Business Intelligence Management Studies

Vol. 14, No.53, Fall 2025; P 205-238 ATU
ims.atu.ac.ir Dpd PRESS

DOI: 10.22054/ims.2025.83291.2549

Decision Support in the Crypt currency Market with
Conditional Probabilities: Maximum Likelihood and
Bayesian Belief Networks

Ph.D. Candidate in Information Technology
Management, Department of Information
Reza Hosseingholizadeh Technology Management, Science and
Research branch, Islamic Azad University,
Tehran, Iran.

Associate Professor, Department of

Y Information Technology Management,
Mahmood Alborzi Science and Research branch, Islamic Azad
University, Tehran, Iran.

Professor, Department of Information
Technology Management, Science and

Abbas Toloie Eshlaghy Research branch, Islamic Azad University,
Tehran, Iran.
Hamid Zargham Associate Professor, Department _of T_ouris_m
L Management, Allameh Tabataba'i University,
Boroujeni Tehran, Iran.
rbstr act

Forecasting cryptocurrency market trends remains a significant
challenge due to its fundamental differences from traditional
currencies. This complexity arises from the interplay between
conventional financial indicators, advancements in information
technology, and government macroeconomic policies influencing
market acceptance. This study introduces a novel decision support
framework that, rather than analyzing individual cryptocurrencies,
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focuses on the overall acceptance of the cryptocurrency market. The
proposed approach enables a more precise and realistic assessment of
market trends, facilitating the generation of buy and sell guidance
tables for any specified time interval. To achieve this, maximum
likelihood estimation and Bayesian belief networks are employed,
allowing for a comparative analysis of these methodologies.
Additionally, a high-edge-strength Bayesian belief network is
constructed from the generated networks to enhance prudent trading
decisions. The method is validated using 1155 weekly and 484 daily
time points across 21 cryptocurrencies with the highest market
capitalization, covering two periods: the last quarter of 2024 and
March—-May 2025. The findings demonstrate that the proposed
framework, with its high precision, accuracy, recall, and model
robustness, supports buy and sell decisions with an average accuracy
of at least 78% on a daily basis and 64.5% on a weekly basis. This
approach offers a valuable tool for navigating the dynamic and
uncertain nature of the cryptocurrency market.

1. Introduction

Centralized banking systems are governed by central authorities, such
as central banks, which manage monetary policy, interest rates, and
financial regulation to stabilize currency fluctuations. Conversely,
decentralized financial systems, prevalent in cryptocurrencies, operate
via distributed networks where decisions are made by multiple entities
using blockchain technology. These systems exhibit higher volatility
due to the absence of regulatory control and market sentiment
influence. The complexity and volume of diverse information required
for decision-making in the cryptocurrency market present significant
challenges. Traditional technical and fundamental analyses, based on
commodity markets and conventional currencies, are insufficient for
these new dependencies. To address this, we propose using
conventional machine learning techniques, specifically artificial
neural networks, to enhance prediction accuracy while mitigating
complexity. However, the black-box nature of these models limits
market insight. Our approach involves creating a joint probability
distribution function to consider variable interdependencies, providing
a comprehensive analysis by simultaneously evaluating multiple
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variables. Integrating this function into predictive models improves
accuracy by accounting for market factor interactions. We compare
the efficacy of maximum likelihood estimation and Bayesian belief
networks in terms of accuracy, precision, recall, and robustness.
Additionally, we present a method for generating a buying guide table
to support cryptocurrency trading using conditional probabilities. This
approach offers significant utility in adapting to the uncertainties of a
decentralized economy while reducing reliance on traditional
methods.

Research Question(s)

How effectively does maximum likelihood estimation predict the
buying and selling prices of cryptocurrencies?

How effectively does Bayesian belief network estimation predict the
buying and selling prices of cryptocurrencies?

What is the optimal structure of a Bayesian belief network for
predicting buying and selling decisions in the cryptocurrency market?
Which estimation method maximum likelihood estimation or
Bayesian belief network provides superior predictive accuracy for
cryptocurrency prices?

Can a decision support guide table be developed to assist
cryptocurrency market participants in making informed buying and
selling decisions?

2. Literature Review

2.1. Maximum Likelihood Estimation

Maximum likelihood estimation is used to estimate model parameters.
It identifies the parameter values that maximize the likelihood
function and indicates how well the model explains the observed data.
This behavior has made it a fundamental technique for developing
accurate and reliable predictive models. Maximum likelihood
estimation is known for its desirable properties such as consistency
and efficiency.

2.2. Bayesian Belief Networks

Bayesian Belief Networks, on the other hand, are based on strong
mathematics and are a reliable tool for modeling and probabilistic
reasoning, and they work by taking advantage of the following
advantages.
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2.2.1. Comparing Bayesian Belief Networks and Maximum
Likelihood Estimation

Both are vital tools in statistics and machine learning, but they differ
significantly in their applications and properties. Bayesian belief
networks are probabilistic graphical models that represent conditional
relationships between variables through directed acyclic graphs. These
networks are very useful for reasoning under uncertainty and
predicting and understanding probabilistic relationships between
variables, especially in domains where causal relationships are
important. In contrast, maximum likelihood estimation is a powerful
method for estimating the parameters of statistical models.

3. Methodology

Maximum likelihood estimation with a simple structure of random
variables can be performed analytically (for straightforward models)
or numerically (for more complex models). The log-likelihood
function is frequently used to simplify these calculations. To
implement this step, we employed the Naive Bayes classification
model. Conversely, the structure of Bayesian belief networks
comprises nodes (representing random variables) and directed edges
(indicating conditional dependencies), generated through structural
training based on constraint-based algorithms. Each node has a
conditional probability table detailing the effects of its parent nodes.
Bayesian belief networks utilize algorithms such as belief propagation
to compute the posterior probabilities of variables based on observed
evidence.

4. Results
Following structural training, the joint probability distribution
function Fd is generated as per Equation 1, where Pd denotes the
probability symbol. Subsequently, using parametric training and the
Bayesian tree classification algorithm, we construct the Bayesian
belief network illustrated in Figure 1.

F4(P,0,C,L,H,V)

= Pyg(P) x P4(HIP, C) X P4(O[P) x P4(C|O,P) (1)

X P4(V|IC, P) x P4(L|C, P)
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Figure 1. Bayesian belief network after structural and parametric
training for daily data
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We tested the method in terms of accuracy, precision, and recall with
the remaining 20% of the data. To examine the robustness of the
model, the above operation was repeated four times (randomly) and
the results are shown in Table 1.

Table 1. Four iterations for daily data to check the precision,
accuracy, recall, and robustness of the Bayesian belief network.

Iteration Accuracy precision Recall
First 0.7320 0.7313 0.8587
Second 0.7010 0.6986 0.8793
Third 0.7319 0.8654 0.7031
Fourth 0.7527 0.7142 0.8333

5. Discussion

In this study, it was shown that Bayesian belief networks
outperformed the maximum likelihood estimation-based classification
method in terms of precision, accuracy, recall, robustness, and ROC
and AUC metrics. In addition, Bayesian belief networks offer another
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advantage over maximum likelihood estimation due to their ability to
model and represent the relationships between nodes (random
variables).

This study adopts an innovative approach, instead of focusing on
the analysis of a specific cryptocurrency, to examine the entire
cryptocurrency market as a subject. This comprehensive approach
allows for a more accurate and in-depth analysis of market dynamics
and helps researchers and decision makers gain a more reliable
understanding of macro-market changes and trends. It should be noted
that in previous studies, this issue has been mainly investigated by
using media news and entering them as independent random variables,
a method that is not consistent with the basic principles of Bayesian
belief networks, especially in the context of the condition of
independence of variables.

In addition, this research facilitates the intuitive decision-making
process by providing a method for generating a qualitative and de-
numerical table. This method is designed to enable decision-makers to
make better decisions. In other words, this research not only
contributes to the enrichment of the scientific literature in the field of
decision-making, but also provides practical and applicable tools to
facilitate decision-making under uncertainty.Finally, by generating a
Bayesian belief network with strong edges, we have produced a belief
network with high reliability.

6. Conclusion

The main limitation of this study is related to the lack of dynamics of
the network and the inability to predict continuous future trends to
predict future paths. In order to overcome this limitation and as a
suggestion for future research, the Bayesian belief network introduced
in Equation 5, which has high-confidence edges, can be used as the
initial belief of the community under consideration. The outputs of
this network can be used as the initial conditions for the agents in an
agent-based simulation. In particular, the authors propose to exploit
the agent-based method of opinion dynamics in the continuous mode.

Keywords: conditional probabilities, crypt currency, maximum
likelihood estimation, Bayesian belief network, decision support.
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1 Receiver Operating Characteristic (ROC)
2 Area Under the ROC Curve (AUC)



VEF Saly | oY oyl | oanler Ju | diadga ) g o s Slllas | YYA

G 23 aKd By sl s ) Colew s ROC o 1 IS

~ 2 4 =
x o -7
£ ® / R
g ° -
T o e -
: 31
> < / P
‘% o ///
N -7
s © _-7 AUC =0.85
> //
F 9 AL~
© T T T T T T
0.0 0.2 04 0.6 0.8 1.0
False Positive Rate (FPR)
ey iy By Sl e 5 Colaw g ROC o Hlsged vV ISS
S
xr - _-7
& o / [P
N—r' o -
o) -~
-~
g g — //"'/ ///
() -
> < | ’_/ ///
@ © -
@) ~ //
T oS- -7 AUC =0.84
> _-
F 9 NiL-
© T T T T T T
0.0 0.2 04 0.6 0.8 1.0

False Positive Rate (FPR)

Laosls gl sl 53 awglin b LIS pliladl 555 b (s5m sk slaaSs W 5
33 o e lie IS8l 43 S il (0 JS) il 5 (slaesls 5 (F JSC8)  Saia
Ot oals JL Y 53 3 alis JLA 3 Hlacger Jb A SIS e o iolad |, S0

.v\.;)‘.}



YA | O1)Ken 5 0315 igmm b s Szt b 51505 13 55 ool (St

S 9 6150, m ssk 4 Al N IS

5150 S ol &Kt 55 a5 (Jlazt Hie) bl 1S a &yl dnlows |
4 by S sl a8 e ar Sl el 1 F S Y U 4 (S

43‘}3) ‘_;Uhe:‘: 6‘,3 LQJL& (J\.@.‘.’?‘ J|.\£A) QJJ.S A J}J?

# From To Strength

1 P H 2.710403e-08
2 C H 1.057543e-60
3 P O 2.661608e-09
4 O C 1.529443e-72
5 P C 1.193610e-44
6 C Vv 2.242027e-09
7 P Y, 6.219013e-02
8 C L 4.695342e-54
9 P L 3.350230e-04
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Showing 240 to 249 of 486 entries, 7 total columns

S S 5 Lo
($3T30 (o (s L1 (65 sl SLaaSas &5 U 3l Ot s ol o
e 3551 2 (e i B5) 4 Coed AUC 5ROC (slaslns 5 plSouzl
OLEbB 4 a5 b (65 sk el o)z oo iyls 55 1 3 Shes glesitum s

33 L;j_iia Co o ((2olead (sla i) Lhoj.? Ol Oyl il 5 ilwdde 5



YOY | O1)Ken 5 0315 igmm b s Va1 b 51505 13k 55 el (Slestiy

S e il sl s aliis 3551 5 b awslis

(P 5155 & o S 05 Gl 5T 5 (63 s,y SBT Lt o
C\_?gj_ﬁi,)ﬁ\.g._wu;\;,b_sw,ﬂ;,yCﬁ;yo\ygl,u;,\w,upy
3018t a5 03,5 @l 1 5k slacSialys 5l s Gees 5 5383 S O
luUL,L;La.uj,,o\mxj\éﬁc;*bs,>uu@¢§ﬂso\fxﬁfﬁ@
o3liul 3 b 5l e dlis ol et Slalllae 53 &8 ol S5 4, o3V 55T sy
(ol 0l oy Js 5Lzl (Gla yuiie Ol e OT 05 57 5515 5 adily HLs 5l
o La e Il b5 e 53 054 (g ok eSS sl J gl LS g,
Syl Sl

ol glajade 5 &S sl A5l sy S Gl plpl g esdle
S ol oded ool b sl S s ol S a1y (65 s Ay
s ol SR ke s 31 6 BT Slerenas Ll 08X, vanad
3 hoe Ll 4SS oSS (8 el e 3 oo Slusl L« L
..u.su.»ﬁl)lc,:x)e_ér.xp.lzi\ﬁ);L;;MJ:@.J‘_;UIJL;;JUK

YL CbB L oS oSG 608 sladl b s sk a8 o5 5 L ecalgins
peles ST 5 Ol

Lg\ﬂoJ_QTw%Lghbj)ﬁﬂ%lé(waM opl el Cosgdoa
6;%0‘;&4_5)C_,_l.a_gmalé))}ﬁ.ﬁg.sﬁdn.bﬁf ST s s
Slls a8 0 adslae 53 ol d o5 jae S sl s Ol5 oo ol T la gt 6l
Sb o) Sl s 2 035 o3linal canalr adsl 5L O siea ol YL Oliebsl L gladl
S5l 65 55 (Lajl5e)) Joalse la S 505 sl adsl sl 5 Ol sy il 5 oo
il Ol Jale s 5l duas go slgiiy OB dws 5 o 34 1358 43 5 1S Ol ule

.:jjé)\sﬁajew}idbjadilic



VEF Saly | oY oyl | eadsler Jlu | iadga ) g o e Ollas | YYS

e’bﬁ ool
3 5 s sl G, S I g s g opl s e ol 4;;@
el 0L oml 5L ol 3le 5 baais SR (g 5aal 5 0L Jams 55 55 aL1) gla

el a3 S
ORCID
Reza Hosseingholizadeh http://orcid.org/0000-0001-8417-5972
Mahmood Alborzi http://orcid.org/0000-0001-6619-992X
Abbas Toloie Eshlaghy http://orcid.org/0000-0001-6050-1016

Hamid Zargham Boroujeni http://orcid.org/0000-0002-6624-5268


http://orcid.org/0000-0001-8417-5972
http://orcid.org/0000-0001-6619-992X
http://orcid.org/0000-0001-6050-1016
http://orcid.org/0000-0002-6624-5268
http://orcid.org/0000-0001-8417-5972
http://orcid.org/0000-0001-6619-992X
http://orcid.org/0000-0001-6050-1016
http://orcid.org/0000-0002-6624-5268

YO | O1)Ken 5 0315 Migmm bun o s Va1 b 51505 13k 55 ool (St

&b

e DYl 53 o 08y i adaily e OFr0) L e aly ¢ el 31y o )
e anlllae oS 10T (655 6 S ks skt e e 5 L) S
L10(37), 347-372. dOi: e i po 59 aS Co yots Slallls a4 5 s
10.22054/ims.2021.61455.1982

) e s 0l ole LS ol 03 ammn (65,01 L 0315 i Y
Olelllos aolibos . gz 01 853 5 agrl o 03 01l 6 K 8 Olaicsd Llis by
. doi: 10.22054/tms.2022.69532.2746vV-fV (5 )Y ‘&;ﬁ)j—(&;ﬂxv&

References

3. Amirzadeh, R., Nazari, A., Thiruvady, D. R., & Ee, M. S. (2023).
Modelling determinants of cryptocurrency prices: A Bayesian network
approach. arXiv preprint. https://doi.org/10.48550/arXiv.2303.16148

4. Amirzadeh, R., Thiruvady, D., Nazari, A., & Ee, M. S. (2024). Dynamic
Bayesian networks for predicting cryptocurrency price directions:
Uncovering causal relationships. arXiv preprint arXiv:2306.08157.
https://doi.org/10.48550/arXiv.2306.08157

5. Ayitey Junior, M., Appiahene, P., Appiah, O., & Bombie, C. N. (2023).
Forex market forecasting using machine learning: Systematic
literature review and meta-analysis. Journal of Big Data, 10(1),
Article 9. https://doi.org/10.1186/s40537-022-00676-2

6. Beato, F. (2024). US unveils new tools to withstand encryption-breaking
guantum. World Economic Forum. Retrieved
from https://www.weforum.org/stories/2024/08/us-tools-encryption-
breaking-quantum-computing-nist/

7. Durga, P. V. V., & Anusha, G. (2024). Predicting cryptocurrency price
using multiple deep learning models. In Accelerating Discoveries in
Data Science and Artificial Intelligence | (pp. 247-258). Springer.
https://doi.org/10.1007/978-3-031-51167-7_24

8. Fama, E. F. (1970). Efficient capital markets: A review of theory and
empirical work. The Journal of Finance, 25(2), 383-417.
https://doi.org/10.2307/2325486

9. Fama, E. F. (1965). The behavior of stock-market prices. Journal of
Business, 38(1), 34-105. https://doi.org/10.1086/294743

10. Friedman, N., Geiger, D., & Goldszmit, M. (1997). Bayesian network
classifiers. Machine Learning, 29(2-3), 131-
163. https://doi.org/10.1023/A:1007465528199


https://doi.org/10.48550/arXiv.2303.16148
https://doi.org/10.48550/arXiv.2306.08157
https://www.weforum.org/stories/2024/08/us-tools-encryption-breaking-quantum-computing-nist/
https://www.weforum.org/stories/2024/08/us-tools-encryption-breaking-quantum-computing-nist/
https://doi.org/10.1007/978-3-031-51167-7_24
https://doi.org/10.2307/2325486
https://doi.org/10.1086/294743
https://doi.org/10.1023/A:1007465528199

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

\f'f)'.gxlg‘, I AVO)MI VA))L@{JDIM}&)K}@SQ\{J{MQWMIYVS

Hastie, T., Tibshirani, R., & Friedman, J. (2009). The elements of
statistical learning: Data mining, inference, and prediction (2nd ed.).
Springer. https://doi.org/10.1007/978-0-387-84858-7

Heckerman, D. (1995). A tutorial on learning with Bayesian networks.
Machine Learning, 20(3), 197-243.
https://doi.org/10.1007/BF00994016Hexn.  (2024). Understanding
Ethereum 2.0: Improving scalability and security. Hexn. Retrieved
from https://hexn.io/blog/what-you-need-to-know-about-ethereum-20-
225

Jensen, F. V., & Nielsen, T. D. (2007). Bayesian networks and decision
graphs. Springer. https://doi.org/10.1007/978-0-387-68282-0

Levenchuk, L. (2022). The Bayesian approach to analysis of financial
operational risk. Finance, 10(2), 123-135.
https://doi.org/10.21303/2313-8416.2022.002377

Liu, R., Yang, B., Zio, E., & Chen, X. (2018). Artificial intelligence for
fault diagnosis of rotating machinery: A review. Mechanical Systems
and Signal Processing, 108, 33-47.
https://doi.org/10.1016/j.ymssp.2018.02.016

Lorenz, G. (2024). Regulating decentralized financial technology: A
qualitative study on challenges and opportunities in the DeFi space.
Stanford Journal of Blockchain Law & Policy, 8(1).
https://doi.org/10.21428/96c8d426.8f7b8a3b

McCullagh, P., & Nelder, J. A. (1989). Generalized linear models (2nd
ed.). Chapman & Hall/CRC. https://doi.org/10.1201/9781315133156
McCloskey, S. (2000). Probabilistic reasoning and Bayesian
networks. Neural Networks and Machine Learning, Winter 1999-
2000. Retrieved
from https://www.cim.mcgill.ca/~scott/RIT/researchPaper.html

Margaritis, D. (2005). Learning Bayesian Network Model Structure from
Data. [PhD Thesis]. Retrieved
from https://www.cs.cmu.edu/~dmarg/Papers/PhD-Thesis-
Margaritis.pdf. DOI: 10.5555/12345678

Minka, T. P. (2000). Expectation propagation for approximate Bayesian
inference. Proceedings of the 17th Conference on Uncertainty in
Artificial Intelligence, 362-369. https://doi.org/10.5555/2073878

Mironeanu, A., Irimia, B., Sandulescu, V., & Teodoroiu, C. (2021). The
impact of Tesla’s bitcoin investment and its plans to accept it as a
payment method on the evolution of bitcoin. Proceedings of the
International Conference on Business Excellence, 15, 58-
74. https://doi.org/10.2478/picbe-2021-0007

Mohan, K., & Pearl, J. (2018). Graphical models for processing missing
data. arXiv preprint arXiv:1801.03583.


https://doi.org/10.1007/978-0-387-84858-7
https://hexn.io/blog/what-you-need-to-know-about-ethereum-20-225
https://hexn.io/blog/what-you-need-to-know-about-ethereum-20-225
https://doi.org/10.1007/978-0-387-68282-0
https://doi.org/10.21303/2313-8416.2022.002377
https://doi.org/10.1016/j.ymssp.2018.02.016
https://doi.org/10.1201/9781315133156
https://www.cim.mcgill.ca/~scott/RIT/researchPaper.html
https://www.cs.cmu.edu/~dmarg/Papers/PhD-Thesis-Margaritis.pdf
https://www.cs.cmu.edu/~dmarg/Papers/PhD-Thesis-Margaritis.pdf
https://doi.org/10.5555/2073878
https://doi.org/10.2478/picbe-2021-0007

YV | O1)Ken 5 0315 igmm b o s Szt b 51505 13 55 ool (Slestiy

23.

24.

25.

26.

27.

28.

29.

30.

https://doi.org/10.48550/arXiv.1801.03583Pearl, J. (1988).
Probabilistic reasoning in intelligent systems: Networks of plausible
inference. Morgan Kaufmann. https://doi.org/10.5555/56670

Ozili, P. K. (2022). Decentralized finance research and developments
around the world. Journal of Banking and Financial Technology, 6(1),
117-133. https://doi.org/10.1007/s42786-022-00044-x

Pearl, J. (1988). Probabilistic reasoning in intelligent systems: Networks
of plausible inference. Morgan Kaufmann.
https://doi.org/10.1016/C2009-0-27609-4

Polotskaya, K., Mufioz-Valencia, C. S., Rabasa, A., Quesada-Rico, J. A.,
Orozco-Beltran, D., & Barber, X. (2024). Bayesian networks for the
diagnosis and prognosis of diseases: A scoping review. Machine
Learning and Knowledge Extraction, 6(2), 1243-1262.
https://doi.org/10.3390/make6020058

Poudel, S., Paudyal, R., Cankaya, B. et al. (2023). Cryptocurrency price
and volatility predictions with machine learning. J Market Anal 11,
642-660. https://doi.org/10.1057/s41270-023-00239-1

Saha, V. (2023). Predicting future cryptocurrency prices using machine
learning algorithms. Journal of Data Analysis and Information
Processing, 11(4), 400-419.
https://doi.org/10.4236/jdaip.2023.114021

Sebastido, H., & Godinho, P. (2021). Forecasting and trading
cryptocurrencies with machine learning under changing market
conditions. Financial Innovation, 7(1), Article 3.
https://doi.org/10.1186/s40854-020-00217-x

Zellner, M., Abbas, A. E., Budescu, D. V., & Galstyan, A. (2021). A
survey of human judgement and quantitative forecasting methods.
Royal Society Open Science, 8(2), 201187.
https://doi.org/10.1098/rs0s.201187

Zhou, X. H., Obuchowski, N. A., & McClish, D. K. (2011). Statistical
methods in diagnostic medicine .
Wiley. https://doi.org/10.1002/9780470906514

References [In Persian]
1. Habibirad, A., & Panahi, A. (2021). Explaining the Relationship Between

Bitcoin Price in Business Financial Transactions and Search Volume
in Order to Identify its Behavioral Pattern: A Comparative Study
Between Countries. Business Intelligence Management
Studies, 10(37), 347-372. doi: 10.22054/ims.2021.61455.1982 [In
Persian]

2. Hosseingholizadeh, R., Alborzi, M., Toloie Eshlaghy, A., & Zargham

Boroujeni, H. (2023). Iranian Tourism Stakeholders’ Opinion


https://doi.org/10.5555/56670
https://doi.org/10.1186/s40854-020-00217-x
https://doi.org/10.1002/9780470906514

VEF Saly | oY oyl | eadler | diadga ) g o e Slllas | YYA

Dynamics in the Face of Chinese Tourists. Tourism Management
Studies, 17(60), 47 -77. doi: 10.22054/tms.2022.69532.2746 [In
Persian]

e (g p (-L&‘«J_.ﬁ Lpls (Al Lso}_Ua €3 gazen (6 -l Ly 0§ M Ao Qg' 4 Sbsw!
Cllles (65 53l SaSs 5 o leimnys dinkiy 1 b8 SVlz=1 b b 5l50 5 5150 5o oS Szt (VP4 F)
DOI: 10.22054/ims.2025.83291.2549 YY¥A-Y+0 (O¥VF ccliad g8 4575 oS Cu el

Journal of Business Intelligence Management Studies is licensed
under a Creative Commons Attribution-NonCommercial 4.0 International License..



