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The recent advent of large language models (LLMs), such as ChatGPT, has drawn attention to
generative artificial intelligence (Al) in a number of fields. Generative Al can produce differ-
ent types of data including text, images, and voice, depending on the training methods and
datasets used. Additionally, recent advancements in multimodal techniques, which can si-
multaneously process multiple data types like text and images, have expanded the potential
of using multimodal generative Al in the medical environment where various types of clini-
cal and imaging information are used together. This review summarizes the concepts and
types of LLMs, image generative Al, and multimodal Al, and it examines the status and future
possibilities of generative Al in the field of radiology.

Index terms Generative Artificial Intelligence; Large Language Model;
Language Vision Model; Image Generative Al; Language Generative Al
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Transformer (9= QIXto] o] 4= Sl= of 2] ofu| 24 Q1 &l QlFAl5o] olsid 4= A
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former?] self-attention& #A 212] <1 A]EA oA @2k (context)S & 4> A Sh= ¥4
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Fig. 1. Typical structure of a transformer.
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Fig. 2. Typical modern day training pipeline of large language models.
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BERT = bidirectional encoder representations from transformers, GPT = generative pre-trained transformer, RLHF = reinforcement learn-
ing from human feedback
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Al 2 2715 43/ (conditional generation), #|o] 7153t A8/d (controllable generation)
o] B8 0]-83HA Htt. 0|23t controllable generation®] ¥ o= 34| conditional image
synthesis, image editing and manipulation, image-to-image translation®] {t}. &5t o]
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=0 =
=8| 8 4 ek,
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sisellA] levoscoliosis "FO 2 F/d= BHUL 4~ U2 AR Fit &E 2HofA9] image
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ojuA| /g% AF Aol FAQN AgsS HolFal QAR A2 A7 EAlollAl= 2 9%

o [ = Ty .
O ei7h 4 Sl 9216 Gl olze] S92 Rt d el ol Y Ao

Wi 1D1Xl %“é% A3AV e T3 mf GANS ZE 53(26, 27)= F53] thfst Fd<
g8 UA] 2 4 3, Bt EHE BEle RS 53t AJ4do] W) ikt Aol o3 AT
S Q7 8 4 Uk TS o]2|dt RASS Sh5A7|0L &85k ol gt o) ARt Al
e = Q2 5] ufigol|(41, 42), o] AFglo] AgHA Rl ol M= Y daAlsol EEol &
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A 888 e soll 2t QIE-Eo] A 4= om(43), 1A 52 ‘EEAE] EJO = <l
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eration; ©|5} RAG) (47) 52 7]&0] AAIE AL o) 5 FolM e AA| =4 Qof, dEa] L=

3} 5ol LLMS 285 59] &8 ®eto] A|A|=] 1L Qlrt.
O EOE AIX|L|0{Z, PEFT, RAG
LLM®] 52 7IAdskal o] &2 o g ARGs7] 9fof 2 =g E A Yojd, PEFT, RAG

9tk o] 71452 27bHQ) sto] gLt AskE ElolElS o] gt oftko] B4

5] 5
Rho 2 Yok HAlS o B8 MO R S 4 YA Sk

LZEILE Ao (45)2 LLMO| Yoz Fojx|= HIAE] YA Ulg, 75 52 =45t
of Yohk= AHE A SiEth ZEmE ARYojF 2 HHo) HF, S30] g P4, ZHo]
T 2 Z2 A|A|, F7HQ ) )3 SEH A sk YElolu AR Sog S
At 7Hg A LLMe] 2HElo] gk 47 4 ok LLMolAl §4 &} 914S Fofsh=
& (role-playing)2 LLMOIIA| ¥oh= AitE F2g 4= ot o] 4343 29 1Hd s
AgstAL; o Ao & S| 2 7HA s Alele A dA] Yohs ATFE di glof] £20)
g 4 k. Yoks Awd fARE A 1o sfdehs Be ZELEC B 7 Sl EE A
She 3F AF 2 g (few-shot prompting)©] U “Let’s think step by step” 5-2] LLMol|A] £+ &

S AR == s AY7He] AR T2 g (chain-of-thought; CoT prompting) = &3] AR&

oo
rr
I=t
o
=
m

|

QA ol 7]olrt.

UukA 02 lof o] Al 8- YA Ak 54 Holeol 54 T S5 ¢
sl oA 242 Seaysiop skt ejut LLMe] A2 284 7} lof melSo] Us ke mejn)

E] 5 2 Hof 2E slrhn|EE ulA] 245 ohe A2 ARE #lRE, GPU, HlolEAl 27] 5
ALZQI ofef gof] HAFTE, ofof] Az} 2k G821 njA] 2742 9I5to] & intrinsic rank
o] mM| 24 Pro 2 FE3H 452 U= lowrank adaptation (LoRA) 2] A7H%] A TH46).

AN 34 A878(47) 71%-2 LLMOlA] &5] A 4Hk= Q1345 2H ito]E Ao = RE
A7 E ZAY gH2t(hallucination) 241& S55H7] 9ls 4709 7|ty ZEZE
(prompt)2F E(query)°] RAG dto]=efQlof £of 2™, RAG mho| efol 2 Q) 2| A] AAgH
B T Y HE HMsto] ok migt YR E Algsto] TFEIEo| s LLMel dgs}al, o]

oot Ee Alset.
ol F0f|A e o] HRio| &g

o] 5ofAe] LLM< EHROll BERTE YH|G et AlAH AA D] -8(48)0lLt, ofg] LLMS &

g5to] A RolA mule 2l HrAl o & A g} o] 8 ARglol|A] Al 423 o]4te] LS Ho
T 5 (49) bR F-gol 3tk 28 FUgelM 2 LLM HA| et B8 7hs/dE EofF=al ek
(5 A

0). 2023 Adams 5(51)2 thsE o] = o] FofXI Chest radiograph, CT, MRIS] F4 =
A5 GPT-42} MedBERTE ]85l 722t W=A2 vhE 4 Qe 7HsAds BTk =

™
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