
Summary
▪ Find generalizable tasks automatically via AS meta-optimization. 

▪ Discovered tasks reflect NNs’ inductive biases and statistical patterns 
in data  can help us analyze and understand them better. 

• Example: adversarial splits reveal NNs’ failure modes.
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Find Different Tasks via Dissimilarity Constraint
▪ Meta-optimization results in a single task, but there could be 

many high-AS tasks we want to discover. 

▪ We aim to discover a set of dissimilar tasks:

The set of 
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identical tasks

▪ Use a shared encoder with a uniformity loss in practice:
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Discovered Tasks Reveal NNs failure modes via Adversarial Splits
▪ Discovered tasks reflect inductive biases of NNs and statistics patterns in data. 

▪ Adversarial splits use them to highlight NNs’ failure modes by creating a spurious 
correlation between a discovered and target to “fool” the network:
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▪ Some tasks are not easy to interpret visually by humans, and are not meant to be!
(see Sec. 5.4 of the paper)

Automatic Discovery via Meta-Optimization
▪ We optimize the labeling of a set of images, resulting in a high-AS 

discovered task:
<latexit sha1_base64="eN2aUpievmrNPojhZ0cuaVZlMK0="></latexit>

 argmax
⌧

AS(⌧)
<latexit sha1_base64="02iCvYT2XHN983ZN/f1cV1615Ss="></latexit>⌧d

▪ Model the labeling with a task network 
that outputs the label for each image.
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Agreement Score 
Meta-Optimization

Limit the number of iterations to 50 and use 
differentiable cross-entropy loss for the AS

▪ Use meta-optimization: 

• Outer loop: update the task network that provides labels 

• Inner loop: compute the AS of a given task 
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Task Discovery Problem

Task Discovery: finds different generalizable tasks automatically.

▪ Neural Networks can fit any task, i.e., any labeling of a set of 
images [1,2], but what tasks can they generalize on?

▪ How do these tasks look? What do they indicate? 

▪ Generalizable tasks reflect the inductive biases of NNs 
 can help us understand deep learning better.⇒

Generalizability via Agreement Score
▪ How do we differentiate between generalizable 

(e.g., human-labeled) and non-generalizable 
(e.g., random-labeled) tasks quantifiably?

▪ We use Agreement Score (AS), a generalization-based 
quantity, to identify generalizable tasks computationally:

Agreement Score (AS) Computation

1. Train two networks from different 
initializations:
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f1

`

<latexit sha1_base64="OPaDricgMbAnHW2rZI5Ehmc39X4="></latexit>

f2

2. Compute AS on test images:
<latexit sha1_base64="HR3Qx8eATjy7ZmVLaocUpXty0OY="></latexit>

1

N

NX

i=1

I[f1(x) = f2(x)]
<latexit sha1_base64="lfi/v+3ACWDOjVGzBC6M4a7FYko="></latexit>

AS(⌧) = 3/4

A Human-Labeled Task
plane, car, ship, truckbird, cat, deer, dog, frog, horse

<latexit sha1_base64="5tbbNm7e3S0EgCTkleKhlUe3qdU=">AAACDHicbVDLSgMxFM34rOOr6tJNsBTqpsxIUTdC0Y3LCn1Bp5RMetuGZh4kd8Qy9APc+CtuXCji1g9w59+YPhbaeiDhcM65JPf4sRQaHefbWlldW9/YzGzZ2zu7e/vZg8O6jhLFocYjGammzzRIEUINBUpoxgpY4Eto+MObid+4B6VFFFZxFEM7YP1Q9ARnaKRONpf3qkJ2IfVwAMjGHdfOe8gSe3IVHk7pFXVMyik6U9Bl4s5JjsxR6WS/vG7EkwBC5JJp3XKdGNspUyi4hLHtJRpixoesDy1DQxaAbqfTZcY0b5Qu7UXKnBDpVP09kbJA61Hgm2TAcKAXvYn4n9dKsHfZTkUYJwghnz3USyTFiE6aoV2hgKMcGcK4EuavlA+YYhxNf7YpwV1ceZnUz4ruebF0V8qVr+d1ZMgxOSEF4pILUia3pEJqhJNH8kxeyZv1ZL1Y79bHLLpizWeOyB9Ynz+1Epl6</latexit>

⌧(x) = 0
<latexit sha1_base64="sKGOs+bCA+301kgYjIET/Uqltyo=">AAACDHicbVDLSgMxFM34rOOr6tJNsBTqpsxIUTdC0Y3LCn1Bp5RMetuGZh4kd8Qy9APc+CtuXCji1g9w59+YPhbaeiDhcM65JPf4sRQaHefbWlldW9/YzGzZ2zu7e/vZg8O6jhLFocYjGammzzRIEUINBUpoxgpY4Eto+MObid+4B6VFFFZxFEM7YP1Q9ARnaKRONpf3qkJ2IfVwAMjGHdfOe8gSe3IVHk7pFXVNyik6U9Bl4s5JjsxR6WS/vG7EkwBC5JJp3XKdGNspUyi4hLHtJRpixoesDy1DQxaAbqfTZcY0b5Qu7UXKnBDpVP09kbJA61Hgm2TAcKAXvYn4n9dKsHfZTkUYJwghnz3USyTFiE6aoV2hgKMcGcK4EuavlA+YYhxNf7YpwV1ceZnUz4ruebF0V8qVr+d1ZMgxOSEF4pILUia3pEJqhJNH8kxeyZv1ZL1Y79bHLLpizWeOyB9Ynz+2lpl7</latexit>

⌧(x) = 1

A Random-Labeled Task
labels are assigned randomly to each image

<latexit sha1_base64="5tbbNm7e3S0EgCTkleKhlUe3qdU=">AAACDHicbVDLSgMxFM34rOOr6tJNsBTqpsxIUTdC0Y3LCn1Bp5RMetuGZh4kd8Qy9APc+CtuXCji1g9w59+YPhbaeiDhcM65JPf4sRQaHefbWlldW9/YzGzZ2zu7e/vZg8O6jhLFocYjGammzzRIEUINBUpoxgpY4Eto+MObid+4B6VFFFZxFEM7YP1Q9ARnaKRONpf3qkJ2IfVwAMjGHdfOe8gSe3IVHk7pFXVMyik6U9Bl4s5JjsxR6WS/vG7EkwBC5JJp3XKdGNspUyi4hLHtJRpixoesDy1DQxaAbqfTZcY0b5Qu7UXKnBDpVP09kbJA61Hgm2TAcKAXvYn4n9dKsHfZTkUYJwghnz3USyTFiE6aoV2hgKMcGcK4EuavlA+YYhxNf7YpwV1ceZnUz4ruebF0V8qVr+d1ZMgxOSEF4pILUia3pEJqhJNH8kxeyZv1ZL1Y79bHLLpizWeOyB9Ynz+1Epl6</latexit>

⌧(x) = 0
<latexit sha1_base64="sKGOs+bCA+301kgYjIET/Uqltyo=">AAACDHicbVDLSgMxFM34rOOr6tJNsBTqpsxIUTdC0Y3LCn1Bp5RMetuGZh4kd8Qy9APc+CtuXCji1g9w59+YPhbaeiDhcM65JPf4sRQaHefbWlldW9/YzGzZ2zu7e/vZg8O6jhLFocYjGammzzRIEUINBUpoxgpY4Eto+MObid+4B6VFFFZxFEM7YP1Q9ARnaKRONpf3qkJ2IfVwAMjGHdfOe8gSe3IVHk7pFXVNyik6U9Bl4s5JjsxR6WS/vG7EkwBC5JJp3XKdGNspUyi4hLHtJRpixoesDy1DQxaAbqfTZcY0b5Qu7UXKnBDpVP09kbJA61Hgm2TAcKAXvYn4n9dKsHfZTkUYJwghnz3USyTFiE6aoV2hgKMcGcK4EuavlA+YYhxNf7YpwV1ceZnUz4ruebF0V8qVr+d1ZMgxOSEF4pILUia3pEJqhJNH8kxeyZv1ZL1Y79bHLLpizWeOyB9Ynz+2lpl7</latexit>

⌧(x) = 1

AS of the 

discovered tasks

https://taskdiscovery.epfl.ch

