Orthogonal Gradient Descent for Continual Learning

A Additional Experiment Information

We extended the experiments to 5 permutations and tasks in the same manner as the main text. For this
experiment, we evaluated the classifier after training had completed (at the end of task 5) and measured the
accuracy for examples from each of task 1...5. Table A reports these accuracies for OGD and the baseline
training methods. The results suggest that the overall performance of OGD is significantly better than EWC
and SGD while being on par with A-GEM.

Accuracy + Std. (%)
Task 1 Task 2 Task 3 Task 4 Task 5

MTL 932+13 91.5£05 91.3+0.7 91.3£0.6 88.4+0.38

OGD 79.5+£23 889+£07 896+03 91.84+09 924+1.1
A-GEM | 85.5+1.7 87.0+£15 896+1.1 91.24+08 93.9+1.0
EWC 64.5+29 771+£23 804+£21 879+13 93.0£0.5
SGD 60.6+43 T776£14 79.9+21 877£29 924+1.1

Table 3: Permuted MNIST: The accuracy of models for test examples from the indicated class after being trained on all
tasks in sequence, except the multi-task setup (MTL). The best continual learning results are highlighted in bold.

A.1 Increased Training Epochs

We study the effect that increasing the number of training epochs has on the performance of the different training
methods on permuted MNIST. For the MNIST experiments in the Section 4, we train for 5 epochs per task,
which is enough to achieve 93% accuracy on vanilla MNIST classification and is in the regime short enough to
avoid over-fitting. In order to determine whether increased training time has an effect on the performance in
the multi-task setting, we train a classifier on 2-task permuted MNIST running each task training for 20, 40, 80,
and 120 epochs and report the classification accuracy on task 1 after task 2 has finished. The results are shown
in Figure 5. Note that A-GEM and OGD have maintained competitive performance with increasing number of
epochs while in the case of SGD and EWC the performance first increases and then drops.
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Figure 5: The performance of OGD versus others as a function of the number of training epochs for each task
on permuted MNIST.

In the same way as the previous experiments, we extended the rotated MNIST experiment to more tasks by
training a classifier on 5 rotated MNIST tasks with increasing angle of rotation. We defined the tasks as
classification under angles of Th = Rot(0°), T = Rot(10°), ..., Ts = Rot(40°), and train the models in that
order. Table 4 shows the accuracy of the fully trained model at classifying examples from each tasks. We can
observe that OGD outperforms other methods on 10, 20, and 30 degree rotations.

A.2 Split MNIST

We present the results of the split MNIST study described in Section 4.4 on 3 other instances of the split MNIST
task. These instances differ by the way the MNIST classes are split into tasks and the order in which the tasks
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Accuracy + Std. (%)
Task 1 Task 2 Task 3 Task 4 Task 5

MTL 92.14+£09 943+£09 952+09 934+1.1 905+1.5

OGD 75621 866+13 91.7+1.1 943+£08 934+1.1
A-GEM 726=£18 844+16 91.0+11 939+06 946=+1.1
EWC 61.9+20 781£1.8 89.0+16 944+£0.7 93.9+0.6
SGD 629+10 765£15 88.6+14 951+£05 941+1.1

Table 4: Rotated MNIST: The accuracy of models for test examples from the indicated class after being trained on all
tasks in sequence, except the multi-task setup (MTL). The best continual learning results are highlighted in bold.

are presented. Tables 5, 6, and 7 show the results on these tests. We can see that the ordering of the task
methods is preserved in all tests: MTL and OGD are very close in performance, with a gap before A-GEM, and
finally EWC and SGD.

Accuracy + Std. (%)
Task 1 Task 2 Task 3 Task 4 Task 5

mtl | 99.6+£0.2 985+04 97.7+04 96.8+1.0 98.7+0.3
ogd |99.6+04 97.7+01 97.3+£0.5 98.0£0.9 99.3+£0.1
agem | 99.2+0.6 914+£37 91.44+09 87.1+39 989+0.3
ewc | 97.0£3.2 927+38 91.9+£57 943+£22 99.2+0.6
sgd | 974+£24 922+£35 89.2+86 945+14 99.1+0.3

Table 5: The accuracy of models trained by different methods on split MNIST. The reported values are the
accuracy of the model for test examples from the indicated class after the model has been trained on all tasks in
sequence. This table contains the same settings as Table 2, but with a different order of MNIST classes assigned
to the tasks.

Accuracy + Std. (%)
Task 1 Task 2 Task 3 Task 4 Task 5

mtl | 99.4£0.2 99.2+£03 986+£04 99.7+03 98.6=+0.5
ogd |99.0+04 986+01 98.0+02 99.6+0.3 99.6=+0.2
agem | 94.1+£29 938=£55 906+22 99.4+03 994+03
ewc | 948=£29 953+£31 955+£0.6 99.3+£02 99.3+£0.2
sed | 946+2.1 963+12 95.0+£1.6 99.34+04 99.34+0.2

Table 6: The accuracy of models trained by different methods on split MNIST. The reported values are the
accuracy of the model for test examples from the indicated class after the model has been trained on all tasks in
sequence. This table contains the same settings as Table 2, but with a different order of MNIST classes assigned
to the tasks.
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Accuracy + Std. (%)
Task 1 Task 2 Task 3 Task 4 Task 5

mtl | 98.4+0.2 100.0+£0.0 98.6=+0.3 99.5+£0.2 989+£0.5
ogd | 981+£08 999+£0.1 978+06 994+0.3 99.5+0.3
agem | 92.1+£2.7 938+£82 93.0x£35 986x05 99.5+£0.3
ewc | 925+£22 981+£30 940£09 994+0.2 99.5£0.3
sgd | 89.6£44 989+1.0 89.1+£79 989+07 99.5+0.3

Table 7: The accuracy of models trained by different methods on split MNIST. The reported values are the
accuracy of the model for test examples from the indicated class after the model has been trained on all tasks in
sequence. This table contains the same settings as Table 2, but with a different order of MNIST classes assigned
to the tasks.



