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1 [Post Selection] Dialogue: Lack of Generalizability in Post-Selected Mod-
els

Badal Gami, Delhi Technological University, Delhi, India
Email: badalgami@ gmail.com

Xiang Wu raised the issue about the generalizability of post-selected predictors in the previous dialogue
initiation labeled [Deep Learning], I report how I view this issue of optimistic bias due to post-selection.

As Weng [5] argued, simply reporting the “luckiest network™ based on the validation error is a severe
technical flaw. The errors of the luckiest network reported are fit errors, not test errors. As the saying
goes, “Even a blind squirrel finds a nut once in a while - but that does not make the squirrel an expert on

1%

locating nuts!” Similarly, a model that fits well the validation data used for selection does not guarantee
its generalization with unseen test data. Wu’s experimental data in [Deep Learning] Dialogue showed that,
indeed, the luckiest blind squirrel did badly in new environments, not better than other less lucky blind
squirrels.

Qiu’s mathematical analysis [3] formalizes this problem. Let E (g, V) be the average error of model k
(g«) on validation dataset V, and g; be the luckiest model post-selected from V. Qiu showed that if one
does many many experiments, the expected validation error of the luckiest network (i.e., the luckiest blind

squirrel) under-estimate that of the best network in a future test (using Dr. Weng’s short notation):

EvE(gi(g1,.-8x,V)) < min  ErE(g;,T)
gic{gr .8k}

The validation error of the luckiest model g; is a downward biased estimate that underestimates the
expected test error of even the best candidate model g; from the same population. This bias can be quantified
as:

Bias:lEVE(g,AC(gl,...,gK,V))— min IETE(gj,T)
gj€ferex}

Qiu proved that under very general conditions, this bias is often negative i.e. Bias < 0. The necessary and
sufficient condition for exception Bias = 0 is highly artificial. That is, the bias is zero when the randomness
from the validation set to the test set totally vanishes. This is like as long as the blind squirrel runs into a
nut in the validation set, it is guaranteed that the same blind squirrel will run into the same nut in all future
tests! Obviously, this situation would not occur in reality.

It is important to note that the above Bias is based on theoretical expectations [Ey and E7, which are

impossible to compute exactly in any real experiments. Below, I will discuss my experimental results, where
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we will use sample mean to approximate the theoretical mean.

Weng [6, Theorem 3] has proven that the minimum MSE (Mean Square Error) estimator of any trained
network (luckiest on V or not) is the average error of all trained networks on V. Wu [8] experimentally con-
firmed Weng’s Theorem 3. To illustrate this further, I discuss my experimental results [1] on Alzheimer’s
disease classification from brain MRI scans using deep convolutional neural networks. The problem state-
ment was to evaluate and compare the performance of popular feature extraction techniques for Alzheimer’s
disease predictive models using brain imaging data from an openly available Kaggle MRI dataset with 4
classes. The input to the networks was the MRI brain image, and the output was the predicted class rep-
resenting the level of dementia. The training method involved a Convolutional Neural Network (CNN)
with convolutional, pooling, normalization, and fully connected layers, using cross-entropy loss and the
ADAM optimizer. The study aimed to determine the best feature extraction technique by comparing stan-
dard parametric observations. We trained 20 different VGG-19 models with different pre-trained weights
and regularization hyperparameters on a fitting dataset /. On a held-out validation set V, we selected the
model g; that achieved the highest AUC (Area Under Curve) of 0.9185 among the 20 models as shown in the
Table 1. This is a case of post-selection, where g; was chosen by evaluating all 20 models on V and picking
the luckiest one. Unaware of post-selection bias, we reported this AUC of 0.9185 on the V mistakenly as the
expected generalization performance on unseen test data. However, this AUC is in fact only a fitting error,
not a true test error. To find out the downward sample bias, I computed the average validation AUC across
the 20 models from the Table 1, which was:

E = Mean,AUC (g, V) = 0.8498

Then the downward sample bias in reporting AUC(g;, V) = 0.9185 instead of the average AUC 0.8498

is approximated by the sample value:
Bias ~ AUC(g;,V) —Mean; AUC(g,V) = 0.9185 —0.8498 = 0.0687

Weng’s minimum MSE theory [6, Theorem 3] appears to indicate that if the size of V goes to infinity, the
sample deviation about these 20 models will vanish. This is because every network will approach the average
performance when the size of V goes to infinity, given the same F. Asymptotically, all 20 models give the
same but mediocre AUC which should be around 0.8498. Namely, the number 0.9185 will also approach
0.8498 when the data set V samples the 20 networks more densely. However, the proper quantity to estimate
generalization on a fresh test set T is not the luckiest AUC 0.9185. As shown in Wu’s experiments [8] with
30 CNN-LSTM models trained on a visual navigation task, the test error E(g;,T) of the luckiest model g;
selected on the validation set V tended to be close to the sample average test error (1/30) Y E(gx,T) across
all 30 models, rather than the minimum test error ming E (g, T).

Here, 0.0687 is a significant downward sample bias when using the luckiest model’s AUC of 0.9185 to
estimate the generalization of AUC on unseen tests. By post-selecting the luckiest model g; on V instead of
using a fresh test set 7', we mistook the error of using a fitting error 0.9185 as an estimate of the generaliza-

tion error. The proper way would have been to evaluate all models {g;,...,g20} on a held-out test set 7' not
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Table 1: Statistical summary of AUC from twenty different weight initialized VGG-19 models.

Model | Minimum | 25th Percentile | Median | 75th Percentile | Maximum | Mean
1 0.7982 0.8247 0.8993 0.8998 0.9149 0.8590
2 0.849 0.8630 0.8911 0.9004 0.9161 0.8840
3 0.8612 0.8646 0.8831 0.8853 0.9185 0.8856
4 0.7842 0.8409 0.8742 0.8776 0.9151 0.8605
5 0.8509 0.8782 0.8938 0.9048 0.9157 0.8915
6 0.8641 0.8786 0.8923 0.8978 0.9157 0.8966
7 0.7887 0.8787 0.8985 0.9047 0.9149 0.8916
8 0.7856 0.8733 0.8901 0.9027 0.9144 0.8873
9 0.7764 0.8693 0.8918 0.9021 0.9149 0.8863
10 0.7887 0.8744 0.8989 0.9012 0.9144 0.8868
11 0.8500 0.8621 0.8730 0.8782 0.8916 0.8659
12 0.8530 0.8681 0.8897 0.8955 0.9169 0.8846
13 0.8523 0.8662 0.8906 0.8973 0.9132 0.8835
14 0.8401 0.8707 0.8882 0.8918 0.9061 0.8855
15 0.7764 0.8621 0.8780 0.8797 0.8931 0.8728
16 0.7764 0.8462 0.8843 0.8843 0.8942 0.8694
17 0.7661 0.8360 0.8871 0.8881 0.9136 0.8723
18 0.8287 0.8523 0.8906 0.8973 0.9084 0.8748
19 0.7856 0.8401 0.8931 0.8918 0.9061 0.8682

20 0.7764 0.8621 0.8843 0.8851 0.9132 0.8744
Average - - - - - 0.8498

used for post-selection, and report the average test AUC. This is because Weng AIEE [7] has proven that
reporting the luckiest AUC on T is also wrong. Unfortunately, I do not have a test set in our study [1], but
Wu [8] used a test set T that is disjoint with the validation set V.

Genetic Algorithms (GA) also suffer from the same misconduct of post-selection. It [2] initiates with
a randomly generated initial population of candidate solutions. These candidates are then evaluated on
a fitness function, often computed on a validation or training dataset. The "luckiest" or best-performing
individuals are then selected. The post-selection step in GA is critical, as it determines which candidate
solutions will be used to produce the next generation. This is very similar to the post-selection concerns in
deep learning when the "luckiest” model from the validation set is chosen and published without regard for
the performance of the other candidate models.

An appealing alternative is to avoid post-selection altogether by using models that learn incrementally
from data in an online manner, without revisiting or reusing the same data for selection. The Develop-
mental Network (DN) models proposed by Juyang Weng [4] achieve this by learning each data sample
incrementally, dynamically allocating new neurons/parameters only as needed to minimize the cumulative
errors over all samples learned so far. It’s similar to how a child learns — not by splitting experiences into
training/validation/test sets, but by steadily absorbing each new experience and updating their knowledge
representations as required. Unlike post-selection methods that first split data into fitting/validation/test sets,
DN learn in a seamless way through environments, avoiding the trap of fitting to a specific validation set.

By not re-using the same data for validation and dynamically updating its representations, a DN has no need
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for hand-tuning hyperparameters and can abstain from converging to any local minimum on a finite dataset.

This allows DN to abstract general, transferable representations applicable to previously unseen scenarios.
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2 [Post-Selection] Dialogue: Challenges to Post-Selection

Bardia Ardakanian, Amirkabir University of Technology (Tehran Polytechnique), Tehran, Iran
Email: bardia.ardakanian @ gmail.com

In the world of deep learning, we come across Post-Selection. This practice, which has its roots in
statistics, is widely used in artificial intelligence. Professor J. Weng’s critical view in “On ‘Deep Learning’
Misconduct” [ 1] sheds light on Post-Selection and what it means for the field. Weng points out that the usual
way of picking the best-performing network based on its error on a validation set, without reporting the full
range of models trained, has a big problem. He believes this approach makes us think the network will do
better in the future than it actually might when faced with new data. Weng suggests a better way to report
on a network’s performance, which includes not just the errors but also the average, minimum, median, and
maximum errors from all models.

My project, “Deep Active Learning Object Detection,” aimed to make training the Single Shot MultiBox
Detector (SSD) [2] more efficient using deep active learning strategies. We used Variant Autoencoders
(VAESs) to pick out the most useful images from a dataset for training, hoping to make the SSD network
learn better and faster. We began with a basic set of images, then gradually added more useful images based
on how much they could help the network learn. This was a step-by-step process meant to improve the
network’s ability over time.

In the early stages of our project, we focused on comparing the performance of our model with the estab-
lished baseline from previous research [3]. This comparison aimed to understand where our method stands
in the context of current advancements and to identify areas for further improvement and investigation.

Looking at Professor Weng’s comments on Post-Selection, it’s clear that our project, despite its new
approach to active learning, ended up doing something Weng criticized. Our method of adding more infor-
mative images to the training set, decided by how the network did on a validation set, is exactly the kind of
Post-Selection strategy Weng warned against. This way of doing things could focus too much on how well
the network does now, without enough thought about how it will handle completely new data.

Weng’s critique makes us think about two main points. First, it shows we need a wider way to report how
all the models we trained are doing, not just the one that’s doing the best at a certain point. This means we
need to think more deeply about what success means in machine learning projects that use active learning.
Second, it highlights the importance of transparency in reporting the performance across different models,
underscoring the necessity of having a disjoint test set that is entirely separate from the validation set used
in the Post-Selection process. Such a test set is vital for a true assessment of a model’s ability to generalize

to new, unseen data, illustrating that success on a validation set during Post-Selection does not inherently
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predict similar outcomes on genuinely new tests.

Inspired by Professor Weng’s critique and his paper on deep learning misconduct [ 1], and motivated by
the findings of X. Wu and J. Weng in their test of Weng’s theories [4], I decided to apply these insights
within the framework of my project. To achieve this, I used the Pascal VOC dataset [5]. Specifically, I used
the Pascal VOC 2007 and 2012 train images for creating two distinct datasets: set F for fitting (training) the
model, and set V for validation. For testing, I created set 7', which consists of the VOC 2007 test dataset.
This tripartite division into sets F, V, and T establishes a structured framework for our experimentation. I
chose the Pascal VOC dataset for its application in object detection research, mirroring the dataset used in
the baseline study [3] with which I am comparing my model.

In our method, we began with an initial batch of 1,000 labeled images from set F to start training our
model. The rest of set F' was classified as the unlabeled pool. We used this setup to train the SSD (Single
Shot MultiBox Detector) detector and VAE (Variational Autoencoder), as previously introduced. At each
stage, the VAE helped identify the top 1000 informative images from the unlabeled pool. These selected
images were then added to the labeled pool to enhance the training process. Simultaneously, by removing
these images from the unlabeled pool, we ensured a focused improvement of our training dataset. This cyclic
process of selecting and transferring the most informative images forms the core of our training approach,
allowing the model to adapt and learn from the most relevant data.

To assess Dr. Weng’s prediction regarding the VAE'’s effectiveness in selecting the most informative
images for each training phase, we set up 10 different networks. Each network consists of a VAE and
the SSD detector [2] for object detection. All SSD detectors in our networks begin with the same set
of initial weights, which were randomly selected from a predefined distribution to ensure uniformity at the
baseline. This random selection was performed once and applied across all detectors to maintain consistency.
Similarly, each VAE is initialized with its own set of initial weights, also randomly drawn from the same
distribution but unique for each VAE. The hyper-parameters for both the SSD detectors and the VAEs were
hand-selected based on preliminary experiments aimed at optimizing performance.

This setup allows us to focus solely on the effectiveness of the VAEs in picking the best images for im-
proving the model’s learning over time. The randomness in weights introduces variations in their behavior,
offering insights into how these differences influence the overall training process. By keeping the detector
constant, we ensure that any changes in performance across the experiments can be attributed directly to the
VAEs’ image selection capabilities. For each iteration, we allowed the networks to train for multiple epochs,
during which we recorded their mean Average Precision (mAP) on both the validation set V and the test set
T.

As Dr. Weng suspected, our results confirm that the initial configuration of the VAEs has a significant
impact on the images selected for training, which in turn affects model performance. Figures 1 and 2 show
that outcomes vary significantly between the different models. These figures also demonstrate just how
sensitive performance is to the initial setup of the weights. Notably, the model that initially performed
the best on the validation set—the “luckiest” network—ends up with performance close to the average
and sometimes near the lowest when we later test all 10 networks on a new dataset. This emphasizes the
importance of not just relying on validation performance to predict future success but rather considering a

broader set of metrics for a more rounded evaluation of a model’s capabilities.
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Figure 1: Models’ performance fitted on set F' and tested on set V. The left plot illustrates individual model
trajectories over the course of training, while the right plot summarizes the performance range across all
models, showcasing the minimum, median, and maximum scores, along with the outcome of the “luckiest”
network.

Building on the results and the highlighted sensitivity of model performance to initial configurations, we
further explore theoretical aspects that might explain these observations. To adapt Weng’s proof on Pure-
Guess Nearest Neighbors (PGNN), referred to as “the devil” by Sorode [6], let’s consider the premise that it’s
possible to have a finite number of networks, denoted as n, such that at least one will achieve zero validation
error for any given validation set V. In this adapted proof, we assume that the validation set V' consists
of p problems, with each problem having / possible solutions. This setup requires us to generate n = [”
networks to ensure exactly one network can perfectly predict the outcomes on V. Unlike Weng’s PGNN, or
“devil”, which utilized a probabilistic generation method that allows the process to stop once a sufficiently
good network is found, here, an exhaustive generation method is employed. This “devil” method typically
generates more networks because it aims to cover all possible configurations without specifically targeting
a zero validation error. By doing so, we ensure a comprehensive exploration of the solution space, but at
the cost of potentially higher computational resources compared to Weng’s method, which can halt early
in the presence of an acceptable solution. This choice is made for simplicity and clarity in understanding,
acknowledging that while the amount of time in development is finite, it is practically unbounded, allowing
us to construct all possible networks each corresponding to a different validation set V.

For instance, if our validation set includes a collection of images where the task is to determine whether
an object is present or not, we have / = 2 possible outcomes for each image, making the problem a binary
classification task. In this case, n = 27 networks are necessary to cover all possible scenarios. Expanding
this scenario further, if the task involves detecting an object that could be in one of four specific locations, or
not present at all, we then have five distinct outcomes for each problem (I = 5). Consequently, to cover every
potential outcome in this more complex scenario, we would need to generate n = 57 networks. Therefore,

while the theoretical concept of creating n networks to cover all possible scenarios is insightful, it’s not
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Figure 2: Models’ performance fitted on set F" and tested on set 7. The left plot illustrates individual model
trajectories over the course of training, while the right plot summarizes the performance range across all
models, showcasing the minimum, median, and maximum scores, along with the outcome of the “luckiest”
network.

practical in real-world applications due to the exponential growth in the number of networks required as the
problem complexity (p) increases.

When we apply the “devil” logic, or PGNN, to include a test set 7', which comprises g problems each
with j possible answers, the complexity increases significantly. The total number of networks, n = 7 j4,
becomes impractical due to its exponential growth in relation to p and ¢. This underscores the challenges
of using such an exhaustive approach for large datasets and highlights the importance of finding more scal-
able solutions to ensure that a network can generalize effectively to new, unseen data. The potential gap
between perfect performance on a validation set and consistent performance on a test set further illustrates
the limitations of relying solely on this method, proving Sorode was right to describe PGNN as “the devil”.

In my project, the VAE is designed to select the most informative images from a pool of p images, with /
representing the number of these informative images. Following the logic outlined above, if networks were
to randomly select images to identify as informative, theoretically, n = [” networks would be sufficient for
one network to correctly identify all informative images. This approach directly aligns with the objective
of our project, aiming to efficiently utilize VAEs for enhancing image selection during the training process.
However, it is important to acknowledge that this process of selecting informative images does not fully
capture the concept of Post-Selection in the context of training multiple networks. Post-selection refers
to the broader practice of training various networks and then selecting the one that performs best on a
validation set, which could introduce selection bias and overestimate the network’s ability to generalize to
new data. Therefore, while our focus was on optimizing image selection, the comprehensive impact of
Post-Selection involves evaluating the performance of multiple trained networks to ensure a robust model
evaluation. Exploring these concepts sheds light on the challenge of moving from validation success to
real-world effectiveness, emphasizing the need for models that generalize well.



Vol. 18, No. 2 CDS Newsletters May 2024

To expand upon the discussion on Post-Selection and its broader implications, it’s essential to recog-
nize its role in a variety of machine learning techniques. This concern extends beyond deep learning into
areas like evolutionary computation and reservoir computing. Methods such as genetic algorithms, random
forests, echo state machines, and extreme learning machines often depend on selecting configurations that
show promise based on specific criteria. This selection, influenced by randomness in initial parameters
or manual adjustments while looking at the validation error can lead to biases that disregard the model’s
generalizability.

Furthermore, techniques based on fuzzy set theories, which navigate reasoning under uncertainty and
imprecision, face similar biases. In these systems, decisions are made based on degrees of truth rather than
fixed binary choices, reflecting the inherent uncertainty and imprecision in real-world scenarios. For exam-
ple, a fuzzy logic controller in an automated heating system might decide on the level of heat based on fuzzy
temperature categories like “cold,” “cool,” “warm,” and “hot.” These categories are not rigidly defined but
are instead shaped by overlapping ranges of temperature values, allowing for nuanced control adjustments.
However, if this system is overly optimized for a specific set of temperature conditions encountered during
its training phase, it might not perform as well in environments with different temperature patterns. This
overfitting to the training data is a form of Post-Selection bias, illustrating how the adaptability of fuzzy
systems to handle imprecision and uncertainty can inadvertently lead to challenges in generalizing beyond
the initial conditions they were designed for.

Recognizing the widespread issue of Post-Selection across these methods, including fuzzy controllers,
underscores the need for statistically valid evaluation methods. Fuzzy controllers, similar to other Al meth-
ods, might lack comprehensive testing and could hide less favorable data. This highlights the importance of
assessments with disjoint test sets, entirely separate from those used in the Post-Selection process, to main-
tain evaluation integrity and support the development of models with true predictive power and adaptability
across the machine learning field.

In conclusion, our “Deep Active Learning Object Detection” project, while showing the value of careful,
step-by-step training, also highlights the real problems with Post-Selection. Weng’s critical view helps us
take a closer look at our methods, pushing us toward valid and open ways of developing models that can be
trusted on new, unseen data. Indeed, we did not have a test, and we did hide bad-looking data, acknowledg-
ing these limitations is crucial as we navigate the complexities of model development and evaluation. As
machine learning keeps advancing, we must carefully face these challenges, making sure valid methods and

honest reporting back our creative efforts.
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3 [Post-Selection] Dialogue: Misconduct in Post-Selection

Chunhua Li, Hebei University of Science and Technology, Hebei, China
Email: 1477380105@qq.com

I agree with Professor Weng’s views [3] on the Post-Selection misconduct including deep learning,
evolutionary computation, fuzzy systems, and other machine learning methods that train multiple systems.
Post-Selection is a large category of machine learning methods that break the wall between a model M and
its test data 7.

Conventionally, one commits a sole model M before applying its test data 7.

For example, in so-called deep learning, however, there have been multiple models, instead of one, which
will be Post-Selected only after applying a validation set V. The models consist of multiple multilayer neural
networks. Each network M is supposed to infer a decision from each query data vector in a test set 7. The
average error (mean) across all vectors in 7 is a simple characterization of the model M. The distribution of
the errors on T should also be reported, such as the minimum, median, maximum, and standard deviation.
However, in Post-Selection, which models are selected for the error report was not determined till all the
models had seen fitting data set F' and validation data set V, but the test data set 7" never existed.

Superficially, deep learning greedily fits the parameters of all models on F. It reports only the lowest
error among all models on the validation set V disguising it as a “test error” (in fact, it is only a fit error on
V). However, it is almost always true that the disjoint test data 7 does not exist at all, only the validation
set V that the authors used to Post-Select the luckiest model. The only exception that shows a test for the
luckiest on V is Wu in the last issue [4]. In addition to hiding bad-looking data from all those less lucky
models, the Post-Selection method reports inflated performance on the validation set V, without a test on the
test set 7. The two misconducts (cheating and hiding) in deep learning are obvious.

In genetic algorithms, post-selecting models begin from population generation where each agent in the
resulting population corresponds to a model for post-selection. During the population generation, random-
ized genotype techniques, such as crossover and mutation, are used to randomly generate random models
from the earlier generation of the population. The post-selection of a small number of agents in the resulting
population is based on a hand-crafted objective function evaluated on the validation set V. Again, the test
set T is absent. A few luckiest individual agents are allowed to survive from which the next generation of
the population is generated again using the randomized genotype techniques. The finally reported luckiest
individual corresponds to the luckiest model on V through several generations of evolution. The major dif-
ference from flat deep learning is that the parameters of models in genetic algorithms are dependent from

one generation to the next. Again, since the surviving agents were not tested by a test set 7' that is disjoint
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from the validation set V, the so-called “test error” from a genetic algorithm is nonsense.

In fuzzy logic, similar misconduct occurs. Fuzzy logic is a form of many-valued logic in which the truth
value (e.g., membership) of variables may be any real number between 0 and 1, instead of either O or 1 in
probability. This is called the membership function. To build a membership function, multiple hand-picked
parameters or randomly generated parameters, including neural networks, are often employed. Each set of
parameters corresponds to a model through which multiple models are tried and experimented with. The
parameters are determined by multiple-attribute decision-making used in a process of Post-Selection that
uses only a validation set V but without a test set 7. Therefore, fuzzy logic also suffers from two types of
misconduct, (1) cheating in the absence of a test and (2) hiding bad-looking data.

To imagine the effect of the Post-Selection more intuitively, let us imagine an error terrain where the
location of a surface point represents the model parameters of a model M and the height of the terrain surface
is the average error of M, as shown in Fig. 1 in Weng [2]. There are three types of terrains, fitting terrain
(dashed-thin in [2]), validation terrain (black-thin in [2]) and test terrain (green-thick in [2]), respectively.
Post-Selection tries multiple random points on the fitting terrain. Each tried set of parameters corresponds
to a particular location whose height is the average error on the fitting set F (fitting terrain), the validation
set V (validation terrain), and the test set T (test terrain), respectively. The fitting terrain, validation terrain,
and test terrain are three different terrains. When one iteratively updates model parameters to minimize the
fitting error, he is trying to greedily search for a nearby point that is lower on the fitting terrain. With multiple
m models trained, Post-Selection finds m local-minimum locations on the fitting terrain. Whether a local
minimum location on the fitting terrain is reported depends on its height on the validation terrain. The more
locations one tries on the fitting terrain, the more likely a lower point can be found on the validation terrain.
However, the test terrain is absent if the test set does not exist. However, the test terrain is not the same as the
validation terrain, as they are very different as demonstrated by Wu in the last issue [4]. The harder the Al
problem is, the test terrain is more different from the validation terrain. Therefore, the so-called “test error”
from the Post-Selection is nonsense because the test set (and the test terrain) never existed in all publications
before Wu [4] as far as the Post-Selection papers I am aware of.

All models from Post-Selection should be very poor in generalization, at least untested. In summary,
as pointed out by Professor Weng [3], two types of misconduct exist in Post-Selection The first is hiding
bad-looking data (that are truly bad). The second is that the so-called “test error” is falsified by calling the
“fitting error”” on V as “test error” on 7. Both misconducts are unethical.

To deal with the unethical problem, a valid test on all deep learning models should be conducted. Wu’s
data in the last issue [4] showed that the test error is only around the average of all trained models.

However, the misconduct of Post-Selection is difficult to avoid. Given an available data set as fitting data
set F, the candidate parameters of multiple models are searched through error-backprop, genetic algorithms,
or fuzzy logic, through many iterations. The luckiest parameters for F' are not the luckiest ones for the
validation set V, let alone the luckiest for the test data 7. And the luckiest error on V is not a test error on
T. For example, the luckiest validation error is reported as 5% but the average test error could be 12%.

Unfortunately, Post-Selection, including Deep learning, has been spreading widely all over the world by
now and has contaminated many scientific disciplines. As a result, we should alert all scientific disciplines

to correct it, instead of denying it. In my opinion, it is urgent for us to seriously consider the dismal future
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of Al (but see [1]). We should research new methods that overcome Post-Selection. Weng [1] suggested
that overcoming the Post-Selection needs a holistic solution to 20 million-dollar problems.
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4 [Post-Selection] Dialogue: My Report for Criminal Investigation of
Alphabet’s Pyramid Scheme

Juyang Weng, Brain-Mind Institute and GENISAMA, USA
Email: juyang.weng @gmail.com

I, as an individual in the USA, cannot lawfully bring up a criminal charge in a federal court against a
defendant, which can be either a person or a company. Only the U.S. government can. I can only file a civil
lawsuit in a court and I did. The defendant of the lawsuit can be an individual who domiciles in the USA or is
a citizen of a foreign country. This Dialogue represents the author’s report to the U.S. Department of Justice
(DOJ) for criminal investigation against Alphabet Inc. The subject that I report here is “a fraud, scam, or
bad business practice” as instructed by the Federal Trade Commission at reportfraud.ftc.gov. Alphabet is
not the unique company that has done the alleged criminal acts. However, Alphabet is the most egregious
in willfulness and the scale of damage. All USA persons who own Alphabet’s stocks, or have paid the U.S.
social security tax, have been directly injured by the pyramid scheme. All other nations have been indirectly
hurt.

The alleged criminal act is a pyramid scheme, called Post-Selection Al (PSAI), as a money-making
opportunity and services through which Alphabet willfully lures investments, attracts customers, and inflates
its stock prices.

By definition, “a pyramid scheme is a fraudulent multi-level marketing (MLM) arrangement. Generally,
the scheme operates under the guise of selling a product, though the profit from the scheme is based on the
number of recruits rather than strength of sales” (see Cornel Law School > LII > Wex > pyramid scheme).

In the PSAI pyramid, there are many machine recruits, called models. The models can be any machine
trainees—neural networks, genetic algorithms, fuzzy systems, and all other randomly initialized or hand-
initialized trainees. The models on the pyramid can be of a single type (e.g., Convolutional Neural Networks,
CNN), or of different types (e.g., Linear Least Squares (LLS), Least-Angle Regression (LAR) and Random
Forests (RF). See so-called “Super Learner” [4] in the field of statistics. It is important to note that the test
set T is missing from biological experiments in the so-called Supper-Learner [4]. I raised this missing to the
three authors [4] but none of them denied this missing. I guess that since the Super Learner did not reduce
the original errors in their biological experiments, they simply dropped the test 7'.

In the pyramid, each model recruit is trained on their common fit data set F, and all recruits are ranked
according to their error on a common validation data set V. However, the required test data set T is absent

for all recruits. Each machine trainee learns to fit the data set F', using error-backprop, genetic algorithm,
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fuzzy logic, or a combination thereof. All learning modes are applicable—supervised, reinforcement, unsu-
pervised, and semi-supervised, regardless of the number of “shots” in learning. The schemer only reports
the top model recruit on the PSAI pyramid, which has the smallest error on the validation set V.

Why can any learning algorithms be used by the pyramid? They all fit each model to the fit set F. Let
us review the types of learning algorithms.

Error-backprop: The error-backprop algorithm is used by so-called "Deep Learning" networks. It
iteratively adjusts the parameters of the network along the direction where the error terrain descends the
quickest. The network finally gets stuck at a local minimum location when the terrain is locally flat.

Genetic algorithm: The major difference between the error-backprop and a genetic algorithm is that
the former treats all networks in a flat way, but the latter organizes models as population generations where
each early generation model spawns one or more next-generation models. The algorithm kills and hides all
models that do not do well. However, our human race must report the statistics about all human individuals
and we must not kill genetically deficient individuals and hide the killing!

Fuzzy logic: The major difference between the error-backprop and a fuzzy logic algorithm is that in the
former, the membership function takes the value of either 1 or O; e.g., either a member of the human class (1)
or not (0), but that in the latter can take any value between 0 and 1; e.g., 0.2 certainty to be a member of the
human class. However, the values of such fuzzy member functions are either randomly or hand-initialized.
The Fuzzy logic algorithm constructs a PSAI pyramid, regardless neural networks are used or not, as long
as the scheme trains multiple models.

For simplicity, consider the number of features (like the number of hyperparameters) in linear least
square which has a closed-form solution and does not need any initialization of parameters. Suppose the
dimension of each data vector in the fit set F (i.e., the number of features) is p, there are 2” — 1 non-empty
subsets of features and thus as many as 27 — 1 submodels. Each submodel leads to a different sample
validation error on V. See controversially named ‘““Valid Post-Selection Inference” [ 1] in statistics. Compare
the ranking of submodels on the validation set V with the ranking of them on the test set 7, the two rankings
could be drastically changed. I emailed four authors of [1], Professors Richard Berk, Lawrence Brown
(passed away), Kai Zhang, and Linda Zhao, about my questions and the invalidity of their Post-Selection in
[1] but I have not received any responses to my questions.

In the Ponzi-like pyramid scheme, the more recruits the scheme gets, the more profitable the conspirator
becomes. Likewise, the more model recruits the PSAI pyramid uses, typically the top model on the pyramid
looks more “accurate” so that the conspirator can lure more money. I have proposed a simple PGNN (Pure-
Guess Nearest Neighbor) predictor [7] as a machine recruit on the pyramid to play the devil’s role. PGNN
gets zero error on any fit set ' and any validation set V. Therefore, PGNN is always at the top of the pyramid.
Because PGNN has never been tested for generalization (and would generalize very badly), nobody would
waste money on the PSAI pyramid if he knew that PGNN is on the pyramid.

I raised the first two types of misconduct in the PSAI pyramid scheme [7] with detailed evidence.

1. Cheating: Cheating in the absence of a test. The luckiest model on the top of the pyramid does not
have a test at all. For example, Alphabet fraudulently gave [5] so-called “test” data (see text “English-
to-German and English-to-French ... tests” about Alphabet Transformer, the predecessor of ChatGPT
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and Alphabet’s Bard). Here, the text “test” is evidence of cheating.

2. Hiding: Hiding bad-looking data. Alphabet hid all bad-looking data from the models that are not at
the top of the PSAI pyramid and did not report as it should. Alphabet [5] did not tell how many models
are on the pyramid and it only reported the top one. Few business reports from Alphabet exposed ever
how many models are on the pyramid. Evidence: Only a few papers reported loser models. Graves
et al. [2, Fig.5] from Alphabet self-reported n = 20 models, but [3, Fig.4] self-exposed as many as
n = 10,000 models! Here n > 2 is evidence of hiding.

3. PSAI Pyramid: There are n > 2 models, but Alphabet reported only one so called “test” error. This
is evidence of a pyramid (e.g., a min-heap that is well-known in computer science). Alphabet builds
an error pyramid for all models that it trained according to their errors on the validation set in its
possession. Model recruits having smaller validation errors are placed higher on the pyramid. Then,
the schemer only reported the top model of the pyramid and hid all bad-looking models below the
top. It reports the “data fitting error" on the validation set in its possession fraudulently as a so-
called “test error”. Evidence of PSAI pyramid: Alphabet authors of [2] could plot the n = 20 error
trajectories (Fig. 5) from the pyramid only if they had the possession of the validation set V. However,
in contrast, Alphabet in [5] did not mention the pyramid at all, like many of its later papers. In other
words, Alphabet in [2] told the pyramid but Alphabet in [5] hid the pyramid.

Let me use the lottery as an analog. The schemer places all lottery tickets on the pyramid according
to the money from each lottery ticket in the last lottery draw. The more money a ticket got, the higher its
position on the pyramid (i.e., a max-heap). The schemer only reports the top ticket on the pyramid as its
so-called “intelligent technique” to write random numbers on lottery tickets, but the luckiest ticket in the
last lottery draw is never tested in a future lottery draw.

How large is Alphabet’s inflation of performance? Any real test error (non-zero) divided by the zero
(from PGNN) is infinity— the inflation ratio is infinitely large for PGNN! Because Alphabet hid all other
models on the pyramid except the top one, the author alone cannot figure out the true rate of performance
inflation of Alphabet’s Al products. This is something that a federal investigator should inquire into. Re-
gardless of Alphabet’s Al products, the PGNN’s rate of inflation is infinite! The results in the next paragraph
state that Alphabet’s inflation ratio equals the average error across all machine recruiters divided by the luck-
iest validation error Alphabet reported. Understandably, this ratio is typically so large that Alphabet’s Al
products are impractical. The harder an Al problem is, the worse the inflation ratio.

I have not only blown the whistle [7] about the pyramid but also mathematically proven [2] that, in the
future test, all models on the pyramid are expected to give the average of all errors on the pyramid, regardless
of their locations on the pyramid. In the last issue, Dr. Xiang Wu [9] experimentally confirmed my proof
[2]. Namely, the luck of any model on the pyramid that is determined by its luck on the validation set (i.e.,
the last lottery draw) is not transferable to a future test (i.e., a future lottery draw). Naturally, every lottery
ticket (model on the pyramid) will have the same luck in the next lottery draw (the future test)! In summary,
Alphabet’s pyramid scheme does not work in reality. It is only a scam.

In the United States District Court for the Western District of Michigan (Civil Action No. 1:22-cv-998)
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and the US Court of Appeal 6th Circuit (Civil Action No, 23-1567), Alphabet has not denied the author’s
above allegations (1) cheating and (2) hiding. Allegation (3) pyramid is a combination of (1) and (2).

I wrote my allegation letters continuously to top administrators of Alphabet, October 4, 2019 (Larry
Page and Sergey Brin), December 4, 2019 (Sundar Pichai), May 22, 2021 (Sundar Pichai), September 17,
2021 (Demis Hassabis), April 1, 2022 (Larry Page and Sergey Brin), and May 4, 2022 (John Hennessy)
but I have not received any responses from them at all. However, Alphabet continued to willfully mislead
its customers using its PSAI pyramid scheme. For example, on Feb. 6, 2023, Alphabet introduced to the
public a Chatbot of its own named “Bard”—the Alphabet version of ChatGPT, the predecessor of Alphabet’s
Transformer. This is evidence of willful Fraud, over 40 months after I directly alerted Alphabet. I allege
that “Bard” is again a PSAI pyramid. Furthermore, Alphabet’s pyramid scheme is willful.

Ryan Morrison, a reporter for Tech Monitor wrote in “Al Spending to Double to More than $300bn by
2026,” and estimated that Al spending will reach $154bn this year. The author estimates that almost all such
$154bn spending is flawed by the PSAI scheme. We humans have not seen any corporate fraud that big.
Therefore, this PSAI scheme appears to be the largest corporate fraud that human history has ever recorded.
Among offenders, Alphabet appears to be the most willful and is leading in scale. Alphabet has already
known my holistic solution [6] to the PSAI problem which is the well-known local minima problem and the
well-known overfitting problem (nonoptimal in the sense of maximum likelihood).

I pray that the DOIJ is willing to take up its mandate and timely start a thorough investigation of Al-
phabet’s PSAI pyramid scheme. Otherwise, the scheme will be hidden from the public eye for an unknown

number of years to come, and about $300bn or more will be wasted every year in the future.
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S [Post-Selection] Dialogue Summary: Negative Effects of Post-Selection

Xiang Wu, Nanjing University of Science and Technology, Nanjing, China
Email: wux0213 @ hotmail.com

After the Dialogue Initiation was published in the last issue of the IEEE CDS Newsletter, we received
several responses from different authors. Except for those who have not passed the reviews, we published
four responses here. They are from Badal Gami, Bardia Ardakanian, Chunhua Li, and Juyang Weng, re-
spectively, as the reader can see above. Let me first comment on each of the four Dialogues.

The author of the first Dialogue response, Badal Gami, discussed Hongxiang Qiu’s mathematical the-
ories [1] about the under-estimation nature of a Post-Selection scheme. He presented a new experimental
result of VGG-19s, with a table that shows different sample accuracy from 20 CNN models each of which
starts from a “different set pre-trained weights and regularization hyperparameters”. I assume that in Gami’s
table, each row corresponds to a particular learned model, where five columns, minimum, 25%, 50%, 75%,
and maximum, respectively, correspond to the variation landmarks among searched regularization hyper-
parameters. Through this example, Badal Gami’s discussion is very clear about how Badal Gami applied
the Post-Selection scheme to the table of 20 models—choosing the luckiest CNN model whose maximum
accuracy is the largest (1 —0.9185 ~ 8% error rate). The average of the mean accuracy of the 20 models is
0.8498%, or 1 — 0.8498 =~ 15% error rate. The correct error doubles the mistakenly reported error.

The author of the second Dialogue response, Bardia Ardakanian, has done some deep learning related
projects. He is open and honest about the misconduct in deep learning. He conducted object detection
experiments using SSD and VAE. Different from the first Dialogue, Ardakanian conducted post-selection
on a subset of 1000 training images from a larger training set as a starting set. This is another dimension
of Post-Selection. It is important to note here that although a human teacher may design classes, he must
not conduct Post-Selection from multiple students because every student in his class must develop normally.
This is like choosing easy training samples makes learning easier. As the training set increases from 1,000
to 10,000, the 10 modules deviate from one another. In contrast to Professor Weng’s theoretical conclusion
that the “luckiest” model on V is expected to give an average performance of the 10 models on 7', here the
“luckiest” model on V gave an performance that is almost the minimum of the 10 models! This is of course
possible because the performance of every model is a random variable.

The author of the third Dialogue response, Chunhua Li, analyzes how post-selection happens in the
training procedure of the models. Her analysis provides more intuitive and detailed information for us to
understand the post-selection misconduct. She wrote “the so-called ‘test error’ from the Post-Selection is

nonsense because the test set (and the test terrain) never existed in all publications before Wu”.
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The author of the fourth Dialogue response, Juyang Weng, gives a top-level view of Post-Selection Al
(PSAI) and comprehensive explanations of misconduct in the PSAI pyramid scheme. He stressed that willful
cheating in any scientific papers should be treated as a criminal offense.

In the following, I summarize responses in two aspects.

1. Misconduct indeed has widely spread in Al, not only in neural networks, but also in almost all Al
methods. The authors agree with Professor Weng’s views [2] on the Post-Selection misconduct exist-
ing in deep learning, evolutionary computation, fuzzy systems, and other machine learning methods.
Badal Gami and Bardia Ardakanian conducted more experiments which further disclose the post-

selection problem in deep learning in particular and in Post-Selection in general.

2. The negative effects of the post-selection misconduct. The post-selected models suffer from two
main types of misconduct, (1) cheating in the absence of a test and (2) hiding bad-looking data.
The post-selected models also lack generalizability, which is a fatal weakness. This is because the

generalizability of trained Al models in future tests is the essence of so-called Al
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6 [AI Crisis] Dialogue Initiation: Is Al in a Credibility Crisis?

Juyang Weng, Brain-Mind Institute and GENISAMA, USA
Email: juyang.weng @ gmail.com

On March 29, 2023, an open letter that calls for a six-month “Al pause” appeared as an online letter.
“The signatories expressed a range of fears and apprehensions including about rampant growth of Al large-
language models (LLMs) as well as of unchecked Al media hype” [1]. According to the widespread deep
learning misconduct in the last three issues of this Newsletters (Vol. 17, No. 2 and Vol. 18, No. 1 and No.
2), that open letter appears now to be a false alarm triggered by the invalid Deep Learning misconduct in
particular and Post-Selection in general. That open letter was signed by those who did not know about the
misconduct.

In other words, almost all Al methods are cheating in the absence of a test and hide bad-looking data.
Worse, my response to the Post-Selection Dialogue in this issue alleged further that Post-Selection is a
Ponzi-like Pyramid scheme.

Al has been in different crises before, such as the reproducibility crisis [2] and resource crisis [3]. This
time, the Post-Selection misconduct amounts to a new crisis—AI credibility crisis.

This dialogue calls for a discussion about this Al crisis. Each response can address one or several issues

below.

1. Fatality: How fatal is Post-Selection misconduct? Is Al almost dead now? Can we revitalize AI?

2. Depth: How deep is the Post-Selection misconduct? If both symbolic Al and computational Al suffer
from Post-Selection misconduct, are there any other authors who can provide a way to fill the depth
of the Post-Selection difficulties?

3. Breadth: How many Al papers suffer from Post-Selection misconduct? Can you cite a few Al methods

that are free from misconduct?

Prof. Kalanmoy Deb, in the area of Genetic Algorithms (GAs) wrote to me: “We did some ML model
development using GAs in which we kept a training dataset and a validation dataset to find the optimized
model and a disjointed test dataset to demonstrate optimized model’s generalizing ability. There are some
other GA studies like the above.” I replied, “Please send me all such papers so that I can cite them in the next
Dialogue. They set a good example.” However, he did not send any. Prof. Deb also wrote, "In terms of your
comment on hiding bad looking data, I mentioned that choosing the best performing solution from the entire
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GA run is not cheating. This is because algorithms use more evaluations to deal with a population-based
algorithm and it is not cheating to select the best performing solution." I asked him to host a Dailogue but
he did not reply. What do you think about Prof. Deb’s statements?

Please send your Dialogue, 1 or 2 pages being sufficient, to juyang.weng@gmail.com with a CC to
wangdongshu@zzu.edu.cn by July 31, 2024.
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7 A Proverbial Story: Galileo’s Free Fall Experiment

Galileo’s Free Fall Experiment.

Human development requires constant innovation, and the advancement of science necessitates contin-
ual improvement. Galileo’s experiment of “two iron balls falling at the same time” conducted on the Leaning
Tower of Pisa is a famous story in the history of physics. This story took place in the 16th century when
Galileo was a mathematics professor at the University of Pisa.

Galileo questioned Aristotle’s view, who had once said, “When two iron balls, one weighing 10 pounds
and the other 1 pound, are dropped from a height, the 10-pound ball will surely reach the ground first, and
its speed will be 10 times faster than the 1-pound ball.” Galileo was skeptical of this view, so he decided to
verify it through experimentation.

He designed a simple experiment and invited some scholars and university students from Pisa to watch
below the tower. Galileo and his assistant climbed the tower and let a 10-pound iron ball and a 1-pound iron
ball fall freely from the top of the tower simultaneously. To everyone’s surprise, the two iron balls hit the
ground almost at the same time, and the experimental result directly contradicted Aristotle’s theory.

Galileo was not satisfied with the result of a single experiment. He repeated the experiment multiple
times and obtained the same result each time. This experimental result caused a stir because it directly chal-
lenged the widely accepted Aristotle’s theory at that time. Galileo’s experimental result not only overturned
Aristotle’s view that the falling speed of an object is proportional to its mass but also laid the foundation for
subsequent studies in mechanics and physics.

Galileo’s experiment demonstrated his dedication to science and courage in exploring the truth. With
his wisdom and courage, he broke the traditional constraints and opened a new path for the development of

science. Therefore, we should continue along this path.
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