2.1 £ Al BB E RO T
211ERXANIEBENEREE
AR A ITEE (Generative Al B RIZZE MM ERER, REHRME
XA EREBIE T, EMERREXA. BB REARNBTZEEN, BARIEL, 1t
/ﬁﬁﬁﬁ EREMBIELIN : R B HAE R B (rule-based ) EL #7514 SR AR BY A A AR
Rif, BLBEEREERIER, ?%zﬁLﬁ”"ﬁE’]ﬁmﬁ HIEE (He et al.,
2025; Sengar et al., 2024) , £ 2014 & F 2017 & fd, % ﬁ:‘é%ﬁﬁ%%ﬁ(VAEs)iﬁiiﬁJz
i’fhﬁ"ﬁ‘ﬁ%(GANs)E’]tﬂiﬁ EiBimiSas — ISR ARSI EHRETHG, BRTSE
EEE’JW@E&(Benge& et al., 2023; Kilin¢ & Kegecioglu, 2024) , B&1%, B[EIEEE
B RAEE! (flow-based models)&?ﬁ%*ﬁ*” (diffusion models) E— 12 FH T & Bk
R EEE Z 44 (Trigka & Dritsas, 2025) , B 2017 £E Transformer Z2#5 R 1H LL 2k
AR E RS EEEE SN EEEAYNERRERE KEEEE(
Hagos et al., 2024; Zhou, 2025) ,

2.1.2.Transformer #ZID#EG|: BIXE DR

ERER Al RO Transformer 2248, HLIE X E 71 (Self-attention)
HEFI U B AL T {E R B TE IR 2248 (Vaswani et al., 2017; Hagos et al., 2024) . B;E &
NHEEHI AR HFER LG TEHEF P EEE E(tokens) ZFEE]H’JIEEIHﬁﬁr FELLAR AR
IR RIpBEAIRTBRAR EL L T 3 EEIE & (Sengar et al., 2024; Zhou, 2025) , A 7R
WATRIBRREMFINERN, GIEHRIE (Positional encoding) $xft7, INHEEAIE ik
A (RoPE), #EBIALIEREESHREE I (Su et al.,, 2021; Bengesi et al., 2023) , ¥
ZE BB NIZHHELRTEEMRR (feed-forward networks) FIHE R, IRRRIR T i 5H
FIFRZFERE N, BEFEH S EEM BIGE A F 5 2B 2R (Wang & Weinan, 2024;
Ferraris et al., 2025) , B8R, EFEEE LMEIF AR B RIRIETEIGFIRE T E R
B F T B 1 (Vaswani et al., 2017) ,

2.1.3. KEEER (LLM) BUERS . FE R B Es B BRI

KEBEHEE (M) EABLE B Transformer IR, FEBIEBEERE LM XE
B, B S HNEERIERRE S EHEE N (Matarazzo & Torlone, 2025;
Zhou, 2025) , AREE R, FERERE. BHIEERGTEE RGN, BERKEEETE
[$RIETE 12 | (Scaling laws) T2 F, M EHEETFEEAARREESN (He et al,,
2025; Shen et al., 2024) , EHI LLMs ERRBEMIXAKER, EEEZEER. T EH
&, MEEER 6G BIFRMEZ TEMAE (Kusiak, 2024; Linkon et al., 2024) ,
AR EERRR . LB RIEFAER ke, (BFEBEFEH (fine-tuning) B2 A $8[EIE&
381k 22 E (RLHF) S8 2 1T, *E*”E e T2 B fFE AT T TS (Bengesi et
al., 2023; Myers et al., 2023) , B R, S MTRE NIRRT, BERE P/ (SMEs
) H’J%ﬂlhﬁiﬁ}*”?xﬁ%T Eﬁﬁﬂ’]?ﬁﬂrﬂ% g,

2 % &k (References)

Bengesi, S., EI-Sayed, H., Sarker, M., Houkpati, Y., Irungu, J., & Oladunni, T. (2023).
Advancements in generative Al: A comprehensive review of GANs, GPT,
autoencoders, diffusion model, and transformers. /EEE Access, 12, 69812-69837.
https://doi.org/10.1109/access.2024.3397775

Celik, A., & Eltawil, A. (2024). At the dawn of generative Al era: A tutorial-cum-survey
on new frontiers in 6G wireless intelligence. IEEE Open Journal of the
Communications Society, 5, 2433-2489.


https://doi.org/10.1109/access.2024.3397775

https://doi.org/10.1109/0jcoms.2024.3362271

Ferraris, A., Audrito, D., Di Caro, L., & Poncibo, C. (2025). The architecture of
language: Understanding the mechanics behind LLMs. Cambridge Forum on Al: Law
and Governance. https://doi.org/10.1017/cfl.2024.16

Hagos, D., Battle, R., & Rawat, D. (2024). Recent advances in generative Al and large
language models: Current status, challenges, and perspectives. IEEE Transactions on
Artificial Intelligence, 5, 5873-5893. https://doi.org/10.1109/tai.2024.3444742

He, R., Cao, J., & Tan, T. (2025). Generative artificial intelligence: a historical
perspective. National Science Review, 12. https://doi.org/10.1093/nsr/nwaf050
Kiling, H., & Kececioglu, O. (2024). Generative artificial intelligence: A historical and
future perspective. Academic Platform Journal of Engineering and Smart Systems.
https://doi.org/10.21541/apjess.1398155

Kusiak, A. (2024). Generative artificial intelligence in smart manufacturing. Journal of
Intelligent Manufacturing, 36, 1-3. https://doi.org/10.1007/s10845-024-02480-6
Linkon, A., Sarker, M., Nabi, N., Rana, M., Ghosh, S., Rahman, M., Esa, H., &
Chowdhury, F. (2024). Advancements and applications of generative artificial
intelligence and large language models on business management: A comprehensive
review. Journal of Computer Science and Technology Studies.
https://doi.org/10.32996/jcsts.2024.6.1.26

Matarazzo, A., & Torlone, R. (2025). A survey on large language models with some
insights on their capabilities and limitations. ArXiv.
https://doi.org/10.48550/arxiv.2501.04040

Myers, D., Mohawesh, R., Chellaboina, V., Sathvik, A., Venkatesh, P., Ho, Y., Henshaw,
H., Al-Hawawreh, M., Berdik, D., & Jararweh, Y. (2023). Foundation and large
language models: Fundamentals, challenges, opportunities, and social impacts.
Cluster Computing, 27, 1-26. https://doi.org/10.1007/s10586-023-04203-7

S. B., Chirchi, V., Kadry, S., Agoramoorthy, M., P, G., K, S., & A. S. (2024). The road
ahead: Emerging trends, unresolved issues, and concluding remarks in generative
Al—A comprehensive review. International Journal of Intelligent Systems.
https://doi.org/10.1155/2024/4013195

Sengar, S., Hasan, A., Kumar, S., & Carroll, F. (2024). Generative artificial intelligence:
A systematic review and applications. Multimedia Tools and Applications, 84,
23661-23700. https://doi.org/10.1007/s11042-024-20016-1

Shen, X., Li, D., Leng, R., Qin, Z., Sun, W., & Zhong, Y. (2024). Scaling laws for linear
complexity language models. ArXiv. https://doi.org/10.48550/arxiv.2406.16690
Su,J., Lu, Y., Pan, S., Wen, B., & Liu, Y. (2021). RoFormer: Enhanced Transformer with
rotary position embedding. ArXiv. https://doi.org/10.1016/j.neucom.2023.127063
Trigka, M., & Dritsas, E. (2025). The evolution of generative Al: Trends and
applications. IEEE Access, 13, 98504-98529.
https://doi.org/10.1109/access.2025.3574660

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A., Kaiser, L., &
Polosukhin, I. (2017). Attention is all you need. Advances in Neural Information
Processing Systems, 5998-6008.

Wang, M., & Weinan, E. (2024). Understanding the expressive power and
mechanisms of transformer for sequence modeling. ArXiv.
https://doi.org/10.48550/arxiv.2402.00522

Zhou, Z. (2025). Large language models and their evolution. Applied and



https://doi.org/10.1109/ojcoms.2024.3362271
https://doi.org/10.1017/cfl.2024.16
https://doi.org/10.1109/tai.2024.3444742
https://doi.org/10.1093/nsr/nwaf050
https://doi.org/10.21541/apjess.1398155
https://doi.org/10.1007/s10845-024-02480-6
https://doi.org/10.32996/jcsts.2024.6.1.26
https://doi.org/10.48550/arxiv.2501.04040
https://doi.org/10.1007/s10586-023-04203-7
https://doi.org/10.1155/2024/4013195
https://doi.org/10.1007/s11042-024-20016-1
https://doi.org/10.48550/arxiv.2406.16690
https://doi.org/10.1016/j.neucom.2023.127063
https://doi.org/10.1109/access.2025.3574660
https://doi.org/10.48550/arxiv.2402.00522

Computational Engineering. https://doi.org/10.54254/2755-2721/2025.25586


https://doi.org/10.54254/2755-2721/2025.25586

