?/N?)Ryn/e + a(L3/2 ) \?)\/e)

6: t<—t+1

7 until Rt > Rt71/2

8 return w;_1

Then ||w — w*||, < 4(k + o L3/2/€) /N2

Putting the above lemmas together, we immediately get the following bound on || — w*||,.

Lemma 5.3. Suppose that the input parameters R and wq satisfy Br(wg) C Bap,(0). Under
Assumption[3.1] at algorithm termination, if |S| > (1 — 10€)n, then the output © of GMM-SEVER
satisfies

4
i — w* |, < TZ +2412(L% /A2 Ry/e + 11020(L%/2 ) \2) Ve.

It remains to bound the size of S at termination. We follow the super-martingale argument from [8]],
which uses Lemma 4.2 (proof in Appendix [C.3).

Theorem 5.4. Suppose that the input parameters R and wq satisfy Br(wo) C Bag,(0). Let @ be
the output of GMM-SEVER. Then with probability at least 9/10, it holds that

4
Il — w |, < TZ + 2412(L% /N2 Ry/e + 11020 (L%/2 X2) /.

The time complexity of GMM-SEVER is O(poly(n, d, p, T,)) where T is the time complexity of the
~-approximate learner L. Moreover, for any § > 0 the success probability can be amplified to 1 — §
by repeating GMM-SEVER O(log 1/0) times, or until |S| > (1 — 10¢)n at termination. We call this
AMPLIFIED-GMM-SEVER, and it has time complexity O(poly(n,d, p,T) - log(1/9)).

With the above guarantee for GMM-SEVER and AMPLIFIED-GMM-SEVER, we can now analyze
ITERATED-GMM-SEVER (proof in Appendix [C.4).

Theorem 5.5. Suppose that the input to ITERATED-GMM-SEVER consists of functions g1, ..., gn :
R? — RP, a corruption parameter ¢ > 0, well-conditionedness parameters X and L, a Lipschitzness
parameter L, a noise level parameter o2, a radius bound Ry, and an optimization error parameter
v, such that Assumption is satisfied for some unknown parameter w* € R%, and (L?/\?)/e <
1/9648. E]Suppose that the algorithm is also given a failure probability parameter § > 0.

Then the output W of ITERATED-GMM-SEVER satisfies
i = w* ||, < O(a(L¥2/X*)V/e)

with probability at least 1 — §. Moreover, the algorithm has time complexity O(poly(n,d,p,T,) -
log(1/6) - log(RV'L/(c+/€))), where T, is the time complexity of a y-approximate learner and
v =oL3? /e

6 Applications

In this section, we apply ITERATED-GMM-SEVER to solve linear and logistic instrumental variables
regression in the strong contamination model.

“This constant may be improved; we focus in this paper on dependence on the parameters of the problem and
do not optimize constants.



Robust IV Linear Regression Let Z be the vector of p real-valued instruments, and let X be the
vector of d real-valued covariates. Suppose that Z and X are mean-zero. Suppose that the response
can be described as Y = XTw* + ¢ for some fixed w* € R%. The distributional assumptions we
will make about X, Y, and Z are described below.

Assumption 6.1. Given a corruption parameter ¢ > 0, well-conditionedness parameters A and
L, hypercontractivity parameter 7, noise level parameter o2, and norm bound Ry, we assume
the following: (i) Valid instruments: ;f |Z] = 0, (ii) Bounded-variance noise: E[¢?|Z] <
o2, (iii) Strong instruments: o, (EZXT) > )\, (iv) Boundedness: ||Cov([Z; Xllgp < L, (0

Hypercontractivity: [7; X]is (4,2, 7)- hypercontractlve (vi) Bounded 8th moments: max; X{ <
O(72L*) and max; Z8 < O(T2L%) (Vn) Bounded norm parameter: |[w*||, < Ry.

For intuition, conditions (i — iii) are standard for IV regression even in the absence of corruption; (iv —
vi) are conditions on the moments of the distribution, and hold for a variety of reasonable distributions
including but not limited to any multivariate Gaussian distribution with bounded-spectral-norm
covariance. Condition (vii) essentially states that we need an initial estimate of w™* (but the time
complexity of our algorithm will depend only logarithmically on the initial estimate error Ry).

Define the random variable
g(w) = Z(Y — XTw)

for w € R%, and let (X;,Y;, Z;) be n independent samples drawn according to (X, Y, Z). Let € > 0.
We prove that under the above assumption, if n is sufficiently large, then with high probability, for
any e-contamination (X, Y/, Z!)*_; of (X;,Y;, Z;)™ ,, the functions g;(w) = Z/(Y] — (X})Tw)
satisfy Assumption[3.1] Formally, we prove the following theorem (see Appendix [D):

Theorem 6.2. Let € > 0. Suppose that € < cmin(\?/(7L?), \*/L*) for a sufficiently small constant
¢ > 0, and suppose that n > C(d + p)°tlog((p + d)/7€)/€* for a sufficiently large constant C.
Then with probability at least 0.95 over the samples (X;,Y;, Z;)_,, the following holds: for any
e-corruption of the samples and any upper bound Ry > |w*||,, Assumption is satisfied. In
that event, if L, )\, o, and € are known, then there is a poly(n,d,p,log(1/d),log(Ro/(c+/¢€)))-
time algorithm which produces an estimate 1 satisfying || — w*||, < O(a(L32/\?)\/€) with
probability at least 1 — 6.

Robust I'V Logistic Regression Let Z be a vector of p real-valued instruments, and let X be a
vector of d real-valued covariates. Suppose that Z and X are mean-zero. Suppose that the response
can be described as Y = G(XTw*) + ¢ for some fixed w* € R%, where G is the (unscaled) logistic
function. The proofs only use 1-Lipschitzness of G and G’, and that G’(0) is bounded away from 0.

As far as distributional assumptions, we assume in this section that Assumption @] holds, and
additionally assume that the norm bound satisfies Ry < ¢min(A\?/L, \/v/7L?3) for an appropriate
constant ¢, where A\, L, and 7 are as required for the Assumption. We obtain the following algorithmic
result (proof in Appendix [E):

Theorem 6.3. Let ¢ > 0. Suppose that ¢ < cmin(A\?/(7L?),\*/L*) for a sufficiently small
constant ¢ > 0, and suppose that n > C(d + p)>7log((p + d)/7€)/€* for a sufficiently large
constant C. Suppose that |[w*|l, < Ry < cmin(A\?/L,\/VTL3). Then with probability at
least 0.95 over the samples (X;,Y;, Z;)T_,, the following holds: for any e-corruption of the sam-
ples, Assumption is satisfied. In that event, if Ry, L, )\, o, and € are known, then there is a
poly(n,d, p,log(1/0),log(Ro/(c+/€)))-time algorithm which produces an estimate W satisfying
i — w*|, < O(a(L3/?/\2)\/€) with probability at least 1 — 6.

7 Experiments

In this section we corroborate our theory by applying our algorithm ITERATED-GMM-SEVER to
several datasets for IV linear regression. See Appendix [G|for omitted figures and experimental details
(e.g. hyperparameter choices and descriptions of the baselines). Error bars are at 25th and 75th
percentiles across independent trials.

Varied Instrument Strength. We construct a synthetic dataset with endogenous noise and 1%
corruptions, and evaluate our estimator as the instrument strength is varied. Concretely, for dimension
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d and strength «, we draw independent samples (X, Y;, Z;)_, where for unobserved noise 7; ~
N(0,1;), we define instruments Z; ~ N(0, ;) and covariates X; = «Z; + 7, and response
yi = (X;,0%) + (n;, 1). For k = 0.01n of the samples, we introduce corruption by setting Z; =
—A/(kv/d) and y; = v/d where A = 3" Z;y;, which zeroes out the IV estimate. We take n = 10%,
d = 20 and 0* = (1,0,...,0), and vary « from 0.1 to 10. For each «, we do 10 independent
trials, comparing median /5 error of ITERATED-GMM-SEVER with classical IV and two-stage Huber
regression. We also compare to the “clean IV” error, i.e. the error of IV on the uncorrupted samples.
When « is small, essentially no inference is possible (the clean error is large), but as « increases, our
estimator starts to outperform the baselines, and roughly tracks the clean error (Figure[Ta). Similar
results can be seen for d = 100 (Figure [2]in Appendix [G.3).

Our next two examples consider IV linear regression with heterogeneous treatment effects, a natural
setting in which the instruments and covariates are high-dimensional, necessitating dimension-
independent robust estimators. Consider a study in which each sample has a vector X of charac-
teristics, a scalar instrument Z, a scalar treatment 7', and a response Y. Assuming that the control
response and treatment effect are linear in the characteristics, with unknown coefficients 5* and 6*
respectively, and that the response noise is mean-zero conditioned on Z and X (but may correlate
with the treatment), we can write the moment conditions

BXZ(Y - T(X,07) — (X, 3%))] = E[X(Y = T(X,0") — (X, 57))] = 0.

This can be interpreted as an IV linear regression with covariates (7'X, X) and instruments (Z X, X).

Synthetic HE dataset. For parameters n,d, we generate a unknown d-dimensional parameter
vector 0* ~ N(0,I;). We then generate independent samples (X;,Y;, Z;)", as follows. Draw
X; ~ N(0, ;) and Z; ~ Ber(1/2). The binary treatment is drawn T; ~ Ber(p;) with

1
B 1+ exp(—Zi — U1X1)7
where U; ~ N(0,1) and X; = d~'/2(X;, 1). Finally, the response is Y; = (X;, 0*)T; + (X;, B*) +
U; with g* := 0.

Ordinary least squares would produce a biased estimate of (6*, 5*), since TX is correlated with the
response noise U. However, U is by construction independent of X and Z. Thus, in the absence
of corruption, I'V linear regression with covariates (T'X, X), response Y/, and instrument (ZX, X)
should approximately recover the true parameters (6, 3).

Pi

For n = 102 and d = 20, the IV estimate still has significant variance, and in this regime, even with
no added corruptions, we find that ITERATED-GMM-SEVER has lower recovery error than baselines
(Tablein Appendix . For n = 10* and d = 20, the IV estimate is more accurate. Hence, we
corrupt the first en samples, by setting X; := 1 and Y; := 3+/d. Varying ¢ from 0.01 to 0.1, we
compute the median 5 recovery error of ITERATED-GMM-SEVER, classical IV, and two-stage Huber
regression, across 50 independent trials (for each €). The results (Figure[Ib) demonstrate that our
algorithm is resilient to up to 10% corruptions, whereas both baselines rapidly degrade as € increases.

NLSYM dataset. In this experiment, we use the data of [6] from the National Longitudinal Survey
of Young Men for estimating the average treatment effect (ATE) of education on wages. The data



consists of 3010 samples with years of education as the treatment, log wages as the response, and
proximity to a 4-year college as the instrument, along with 22 covariates (e.g. geographic indicator
variables). For simplicity, we restrict the model to only two covariates (years and squared years of
labor force experience) and bias term. We find that the ATE estimated by ITERATED-GMM-SEVER is
close to the positive ATE (= 0.277) estimated by classical IV, suggesting that Card’s inference may
be robust (Figure [3]in Appendix [G.5). Next, we corrupt a random e-fraction of the responses, in a
way that negates the ATE inferred by classical IV regression (see Appendix [G.2]for method).

Varying e from 0.01 to 0.2, we perform 10 independent trials (i.e. resampling the subset of corrupted
samples each time). For each trial, we compute the ATE estimate of IV regression, the ATE estimate
of two-stage Huber regression, and the median ATE estimate of 50 runs of ITERATED-GMM-SEVER.
For each ¢, we then plot the median absolute error of each algorithm across the 10 trials. We find that
our algorithm outperforms both baselines, and has lower variance than two-stage Huber regression,
up to € ~ 0.15 (Figure[Ic} note that error is on log-scale, so the Huber regression is extremely noisy).
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A Supplementary lemma for Section 3

We state several consequences of Assumption [3.T]which will be used later.
Lemma A.1. Under Assumption the following bounds hold for all w € Bag,(0):

¢ Ep,,.(uTVg(w)v)? < 2L? for all unit vectors u € RP and v € R?
* Covy,,,(g(w)) X 20°L +4L2 ||w — w*||5 I

® O'min(EIgand (’LU)) 2 /\/2
* HEIgrmdg ||2 <oVLe+2L lw —w,
* [Er. Vo), < Lv2

Proof.

First claim. Note that
B s (0 Vg(w)v)? = Epy (" Vg(w*)v)?|
= IlEzgmd(uT(Vg(w)—Vg( o) (u” (Vg(w) + Vg(w*))v)]

< By (u" (Vg(w) = Vg(w*))v)? + 2\/1Ezgm (w) = Vg(w*))0)? B, (" Vg(w*)v)?
< L7 ||w — w*|[3 + 2L, L IIw - w*llz
< A?/9+2)L/3

< I

where the first inequality expands Vg(w) + Vg(w*) as (Vg(w) — Vg(w*)) + 2V g(w*) and applies
Cauchy-Schwarz to the resulting second term; the second inequality applies the Lipschitz gradient
assumption and bounded-variance gradient assumption at w*; the third inequality applies the stability
of gradient assumption together with the bound ||w — w*||, < 3Ry; and the fourth inequality uses
that A < L. It follows that

]EIEOOd (uTvg(w)U)Q S L2 + EIgood (uTv.g(w*)v)Q S 2L2

as claimed.

Second claim. Observe that for any unit vector v,
E 1 (v g(w))? < 21, (v - g(w"))? + 2B, (v - (9(w) — g(w")))*.

The first term is at most 202 L by the bounded-variance noise assumption. The second term can be
written and bounded as
2

Eryoy(v- (9(w) — g(w')))? = Er., ( [ ot + 0 ) - w) dt)

1
< [ B0 Vgt + (1~ ) w - w)
0
<20 flw — w3
by the first claim. This proves the second claim.
Third claim. We have for any w € Bapg, (0) that ||w —w*||, < 4Ry, so

Omin (EI oodvg(w)) > O'min(Elgmdv-g( - HEI s00d g(w) - Elgoodvg(w*)Hop
>\ - L, 4Ry
> /2

as claimed, where the second inequality uses the strong identifiability assumption and Lipschitz
gradient assumption, and the third inequality uses the stability of gradient assumption.
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Fourth claim. We note that

1
Eqg(w) - Erg(w") = / s Va(tw £ (1— ) (w — w*) dt.

The expectation of the gradient has operator norm at most L + L, ||w — w*||, by bounded-variance
and Lipschitzness of the gradient, and this is at most 2L by stability of the gradient and the inequality
A < L. As aresult,

HEIgoodg ) - ]Elgoodg( *)H < 2L ||w - w*||2 9

so together with well-specification it follows that |Ep,,g(w)||, < oVLe 4+ 2L [w — w*||, as

2
claimed.

Fifth claim. This follows immediately from the first claim. Indeed, for any w € Bag,(0) and unit
vectors u € RP and v € R¢,

(U E1,,, Vg(w)v)? = (Ep,u” Vg(w)v)? <Ep, (u" Vg(w)v)? <212
Taking the supremum over all u, v we get that |Er,,,,Vg(w H < L\/2 as claimed. O

B Omitted proofs from Section 4

B.1 Proof of Lemma[4.1]

Proof. 1f the algorithm does not remove any samples, then it holds that

[Covs(&)ll,, = Vars(v- &) = &l ZTZ < 24M.
€S

The claim then follows from application of Lemma [F.I] to sets S and I, since the total variation
distance between the uniform distribution on .S and the uniform distribution on [ is at most 2e. [

B.1.1 Proof of Lemma[4.2]

Proof. If no elements are filtered out, then the inequality trivially holds. Suppose otherwise. The
difference | S’ AIg00d| — |SAlLyooq] is precisely the number of good elements (i.e. i € Iy00q) filtered
out in this iteration minus the number of bad elements filtered out in this iteration. Due to the random
thresholding, the expectation of the former is Y icsn Lyooa T and the expectation of the latter is

max T;

1 )
max T; ZzES\Igmd i- Thus, we need to show that Z €SN Igo0d Ti > ZlGS\Igmd 4

Define Sgood = S N Lgood a0d Spag = S\ Tgood. Let v be the largest eigenvector of Covg(;). We
have that

— B0 - &)
—Erv- &)?

< 2]E1good (v : EZ - Elgnodv ’ 62)2
= 2Varp,,(v- &)

<2M

where the first inequality uses the fact that variance is the smallest second moment obtainable by
shifting; the second inequality uses that |Sgeod| > (2/3 — 1/6)n > |Is0d|/2 and Seeea € Lgooa; and
the third inequality is by the lemma’s assumption.

Varsgood (U ) gl) =Eg Sgood (U &
é’.

On the other hand, since the algorithm doesn’t terminate, it holds that

Varg(v- &) = |S|ZTZ>24M
€S

Defining figood = Es,0,0 * §is tbad = Eis,,,v - &> and p = Egv - &, it follows that

1
Esgood( f /’l‘) < 2M + (/J’ Mgood) .
|Sgood‘

There are two cases to consider:

S Sgood

14



1. If (4 — pgood)? < 8M. Then

1 1
E: . < 12M < = Vi &) § ..
Spua] 2 15 1M S g Vars o 2|S| "

? good

Thus,

Z TiS%ZTiS ZTi'

1€ Sgood €S 1€ Shad

2. If (4 — figood)® > 8M. By the above calculation,

1
|S ‘ Z Ty < 15(.“ - ,U'good)2-
good 1€ Sgood
On the other hand,
|Sb d| Z Ti = Esbad gl - N)Q > (.u - ,ubad)Z'
A4l i€ Spaa

But |t — fgood| * |Seood| = |1t — ttbad| - |Sbad|. As a result,

Spadl? S
3 7 L0l (1 ) = 15 G < 1575
i€ Sgond good good| . € Shua
But 1.5[Shad|/|Sgo0d| < 1.5(n/6)/(2n/3 —n/6) < 1.
In either case, the desired claim holds. O

C Omitted proofs from Section 5

C.1 Proof of Lemma[5.1]

Proof. By the termination conditions of GMM-SEVER, no samples are filtered out in the last iteration.
Thus, by Lemmafd.1]and the bounds | S|, |I| > (1 — 10en), since no samples are filtered out on Step
6, it holds that (for the vector u = Egg(w) as defined in Step 5)

Er,, V() ul|, < 3VA8\ /(L2 [ull} + | Covr,e(Vo(@)Tu),,) - 106
< 36VTOL Jull, v

where the last inequality uses the guarantee of Lemma that Bz, (u” Vg(w)v)? < 2L? for unit
vectors u, v.

[EsVg(w)"u—

In the second filter operation, since no samples are filtered out, Lemma[4.T]implies that
|Esg(i) — Er,g(d)], < 3V4 \/ (02L + 4L*R? + ||Covy,,, (g(w ))Hop) - 10e

< 36v100VLe + 120V/6 LR/
where the last inequality uses that Cov;,_,(g:(#)) = 20%L + 16 L2R? by Lemma Next, since
By Vg (0) o < V2L by Lemma , it follows that
[Es Vo ()" (Esg () = B9 ()|, < 72V50L¥2V/e + 240V3L* RVe.
Together with the first inequality, we get that
|EsVg( )TlEsg( ) = E1,, Vg()E1,,,9(0)||, < 72V50 L% ?\/e4+240V3L2 R/e+36V/10L [[ul|, v/e.

w0oa 9 (W ||2 < ovVLe+ L|w—w*||, < ovVLe + 2LR. Therefore ||ull, =
Egg(w)]], < a\f L + 3L R assuming that max(36+1/10, 120v/6)+/¢ < 1. Substituting this bound,
2 g g
we get

|EsVg() Esg() — B, Vg()Er,,,g(1))

|, < (72V5+36V10)0 L*/?\/e+(240v/3+108v/3) L* Ry/e.
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Now recall that w0 is a «y-critical point of |Egg(w) Hg in the region Br(wp). Since w* € Br(wyp),
the line segment between w and w* is also contained in Br(wy), so by definition of a y-critical point,
it holds that
(w* — ) - EsVg(d) Esg(w) > —y [0 — w*[|, .
So by the triangle inequality, and rounding up the above constants to integers,
(@0 = w*) "B,y V(@) Er,ppug(@) < || — w*|l, + (2750 L%2V/e + 603L* RV/e) || — w* |,

as claimed. O

C.2 Proof of Lemmal[5.2]
Proof. Expanding Ey,,g(w) — g(w™) as an integral, we have that
(w - w*)T]EIgoodvg(w)TEIgood (g(w) - g(w*))

1
= (w— w*)TIEIgMVg(w)T/ Efe Vg(tw + (1 — t)w")(w — w™) dt
0

1
— (w— w")TEy,, Vg(w)T / Ey, Vg(w)(w — w) dt
0

1

T (w - w)"Ey,,, Vg(w)” / (Er,y Vo(tw + (1 - tyw*) - Eq,, Vg(w))(w - w*) dt.
0

Now, the first term is precisely ||Ej,,, Vg(w)(w — w*) ||; We bound the absolute value of the second
term by Cauchy-Schwarz and the Lipschitzness of the gradient; it is at most

HIEI Vg(w)(w —w*)

good

2
|2 : Lg ||U) - w*HQ :
As aresult,

(w — W) B, Vg(w) g (9(w) — g(w*)) > ||Eq,, Vg(w)(w — w3

*(12 *
_Lg ||w_w HQHEIgoodvg(w)(w_w )

>
Suppose that ||Ej,,, Vg(w)(w — w*)”2 < 2L4||w— w*||§ Then by assumption that
Omin(E1,s Vg(w)) > A, it follows that ||w — w*||, < (2Lg/A) [Jw — w*||§ Thus ||w — w*|, >
A/(2Lg), which contradicts the assumptions that Ry < \/(4L,) and w € Br(wo) C Bag,(0). We
conclude that in fact H]EIgdeg(w)(w —w*)||, > 2Lg ||lw — w* Hg, so that

B

* * 1 % |12
(0 = ") By V() g (9(w) = 9(w")) 2 5 || B Vo (w) (w — w5
However, by Assumption [3.1]and Lemma[AT]

|(w = w*) Bt Vg(w) "Er,,9(w*)] < V20 LY w —w|, Ve.
So together with the lemma’s assumption,
(0 = ) By Vg(w) " Eryy (9(w) = g(w")) < (5 + V20 L2 V/e) [[w — w"|,.
As a result,
112 *
| 1s Vo (w)(w — w*)|[, < 2k + V20 L2Ve) w —w|l,,

so that by the least singular value bound in Lemma w —w*|, < 4(k + V20 L32\/€) /\? as
claimed. O

C.3 Proof of Theorem

Proof. Fort > 1 let S; be the algorithm’s sample set at the beginning of the ¢-th iteration, so that
S1 = [n]. Define a “sticky" stochastic process based on | Sy AIyoodl:

X, — |5t Algood| ift=1or|Si—1| > 2n/3
P X otherwise '
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By soundness of the filtering algorithm (Lemma , we know that (X );>1 is a super-martingale.
By Ville’s maximal inequality [[11] and since EX; = en, it holds with probability at least 8/9 that
sup; X; < 9en. In this event, we claim that |S;| > 2n/3 for all ¢. Indeed, this can be proved by
induction: suppose that there is some ¢ such that |S¢| < 2n/3 and let t* be the minimal such ¢. Then
|St=—1] > 2n/3, 50 [Spx Algood| = Xi= < 9en. Therefore [Si+| > |Loooa| —Ien > (1 —€)n —en >
2n/3 since 10en < n/3. Contradiction, so |S¢| > 2n/3 for all £.

By definition of the process (X;): and by the preceding bound on sup, X, it follows that
sup, |S¢Algood| < 9en, and therefore inf; [S;| > (1 — 10€)n. In particular, |[S| > (1 — 10€)n,
where S is the terminal sample set. Then by Lemma[5.3] it follows that

| —w*|, < i—z + 2412(L*/A?)Ry/e 4 11020 (L3/? ) \?)/e.

where 0 is the output of GMM-Sever. Since this bound holds deterministically whenever |S| >
(1 — 10¢€)n, the failure probability can be decreased to § by repeating GMM-Sever until either
|S| > (1 — 10€)n, or O(log 1/4) repetitions have occurred.

The time complexity bound follows from observing that the FILTER algorithm runs in polynomial
time, and in each repetition at least one sample is removed from .S, so the algorithm terminates after
at most n repetitions. O

C.4 Proof of Theorem [5.3]

Proof. Formally, ITERATED-GMM-SEVER does the following procedure:

1. Initialize t = 1, wy = 0, Ry = Ry, &' = ¢6/log(RV'L/(0+/€)), and v = o L3/2 /e
2. Compute w; := AMPLIFIED-GMM-SEVER({¢1,...,9n}, wt, Re, €, A, L, 0,7,8)
3. Set R} := 4y /A2 + 2412((L?/\?)Ry\/e + o (L3/? J\?) /e)

4. If R, > R:/2, then terminate and return ;. Otherwise, set w1 := Wy, Ry := R}, and
return to step (2).

First, note that by induction and the termination condition, R is halved in every iteration, so it holds
forall ¢ > 1 that R, < Ro/2! L.

Runtime. The termination condition is deterministic. In particular, the algorithm will terminate
once

g + 2412((L2/A2)Ryv/e + o (L3 /N2)\/e) > Ry /2.

This holds if R, < 48240 (L3/?/)\?)\/e. Since R; halves in every iteration and A < L, the al-

gorithm will therefore terminate after at most O(log(Rv/L/(c+/€))) iterations. By the runtime
bound on AMPLIFIED-GMM-SEVER, it follows that ITERATED-GMM-SEVER has time complexity

O(poly(n,d,p, T;) - log(1/5) - log(RVL/(0+/€)).

Correctness. Next, we claim by induction that after the ¢-th call to AMPLIFIED-GMM-SEVER,
it holds with probability at least 1 — §'¢ that |0, — w*||, < Rj. Fort = 1, this follows from
Theorem 5.4)and the assumption that w* € Bp, (0) (which implies that w* € Bp, (w1) C Bag,(0)).

Now fix any ¢ > 1 for which the algorithm has not yet terminated, and condition on |1 — w*||, <
R;_,. Then by the triangle inequality,

[welly = [lde—1]l, < llw*lly + Ry —y < Ro+ Ro/2'~".

As aresult, B, (wi) € Brytar,/2t-1(0) € Bag,(0). In this event, by Theorem it holds
with probability at least 1 — ¢’ that ||, — w*||, < R;. By the induction hypothesis, the event we
conditioned on occurs with probability at least 1 — §’(¢ — 1), so by a union bound, it holds that
||y —w*||, < R; with probability at least 1 — §’¢, completing the induction.

Now consider the final iteration ¢. Restating the termination condition, we have

i% + 2412((L2 /XY Riv/e + o (L3 /A2)\/€) > Ry/2.
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By assumption that (L?/)\?)+/e < 1/9648, it follows that
16y
Ry <5 + 96480 (L%/% /\?) /.
Thus, with probability at least 1 — ¢’¢, the output w; of ITERATED-GMM-SEVER satisfies

[be = w"|l, < Ry

4
<o+ % 424120 (132 \2) /e
4y
<=zt 48240 (L3/2 /A2) /.
By the choice of ~, this bound is O (o (L3/2/A\?),/€). By the iteration bound and choice of §’, the
overall failure probability is at most 4. O

D Proof of Theorem

We need to prove that the contaminated samples (X, Y/, Z!)", satisfy Assumption3.1| with some
set Joooa Of size (1 — O(e))n. To this end, it suffices to prove that with high probability over the
original samples (X;,Y;, Z;)7_,, there is a subset I of these original samples, with |I| > (1 — €)n,
such that for any subset S C I of size at least (1 — 2¢)n, the conditions of Assumption are

satisfied. In this event, the intersection of I with the uncontaminated samples certifies the assumption.

In the subsequent lemmas, we verify one by one that each condition of Assumption [3.1]is satisfied
with high probability for all subsets .S of size at least (1 — €)n of a set I of size at least (1 —e/100)n);
we then take the intersection of the sets I to yield a set Jgo,4 Witnessing Assumption [3;1'}

Lemma D.1. Let € > 0 be sufficiently small. Ifn > C(d+p)3/7 log(1/7¢€)/€* then with probability
at least 0.99, there is a subset I C [n] of size |I| > (1 — €/100)n such that for every subset S C I
with |S| > (1 — €)n, it holds that

éz [JZ(} (2T XT]-E [JZ(} (27 XT]

i€S

< O(VTel).
P
As a consequence, if (L/\)\/Té€ is less than a sufficiently small constant, then
1
Omin <|S| > ZiXiT> > \/2.
i€S

Proof. The first statement follows from Corollary T-hypercontractivity of [Z; X|, and the
covariance upper bound on [Z; X]. Let M = ﬁ e ZiXE. Tt follows from the first statement,
that for any u,

€S

- A
31w —EZXT| | < O(LvFe) ully < 5 llull -
By assumption that o, (EZXT) > ), it follows that HMUH2 > (A/2) ||u||y. The second statement
follows. O

Lemma D.2. Let ¢ > 0 and suppose that n > C(p + d)°log((p + d)/€)/€? for an appropriate
constant C. Then with probability 0.98, there is a set I C [n]| with |I| < (1 — €)n such that
Er(u” 2)?(vT X)? < CTL?I for all unit vectors u € RP and v € R

Proof. By hypercontractivity, we have
E(X,u)* < 7 (E(X,u)?)* < 7L? |[ul3
for any vector . € R?, and similarly for Z. Moreover, we have assumed that the coordinates of X

and Z have 8th moments bounded by O(72L*). Thus, we can apply Lemmato X/V/7L? and
Z/VTL? to get sets I1, Iy C [n] each of size at least (1 — €/2)n, that with probability 0.98 satisfy

1
o > (Xi,u)t < CTL?
i€l
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and

LSzt < or?

‘12| i€ly

for all unit vectors u € R? and v € RP. Let I = |I; N I5|. Then |I| > (1 — ¢)n, and the above
bounds hold over I as well up to a constant factor loss. Thus,

Er(u? Z2)*(XTv)? < \/E(Z,u) B[ (X, v)* < CTL>.
The lemma follows. O

Lemma D.3. Let ¢ > 0 and suppose that n > C(p + d)3 /2. Then with probability 0.99, there is a
set I C [n] with |I| > (1 — €)n such that E; (v Z£)? < Co?L for every unit vector v € RP.

Proof. Since E[¢2|Z] < o2, observe that E(vT Z¢)? < 0?E(v?'Z)? < 2L for every unit vector
v € RP. The claim follows from Corollary [F.4} O

Lemma D.4. Let € > 0, and suppose that n > C(p*/? /€) log(p). With probability 0.99, there is a
subset I C [n] with |I| > (1 — €/100)n such that for every S C I with |S| > (1 — €)n, it holds that

|EsZ&l, < O(oVLe).

Proof. Observe that EZ¢ = 0 and EZZT¢? < %L1 by assumption. The claim follows from
Lemmal[E3] O

Corollary D.5. Let ¢ > 0. Suppose that ¢ < cmin(A\?/(TL?),\*/L*) for a sufficiently small
constant ¢ > 0, and suppose that n > C(d + p)°7log((p + d)/7€)/€? for a sufficiently large
constant C. Then with probability at least 0.95, there is a set I C [n] with |I| > (1 — €/2)n such
that for every subset S C I with |S| > (1 — €)n, the following hold:

* onin(BsVg(w?)) = QX
s Es(u?'Vg(w)v)? < O(rL?) for all unit vectors u, v and all w

)
s Es(vTg(w*))? < O(c%L) for all unit vectors v

IEsg(w)]l, < O(ev'Le)

» Vg(w) is constant in w.

Proof. Let Iy, I, I3, 14 C [n] be the sets guaranteed by Lemma[D.1](with parameter €), Lemma|[D.2]
(with parameter ¢/100), Lemma (with parameter €/100), and (with parameter €), which
satisfy the claims of the respective lemmas with probability at least 0.95. Let I = I; N Io N I3 N I4.
We have that |11 |, |I2|, |I5],|14] > (1 — €/100)n, so I is a subset of each of Iy, I5, I5, I, of size at
least (1 — €/2)n. Let S C I have |S| > (1 — €)n. By Lemma|D.1]and since S C Iy, it holds that
Omin(EsVg(w*)) > A/2. By Lemma and since S C Iy, it holds that Eg(u? Vg(w)v)? <
2B, (uf'Vg(w)v)? < O(rL?). By Lemma we have Eg(vTg(w*))? < O(0%L), and by
Lemma we have |Esg(w*)||, < o(cv/'Le). Finally, Vg(w) = ZX7 is clearly constant in

w. O

The above corollary validates Assumption for linear instrumental variables. Since Vg(w) is
constant in w, the Assumption holds for any bound R on the norm of the true solution w*. Formally,
we can instantiate Theorem[5.5]to get a provably robust estimator for instrumental variables linear
regression, as stated in Theorem@

Remark 1. Although Theorem [6.2]is stated with a constant probability of failure, this is only for
simplicity of presentation; in fact, the probabilities of failure all decay exponentially with n, once n
exceeds the sample complexity stated in the theorem.
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E Proof of Theorem

Let (X;,Y;, Z;) be n independent samples drawn according to (X,Y, Z). Let ¢ > 0. We prove
that under the above assumptions, if n is sufficiently large, then with high probability, for any
e-contamination (X, Y/, Z;)i, of (X;,Y;, Z;)iL4, the functions g;(w) = Z;(Y{ — G((X)Tw))

satisfy Assumption [3.1] The proof is similar to the previous section, with slight complications
introduced by the non-linearity of the non-linear function G.

Lemma E.1. Let € > 0. Suppose that n > C(p+ d)®log((p+ d) /) /€* for an appropriate constant
C'. Then with probability at least 0.97, there is a set I C [n] with |I| > (1 — €/100)n such that for
every S C I with |S| > (1 — €)n, it holds that

|EsZXTG (XTw) — ]ESZXTG’(XTw*)Hop <OWTL3 ||w—w*|,).
Proof. Let I; be the set guaranteed by Lemma with parameter €/200, and let I5 be the set

guaranteed by applying Corollary to X1, ..., X,, with parameter €/200. Take I = I N I, so
that |7| > (1 — €/100)n. Let S C I with |S| > (1 — €)n. By Cauchy-Schwarz, we have that

|EsZXT(G'(XTw) — G’(XTw*))HOP = ” Hitip”_lESuTZXTv(G’(XTw) — G(XTw*))

< sup /Es(ul ZXT0PEs(G/(XTw) — G'(XTw"))2.

llull=llvll=1
First, by the guarantee of Lemma|[D.2] we have
Es(u” ZXTv)? < O(rL?).
Second, by the guarantee of Corollary and Lipschitzness of G’, we have
Es(G'(X"w) - &' (X w"))? <Es(X"(w —w*))* < O(L |w — w*|[3).

Together,
[EsZX"(G'(XTw) — &' (X w"))||,, < OWVTL? [[w —w*|3)

as claimed. O

Lemma E.2. Let ¢ > 0 and suppose that n > C(p + d)®log((p + d)/€)/€e? for an appropriate
constant C. Then with probability 0.98, there is a set I C [n] with |I| > (1 — €)n such that

Er(u’ ZXTG'(XTw)v)? < O(rL?)

for all w € R and unit vectors u, v.

Proof. Let I be the set guaranteed by Lemma[D.2} Simply note that since G is 1-Lipschitz,
Er(u? ZXTG (XTw)v)? < B’ 2)?(XTv)? < O(rL?)
for all unit vectors u, v. 0

Lemma E.3. Let € > 0. Suppose that n > C(p + d)°7log((p + d)/7¢€)/e? for an appropriate
constant C. There is a set I C [n] with |I| > (1 — €/50)n such that for every S C I with
|S| > (1 — e)n, it holds that

Omin(Es ZXTG'(XTw*)) > \/16.
Proof. Let I be the set guaranteed by Lemma [D.T| with parameter ¢, and let I, be the set guaranteed
by Lemma E. 1| with parameter €. Let I = I N I, so that |I| > (1 — ¢/50)n. Pick any S C I with
|S| > (1 — €)n. Then amm(]ESZXTG’(XTO)) > \/8 by Lemma|D.1|(and since G’(0) = 1/4), and
|EsZXT(G'(0) — G'(XTw H < O(7L? ||w*||,) by LemmalE.1} It follows that
omin(EsZXTG'(XTw*)) > /8 — O(VTL3 ||w*|,) > A/16,

where the last inequality is by assumption that |[w* ||, < Ry < O(A/VTL3)). O
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Lemma E.4. Let € > 0 and suppose that n > C(p + d)? /€. Then with probability 0.99, there is a
set I C [n] with |I| > (1 — €)n such that

E;(v? Z€)? < O(0?L)
for all unit vectors v.

Proof. By assumption, E(v'Z¢)? = E(vT 2)2(Y — G(XTw*))? < ¢2L. So we can apply Corol-
lary [F4]to conclude. O

Lemma E.5. Let ¢ > 0, and suppose that n > C(p*/? /¢) log(p). With probability 0.99, there is a
subset I C [n] with |I| > (1 — ¢/100)n such that for every S C I with |S| > (1 — €)n, it holds that

|EsZ¢|l, < O(oVLe).

Proof. Observe that EZ¢ = 0 and EZZ7¢? < ¢%LI by assumption. The claim follows from
Lemmal[E3] O

As a result of the above lemmas, we get the following corollary, just as in the previous section.

Corollary E.6. Let ¢ > 0. Suppose that ¢ < cmin(\2/(7L?),\*/L*) for a sufficiently small
constant ¢ > 0, and suppose that n > C(d + p)>7log((p + d)/7€)/€* for a sufficiently large
constant C. Suppose that Ry < cmin(\?/L, \/(7L?)). Then with probability at least 0.95, there
is a set I C [n] with |I| > (1 — €/2)n such that for every subset S C I with |S| > (1 — €)n, the
following hold:

* omin(EsVg(w*)) > Q)
* Es(u"Vg(w)

s Es(vTg(w*))? < O(c%L) for all unit vectors v

* [Esg(w)]l, < O(oVLe)

* [EsVg(w) — EsVg(w*)|l, < O(VTL3 ||w — w*|,) for all w € Bg,(0)

v)? < O(7L?) for all unit vectors u,v and all w € Bg,(0)

This corollary validates Assumption [3.1] for logistic instrumental variables, and proves Theorem [6.3]

F Technical lemmas
In this section we collect technical lemmas that are needed for our proof. Most of these results are
standard in the robust statistics literature (see, e.g., [19]).

The following fact is key to the filtering algorithm and various other bounds.

Lemma F.1. Let P, Q be distributions on R%. Let ¢ € [0,1/2) and suppose that TV (P, Q) = ¢ and
[Covpll,, . [Covall,, < o2 Thenif X ~ PandY ~ Q, it holds that

op?

[EX —EY|, < Ccov/e
where C. = \/6/(1 — 4€2).

Proof. Since TV(P, Q)) = € there is some coupling under which Pr(X # Y') = e. As aresult,
EX] - E[Y] =€¢E[X|X #Y] -E[Y|X #Y)).
Thus we have that:
IEX —EY|2 = & |E[X|X # Y] - E[Y|X £ V]2
<@ s (v (BIXIX £Y]-E[Y|X £Y])?

veER®:|v|,=1
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Let v € R? be a unit vector. Bounding the means of X|X # Y and Y|X # Y by second moments

around [EX, we have that

(El- X[X #Y]-E[o-Y[X #Y])? = (E[v- (X —EX)|X #Y] - E[v- (Y —EX)|X #Y])
<2Ew- (X —EX)|X Y +2E[v- (Y —EX)|X #Y]?
<2E[(v- (X —EX))|X £ Y] +2E[(v- (Y — EX))’|X £Y]

By law of total probability,
E[(v- (X —EX))?X £#Y] < e 'E[(v- (X —EX))?] = ¢ v Cov(X)v < 0?/e.
Similarly,

E[(v- (Y — EX))?|X # Y] < 2E[(v - (Y — EY))?|X # Y] +2(v - (EY — EX))?
< 2e7'E[(v- (Y —EY))?] + 2||EY — EX||3
<20%/e+2||EY —EX|3.

As aresult, we get that:
(Ev- X|X #Y] —Elv-Y|X #Y])2 < 60%/e+4|EY —EX|>.
We conclude that
IEX —EY|2 < 602 + 4> |[EX — EY||2

Re-arranging we get the desired inequality. [

The above lemma implies that if an adversary is allowed to corrupt an e-fraction of data, and the
original distribution has variance no more than o2 in any direction, then the corrupted mean must
be within O(o+/€) of the original mean, unless the corrupted distribution has significantly larger
variance.

Lemma F.2. Let e, 0 > 0. Suppose that X1, ..., X,,, X are independent and identically distributed
with EXXT = 1. Suppose that n > Cd®log(3/8)/e. Then with probability 0.99 there is a subset
I C [n]with |I| > (1 — €)n such that

1
=3 XX 2 (140,
n

i€l

and as a consequence

1+5
X, xF <
o 2

Proof. Since E || X |3 = Tr(I4) = d, we have that Pr[|| X||> > 2d/e] < /2. Define I = {i € [n] :
HXZ||§ < 2d/e}. By a Chernoff bound, we have |I| > (1 — €)n with probability 1 — exp(—(en)).
Fix a unit vector u € R? and define

A = (X, )" 11X < 2d/€]

for i € [n]. We have that E[4;] < E(X;,u)? = 1, and also Ay,..., A, are independent and
uniformly bounded by 2d/e. Thus, Hoeffding’s inequality implies that

177,
Pr|— A, >146
rlnz > 1+

i=1

< exp(—2nd?/(2d/€)?).

Define

f(u):ibz Xl,u ZA

i€l

For any fixed unit vector u we’ve shown that f(u) < 1+ § with probability 1 — exp(—(nd?e?/d?)).
Let \V be a net of the unit ball in R¢ with resolution « and cardinality at most (3/a)?. By a union
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bound, it holds that f(u) < 1+4 for all u € N with probability 1 —exp(dlog(3/a) —Q(nd%e?/d?)).
But now

[f(u) = f(v)] < %ZI(XZ-,U—U)\ (X u o) <V F(u—0) fu+ o)
icl
for any vectors u, v. Define

1
M=|- X; Xl = max f(u).
n HERAY
i op
Then
M<14+6+vVaM-2M.

Taking o = 62/2, we get that M < (1+6)/(1 — ) < 1+ 48. So long as n > Cd>log(3/9)/e? for
a large enough constant C, it holds with probablity at least 0.99 that

1
= XX 2 (1+46)1y
n

iel

and moreover |I| > (1 — €)n. By the latter inequality it also follows that

as claimed. O
Lemma F.3. Let e, 7 > 0. Suppose that X1, ..., X,, X are independent and identically distributed
with EXXT = 1. Suppose that E{u, X)* < 7(E{u, X)?)? for all u € RY. Suppose that n >

Cdy/T1og(1/(1€))/e*/? for an appropriate absolute constant C. Then with probability 0.99, there is
a subset I C [n] with |I| > (1 — €/100)n such that for any S C I with |S| > (1 — €)n it holds that

1
S S XX = (1 -7VTe)l,

i€S

Proof. Let I C [n] be the subset guaranteed by Lemma|F.2] with the properties that [I| > (1 —
€/100)n and 7 3%, XiXT = (1 +€)a.

Fix a unit vector u € R%. Let ¢ be such that Pr({X;,u)? > q) = 4e. Define B; = 1[(X;,u)? > q|.
By a Chernoff bound, it holds with probability 1 — exp(—€(en)) that >_" ; B; > en. Thus
the size of the set Q = {i € [n] : 1[(X;,u)? < g¢]} is at most (1 — €)n. As a result, any
S C [n] with |S| > (1 — €)n, must either contain all elements from the set () or elements from
its complement, whose values (X;,u)? dominate the value of any element in Q. More formally:
note that [SN Q| + 1@ — S| = Q] < [S| = [SNQ[+[SNQ°] = [Q -5 <[SNE°
Since every element in S N Q€ has value (X;, u)? larger than any element in Q — S, we thus have:
Yiesnoe (X w)® > 3o g(Xi,u)?. Thus, it holds that

n

D (Xiu)? =) (X w)? = (X, u)1[(X,u)? < q].

€S i€Q i=1
Next, note that (X;, u)?1[(X;, u)? < q] is bounded by ¢*. Since
de = Pr((X,u)? > q) < ¢ 2E(X, u)* < ¢ 777 (B(X,0)2)" < /¢,

we have that ¢> < 7/(4¢). Therefore by Bernstein’s inequality, with probability

tesp (- g ) = e (00— ) = 1-ew (00 2)

we have that

S XX w)? < g] > E(X, )11, 0)? < g] - V7e
i=1
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But now
E(X, u)?1[(X, u)? < q] = E(X,u)? — E(X,u)*1[(X,u)? > q]
> 1 — E(X,u) Pr((X,u)2 > q)
> 1—Vire.

Thus, with probability 1 —exp(—Q(en)) —exp(—Q(ne3/2/\/7)), forall S C [n] with |S| > (1—¢)n,

we have that
S (X, u)? > (1-3v/re)n.
€S

Assume moreover that S C I. Define f(u) = >, ¢(X;,u)?. Then for any vectors u, v, we have by
Cauchy-Schwarz that

\f(u)—f(v)|=Z<Xi,u> (X;,0)? <\/fu—v flu+v).

i€S

Since S C I we have that Y, ¢ X; X! < 2nl,. So

icS
|f(u) = f(0)] < 2nlu—vll; flu+ovl,.
Fix a net on the unit sphere in R¢, with resolution /7¢ and cardinality (O(1)/+/7€)?. Then with

probability 1 — exp(O(dlog(1/(7¢))) — Q(ne®/?/y/7)) the lower bound holds for all v in the net
and all S C I of size |S| > (1 — €)n. As aresult, for any unit vector v € R and any such S, it holds

that

ST (X w2 > (1 - 3v7e)n — dny/Te.

icS
We conclude that

XX = (1-7
S = - Vel
€S

Solongasn > Cdy/7log(1/(r¢))/e*? for a sufficiently large constant C', this holds with probability
at least 0.99 as claimed. O

Corollary F4. Let €, 7 > 0 be sufficiently small. Suppose that X1, ..., X,, are independent and
identically distributed d-dimensional random vectors, with positive-definite covariance EX XT = %,
Suppose that E{u, X)* < 7(E(u, X)?)? for all u. Suppose that n > Cd>\/Tlog(1/7€)/e> for a
large constant C. Then with probability 0.99 there is a subset I C [n] with |I| > (1 — €/100)n such
that for every subset S C I with |S| > (1 — €)n, it holds that

(1—O(/7e 2<—ZXXT (1+0(e))X.
|S|2€S

Proof. We apply Lemmas|E.2Jand[F.3]to ©1/2X,, ..., £~ /2X,,. For the upper bound, we observe
that if it holds for I then it holds for every large subset S with only an additional factor of 1 + O(e).
For the lower bound, we note that hypercontractivity is preserved under this linear transformation. [J

Lemma F.S. Lete, o > 0. Let X4,...,X,, X beiid. d-dimensional random vectors with EX = 0
and EXXT < %I Ifn > C(d®/? /€) log(d) for a sufficiently large constant C, then with probability
at least 0.99, there is a subset I C [n] with |I| > (1 — €/100)n such that for every S C I with
|S| > (1 — €)n, it holds that |Eg X ||, < O(co+/€).

Proof. Since E | X||> < 02d, we have that Pr[[| X||3 > 2000%d/e] < €/200. Define I = {i €
[n] : ||XZ||§ < 2000%d/€}. By a Chernoff bound, we have |I| > (1 — ¢/100)n with probability
1 — exp(—Q(en)). Now

EXXT1[|X|3 > 2000%d/e] < EXXT < 6?1,
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norm by 20002d/¢. Thus, we can apply the Matrix Chernoff bound [28] to get

and the random variables X; X7 1[|| X; Hg > 2000%d /€] are independent and bounded in operator

1

Pr|=> X:X] < 260211 > 1 — dexp(—2ea®n(e/2000%d) log(2)) > 0.999 )

n
iel

so long as n > C(d/e)log(d) for a sufficiently large constant C. Moreover, for any unit vector v,

Eo? X1[[| X |3 < 2000d/e] = —Eo” X 1[|| X2 > 20002d/¢]

< \/]E(UTX)2 Pr(|| X3 > 20002d/e)
< ov/e.

Since X 1[|| X ||§ < 20002d/e] is bounded in norm by o+/200d /¢, a Bernstein bound implies that
for any unit vector v,

TLO'2€

IN

1 & 9
v~ > X[ X5 < 2000°d/e]

i=1

> 1.50'\@)

IN

.
o (0(55)

Take a net over unit vectors in R of granularity 1/100 and cardinality exp(O(d)). Then the above
inequality holds for all v in the net, with probability exp(O(d) — Q(ne/(+v/d)), which is at least 0.999
if n > C'd3/? /e for an appropriate constant C'.

Let N denote the aforementioned net of the unit ball in R%. We have that in the aforementioned
event:

= sup
weR:|Jw|,=1

I 5 ) I 2 )
— XG1|1X; 5 < 2000°d - — X;1[| X515 < 2000%d
nE (11X 115 o?d/€] w n§ (11 X515 o?d/€]

i=1 2 i=1
1 n
< sup [we— Y X;1[|| X5 < 2000%d/e]
vEN n P
L ix-ﬂ[uxu? < 20002d /]
100 (|n &R ,

Re-arranging yields:

1 n
=X X5 < 2000%d/¢]
n

=1

.

In the intersection of the above events described by Equations [2| and |3| and the event that |I| >
(1 — €/100)n, which together occur Wrobability at least 0.99, we get that Cov;(X) =< 4ec?l

100
< 99 1.50€ < 20+/€
2

Therefore

1 n
= X[ Xi]l; < 2000°d/c]
=1

< 20ﬁ> > 0.999 3)
2

and [|[E;X||, < 40y/e. By Lemma |E.1| for any S C I with |[S| > (1 — €)n, it holds that
|IE;X —EsX|, < O(cy/€)soin fact [EgX||, < O(c+/e). O
LemmaF.6. Lete > 0. Let X1, ..., X, X be independent and identically distributed d-dimensional
random vectors with E(X, u)* < ||u||‘2l for all u € R and coordinate-wise bounded 8-th moments,

i.e. max® | EX? < Cs. Suppose that n > Cd®log(d/¢)/€? for a sufficiently large constant C. With
probability at least 0.99, there is a set I C [n] with |I| > (1 — €)n such that

1 4
il > (X, u)* < clfully
el

for all v € R? and an absolute constant c.
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Proof. Since E|| X |2 = T(EX XT) < d (since (E(u, X)2)2 < E(X,u)* < 1 for any unit vector
u), we have that
Pr(|| X |5 > 2d/e] < ¢/2.

By a Chernoff bound, we have that |{i € [n] : ||XZ||§ > 2d/e}| < en with probability at least
1 — exp(—Q(en)). Now fix a unit vector u € R and define
Ai = (Xi,u) ' L[| X5 < 2d/e]
for i € [n]. We have that
E[A;] < E(X;,u)? <1

and also Ay, ..., A, are independent and uniformly bounded by (2d/¢)?. Thus, the Bernstein bound
implies that

= e (‘“M, o <2d/e>2) |

i=1

for some universal constant ¢;. Note that:

d 4 4
1
E(X.u) <E|X|S=E § X2| =d'E 72 X2
< 7u> = ” ||2 (i_l z) d - 7

1 d
< d*'EZ 8 < gt 8 < gt
_dIEdE‘ X} < d'maxEX] < d'C

1 n
Pr [HZAl > 2

Thus:
1 n

i=1

n
< -1 — ] .
—eXp< Clcd4+<2d/e>2>

Take I = {i : ||X1||§ < 2d/e}. For any fixed unit vector u € R, it holds that L >~ (X;,u)? <2
with probability exp(—Q(n/(d*/€?))). Take § = €2 /d?. We can union bound over a J-net of the unit
ball in R¢, which has cardinality at most (3/§)¢, and note that

ED DRI SE RO

icl el

< C(2d/e)? lu—vl,,

so in fact it holds that 1
=3 (X w)t <24 C(2d/e)*5 < C'
n
i€l

for all unit vectors v € R?, with probability

1 — exp (O(dlog(d/e)) —Q (W)) > 0.999

since n > C'd®log(d/e)/€* for a sufficiently large constant C’. Finally, it also holds that |I| >
(1 — €)n with probability 1 — exp(—§2(en)). It therefore holds with probability at least 0.99 that for
all unit vectors u € R<,

1
_ Xq' 4 < C//
el
as claimed. O

G Supplementary experimental details

G.1 Implementation details

Iterated-GMM-Sever. For practical simplicity (e.g. decreasing the number of hyperparameters),
we make several modifications in the implementation. First, instead of updating the constraint ball
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radius R; based on ¢, o, L, \, and €, we simply halve it in each iteration (i.e. Ry + R:/2), and
quit after a fixed number of iterations 7T'. Throughout our experiments, we take 7" = 10. Second, for
computational reasons, we omit the amplification step. Third, we took hyperparameters o and L to
be equal; both are only used to set the filtering thresholds, and while tuning them separately could
potentially improve performance, we did not attempt to do so. Fourth, since all of our experiments
are for IV linear regression where the number of instruments equals the number of covariates, the
~y-approximate critical point oracle £ (line 4 of GMM-SEVER) can be implemented exactly: the IV
moment condition Egg; (w) = EsZX7T(y — (X, w)) = 0 has a closed-form solution, which is a

global zero (and therefore minimizer) of ||Egg;(w) ||§ (this solution @ may not lie in the constraint
set ||w||, < R, but in practice this is not an issue).

As a result of these simplifications, our implementation only depends on two hyperparameters: the
initial estimate error Ry, and a threshold parameter L. We pick these hyperparameters ad-hoc without
serious tuning attempts. For synthetic experiments we pick R, equal to the dimension, since the
ground truth parameters have coordinates O(1); for the NYSLM data we take Ry = 20. For the
Varied Instrument Strength experiment, we take L = 0.1; for the synthetic Heterogeneous Effects
experiment we take L = 0.25; and for the NYSLM dataset we take L = 0.01. Note that in particular
we do not need to vary the hyperparameters as the corruption level or instrument strength change.

Two-stage Huber Regression. As a baseline robust IV estimator, we implement two-stage Huber
regression [20]]. Concretely, the classical IV estimator can be implemented as two-stage least squares:
first, regress each covariate against the instruments via Ordinary Least Squares. Second, regress
the response against the predicted covariates via Ordinary Least Squares. This can be robustified
by replacing Ordinary Least Squares with Huber regression. We implement Huber regression via
the function sklearn.linear_model.HuberRegressor (with default robustness parameter) in
scikit-learn [25]].

Classical IV regression. This baseline is simply the estimator which solves the empirical moment
condition EgZX T (y — (X, w)) = 0 over the whole sample set S = [n].

G.2 Corruption method for NLSYM dataset

We randomly pick en of the datapoints and corrupt the responses of these datapoints so that if the
original IV estimate was w*, then the new IV estimate is roughly —w*. Formally, if S C [n] is the set
of corrupted samples, we set ys = ¢— X gw™ where g solves the linear system qu = —2Zg. Xgew™.
Here, Z and X are matrices of the instruments and samples respectively, and y is the vector of
responses. Since w* approximately solves the moment conditions on the uncorrupted samples, it
follows that

ZTy = Zlyse + ZLq~ ZE. Xgew* — 2Z%. Xgew* = —ZL. X gew*,

so the corrupted IV estimate is approximately —w™*.

G.3 Hyperparameter stability

The primary hyperparameter which governs the performance of our algorithm ITERATED-GMM-
SEVER is L, which roughly corresponds to the threshold for filtering outliers. Obviously, if L is
chosen too large, then the algorithm will fail to remove outliers. Thus, it’s important to understand
how to choose L in practice. We chose L ad-hoc without significant tuning. We also experimentally
verify that our algorithm is not unduely sensitive to the choice of L, by repeating some of our main
experimental results for varied L. We find that there is a sort of “phase transition” in L, beyond which
the algorithm fails to identify outliers, but below the transition point, the algorithm is fairly robust
to choice of L. See Figure 3] where we estimate the ATE on the uncorrupted NLSYM data as L
varies, and get consistent results; Figure[d] where we measure our algorithm’s error on the synthetic
Heterogeneous Effects dataset with 0.1n corruptions as L varies; and Figure [5] where we measure
the error in ATE of our algorithm on the corrupted NLSYM data as L varies.

G.4 Computational details

All experiments were done in Python on a Microsoft Surface Laptop, and each plot took at most 12
hours to generate.
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G.5 Omitted Figures

Algorithm Median /5 recovery error | (25th percentile, 75th percentile)
ITERATED-GMM-SEVER 2.14 (1.71,2.91)
IV estimator 6.63 (4.29, 13.95)
Two-stage Huber estimator 2.74 (2.11, 4.38)
Zero estimator 4.32 (3.90, 2.79)

Table 1: Median ¢, recovery error of ITERATED-GMM-SEVER and three baselines on uncorrupted
synthetic dataset for IV regression with Heterogeneous Effects (n = 102 and d = 20, with 100
independent trials)

—— GMM-Sever error
IV error

—F— Huber 25SLS error

—F— clean IV error

10! 4

12 recovery error

10° 10t

Instrument strength (alpha)

1071

Figure 2: Varied Instrument Strength experiment with d = 100. Since the response noise has
variance d, to maintain the same signal-to-noise ratio as the d = 20 experiment, we set 6*
\/d/20(1,0,...,0) € R Otherwise, the generative model and corruptions are the same as in the
d = 20 experiment. When the instruments are weak, all estimators have large error (the corrupted IV
error is exactly 1/100/20 by construction: the corruptions were chosen so that the IV estimate is the
trivial estimate 0). However, as the instrument strength increases, the clean IV error improves, and
our estimator’s error improves as well, roughly tracking the clean error up to a constant factor.
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Figure 3: Median estimated ATE of ITERATED-GMM-SEVER on the NLSYM data (with no added cor-
ruption) as we vary the hyperparameter L (which controls the algorithm’s outlier-removal threshold)
from 0.01 to 100. For each choice of L, we took the median over 50 repetitions of our (randomized)
algorithm. When L is very large, the algorithm removes no outliers. This plot shows that even when
the algorithm aggressively removes outliers (i.e. L is very small), the estimated ATE is quite stable,
providing evidence for the robustness of the inference of [6]] (that education has a positive effect on
wages).

—F GMM-Sever error

12 recovery error
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Figure 4: Median ¢, recovery error of ITERATED-GMM-SEVER on synthetic Heterogeneous Effects
dataset with 0.1n added corruptions, as we vary the hyperparameter L from 0.01 to 100. For each
choice of L, we took the median over 10 independent trials (i.e. each trial resamples which subset of
0.1n samples to corrupt).
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Figure 5: Median ATE error of ITERATED-GMM-SEVER and IV on NLSYM data with 0.1n corrupted
samples, as we vary the hyperparameter L. For each choice of L, we took the median error (in ATE)
over 50 runs of ITERATED-GMM-SEVER. Note that both axes are on log-scale.
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