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1.
Hyperparameters for different variants
Here we provide the best hyperparameter combinations we
have found for different variants in different settings. We
consider the standard deviation of additive Gaussian noise
and the reconstruction penalty weights in the decoder as the
hyperparameters. For each variant, we fix the best hyperpa-
rameters tuned on the validation set and run the variant 10
times with 10 different but fixed data seeds (used to choose
100 or 1000 labeled examples).

Depending on each variant and its hyperparameter space,
we used either random search or grid search. Table 1
specifies the search space for hyperparameters and ta-
bles 2, 3, and 4 collect the best hyperparameter combi-
nations for each experiment setting. In the case of MLP
and AMLP combinator functions, standard deviation of
the Gaussian initialization η is chosen from a grid of
(0.0001, 0.006, 0.0125, 0.025, 0.05). The best η values are
listed in Table 5.
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Figure 1. Visualization of three different inputs of a learned combinator function on the input layer.

Table 1. Two different hyperparameter search methods. For random search, we run 20 random hyperparameter combinations for each
variant and in each task.

Search method Noise stddev search space (×10−1) Reconstruction weights search space

Random search

(0, 0, 0, 0, 0, 0, 0)
(1, 1, 1, 1, 1, 1, 1)
(2, 2, 2, 2, 2, 2, 2)
(3, 3, 3, 3, 3, 3, 3)
(4, 4, 4, 4, 4, 4, 4)
(5, 5, 5, 5, 5, 5, 5)
(6, 6, 6, 6, 6, 6, 6)
(7, 7, 7, 7, 7, 7, 7)
(8, 8, 8, 8, 8, 8, 8)

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(10.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(50.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

(100.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(500.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(800.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(1000.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(2000.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(4000.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(6000.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(500, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)

(1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
(2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)

Grid 100 & 1000
(2, 2, 2, 2, 2, 2, 2)
(3, 3, 3, 3, 3, 3, 3)
(4, 4, 4, 4, 4, 4, 4)

(1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
(2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)
(5000, 50.0, 0.5, 0.5, 0.5, 0.5, 0.5)

(10000, 100.0, 1.0, 1.0, 1.0, 1.0, 1.0)

Grid 60000
(2, 2, 2, 2, 2, 2, 2)
(3, 3, 3, 3, 3, 3, 3)
(4, 4, 4, 4, 4, 4, 4)

(500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(1000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(2500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
(5000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
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Table 2. Best hyperparameters for the semi-supervised task with 100 labeled examples.

Variant Search method
Best noise

stddev (×10−1)
Best reconstruction

weights

Baseline+noise Random (3, 3, 3, 3, 3, 3, 3) (0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
Vanilla Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)

FirstNoise Random (6, 0, 0, 0, 0, 0, 0) (1000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
FirstRecons Random (3, 3, 3, 3, 3, 3, 3) (1000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
FirstN&R Random (6, 0, 0, 0, 0, 0, 0) (1000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
NoLateral Random (7, 0, 0, 0, 0, 0, 0) (100.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
RandInit Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
RevInit Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
NoSig Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)

NoMult Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
Linear Grid (3, 3, 3, 3, 3, 3, 3) (2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)

Gaussian Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
GatedGauss Grid (2, 2, 2, 2, 2, 2, 2) (2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)

MLP[4] Grid (2, 2, 2, 2, 2, 2, 2) (5000, 50.0, 0.5, 0.5, 0.5, 0.5, 0.5)
MLP[2,2] Grid (2, 2, 2, 2, 2, 2, 2) (2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)

MLP[2,2,2] Grid (2, 2, 2, 2, 2, 2, 2) (10000, 100.0, 1.0, 1.0, 1.0, 1.0, 1.0)
AMLP[4] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)

AMLP[2,2] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)
AMLP[2,2,2] Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.2, 0.2, 0.2, 0.2, 0.2)

Table 3. Best hyperparameters for the semi-supervised task with 1000 labeled examples.

Variant Search method
Best noise

stddev (×10−1)
Best reconstruction

weights

Baseline+noise Random (2, 2, 2, 2, 2, 2, 2) (0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
Vanilla Grid (2, 2, 2, 2, 2, 2, 2) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)

FirstNoise Random (6, 0, 0, 0, 0, 0, 0) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
FirstRecons Random (3, 3, 3, 3, 3, 3, 3) (4000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
FirstN&R Random (6, 0, 0, 0, 0, 0, 0) (1000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
NoLateral Random (6, 0, 0, 0, 0, 0, 0) (100.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
RandInit Grid (2, 2, 2, 2, 2, 2, 2) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
RevInit Grid (2, 2, 2, 2, 2, 2, 2) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
NoSig Grid (2, 2, 2, 2, 2, 2, 2) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)

NoMult Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
Linear Grid (3, 3, 3, 3, 3, 3, 3) (2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)

Gaussian Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
GatedGauss Grid (2, 2, 2, 2, 2, 2, 2) (1000, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)

MLP[4] Grid (3, 3, 3, 3, 3, 3, 3) (10000, 100.0, 1.0, 1.0, 1.0, 1.0, 1.0)
MLP[2,2] Grid (3, 3, 3, 3, 3, 3, 3) (5000, 50.0, 0.5, 0.5, 0.5, 0.5, 0.5)

MLP[2,2,2] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)
AMLP[4] Grid (3, 3, 3, 3, 3, 3, 3) (5000, 50.0, 0.5, 0.5, 0.5, 0.5, 0.5)

AMLP[2,2] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 20.0, 0.2, 0.2, 0.2, 0.2, 0.2)
AMLP[2,2,2] Grid (3, 3, 3, 3, 3, 3, 3) (1000, 10.0, 0.2, 0.2, 0.2, 0.2, 0.2)
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Table 4. Best found hyperparameters for the task of semi-supervised with 60000 labeled examples.

Variant Search method
Best noise

stddev (×10−1)
Best reconstruction

weights

Baseline+noise Random (3, 3, 3, 3, 3, 3, 3) (0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
Vanilla Grid (3, 3, 3, 3, 3, 3, 3) (500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

FirstNoise Random (6, 0, 0, 0, 0, 0, 0) (500, 10.0, 0.1, 0.1, 0.1, 0.1, 0.1)
FirstRecons Random (3, 3, 3, 3, 3, 3, 3) (500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
FirstN&R Random (6, 0, 0, 0, 0, 0, 0) (500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
NoLateral Random (6, 0, 0, 0, 0, 0, 0) (0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
RandInit Grid (3, 3, 3, 3, 3, 3, 3) (500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
RevInit Grid (3, 3, 3, 3, 3, 3, 3) (500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
NoSig Grid (3, 3, 3, 3, 3, 3, 3) (500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

NoMult Grid (3, 3, 3, 3, 3, 3, 3) (500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
Linear Grid (3, 3, 3, 3, 3, 3, 3) (500, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

Gaussian Grid (3, 3, 3, 3, 3, 3, 3) (1000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
GatedGauss Grid (3, 3, 3, 3, 3, 3, 3) (2000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

MLP[4] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
MLP[2,2] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

MLP[2,2,2] Grid (3, 3, 3, 3, 3, 3, 3) (1000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
AMLP[4] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

AMLP[2,2] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)
AMLP[2,2,2] Grid (3, 3, 3, 3, 3, 3, 3) (2000, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0)

Table 5. The best MLP initialization η for all settings.

MLP variant 100 labels 1000 labels fully-labeled

MLP[4] 0.006 0.006 0.0125
MLP[2,2] 0.05 0.0125 0.05

MLP[2,2,2] 0.025 0.025 0.05
AMLP[4] 0.006 0.025 0.0125

AMLP[2,2] 0.0125 0.0125 0.025
AMLP[2,2,2] 0.006 0.006 0.006


