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Supplementary Figure 10 . Choice signals in the slowest LDS subspace largely evolve along a single dimension
across contexts in monkey F’s data. Same as Supplementary Fig. 5, but for monkey F data. a,b, The right eigenvectors

effectively span four dimensions, since the singular values are not close to zero, as found in the PFC data. Furthermore,

the first singular vector dimension is also the most aligned across contexts in the A,Bcx model and across models

(Extended Data Fig. 10a,b). c,d, The first singular vector dimension (sv) captures decision information. However, sv

dimensions 2 to 4 mostly capture condition independent (CI) variance and contextual variance. Indeed, only the first

dimension aligns well with the TDR decision dimension (red bars) (sv1: 58◦, sv2: 80◦, sv3: 75◦, sv4: 76◦).
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3 Supplementary Tables
Supplementary Table 1. Monkey A data minimum MSE ± sem across k folds (36 conditions) and corresponding
latent dimensionality for which it is achieved, for LDS models with different input dimensionalities and contextual
constraints. Highlighted in black is the model that achieved the minimum MSE. It cannot be appreciated in the 4th
column (min MSE) due to rounding error, but can be seen in the last column (min ∆(MSE± sem)), where performance
is given relative to the best performing model (TFR 2D ABcx model, see Supplementary Table 2), so the differences
across models, albeit small, can be revealed. This quantity is the one reported in Fig. 2a.

Input dim Contextual constraints Latent dim min MSE min ∆MSE (×10−3)

1D

Acx, Bcx 13 0.74 ± 0.02 13 ± 1

Acx, B 15 0.74 ± 0.02 13 ± 1

A,Bcx 15 0.74 ± 0.02 12 ± 1

A,B 16 0.78 ± 0.02 48 ± 6

2D

Acx, Bcx 15 0.73 ± 0.02 2.7 ± 0.4

Acx, B 15 0.73 ± 0.02 2.7 ± 0.4

A,Bcx 16 0.73 ± 0.02 1.7 ± 0.6

A,B 17 0.77 ± 0.02 38 ± 6

3D

Acx, Bcx 14 0.73 ± 0.02 1.3 ± 0.4

Acx, B 16 0.73 ± 0.02 1.3 ± 0.3

A,Bcx 18 0.73 ± 0.02 0.6 ± 0.5
A,B 17 0.77 ± 0.02 38 ± 6

4D

Acx, Bcx 14 0.73 ± 0.02 1.9 ± 0.4

Acx, B 14 0.73 ± 0.02 1.8 ± 0.4

A,Bcx 16 0.73 ± 0.02 1.0 ± 0.5

A,B 17 0.77 ± 0.02 39 ± 6

Supplementary Table 2. Monkey A data minimum MSE ± sem, min ∆(MSE ± sem) and corresponding latent
dimensionality for which it is achieved, for TFR models with different input dimensionalities and contextual constraints.
Same conventions as in Supplementary Table 1. Performance in the last column is given relative to the best performing
model (TFR 2D ABcx model).
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Input dim Contextual constraints Latent dim min MSE min ∆MSE (×10−3)

1D
ABcx 13 0.74 ± 0.02 9 ± 1

AB 14 0.78 ± 0.02 51 ± 7

2D
ABcx 14 0.73 ± 0.02 0 ± 0
AB 16 0.76 ± 0.02 36 ± 6

3D
ABcx 14 0.73 ± 0.02 1.5 ± 0.4

AB 18 0.76 ± 0.02 36 ± 6

4D
ABcx 14 0.73 ± 0.02 4.3 ± 0.5

AB 14 0.77 ± 0.02 38 ± 6

Supplementary Table 3. Monkey F data minimum MSE ± sem, min ∆(MSE ± sem) and corresponding latent
dimensionality for which it is achieved, for LDS models with different input dimensionalities and contextual constraints.
Same conventions as in Supplementary Table 1. Performance in the last column is given relative to the best performing
model (TFR 2D ABcx model, see Supplementary Table 4).
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Input dim Contextual constraints Latent dim min MSE min ∆MSE (×10−3)

1D

Acx, Bcx 12 0.75 ± 0.02 18 ± 2

Acx, B 14 0.75 ± 0.02 19 ± 2

A,Bcx 12 0.75 ± 0.02 18 ± 2

A,B 15 0.77 ± 0.02 39 ± 4

2D

Acx, Bcx 13 0.73 ± 0.02 3.1 ± 0.3

Acx, B 14 0.73 ± 0.02 3.6 ± 0.4

A,Bcx 13 0.73 ± 0.02 3.0 ± 0.4

A,B 15 0.75 ± 0.03 25 ± 4

3D

Acx, Bcx 13 0.73 ± 0.02 1.1 ± 0.5

Acx, B 13 0.73 ± 0.02 1.8 ± 0.4

A,Bcx 13 0.73 ± 0.02 0.6 ± 0.5
A,B 14 0.75 ± 0.03 24 ± 4

4D

Acx, Bcx 13 0.73 ± 0.02 1.0 ± 0.4

Acx, B 13 0.73 ± 0.02 1.2 ± 0.4

A,Bcx 12 0.73 ± 0.02 0.8 ± 0.4

A,B 13 0.75 ± 0.03 24 ± 4

Supplementary Table 4. Monkey F data minimum MSE ± sem, min ∆(MSE ± sem) and corresponding latent
dimensionality for which it is achieved, for TFR models with different input dimensionalities and contextual constraints.
Same conventions as in Supplementary Table 1. Performance in the last column is given relative to the best performing
model (TFR 2D ABcx model).
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Input dim Contextual constraints Latent dim min MSE min ∆MSE (×10−3)

1D
ABcx 12 0.74 ± 0.02 12 ± 2

AB 13 0.77 ± 0.02 43 ± 4

2D
ABcx 12 0.73 ± 0.02 0 ± 0
AB 13 0.75 ± 0.03 23 ± 4

3D
ABcx 12 0.73 ± 0.02 1.0 ± 0.3

AB 12 0.75 ± 0.03 22 ± 4

4D
ABcx 12 0.73 ± 0.02 4.2 ± 0.5

AB 12 0.75 ± 0.03 24 ± 4

Supplementary Table 5. RNN data minimum MSE ± sem, min ∆(MSE ± sem) and corresponding latent dimension-
ality for which it is achieved, for LDS models with different input dimensionalities and contextual constraints. Same
conventions as in Supplementary Table 1. Performance in the last column is given relative to the best performing model
(LDS 4D A,Bcx model).

Input dim Contextual constraints Latent dim min MSE min ∆MSE (×10−3)

1D
Acx, B 23 0.039 ± 0.003 27 ± 2

A,Bcx 26 0.039 ± 0.003 27 ± 2

2D
Acx, B 13 0.017 ± 0.001 5.1 ± 0.5

A,Bcx 26 0.017 ± 0.001 5.0 ± 0.6

3D
Acx, B 14 0.013 ± 0.001 0.8 ± 0.3

A,Bcx 26 0.012 ± 0.001 0.1 ± 0.4

4D
Acx, B 15 0.013 ± 0.001 0.6 ± 0.2

A,Bcx 24 0.012 ± 0.001 0 ± 0
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