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Abstract

Recent developments in vision-based dynamics models have helped researchers achieve
state-of-the-art results in a number of fields. For instance, in model-based reinforce-
ment learning, vision-based methods perform extremely well on a variety of games
and control tasks while using orders of magnitudes less data than model-free methods.
One example is GameGAN, which learns to simulate the dynamics of observed games
solely from visual and action inputs. However, there is very little understanding of
these models and how they work. To address this lack of understanding, we apply the
Network Dissection framework to analyze vision-based dynamics prediction models.
We inspect individual trained neurons in convolutional layers of these models and
modify the output of neurons to understand their effect on the representation. We
also theoretically extend the Network Dissection framework by generalizing it to fully
connected layers instead of only convolutional layers. Overall, we provide insight into
the node-level workings of dynamics models.

Thesis Supervisor: Antonio Torralba
Title: Delta Electronics Professor of Electrical Engineering and Computer Science.
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Chapter 1

Introduction

In the past decade, machine learning models have achieved groundbreaking results
and have significantly shaped our day-to-day lives. Machine learning techniques have
solved the protein folding problem [21], introduced intelligent helpers such as Siri,
and generated completely new art and music, among many other applications.

Despite the ubiquity of machine learning, researchers’ understanding of how these
models work at a qualitative level lags behind. This poses a number of problems.
For instance, a lack of understanding of machine learning algorithms hinders research
efforts at addressing racial or gender bias found in many such algorithms [5]. Poor
understanding of models also means that users cannot fully trust the decisions of the
model, an issue that becomes especially pronounced in applications such as medicine.

Some work has been done to understand models. This work includes but is not
limited to gaining a better understanding of model behavior near certain inputs [19],
or producing “saliency maps” on an input that reflect where a network’s output values
are higher on said input [28| [20]. However, the scope of this work is usually limited
to feedforward computer vision models, in limited classification or object detection
problems. There is much less work on interpreting models used for other machine
learning problems.

One such other problem is that of learning models that can predict future actions
or dynamics. We will call such models dynamics models. The motivation for training

such models is strong: neuroscience suggests that humans predict future dynamics
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and interactions within a system prior to acting [17]. Some researchers even believe
that prediction is crucial to intelligence in general [4]. Not only is dynamics prediction
an interesting problem in and of itself, but it also has plentiful applications. Models
with the ability to predict dynamics could be used to simulate environments without
explicitly knowing how they work, better help humans by anticipating their actions,
or generate massive amounts of realistic video by predicting many frames from just
a few images, among others.

The dynamics models that have appeared in recent years achieved incredible re-
sults across a variety of tasks. For instance, in reinforcement learning, dynamics
models learn to simulate environment physics in low dimensional space, and then
the reinforcement learning agent can train directly on the simulation instead of the
environment [9] [25] [10] [11]. These models have achieved state-of-the-art results on
a number of benchmarks.

Despite the explosion of models, there is very little work in understanding how
these dynamics models work and what they learn. In this work, we hope to start

bridging this gap of understanding by interpreting dynamics models.

1.1 Owur Contribution

Our main contribution is to provide insight into the inner workings of dynamics
models. To get this insight, we use Network Dissection [1|. Network dissection is a
technique that allows researchers to visualize the behavior of individual nodes in a
model given the observation input. Furthermore, network dissection provides a set of
tools with which to manipulate individual neurons in a model for more fine-grained
analysis. These tools allow us to conduct a finegrained analysis of the model at the
neuron level.

Using dissection, we start to understand where neurons in dynamics models are
focusing within their environment. We observe that, when models learn features of
their environment before being exposed to the downstream task of dynamics predic-

tion, they seem to learn information that is not pertinent to environment dynamics.
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We also observe that models do not necessarily need to focus or activate on individual
limbs of actors in their environment to successfully predict dynamics. Finally, we use

our results to pose new questions and extensions.
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Chapter 2

Preliminaries

In order to understand network dissection on various dynamics models, we must first
understand dynamics models as well as the network dissection framework. We cover

these topics in this section.

2.1 Dynamics Prediction

Predicting the future, whether frames or actions, is a very important problem in
artificial intelligence with many applications. As a result, there are many works
on predicting dynamics. There are also a lot of works that incorporate dynamics
prediction into a broader task.

There is an extensive body of work in dynamics prediction on video or image
inputs. This prediction may take the form of frame prediction [15] [18] [13], or action
anticipation [8] [22]. Frame prediction is the problem of computing possible future
frames, given some number of past frames, in an image sequence. This computation
may be of the frame directly, may be selecting the most appropriate frame from a
number of choices, or other possibilities. By contrast, action anticipation does not
compute future frames but instead tries to extract information from past frames about
actions that will happen in later frames.

There are also many works that incorporate dynamics prediction into solutions

to separate problems. As mentioned in the introduction, in reinforcement learning,
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dynamics prediction is used to simulate environments or games to enable learning
agents to train in simulation [9] [10] [11] [25]. Dynamics prediction is also present
in robotics applications [7]| [6], and is used to create more semantically meaningful
low-dimensional representations of video than regular image feature extraction [15]
[12] [16] [26].

Despite the many works involving dynamics prediction, there is very little work
into analyzing such models and gaining a better understanding of why they work. Our

work starts to remedy this gap, by applying network dissection to dynamics models.

2.2 Network Dissection

Network dissection, as applied to both convolutional classifiers and GANS, is a frame-
work to rigorously analyze individual neurons in computer vision models [1]. Network
dissection as an interpretation technique is especially powerful because, as a white
box technique, it does not require training an auxiliary model as is used in methods
such as LIME [19]|. Furthermore, it allows for direct analysis of individual neurons,
instead of being limited to checking the behavior of the overall network such as with
CAM, GradCAM, or similar methods [28] [20].

The basis of network dissection is “hooking” a model to visualize and potentially
modify the output activations of individual neurons in the model. Given a unit u
in a convolutional layer, let a,(x,p) be its activation on input z at location p in
the feature map. To visualize these activations, we find {p|a,(x,p) > t,}, where ¢,
is a unit-specific activation threshold usually at the top 1 or top 5% of activations,
and then upsample the feature map back to the original image via reversing the
convolutions. The images made as a result of this procedure are called activation
maps.

Network dissection also provides the tools to modify a,(x, p) values when running
an image through the model. The main modifications used by the creators of net
dissection are node zeroing and node activation, in which a,(z,p) is forcibly set to 0

or t, respectively. By intervening on individual neurons in this way, users can figure
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out causal relationships within their models by seeing how outputs change with these
forced activations.

In addition to providing visualizations of activations and modifying activations,
network dissection lets users match regions of the visualization with semantically
meaningful concepts such as “leg” or “grass.” Because our work is less focused on the
semantics of the environment images and more so on the behavior of the dynamics

model itself, we do not make use of this capability for the scope of this project.

2.2.1 Fully Connected Layer Dissection

One limitation of producing activation maps via Network Dissection is that, as given,
it is only applicable to convolutional layers. However, these are not the only types of
layers present in dynamics prediction pipelines. We partially address this gap here
by theoretically extending network dissection to fully connected linear layers.

The key to this is simply to observe that fully connected layers are a special case
of convolutional layers. In a fully connected layer, the convolutional filter size is the
same size as the input size. By extension, the output feature map size of a linear
layer is 1 by 1 — the number of coordinates in the output is just the number of output
channels. Finally, the stride of the linear layer is just 1.

As a result, we can directly map any fully connected layer to a corresponding

convolutional layer, and apply the network dissection framework as is.
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Chapter 3

Datasets

All visual observation data used with dynamics prediction models are either artificially
simulated or from real videos. As a result, we use both types of environments. Our
goal is to determine what dynamics models focus on for both types, and whether

there are any observable differences.

3.1 Simulated Environments - MuJoCo and Deep-

Mind Control

We first consider simulated environments, such as those used in reinforcement learn-
ing. For this project, we consider environments powered by the MuJoCo [24] physics
engine. Some are OpenAl Gym Environments [3], while others are from the Deep-
Mind Control (DMC) Suite [23]. All of these environments feature relatively simple
agents on either a plain or checkered floor, against a plain background. As a result,
compared to real video, these environments are visually very simple.

In order to generate observations in these environments, we must provide actions.
We choose to randomly sample actions from each environment’s action space and use
those as the actions.

A segment of an agent trajectory with random actions from an OpenAl Gym envi-

ronment, HalfCheetah-v2, is displayed in Figure 3-1, while a segment of a DMC envi-
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Figure 3-2: Example segment of Finger with random actions

ronment, Finger, is displayed in Figure 3-2. We try a total of 10 agents: HalfCheetah,
Swimmer, Finger, Humanoid, Hopper, Walker, Cup, Acrobot, CartPole, and Manip-
ulator. The first two agents are from OpenAl MuJoCo, while the remaining eight are
from DeepMind Control. However, a majority of experiments in this environment are

conducted solely on the HalfCheetah environment.

3.2 Real Video Environment - Penn Action

While simulated environments are very relevant in computer vision and reinforcement
learning, they are not the only type of environment used with dynamics prediction.
Many works use real video datasets instead. As a result, we also consider a real video
dataset for this work.

We chose the Penn Action dataset [27]. This dataset features videos of people
performing 15 different, easily identifiable actions. The 15 different actions are pre-
sented in Figure 3-3. Three example episodes in this dataset are presented in Figure
3-4 with no preprocessing.

This dataset contains a total of 2326 videos, which are split into 1258 training
and 1068 validation. These videos have highly varying length—from 18 frames to 663
frames. As a result, to train on this dataset, we randomly sample short clips from
each video between training epochs. In addition, we address the fact that the videos

have varying aspect ratios by resizing and cropping each frame to 240x320 pixels.
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Figure 3-3: The 15 action types in the Penn Action dataset

Figure 3-4: Example segments of trajectories in the Penn Action dataset
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Chapter 4

Models

Recall that in Section 2, we covered a number of unique dynamics prediction models.
Because we cannot reasonably analyze all of them, we must choose or design one or

two models that could give insight into the broader class of models.

4.1 Commonalities in Dynamics Prediction Models

Across all dynamics prediction models, we see that they almost always have a vision
component and a dynamics component. The vision component extracts features from
high-dimensional image input and creates a lower dimensional latent representation.
The dynamics component is a recurrent network that then trains on these latent
representations, taking some number of historical representations and outputting a
predicted future representation. An example of vision and dynamics components in

a real paper, World Models, is displayed in Figure 4-1 [9].

4.2 Our Model

With this in mind, we define a vision and dynamics component on which to apply

network dissection.
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Figure 4-1: Example vision and dynamics components for World Models

4.2.1 Deep Autoencoder

In order to work with varying resolutions and types of visual data, we decide to train
a deep convolutional autoencoder as the vision component. Autoencoders A(zx) — '
are networks designed to learn low-dimensional encodings of data x in an unsupervised
manner [14| by compressing x to a low-dimensional embedding &, and learning to
reconstruct x into 2’ using h. Our autoencoder consists of nine or ten layers in each
of the encoder E(x) — h and decoder D(h) — ' components, with no residual or
attention blocks. We choose this structure because it is relatively easy to interpret
and adapt to varying datasets.

The autoencoder architecture we use for simulated and real video data are dis-
played in Figure 4-2. We call the simulated autoencoder E (x) and Dg(z) small
while we call the real video autoencoder Ej(z) and Dj(x) large. If we refer to an
encoder or decoder in general absent a dataset specification, we will use F(z) and
D(x). The main difference between the autoencoders is different latent representation
dimensions, kernel size and stride of layers.

The low-dimensional representations used for dynamics prediction are the outputs
of the last layer of the encoder. For simulated data, we flatten the encoding to a single

length-512 vector. For real video data, we keep the shape of the encoder output.

The autoencoders are trained using [l reconstruction loss:
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(a) Autoencoder used for 64x64 simulated (b) Autoencoder used for 240x320 real video
data data

Figure 4-2: Autoencoder architectures used for this work

£=llz— 2|3 = o — D(E())[3 (4.1)

4.2.2 Dynamics RNN

The dynamics component in pre-existing works is more varied. However, all models
use either a recurrent network or transformer-like architecture. For initial experi-
ments, we pick the simplest option and use an RNN without memory components
R(f(hi—ks1y- -y he)) — Ahy.

For simulated data, the recurrent network is a multilayer perceptron. For real
data, the network is a small convolutional neural network. In both cases, the network
takes some combination of k historical low-dimensional embeddings f(h;_gi1, ..., ),
and predicts a residual on the previous encoding Ah;. The true predicted encoding
iy is the residual added to the previous encoding: hj,, = hy + Ah,.

The architecture of the convolutional RNN is displayed in Figure 4-3. The MLP-
based RNN works identically, with the only difference being that the CNN in the
figure is replaced with an MLP.

Similar to the autoencoder, the RNN is trained using /5 reconstruction loss. If the
vision component is fixed (the parameters are not changing), we apply reconstruction

loss directly in the embedding space:

£ = |lhes — |13 (4.2)
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Transition Model

conv 3x3,
384,1,1
ReLU
conv 3x3,
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ReLU
384,1,1
ReLU

conv 3x3,

conv 3x3,
384,1,1

observations
128x10x8each a, a, a,

optional actions
1xact_size each

Figure 4-3: Architecture of the simple convolutional RNN

If the vision component is not fixed, such as during the finetuning process of

training (see Section 5), then the RNN is trained with Iy reconstruction loss in the
vision space:

L = ||lzerr = D)3 (4.3)
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Chapter 5

Results

In this section, we outline our experiments and describe their empirical results.

5.1 Training Procedure

In order to train our models, we first train the vision component autoencoder alone
by optimizing equation 4.1 (Step 1). Afterwards, we freeze the parameters in the au-
toencoder and train the dynamics prediction component alone by optimizing equation
4.2 (Step 2). Finally, we may finetune the autoencoder and dynamics model together
with 4.3 (Step 3). This procedure mirrors that of many existing works: usually, exist-
ing works first learn a new representation or use a pretrained feature extractor, then
they learn to predict future frames, either with the low-dimensional representation or
separately.

The initial learning rate for autoencoders and RNNs for all datasets is 6e-4, and
this learning rate is adjusted using a stepwise scheduler. For all models, we using
Adam optimization. When finetuning, we use an initial learning rate of le-2 times
the initial dynamics model training rate.

All models are trained on Nvidia Titan V or Titan X in the CSAIL Vision Clus-
ter. Unless otherwise stated, all autoencoders are trained on 60 epochs. Dynamics
models are trained on 20 epochs then, if applicable, finetuned for another 20 epochs.

For MuJoCo and DeepMind Control environments, dynamics models are trained to
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Figure 5-1: MuJoCo and DeepMind Control decoded images

real decoded

real decoded

Figure 5-2: Penn Action decoded images

predict 3 steps into the future, while for Penn Action, dynamics models are trained
to predict 5 steps into the future. At evaluation time, models will predict 30 frames

into the future for simulated environments and 10 frames for Penn Action.

5.2 Autoencoder and Dynamics Training

We first present our results for steps 1 and 2 of the training process. Without decent
models at this step, network dissection and further interpretation of the model would
not provide any insight into functional models.

For simulated environments, we train individual models for just HalfCheetah and
Swimmer, as well as an additional model on all 10 environments listed in Section 3
simultaneously. Example autoencoder reconstructions for the model trained on all 10
simulated environments, for all 10 simulated environments, can be found in Figure
5-1, while example autoencoder decodings for Penn Action are in Figure 5-2. We see
that the reconstructed images are nearly identical to the originals for both simulated
and real environments. We do not display the autoencoding results for the models
trained on HalfCheetah and Swimmer individually, because they are visibly identical
to those results from the autoencoder trained on all 10 simulated environments.

We then train the dynamics models for both datasets. Example predicted trajecto-
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Figure 5-4: Penn Action dynamics prediction example

ries for the HalfCheetah subtask within MuJoCo are in Figure 5-3. We see that, while

the trajectory may diverge, the overall behavior is realistic and generally correct.

Dynamics prediction on the Penn Action dataset was much less successful than
the MuJoCo dataset, and the model’s solution is not too different than the degenerate
solution where images stay the same regardless of input. An example representative

video trajectory alongside its predicted counterpart is visible in Figure 5-4.

5.3 Finetuning

Given the results of steps 1 and 2 from the previous section, we can now conduct
step 3: finetuning both the vision and dynamics components of the model jointly. We

focus on the HalfCheetah task for Step 3.

We note that finetuning HalfCheetah does not seem to improve performance. A
graph of the (2 loss between the true and predicted image at different steps of the
predicted trajectory is provided in Figure 5-5. Given the high level of performance
prior to finetuning, this suggests that the found solution is already near or at optimal,

and therefore finetuning would not improve it.
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Figure 5-5: Reconstruction loss between true image and predicted image at different
steps of trajectory prediction

5.4 Dissections - Activation Maps

With working autoencoders from Steps 1 or 3, we can dissect them to produce ac-
tivation maps (defined in section 2). Recall that these maps extract the visual in-
formation these models find salient. For simulated environments, we can compare
activation maps before and after finetuning as well. In this section, we present acti-
vation map dissections for the vision component autoencoder for both simulated and

real datasets. For simulated data, we compare finetuned versus pre-finetuned models.

In traditional dissections, researchers focus on convolutional layers near the net-
work output. This is because later layers in a convolutional network usually detect
higher-level semantic concepts, such as doors and trees, than the earlier layers, which
would capture concepts such as lines and textures [1] [2]. Part of the reason for this is
that feature maps in later layers are much smaller than in earlier layers, so any single
element in a later feature map corresponds to very many pixels in the original image.
The smaller a feature map, the larger the region in the original image corresponding

to a single entry in the feature map.

In an autoencoder, the feature maps associated with the low-dimensional embed-
ding are very small: 2x2 for simulated environments or 8x10 in real video. As a

result, in order to get sufficiently fine-grained features, we choose to dissect the “mid-
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Figure 5-6: Autoencoder architectures, with their dissection layers highlighted in blue

dle” layers of the autoencoder instead of the layers closest to the low-dimensional
encoding. These “middle” layers are layers 4 through 7 of the encoder and layers 3
through 6 of the decoder for the small autoencoder, while they are layers 5 and 6
of the encoder and 3 and 4 of the decoder for the large autoencoder. These middle

layers are highlighted in Figure 5-6.

In order to best understand the focus of a neuron, we visualize the images that
mazimize the output activations of each neuron. This is the same strategy as used by
the original authors of network dissection [1]. By detecting commonalities between
images that maximize a single node’s activation, we can derive conclusions about
what parts of images are most “important” to that node. In order to get a higher
diversity of images, we manually filter the activation maximizing images such that no

two reported images are within 5 frames of each other in the same trajectory.

5.4.1 MuJoCo and DeepMind Control

For simulated environments, a nontrivial number of neurons in the encoder do not
“fire,” or have positive output. Table 5.1 displays the number of neurons with max-
imum activation 0 over all 10 MuJoCo and DMC environments before finetuning
across the middle layers displayed in Figure 5-6. The large number of non-activating
nodes suggest that our model is heavily overparameterized for the environment.
Among the neurons that do fire before finetuning, a majority of the neurons

appear to focus on the floor or background. This can be seen by their activation

33



Encoder 4 | 51/64 Decoder 3 | 2/128
Encoder 5 | 111/128 || Decoder 4 | 6/128
Encoder 6 | 108/128 || Decoder 5 | 1/128
Encoder 7 | 93/128 || Decoder 6 | 7/128

Table 5.1: Number of neurons in each layer that do not activate across all environ-
ments

maps highlighting parts of the floor or background. To highlight this, we display the
top 3 HalfCheetah activation maps of the first 5 nodes of each layer with nonzero
activations in Figure 5-7.

Surprisingly, for the HalfCheetah environment, this is true before and after fine-
tuning. We see this in Figure 5-8, where we compare the top 3 activation maps before
and after finetuning in the first 10 nodes with nonzero activations from decoder layer
4. In fact, we notice that with the exception of the first node on the third row, the
activation maps before and after finetuning look nearly or exactly identical. This
fact, alongside the graph in Figure 5-5, suggests that dynamics prediction prior to
finetuning may have already reached a near-optimal or optimal solution. As a re-
sult, finetuning would not significantly alter weights because alteration would not
significantly improve performance.

Another observation is that, in the autoencoder trained on all 10 simulated en-
vironments, nodes tend to activate on an environment-specific “pose” across most or
all environments. The top 3 activation maximizing images for 5 selected nodes in all
environments across various layers are displayed in Figure 5-9. Some of these “poses,”
such as the ones displayed for encoder layer 5 node 124, seem to share common visual
traits across all environments. For encoder layer 5 node 124, the common visual trait
in most environments is that the agent body is relatively horizontal. For those bodies
that are not horizontal, the unit seems to activate under horizontal components of
those agents, such as in HalfCheetah.

One implication of this observation is that the model does not generally treat the
10 environments separately. If the model treated the environments separately, we

would observe many nodes that only activate on one or few environments, whereas
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Figure 5-7: Activation maps for decoder layer 4 on HalfCheetah before and after
finetuning

__

pre-finetuning after finetuning pre-finetuning after finetuning

Figure 5-8: Activation maps for decoder layer 4 on HalfCheetah before and after
finetuning
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Figure 5-9: Pose matching across different environments on an autoencoder trained
on all 10 simulated environments

this is not observed.

Prior to finetuning, this makes sense because the autoencoder currently is only
trained on the end task of replicating the original image as accurately as possible. In
other words, it does not need to learn anything about the actual dynamics within an
environment, which differs greatly across the 10 subtasks. Instead, the model focuses
on purely visual features of agent position.

While we attempted to train dynamics simultaneously for all 10 environments,
our implementation was not sufficiently efficient to produce tangible results with the

given compute resources.
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Figure 5-10: Penn Action activation maps. E5 Ul4 stands for encoder layer 5, unit
14. The other units are named accordingly

5.4.2 Penn Action

Similar to the 10 simulated environment case, nodes in the Penn Action autoencoder
prior to finetuning focus on visual details shared across many types of actions. As
we can see in Figure 5-10, nodes often maximize their activations on images from
multiple action types. They may also maximize their activations on details, such as
the words “One Result” in some of the images, that are independent of the action.
This makes sense because, once again, the autoencoder has only been trained with
the end task of reproducing the original image, instead of predicting future dynamics.

We hope to observe the difference between activation maps before and after fine-

tuning in future work.

5.5 Zeroing Out Nodes

In this section, we go a step further and modify neurons in the Vision component of
our models. This allows us to determine casual relationships within the network. We
focus on the node zeroing strategy listed in Section 2.2. We then describe the results
of this modification on HalfCheetah-v2 before and after finetuning.

Once again, we work with the middle layers 5-6 of the vision component. For
each node, we choose to zero out its activation on the images on which it originally

activated the most. This way, we can observe the most pronounced differences in
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Figure 5-11: Environment observations, and decoded versions of those observations
after the specified node is removed in the pre-finetuned model

Decoder 6 unit 7 Encoder 5 unit 61

Decoder 3 unit 98 Decoder 4 unit 41
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Figure 5-12: Environment observations, and decoded versions of those observations
after the specified node is removed in the post-finetuned model

decoded images before and after the node was removed.

In Figure 5-11, we observe selected original images, and those same images decoded
after a specified node in the vision component is removed prior to finetuning. In Figure
5-12, we replicate the same figure but on the finetuned model. We pick the first 10

nodes for each of the middle layers in both cases.

Overall, we see that the model largely treats the cheetah body as a single unit.
This is because, if node removal blurs out part of the agent’s body, it almost certainly
blurs out the entire agent. This behavior exists for both the pre-finetuned and post-

finetuned models.

The fact that most removed units affecting the agent’s body influence the entire
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body is very interesting. Firstly, this contradicts removed neuron behavior in GANs
[2] [1], in which zeroing the activation of a “door” neuron usually removes just the
door instead of an entire building or region around the door. Secondly, we see that
whole-body-removal behavior appears even after exposing the vision component to
the end task of dynamics prediction via finetuning. This means that, even to predict
dynamics, the model still treats the body as one unit instead of separating the joints.

Beyond this, we note that, despite the fact that a majority of nodes activate on
parts of the background based on their activation maps, fewer nodes cause part of
the background to be blacked out when removed. This is likely due to redundancy
within the network, in which multiple nodes tend to cover the same regions of the
background. That way, removing a singular node affecting the background would
not actually remove any part of the background, and the model can interpolate the
background at the affected area.

We also note that, as seen in the figures, not all HalfCheetah positions are treated
identically in node removal. Even nodes that activate on similar cheetah body poses
may not behave the same way. In particular, decoder layer 6 unit 7 and decoder layer
4 unit 41 activate on mostly similar HalfCheetah poses, but removing the activation
at decoder layer 6 unit 7 affects the resulting image more.

Just like for the activation maps, node removal results for the model before and
after finetuning are strikingly similar. Once again, this bolsters the notion that the

model did not significantly change despite finetuning.
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Chapter 6

Discussion and Conclusion

In this work, we gain a better understanding of the inner workings of dynamics pre-
diction model. We determine components shared across all dynamics models, design
simple but representative and relatively interpretable versions of said components,
and analyze these components with network dissection. We see that, for simulated
2D environments such as those in reinforcement learning, the model can still achieve
success in dynamics prediction even if the model’s nodes primarily focus on visual de-
tails of the environment, such as the background. For HalfCheetah, we demonstrate
that this is true even after exposing the vision component to the end task of dynamics
prediction via finetuning.

We see that in general, prior to introducing the end task of dynamics prediction,
no autoencoder seems to focus on individual limbs or joints on any agent or human.
In fact, node removal experiments on HalfCheetah suggest that autoencoders might
learn about 2D actor bodies as a single unit. This is interesting because joints are
crucial to the human understanding of dynamics. This indicates that either joint
information is incorporated during finetuning and exposing the vision component to
the dynamics prediction task, or, as in the case of Cheetah, that joint information
is not necessary for adequate dynamics prediction. We hope that in future work,
researchers can reach a more definitive answer about the role of joints in a dynamics
model’s representation of its environment.

Based on these results, we believe that dynamics model behavior may be very
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unintuitive. However, we do note that this is based solely on our observations using
network dissection. One very interesting question would be to compare the results
of network dissection with other network interpretation methods. We hope that this
work motivates more researchers to try different techniques to understand dynamics
models. We also encourage practitioners to be more aware of the limits of their
understanding of dynamics models, and to not assume that a model works in a way

that is similar to humans.

6.1 Future Work

We believe that this work is merely a start to potentially much more work in under-

standing dynamics models. Here, we list a few extensions considered for the project.

6.1.1 Implementation of Section 2.2.1

To bolster our understanding of dynamics prediction in simple simulated environ-
ments, we can formally implement the technique presented in Section 2.2.1 that ex-
tends the computation of activation maps to linear layers. This way, we can determine
the focus of the network while it is predicting future frames, instead of determining
the focus of the network in creating the low dimensional representations used for said

prediction.

6.1.2 Predicting Optical Flow

Due to the difficulty of predicting dynamics on real, higher-resolution video, as well
as the fact that optical flow (the movement of pixels) is not explicitly visible in image
sequences, we considered using an additional model R’ for real video. This model,
influenced by deep visual foresight [6], explicitly predicts the movement of existing
pixels into the next frame.

Instead of predicting a residual to the next embedding of dimension C' x H x W,

we predict an output of dimension 2 x H x W, where the values (m;, m;) at location
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(7,7) in both filter maps correspond to the movement of the values at (4,7) in the
input embedding. This is an example of bilinear sampling. Due to time constraints,
we ultimately did not implement this model. However, implementing such a model

or other models that predict future frames of real video input is of interest.
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