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Datasets which contain information patterns can be ap-
proximated by low-rank matrices. Thus, a novel hybrid
method for data imputation called NuclearForest is
developed in order to utilize this low-rank nature.

1. Initialization. Missing entries are first filled us-
ing simple column means.

2. SVT imputation (globally low–rank). The
initialized matrix is imputed using a Singular
Value Thresholding (SVT) step, leading to a
global low–rank approximation.

3. Random Forest refinement (per feature).
Each data feature is further refined using a Ran-
dom Forest regression model to improve local ac-
curacy.

Mathematical modeling. Let M ∈ Rm×n be a par-
tially observed matrix. The index set of observed en-
tries is Ω ⊆ {1, . . . ,m}×{1, . . . , n}. We define the pro-
jection operator PΩ : Rm×n → Rm×n by

(
PΩ(X)

)
ij
=

{
Xij , (i, j) ∈ Ω,

0, (i, j) /∈ Ω,

The minimum-rank problem minX rank(X) subject
to PΩ(X) = PΩ(M) is known to be NP-hard. Let
∥X∥F =

√
Tr(XXH) be the Frobenius norm and the

nuclear norm is given by ∥X∥∗ =
∑

k σk(X), i.e., the
sum of singular values of X. A standard convex relax-
ation of the minimum-rank problem is nuclear-norm
minimization. SVT solves a proximal variant of this
nuclear-norm problem [1]:

min
X

fτ (X) s.t. PΩ(X) = PΩ(M), (1)

where

fτ (X) = ∥X∥∗ +
1

2τ
∥X∥2F , (2)

Optimization.Uzawa’s algorithm alternates between
a primal and a dual optimization problem derived from
the augmented Lagrangian formulation of (1):

Xk = argmin
X

(
τ∥X∥∗ +

1

2
∥X − PΩ(Y

k−1)∥2F
)
. (3)

Y k = Y k−1 + δk PΩ

(
M −Xk

)
. (4)

Experiments. NuclearForest was evaluated on 3
datasets from different applications. One of these
datasets is incomplete omics data from clinical trials.
For each missing rate r ∈ {0.1, . . . , 0.8}, an i.i.d. ran-
dom mask is generated that hides known entries with
probability r. We measure our imputation accuracy
by comparing the results with the ground truth data
using four different metrics [2].

Results We compared 8 popular imputation meth-
ods from the literature and observed that NuclearFor-
est performs best or second best w.r.t. all 4 metrics
in almost all cases with a significantly faster runtime
compared to, e.g., MissForest 1 [3].

ConclusionNuclearForest is a robust, novel imputa-
tion method that approximates datasets with low-rank
matrices, while preserving local feature accuracy.

Joint work with: Michelle Bruch, Daniel Tenbrinck.
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1Missforest is implemented with IterativeImputer by Python.


