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ARTIFICIAL TEXT GENERATION USING DEEP NEURAL NETWORKS:
TRAINING OF SULEYMAN SANI AKHUNDOV’S PLAYS

Abstract

This thesis is dedicated to Azerbaijan’s outstanding writer Suleyman Sani Akhundov and his
literary heritage.

It conveys the generation of artificial-text considered within the framework of experimental
possibilities. The topic presented in this thesis, actually exposes engineering of the last year’s
technological trend - ChatGPT. The ability to write artificial- articles, poems, books require more
extensive research and knowledge. In this thesis, by touching this topic to a certain extent within the
resource constraints, we train the plays of a sophisticated writer like Suleyman Sani Akhundov to
the computer with in-depth and generate artificial-plays of any length through the ANN model.
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Darin neyral sabakalarla suni matnin hazirlanmasi:
Siilleyman Sani Axundovun pyeslarinin éyradilmasi

Xiilasa

Bu mogalo gorkomli yazigilarimizdan Siileyman Sani Axundova va onun odobi irsina hasr
olunur. Magalada suni matnin hazirlanmasina tocriibi imkanlar ¢arcivesinde baxilir. Oton ilin trendi
ChatGPT texnologiyasinin adston miihondisliyini ortaya ¢ixaran bu mogalods yer verilon mévzu
giindomda yerini tutmaqdadir. Suni - magals, seir, kitab yazmaq daha genis arasdirma va bilik talob
edir. Mogalodo moahdud komputer manbalarimizlo, homin mévzuya miioyyan godor toxunarag,
Siileyman Sani Axundov kimi yazigimizin pyeslorini dorin 6yronms algoritmi vasitasilo komputerdo
SNS modelina dyradarak istonilon uzunlugda pyes generasiya etmok olur.

Acar sozlar: SZ, MO, SNS, suni neyronlar, DO, TDE, TDG, transformerlar, generativ éncadan-
oyradilmis transformerg

Introduction
This is the raw data we’ve passed to computer — the ANN model as an input to be learnt in
depth.

Milli Kitabxana

Hac1 M urad. Marhoba, marhaba, a kisi, bu zamana adami bels is elormi?

Mohoarramboy. Ay hacy, indiki adamlarda halal, haram nadir? Borc
vermoak nadir?

H ac1Murad. Dogru buyurursunuz, bu saat bazardan galirom. Sohardan o
diitkanin, bu ditkanin qabagini kasdirib, miiamilasiz-zadsiz verdiyim borclari ala
bilmiram. (/mrana) imran, qadan alim, zshmot ¢ak Quluya de gay gatirsin.

imrnn cixir

Moharram bay. Indi de goriim, qardas san na tovr giin kegirirson?

Haci1 Murad He¢ sorusma, monim giiniim it glinii. Adamin bisirib-
diigiirani garakdir, qulluq edani goarakdir, yoxsa nokar-qulluggudan na rahatliq
olacaqdir?

Mahoarroamb ay. Haci, niys evlonmirsan? Bir az 6mriin var, evlon, giiniin
rahathq ila kegsin.

Haci1 Murad Ay sag olmus. Monim 6mriim ke¢misdir, qocaligda na
yorgaliq. Man sana taacciib ediram ki, indiya kimi na ii¢iin evlonmamisan? Allaha
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We’ll achieve this result after training the model through hours of optimizations.

Abas bays daxil olur.

S r s c. Men

tikiInsi soki

Bir aydir ki, gag¢ir.

91l imasarddin. 0glum, na dord girmisam. Sana ac qalib sartins diisdii. Bunu san ns
torafinds ki, ssni bu 6limds hec kiiartini ac¢ib yoxdur ki, pulun qlivve geyri edsr, I Piri
baba, xudahafiz. Yaxsi, ancaq siz 6lssids bir tayirif gedsk bilmeram. Ssraf xanim}nb r e
y n 3 c. Inds ve sag monim kimdsn de?

Hadiloasloa. Iindi da oynarda yuxu gézlayir. Eladir kimi, onunlmadi. Parisi-gsldini
yetarmisanmin.

Hacarxanzim G31 bayim! Mirzsn basina qoy, samims goydar.

Hac1iMur ad. Indi hirriyim yoxdur.

Cingiz. Evds razi 6ziini nandins dolaslardasayaq.

Valiaga. Xeyr, Molla is olma, 9miraslan aganin atdigan dayinin, hazirlar i¢inin
liclin ac q1z1 Dedim da, Seyx 9miraslan aganin listiin naqi¢as dslilsars qucaqladai.

- mitaliyin, Haci Murada man onu qovurya, goriirsan. (Ssnin evlan fikrinds sahbaz bay, tez
basina baydir, a pula hasrat Kazimdsk konmiisdii, goal giila sibinin bunlar kimdsn rahat ol.
Safdoarqulubosy. aliqulu xaste olum i. Ads, tuz hava! Man bir oglan ¢ixar. Ey
sadliqca kisimizdir. zsharfinizi boynudur. Puyur et (sate) Nabat diismeni lals oyaqdir,

Initially, 1 must express that scientific work has to be conducted with special care, attention
showing to teaching quality rather than quantity must be measured as importance and in this regard,
distinguished amongst many universities, to the - Nakhchivan State University, its Architecture and
Engineering faculty, all professor, teacher and staff, that I’d like to thank for helping to strengthen
and deepen my knowledge.

As known, during the time of extensive progress in technology in this Information Age where
knowledge becomes the biggest treasure, this tendency applies also to our country to make youth
dive into the technological professions achieving qualified knowledge by which, increased amount
of activity has spread over country in loT field recent years.

In the last years, one of the trends is ChatGPT technology, which works by Artificial Neural
Networks, opened new opportunities in front of us in many repetitive works, fields of natural
language processing, that in return has substituted many human-executed jobs and is expected to do
more in near and far future by follows which can be guessed by less imagination.

Here it is that instead of coders, we need qualified engineers who can bring innovation which
ChatGPT particularly can’t achieve.

On the contrary the topic of this thesis, exposes the ChatGPT's engineering principles, its most
difficult implementation example of artificial-text generation from scratch. Thus, those becomes
familiar with this work, can prepare similar technologies or new applications working by this matter
and they will witness that such applications can be made possible and then they’ll get opportunities
to use it in useful directions, projects, work.

In the thesis, research has been conducted from zero up to the on-hand results. Conclusions as
being practical, which has been produced limited to the computer's architectural resources, yet has
shown that using Artificial Neural Networks, we can achieve results in many processes that we
could not even imagine prior to it.

Research Objectives

It has been carried out in one directional but in many branches:

Atrtificial Intelligence
Machine Learning
Artificial Neural Networks
Deep Learning
Atrtificial Neurons
Hidden Layers, their Depth
Input & Output Layers
Calculus on Artificial Neural dependencies
Feed-forward & Back-propagation
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Optimizing the Weight of Artificial Neurons
Natural Language Processing / Natural Language Generation
Transformers / Generative Pre-Trained Transformer
Serialization — Pickling of the Model Tensor
The Model’s Overfitting Issue
Encoding & Decoding of Statements and Corresponding Mapping
Importing & Calling of Trained Model
The Loss Estimation
TensorBoard Statistics in the Results Review
Overview of NVIDIA’s CUDA® GPU Technology
PyTorch over GPU - faster Matrix operations
Tensorflow and Keras Insights
and more many divisions highlighted.

Methodology and Hypotheses.

As we know, Atrtificial Intellect has many areas and amongst them there is Machine Learning
and then Deep learning, where in its Artificial Neural Networks exists millions of billions of
artificial neurons in use.

We can implement Deep Learning through many of its formalized Algorithms inside
applications like Tensorflow, which is written in C++ PL, having also Python interface. Alongside
there is Keras which is a simplified and more abstracted version of Tensorflow that has serious loss
in execution performance. Then there is PyTorch written by Facebook, actually isn't new than
NumPy library instead, the only difference is NumPy cannot utilize the very efficient GPU modules
which operates well on Matrix operations, alongside, PyTorch also has Artificial Neural Networks
Classes that eases the process. Cos of it has been written in Pythonic style, it is much easier to use
than its counterpart Tensorflow, in many benchmarks, they have similar performance runs. And
additionally, PyTorch also has a C++ interface if referred.

For the conception viewed in the thesis, PyTorch is going to be used as an application, it
averages well in level of service, easiness, performance and fast-done of work intended. Of course,
for serious runs, Tensorflow should be the choice of use that is more appropriate for achieving high
performance goals.

e Advantages: PyTorch is regarded as a first-class Artificial Neural Network application
service.

e Features: Able to execute almost all the features of Artificial Neural Networks. Similar to
Tensorflow.

e Speed: Although Tensorflow executes quite faster, by PyTorch can prepare the model more
quickly and that can compensate the lost speed on average.

e "Consistency": PyTorch is written in Pythonic style and constitutes the very same principles
with NumPy in data types, operations and even in nomenclature.

Artificial Neural Networks.

Artificial Neural Networks or simply neural networks are inspired by biological neuronal
networks. A real biological neuron, or a nerve cell, comprises dendrites, a cell body, and an axon
that leads to synaptic terminals. A neuron transmits information via electrochemical signals. A
human brain has on the order of 100 billion neurons, with each neuron having between 1,000 to
10,000 connections to other neurons. Artificial neural networks are comprised of abstract neurons
that try to mimic real neurons at a very high level. They can be described via a weighted directed
graph G = (V, E), with each node v; € V representing a neuron, and each directed edge (vi,vj) € E
representing a synaptic to dendritic connection from v; to v;. The weight of the edge w;; denotes the
synaptic strength. It is important to note that a neural network is designed to represent and learn
information by adjusting the synaptic weights (Mohammed Zaki, Wagner Meira, 2020: 647).

DL Algorithms: Transformers & Generative Pre-trained Transformer.
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Figure 1. From “Attention is all you
need” paper by Anish V., et al., 2017

The introduction of Transformers architecture in the “Attention Is All You Need” paper, has
changed a lot in NLP.

In particular, a family of transformer-based algorithms has significantly improved the quality of
results we can achieve on text problems (Raff, 2022: 543).

Generative Pre-trained Transformers, commonly known as GPT (14), are a family of Atrtificial
Neural Network models that uses the transformer architecture and is a key advancement in Artificial
Intelligence powering generative Al applications such as ChatGPT. Organizations across industries
are using GPT models and generative Al for Q&A bots, text summarization, content generation,
and search (3).

Encoding and Decoding Text / Mapping of Letters to Numbers.

Providing the source input of our problem in a TXT file for easiness, that is going to have
4000+ lines of rows of text copied from Suleyman Sani Akhundov's "Secilmis Eserleri" books.

First of all, let's insert this data into our program code.

This time we will split the textual data into 3 parts: "Train", "Validation™ and "Test". but in
matter of simplicity, and easiness of understanding of the execution stages of a Al model, we'll
deduct the Test phase satisfied by the Train and Validation stages.

More after, there is a new function we must write where we’ll use a lambda expression and by
using it, will be encoding and decoding any expression in a certain range of N natural numbers.

For example,

A B,C,D

1,234

Here each single letter is being mapped to a relevant and unrepeatable number.

By this way, let's view a real encoding example on a random textual statement,

More after, again using another lambda expression using in that specific sequence "decode" our
text, I mean decode, we will again get a set of letters to the stack converted.

The purpose of this stage is that by digitalizing a textual sentence which is our writing to be in a
matrix form, then we are able to find its closeness, distance, similarity, etc. with other words,
statements and then identify the loss, cost and optimize our output value.
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Sample Encoding.

cumle_numunel="Buradaki ¢ay fincanlari kimindir?"

chars = sorted(list(set(cumle_numunel)))
vocab_size = len(chars)

string_to_integer_map = {char:index for index, char in enumerate(chars)}
integer_to_string_map = {index:char for index, char in enumerate(chars)}
encode = lambda string: [string_to_integer_map[char] for char in string] #

decode lambda list: ''.join([integer_to_string_map[integer] for integer in 1list]) #

kodlasdirilmis_yazi= encode(cumle_numunel)
print(kodlasdirilmis_yazi)

breakpoint()

C:\Users\shahr\AppData\Local\Programs\Python\Python311\python.exe "D:\NDU dars\Suni Zaka -

[25a 33,1325 3, 5 5, 8 NTA . 0, A5, 53 A4 0L whC AR eg DFE A 90 3 A9 A6, S8, B FC Na 0 gh a5 T 00 ]

> d:\ndu dars\suni zaka - mustari xidmatlari\ng-video-lecture-master\ng-video-lecture-master\gpt.py(78)<module>()
-> data = torch.tensor(encode(text), dtype=torch.long)

(Pdb)

For example, let’s insert the sentence below to that specific lambda encoder expression:

“Buradaki ¢ay fincanlar: kimindir? ”

That will encode the sentence (set of letters), (2, 13, 12, 3, 5, 3, 8, 16, 0, 15, 3, 14, 0, 6, 7,
11,4, 3,11,9,3,12,16,0,8,7,10,7,11,5,7, 12, 1)

That achieves its digital expression like the one-dimensional Matrix above.

And this kind of digital expression will be used throughout the entire Artificial Neural
Network Class, eventually, in conclusion, as we want to generation desired amounts of letters
of plays, decode that output digital expression using the other lambda decoder expression that
will convert it and then we'll store it in our computer's storage.

Constants, Functions and Classes

The functions and Classes we need are the following;

And each Class has methods and some of those methods will be subclassed by getting
inheritance and then change the content of the methods using the polymorphism property of OOP so
that we can perform specialized operations. '

Libraries. import torch.nn as nn

Before everything, let's import the needed library and modules.  fpan FRROR L AR RARET R

And inside these modules, would like to specially note the PyTorch's “Neural Networks”
module. From this module we will inherit an Artificial Neural Network subclass. This time we will
change the values of the attributes, methods of our subclass and so on we will work.

Preparing ""Batch™ of Data to o corucuiveontateyrinnon:

Process e e S

In addition, among the functions e O e’ W i
that we will make, there is "batch" e —
generator - that is, our Artificial print(*ix yigisinde ‘tesdiglems’ dats secildi®)

Neural NetWork model at the same ix = torch.randint(len(data) - herf_hesabi, (coxluIslem_hesabi,))

time can do one OPEration EXECULION,  srimcrionio. ftoncin) ans tentbotcn ize): {cortuteten nesabis®
or can execute limitless amounts of K ApEs RIS

operations (of course using multi- i

threading), in this case, this execution p = (ot 2 ometl, o sosenan o0

limit or size is called batch ("batch" _ o _

execution number) "size". e IR 3.5 Rere BSOS 2

x_inputs_stack_list.append(x_input)
y_targets_stack_list.append(y_input)
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print(f"yigildi (len:{len(x_inputs_stack_list)}) x giris siyahisi:\n {x_inputs_stack_list} \n")
print(f"yigildi (len:{len(y_targets_stack_list)}) y hedef siyahisi: \n {y_targets_stack_list} \n")

x_giris_tensor_obj = torch,stack(x_inputs_stack_list)
y_hedef_tensor_obj = torch.stack(y_targets_stack_list)

x_giris_tensor_obj, y_hedef_tensor_obj = x_giris_tensor_obj.to(cihaz), y_hedef_tensor_obj.to(cihaz)
return x_giris_tensor_obj, y_hedef_tensor_ohj

For example, if the "batch” size is 1, our program at the same time can train only one
Atrtificial Neural Network Tensor.

If the batch size is infinitely defined to work, at the same time infinitely (possible limit)
execution takes in place. In conclusion, we must choose a suitable batch size of choice per our
computer’s resource constraints that will allow us to use resources effectively and avoid lagging the
execution of our computer’s system programs.

For example, the processor oscillation frequency, memory capacity, cache memory size, the
number of logical processors, the number of cores in a multi-core CPU, etc. all counts to
performance hits.

Suitable to these resources, in the current computer, the batch size is determined to be et to 64 it
is possible to train an Artificial Neural Network normally and without massive delays (resources of
the computer in-use: CPU clock speed @2.5 up to @3.5 GHz, DRAM 12 GB).

Word size for Forming Ans

Else that, it’s necessary of the size of the word to be trained. coxluIslem_hesabi = 64

For example, in each training cycle, we can teach a word of say
10 letters (chars) or we can teach a word of 107 letters or 500 letters
where again, the computer in-use, its resources, choosing suitable herf_hesabi = 8
amounts is important.

And that on the computer I’ve used, suitable word size can be seen as the word size of 8 letters
that makes fit for purpose.

Note: In these sizes, exponential of two is not a requirement. Simply, writing this way is more
computer-alike.

Matrices & Linear Operations

Linear Algebra has moved to the center of Machine Learning, and we need to be there (Strang,
2019: 4).

The data often appears in the form of large matrices. The rows of the data matrix would
represent feature vectors for individual input instances. The number of columns would match the
size of the feature vector. The geometrical representation of such an input matrix would be a set of
points (Chaudhury, 2021: 137).

Else that, can say that all processes include the conversion of our writings into digital form - its
matrix formation, and then operations on these numbers of matrix elements carrying out on the
computer done algorithmically training their appropriateness of the sequences those consist of. And
in all operations are being done on the matrices, its elements to obtain results.

This time, let's take a look at Linear Algebra, which is all about Matrices:

What we know from Linear Algebra is it issues problems by turning them into "Linear
function” to solve it. Linear function is a which is by its name has a graph of a line,

y= M*x+ b

M: slope of the tangent-line drawn to the function of y (angle coefficient)

B: y-intercept (y-tangent)

In these problems, digital information establishes exactly in a Matrix form.

Then we’re combining complex clusters in Matrices to stand as a linear function then, finding
its transponder, rang, determinant, nullify, products, etc.
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Activation on ANs / Sigmoid & Rectified Linear Unit functions

The building block for Artificial Neural Networks are Artificial Neurons or Perceptrons. These
are simple computational units that have weighted input signals and produce an output signal using
an activation function (Tam, 2023: 5).

Certain functions arise often while working with probability distributions, especially the
probability distributions used in Deep Learning models. One of these functions is the logistic
sigmoid (Goodfellow, Bengio, Courville, 2016: 65).

1

o(@) = 1+ exp(—=x)

The sigmoid function is used because it maps the interval [—oo,00][—0,00] monotonically
onto [0,1][0,1], and additionally has some nice mathematical properties that are useful for fitting
and interpreting models (Drury, 2018: 1).

During all these operations, the result of Matrices is the probability produced by the computers
ANN model, and its correlation with the expected output is determined in the (0, 1) range by
standard.

To convert any random number into a unique number mapped into (0,1) range, we can use a
Sigmoid function, and its inverse function is Logit function that is referred by Softmax function for
probability estimations. Y = self.ln f(x)

*In early years, in ANN, instead of Logit 155t = set+.1n_head(x)
function, Probit was used which is less optimal.

This way, by we can convert very large  if targets is None:

numbers into a single scaled unique number in loss = None
(0,2) range easily by using the Sigmoid function  etse:
to make more appropriate comparisons between B, T, C = logits.shape
two different ranged values. logits = logits.view(B«T, C)
In contrast, on modern ANN targets = targets.view(BxT)
implementations, Sigmoid function is retired as loss = F.cross_entropy(logits, targets)

Rectified Linear Unit (ReLU) function and its
derivatives (like Leaky ReLU) is more a de-facto
standard cos it is much more efficient and more compact. And our ANN model also uses the ReLU
function as an activation function, too.

Weights & Differentiation

Calculus is more useful in Machine Learning and Deep Learning for using of optimization
techniques like Gradient Descent, SGD, Adam, RMSProp, Ada Delta, etc. techniques will partial
differentiate, it will Equate the minimum 0O value, i.e., 0 slope value, etc. (Sairam Reddy Lattupally,
2018: 15).

Weights are essential concept in Artificial Neural Networks, as in the Biological Neural
Networks; Weight in the ANN acts as a Synapsis joint, its strength in a biological neuron. And the
dependency of a neuron from another neuron, and so forth as they’re correlated makes the change in
a particular neuron’s weight affecting its activation function, so its output and then other artificial
neurons connected to it; That rate of the change of the values actually are differential equations and
solved such.

Estimating Loss.

Sometimes we have to transform or add variables to get the equation to be linear, e.g taking
logs of output. Then we can run our estimation, do model checking, visualize results, etc
(O'Halloran, 2023: 2)

During making our model, determining the value of the cost function and optimize AN’s weights
accordingly, it is convenient to keep an eye on the visualized statistical data and observe its training and
validation losses, and then design our model acordingly to be better and better.

return logits, loss
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@torch.no_grad()
def itkini_hesabla():
cixis = {}
model.eval()
= for ayrim_novu in ['oyretme', 'tesdigleme']:
itkiler = torch.zeros(deyerlendirmeIterasiya_sayi)
for k in range(deyerlendirmeIterasiya_sayi):
X_giris_tensor_obj, Y_hedef_tensor_obj = coxluCutluk_topla(ayrim_novu)
logits, itki = model(X_giris_tensor_obj, Y_hedef_tensor_obj)
itkiler[k] = itki.item()
cixis[ayrim_novu] = itkiler.mean()
model.train()
return cixis

Optimization Techniques.

The Artificial Neural Network model is required to be constantly optimized. There are many
more commonly used algorithms that we can use.

This time, we’ll use as an Optimization function called “AdamW” Algorithm to solve our
problem.

L = ol ] el ‘-[.—. L L L L — L L -_ - -\.-:l L Lhirdd L oL

optimallasdirici = torch.optim.AdamW(model.parameters(), lr=oyrenme_tezliyi)

optimallasdirici.zero_grad (set_to_none:Tr‘ue)l
itki.backward()
optimallasdirici. step()

print(f"-> itki {itki_hesabi_sirasi} hesablandi; {time.time() - zt_itkilerl} san. kecdi")

Token Generation. —
In context of deep learning the Iogltsdef 98”8“’“‘( %F. 1ox, CREEECICNR SEOED) -
layer means the layer that feeds in to Softmax .. i;’;;nge(enm yen{token) )

(or other such normalization). The output of idx"t0 t

the Softmax are the probabilities for the ?dx-°°ﬁd”"*Fi"“‘*"ﬁhesabi:]
classification task and its input is logits layer. Sl S, SRR, ol
The logits layer typically produces values Z Ly on the lost tis
from -infinity to +infinity and the Softmax Ll = toatieli, 3 A heces
layer transforms it to values from 0 to 1. probs = F.softmax(logits, din=-1)_#

(Shah, 2008: 5).

After training our ANN model up to a v
certain level, we can generate results from the 14 S EGERSEECTITK, SBLAERED, STesT) 3
model in size (token number up to) we like. return 1dx

For example, after training our model, effectively optimized it, then, we can get 10 thousand
token size of result and we can output this result to computer’s external memory or Console's
STDOut screen so that we can see the newly generated artificial-play.

Here, before outputs it, we must also decode that digitalized textual content making it human
readable by letters using the lambda decoder expression we’ve set aside previously.

Exporting Generated Artificial-Text

Then, by opening that file with Python's file open built-in function and in the "w" writing
mode (or in "a’ append mode), we can write that readable textual data to the given file. Then
open it either explicitly or using "with open()” context manager to auto-close that file by “with
decorator after using it.

idx_next = torch.mul}}no@ial(probs, num_samples=1) #
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print("\nmodel hazirlanir...\n")
context = torch.zeros((1, 1), dtype=torch.long, device=cihaz)

hpen('neticeS_lOkItePation.txt', W encoding:'utf-B').whipe(

decode(m.generate(

context, enCox_yeni_token=enCox_yeni_token_saxlanc)[0].tolist()))

Preserving Trained Model’s State.

Here the nuance to be known is that by training our ANN model and each time computer when
closes or the Python program terminates, our model’s trained state, the optimized weights Graph all gets
lost.

What we know is training an Artificial Neural Network model is difficult and consumes
enormous amount of time so that it is very important that we should we retain the model’s state,
restore back the optimized weights graph and so on.

As ANN model is a Tensor Class object, and isn’t a casual data-file, if tries to write and read it
normally, its structure disappears.

For this reason, in order to preserve the model’s state and keep it for further use to be operated,
trained on next run, rather than starting the model from scratch each time, we must serialize and
only then save in the storage.

It is that as a "serializer” module in Python PL, Pickle is a nice library.

It lets us to serialize try:

any data object and store pickle.dump(model, open(pickled_faylAdi, 'wb'))
and retain its structure. So except:
that our model now can print("Xata bas verdi: ", Exception.__name__)

continue to train over its previous state and increase the accuracy of outputs’ correlation.

Logging & Plotting Statistical Data using TensorBoard.

In order to train a successful model, let’s use the TensorBoard Statistical Plotting library. In
each iteration, let’s add the useful parameters like validation loss, training loss, cost (error) values
respectively, iteration count, etc. And then let’s open up the TensorBoard application in a Internet
browser window in its address at <localhost://6006> which shows all the statistical data files in the
opened Web Root Directory that has ".tf' file extension (recursively) and shown in a nice Web GUI.

That statistical information can be in the following styles as has been selected,

v" Linear Regression, Histogram, HeatMap, and etc.

In every training, we store the iterative information in the end of the program inside computer’s
storage unit, and then we can always open up the TensorBoard application to extract statistic data in
beautiful charts, plots and look, observe the patterns.

And each time, for example, loss of the result and in which iteration, in which values, in what
sizes, cost, that it has been validated over time; decreased or increased, or maybe has been constant
over time by looking at easily understandable graphical interface that helps us to optimize our ANN

model by those comparative charts, plot results carrying useful information bring value to our
work.

writer = SummaryWriter ()

from torch.utils.tensorboard import SummaryWriter
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.add_scalar‘("itki dlciist / Coxlu Oyratma hesaba'; ditki, cari_iterasiya)
writer.add_histogram("Histogram: Itki 6lciisi / Coxlu Oyratma hesabi", itki, cari_iterasiya)

writer.flush()
writer.close() # programin sonu oldugu ucun artiq SummaryWriter obyekti lazim deyil
print("\n == program sonlandipildi. ==\n")

Results Over Time.

10.709077 M deyisen vahid v' 10000s of iterations
calisma ve yoxlama verilanlerinin itkisi hesablanir... v’ size of batch up to 256
step @: train loss 4.6420, val loss 4.6524 v’ optimal 8, 16, 64 word size
itki 1 hesablandi; ©.4518030746459961 saniye kecdi

itki 2 hesablandi; ©.39800119460024414 saniye kecdi

itki 3 hesablandi; ©.4120004177093506 saniye kecdi

itki 4 hesablandi; ©.5359959602355957 saniye kecdi

itki 5 hesablandi; ©.45799946784973145 saniye kecdi

itki 6 hesablandi; ©.46699953079223633 saniye kecdi

itki 7 hesablandi; ©.5339932441711426 saniye kecdi

itki 8 hesablandi; ©.5130043029785156 saniye kecdi

itki 9 hesablandi: ©.4638086421966553 sanive kecdi

> itki 1648 hesahlandi; 1.876067430114746 san. kecdi itki 499@ hesablandi; @.36742711067199707 saniye kecdi
-> 1tki 1649 hesablandi; 1.8753221035003662 san. kecdi itki 4991 hesablandi; @.3640761375427246 saniye kecdi
-» itki 165@ hesablandi; 1.8918721675872803 san. kecdi itki 4992 hesablandi; 0.3597908020019531 saniye kecdi

step 165@: train loss 1.5285, val loss 1.7984 ) .
P f itki 4993 hesablandi;

4]
%}
0
0.3835313320159912 saniye kecdi
> itki 1651 hesablandi; 1.0227688312530518 san. kecdi itki 4994 hesablandi; @.3466768264770508 saniye kecdi
-> itki 1652 hesablandi; 1.8757972717285156 san. kecdi itki 4995 hesablandi; ©.36986446380615234 saniye kecdi
itki 4996 hesablandi; ©.35323977470839795 saniye kecdi
0
4]
(%]
1
0

itki 4997 hesablandi; @.3623039722442627 saniye kecdi

- ) . itki 4998 hesablandi; @.35173678398132324 saniye kecdi
-> itki 1698 hesablandi; 2.009012460788618 san. kecdi s . . .
_» itki 1699 hesablandi; 2.0344324111938477 san. kecdi itki 4999 hesablandi; @.37417173385620117 saniye kecdi
oy bk i 1.0590061012268066 san. kecdi Step 4999: train loss .b301, val loss 2.0775
!!!w itki 5000 hesablandi; ©.3762967166900635 saniye kecdi

|
program sonlandirilir... m 1l 3 r (i¢inde axirimizi, san ki, bu diinya sala bilmeram.
S—

S 8 v k 3 t. Cafar taba Qulu, gadrimin pinin ami, ifa etsin.
Psricahangiraga. Yaxsi, gorirssn?
model hazirlanir... Piri bab a. Hac1 Murad ov deyirlsr.

—_ Z 6 h r 3. Qamer da sen Masedi Safdsrqulu bay, bu tarafden pardslar sizs alacs
Yagisli dovlatds men siz els burada ¢alismayiliq. Man men bundan artiq giivwa h
iki, bax, na deyir.

Bahadiyq. Qsmer bay, golsin, rshmat istaysrssn bsy danisan kommunxoz gali
Sahb

Exploring TensorBoard Stats T

mlar (iginds axirimzi, san ki, bu diinya sala bilmaram.

To view the TensorBoard results, run it in the CLl....
inside the appropriate directory like this,

> tensorboard -- logdir=runs

Then as its local Web Server will be initiated in that
window, you can enter its Web GUI at,

<http://localhost:6006>

address in the Internet browser window. That opens up
results, their full logs we can see. TensorBoard application
plots various type of graphs, e.g., a Distribution centers,
Scalars, Linear dependencies, Histogram view, HeatMap,
etc.

* It is required to install TensorBoard and its
dependencies must also be in place:

Plot 1: At the expense of initial loss per
iterations in a Scalar graph.
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> pip install torch torchvision tensorboard
Let’s observe some momentary graphs visualized in 2D plots,

Histogram: itki 8lgiisii/ Goxlu Oyratma hesabi (yeni)
@ Apr16_13-56-08_Q...

*
0.00

0.05 0.15 0.25 035 045 055 0.65 0.75 0.85 0.95 1.05 115 125 13h378 145 155 165 175

Plot 2: Initial result on Histogram.

Histogram: itki 6lciisii/ Goxlu Oyratma hesabi

@ Apr16.14-0221.Q..
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Plot 3: After thorough training spanned around 5 days having mean ~1.7 VL.
Hlsloi ram: itki 6Iiijsu / Goxlu Oyraetma hesabi Histogram: itki 8lgiisll / Coxlu Oyratme hesabi
Apr16_14-02-21_Quilu
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Plot 4: Distribution centers on separate runs.
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Coxlu Gyratma hesabi
tag: ltki élgiisii / Goxlu Oyratma hesabi

0 50 100 150 200 250 300
Plot 5: Multiple runs on the same Scalar throughput as VL stabilized after ~150th iter.

“Overfitting” issue

The danger in the training process is that your model may overfit to the training set. That is, the
model might learn an overly specific function that performs well on your training data, but does not
generalize to data it has never seen (Solawetz, 2020: 5).

We’ve trained 4 thousand rows of data consisting of plays only. If we set the iteration count
around 1 000 000 which in turn makes the execution weeks ahead non-stop consuming of entire
processor or graphical processor with huge amount of memory attached to it. As it can be seen, it is
a costly process. For example, the OpenAl research group has said to be spending hundred and
twenty million US dollars to their computer infrastructure in order to train 175 billion of hyper
parameters in 96 layers for their ChatGPT-3+ implementations. So, it is best to train it in its best
and not over-train it, as the concept of overtraining is important in many aspects.

The thing is if our model trains more than enough, it is going to cause a noise in the generated
data which makes the outputs become irrelevant to the expectation on raw data patterns even though
it has learnt very well but cos of it does not generalize our input layer it’s useless. In this context,
the type of the data is also very important.

By looking at the train and validation loss plots, we can easily see the overfitting issue to start
solving it (Carpathians, 2022).

el — ftraining_loss
450 4 validation_loss
400 A

350 1

300 A1

250 1

\
200 4
150 A
0 200 400 600 800 1000

num_epochs

Plot 6: Depiction of "overfitting" during learning.
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Architectural choice / GPU or CPU in-use

cihaz = 'euda’ if torch.cuda.is_available() else 'cpu|'

As mentioned earlier, all of these can be achieved in NumPy without using PyTorch at all.
Because all data processing tools in PyTorch are available in NumPy even naming is mostly the
same. And working principles are also the same.

However, additionally, if uses NumPy, we have to write our Artificial Neural Network Class,
Optimization algorithm, Loss function, Cost function, etc. all to get the job done or have to find
external libraries doing it to import. But all is possible, right. NumPy does the job right and slightly
faster than PyTorch in those regards (in the best practice).

However what NumPy cannot achieve at all is impossibility of utilizing GPU resources because
NumPy was written in early days where GPU wasn’t a thing. And in years of high tech and higher
and higher density images produced in modern cameras, and graphing standards topping up
required stronger GPUs and now they are sometimes stronger than general-purpose CPUs,
especially Microarchitectural support for Matrix operations in modern GPUs is fantastical (14).

And in Artificial Neural Networks almost each object is a Tensor and lots of Matrices move
around and if used GPU for these operations, the time consumed to train the model at takes
comparatively much lesser time than in CPU.

That’s what makes each ANN application like Tensorflow, PyTorch to add direct support for
processing on GPU to perform operations in shorter period of time.

Because NumPy was and is brilliant library and its lack of GPU processing, PyTorch came
around and it is sort of, NumPy + GPU + ANN libs inner-integrated.

And the benefit of using Tensorflow over PyTorch is its much better utilization of GPU
effectively, too.

Conclusion
As we can see, the initially, the generated artificial-text was only a set of characters denoting no
meaning.
And after all, the structure of the generated artificial-text depicts the higher rate of
similarity with the original plays of Suleyman S.A.
Again, this is the result with around 1.7 validation loss.
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mMollaNssraddin. vali bay tarafs kegir.

Samsibay. AMolla Nesrati ¢okibdirar.

Ulug. 0, cataraq lazi olmaq lazimdir.

omiraslanaga. Uca kommunxoz ivasini ¢agirir.

B ul ug. Xoga dorvergila Arvad, barol galir. Basib behraba edssan, sanam.
Hac1iMur al., albatta, burax, garak, yena men da smyar eds bu diinya mani gdyiirmamis!
0§ ul u. Eybays, olimls yatibdir. Bu fshla edir, yetsr, onu var.

Agasaleh. Sana, zohsr, omir kassalih olmali gardasin ciird onun ligiin saxs
anlamiram. Qolx-gara" onun iizerina sahidlamayi da Heydar riik ehtiyaci nigara edim,
baslarin yens ds nadir? Bunun xarclsr taraf giil basli tehran ola bilmarra oxuyur.
Hac1Mur ad. Ortov qorxud-qaemstlsr altini anlayan arasin xdraydini-faliys verirem
vardirsan, burada oynayir.)Beyoldan bu saat bizi tutacaglar. Giilzar bayragin gabra
Pullarin haqgq-qoca gedir.) Tez gal giil iizlsrins baxt bsla gatir.

Heydarbaslay1 Nabi. cabi, Cingizdsn bir terafdan rica etmislar, bu saat
taraf xatani bir kand deyil. Paricahanin Gvladindadan kenara). ca farqulu.
Karbalay1, garsk harfa giilar axtarsan,

inden ns isds ds qurbanslsr bilmarsm, bu sanindir siilh sizdsn bir aydani Qibleyi-ilam. Bu
giinlin artiq miisalman edacakdir. Aziya qizi Ordun ¢algi¢ilara). Bas biz bextiyi satamdir
ki, manim i¢lin gondsrmis! Ssn hara pis qoy imis ki, Qafar ¢akssn, o giica imrandin ns
deysram, mehriban va geyrstls zamaniski diinya azeddin hafts ns halda gdriiram? Din miipadar
ki, Govhar da, menmaram, ssna bir balaca miisalmanhizlat deyillar ki, diinyayo na taraf
galirlsr giillalays veracaksan. Qospada, burada Cahangir!

amiraslanaga. Hacar xanim ki, son niys pisetidir. Qorxma. Man bdyiik Karbalay1
Nabi gal.

Pirilslalsa. piri baba, Cahangir aga lazim, siz arvadi. Asahliq mens qoca
Nasraddini ¢ox xilas edir. Ha, indi Qsmer, qoysplodur ki, giiliisibdir middvat etdir,
Aparlarimin da gozlayiram kisilarmi?

Masadisafdarqgulu. Yasamen aski gapr aparsalar.
amiraslanagasSaleh. Bufori dediyimdan gétir, qoymaram, bihayalatimda
badbaxt adamlardan kimi, vali deyir ki, tabistim cox sasindan sad o genbara kopakliyi
raqim yoxdur. Qiz ns darvisdsn $axs namoglu onun yiiksak bir xabari savelicasini
istayirsiniz. Maral xanim kiigalari biz arlarig.

Cahanxtarbayx, bacim, san buradan sindirar. Dina basia diismandan dziin
iibisan?

Gilzarbalay1 Nabi. dylssiniz onun mekkan na dua burada bazani hokmatlar
Qulu aga! Tabrabes.

Cafar, hals ora saxlamaq iistiina bir seylsrina yatirlar.

MollaRahinm Abalam, men onun aldib gayragin, onsuz yoldaslarini gostsrir, q u 1

We have examined and has shown the way artificial-text is generated by Deep Learning’s
Transformer Algorithm, resembling the Generative Pre-trained Transformer (a.k.a. GPT) by
OpenAl, which seems to be used by masses in near future to produce not only textual content
but also, to generate many kinds of data artificially.

Future Research Directions

Having a computer with higher amounts of resources, such as,

» CPU oscillation frequency near 5 GHz

* DRAM over 20 GB

» Multiple GPUs with NVIDIA CUDA technology could use higher batch size, longer word
size, more complex Optimization Algorithms and then can generate more meaningful statements, or
use for other useful or more specific research in different text-oriented fields, or Semantic
translational analysis tools.

On the basis of these problems lays the computer resources because in a home laptop or a PC
it’s just impossible to run millions of hyperparameter, hundreds of hidden layers, complex ANN
graphs, is practically impossible. As it takes enormously huge graph and each artificial neuron has
separate weight calculation, differentiation, optimization, cost, lost, gradient analysis done in no
time inside ALU. If CUDA is used instead, which is a precious GPU architecture designed by
NVIDIA, can speed up the process by multiplies of hundreds but it still requires more DRAM, more
GPU clock speed, more and more resource, that’s where Supercomputers come along, and they are
used for real ANN computations in many companies who affords to buy millions of bucks of
computer systems.

In the end, it is yet Von Neuman architecture, doing operations one by one in sequential order,
using multi-threading to separate 10 and ALU operations by timing, using Pipelining Architectures
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for efficient utilization of modules, and in future, real implementations of multi-processing
architectures which is still experimental and by far, Quantum computers might get along the road to
enable home users maybe be able to run ANN effectively in their laptops to explore and maybe find
out new patterns of our magical world.

References
Mohammed, Zaki, J., Wagner Meira, Jr. (2020). Data Mining and Machine Learning.
Cambridge University Press, 647 p.
Raff, E. (2022). Inside Deep Learning: Math, Algorithms, Models. Manning Publications, 543
p.
https://aws.amazon.com/what-is/gpt/
Strang, G. (2019). Linear Algebra and Learning from Data. Wesley, Cambridge Press, 4 p.
Chaudhury, K. (2021). Math and Architectures of Deep Learning, Version 10. Manning
Publications, 137 p.
Tam, A. (2023). Deep Learning with PyTorch, Machine Learning Mastery series, 5 p.
Goodfellow, 1., Bengio, J., Courville, A. (2016). Deep Learning, MIT Press, 65 p.
Drury, M. (2018). Logit over Sigmoid. StackExchange, 1 p.
Sairam Reddy Lattupally. (2018). Calculus in Machine Learning and Deep Learning. Quora, 15
p.
O'Halloran, Sh. (2023). Logit, Probit, Sustainable Programming. Columbia Edu, 2 p.

. Shah, Sh. (2008). Logits in Machine learning. Stackoverflow, 5 p.

Solawetz, J. (2020). Train, Validation, Test Split for Machine Learning. Roboflow.
Carpathians, A. (2022). Train Deep Neural Nets ten large datasets. Github.
https://blog.wordbot.io/ai-artificial-intelligence/a-brief-history-of-the-generative-pre-trained-
transformer-gpt-language-models/

Received: 07.03.2023 Accepted: 28.05.2023

96


https://aws.amazon.com/what-is/gpt/
https://stats.stackexchange.com/users/74500/matthew-drury
https://www.quora.com/profile/Sairam-Reddy-Lattupally
https://blog.wordbot.io/ai-artificial-intelligence/a-brief-history-of-the-generative-pre-trained-transformer-gpt-language-models/
https://blog.wordbot.io/ai-artificial-intelligence/a-brief-history-of-the-generative-pre-trained-transformer-gpt-language-models/

