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I Abstract |

This study explores the effectiveness of retrieval augmented generation (RAG) with large language
models (LLMs) in processing unstructured data in real estate. By connecting pretrained LLMs with
external knowledge sources, the RAG methodology reduces hallucinations while generating reliable
domain-specific responses. We construct an RAG-LLM model using real estate news articles to
predict directional movements in Seoul apartment price indices. Analysis spanning 2015-2024
reveals that RAG-LLM predictions serve as significant leading indicators for apartment price
changes, achieving 85% accuracy and 93% area under the curve - receiver operating characteristic
(AUC-ROC). These RAG-LLM predictions outperform those based on the autoregressive integrated
moving average (ARIMA) model by more than 11%. Employing chain-of-thought prompts with RAG
further enhances performance, with improved metrics observed when evaluated using ARIMA with
exogenous variables. Our findings suggest that the RAG-LLM approach represents a significant
advancement in real estate analysis by effectively leveraging unstructured data and overcoming the
limitations of traditional sentiment analysis through complex contextual understanding. The
RAG-LLM approach also enables near real-time forecasting, significantly boosting its practical
utility in real-world applications.
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F ‘
o ok
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£ AW 014 o £ JBASE BT,
RAG-LLMZ 7|80 2 223 %
B4 7V BA 9] 742 MR v 7h
7

A 5o o B2 ¥ 713 = AEE F=R
29 & 4 Qlth. Zhu et al.(2022)= &4 n|t]
ojof|A] &3 HAE|A bo] thet Mgz
HE /99 a7t o7 HA §istof 2 &8s

7Ht= & B3t A9 170 AlRpe] disiA]
7P =2 nAVSRA 7 Uit 2 5 Y
s, APATLY] wAPFEAS il 0.50
of vl & A WAV HASE= 0.752 B &
A vreb A9) 270 AlAke] iAM Al
0.66°& &7 Yehdtt. ol @741l oS
o] 2 Ao A A AERe] f-8-4d0] o
Ath= JS AR
3N $AES JAJO R d&3t 2y 39] B

AA3H= (E 13) 9 (O™ 5> 2t

7IAL 3 AR 25 E 3714 T 9] 7HA #s)

(H 13) 2 39| WARYEHEA AIKEHE)

AR Spearman corr. Pearson corr.
Lead Lag Lead Lag
0 0.68 0.70
1 0.61 0.59 0.69 0.58
2 0.40 0.36 0.56 0.36
3 0.22 0.12 0.42 0.14
4 0.13 -0.06 0.30 -0.01
5 0.10 -0.13 0.21 -0.09
6 0.13 -0.11 0.17 -0.11
Z11)95% RYLFES 0.178, 99% Fe&2 0.235.

2) 2024'4 1229 71HHSIE2 2024A 118 712 |
2025 22| 7tAS H|WSH0] AL
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Cross Correlation: Prospect Score(Model #3) vs Returns(3M)

0.6 1

0.4 4

o n I II ___________
0.0 1 I I . I

Spearman Correlation
o

o

(I8 5) 2 32| MUH+-2 370 DHoH7 A a2

WRMSHEA B4 2

3. ARIMAX(Autoregressive Integrated Moving

Average with Exogenous Variable) 22

o =L -4
2 Sst Az}

ARIMAX B4& 98] WA mfuf7A =4 A
AQG F7ol digt FARF S FstAct. 4%
2H2023)°14+= Box-Jenkins ¥H ol whet =+

FsAtdo] JAg M=t olmtE wjuf7bA A =F
o2 20119RE 202397419 AAES
ASHAL, 5ol 8= ARIMAQ2,1,1) 2
ARIMA(2,1,0) 30| 25 B3t R A=

it olofl 7]xsto] 2 Ao A= 20159+

2024 E7FA] 9] A A Dol gt ARIMA 22 29
< SAskolTh B A3t 9 24 HEo] Al
g A= (E 1468} o] Yepdtt. 374 A3t
ARIMA(2,1,0) 23o] 7P W2 AIC A®E 7}

AL
)

p (=

k3

(2 14) ARIMA 2 S 51 2|X DA =3 Z1}

ARIMA(p, g, d) AlC BIC
(1,1,0) 71.86 77.42
(1,1, 64.51 72.85
(1,1,2) 64.44 75.56
(1,1,3) 66.44 80.34
(2,1,0) 62.63 70.97
2,1,1) 64.54 75.65
2.1,2) 66.40 80.30
2,1,3) 68.39 85.07
(3,1,0 64.51 75.63
(3,1,1 66.40 80.29
(3.1,2 68.40 85.08
(3,.1,3) 68.52 87.97
e Coef. Std Z Prob

AR.LT | 1.134 | 0.078 |14.312 0
AR.L2 |-0.299 | 0.123 |-2.433| 0.015

ARIMA

(2,1,0) SIGMA | 0.093 | 0.007 |12.464 0
BIC 70.97
AIC 62.63

F 1) p(AR &), q(Ak2), d(MA &). 12t X

2) ARIMA, autoregressive integrated moving average:;

AIC, Akaike information criterion; BIC, Bayesian
information criterion.

l=|I:||- Iljﬂ'
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A AAE P08 e &7 BP0 = &8 B 15) 2 2 6IS2XHARIMAX)
A Th QA A Metric
20 & RAG-LLM 7]5t9] 24 ARH42 48=d RMSE MAE
QS E EQI5to] ARIMAX 34< 485t ARIMA 2,1,0 0.1814 0.1217
- (EN2Y) ' '
d|& 452 R X El RMSE, MARS = :
Fohai ol AT A1 A 9] 2013 2 @31 0.1681 0.1059
G = = R
SO i —' TE i 280 0.1744 0.1184
S AL2fote] Az 1779 HlelEE Alforal A3 253 0.1623 0.1143
£ /st 284 0.1718 0.1183
&2 AA 1 AALD +AZ 8 22 Z %} 7HAS
A5 | 73S AAE ) = QZ‘E*Q%E ~7.30% ~12.96%
Ol& 7 %E% train/test £ &, test 7710 °
} AWM E
3t one-step ahead out-of-sample B4 2. 9&}%}1 S)E -10.52% -6.03%

2 FEAE AGsin. 4 An =g 7t D 1) MA| 27H2 8/22 train/testE 28, test 77t one

A ARIMAX H&0] ] Z /J4%2 B o, A step ahead out-of-sample G|= Eﬂf
’ 2) ARIMAX, autoregressive integrated moving average
ARt R A& 7i4AS ERIsHA (& with exogenous variable; RMSE, root mean square

error; MAE, mean absolute error.

15>} Ztt.

AR 470 23 5 9423t test 1ol A] 7R
AE AAE b5 e Bt 3714 Fo 7}
A AYS Aogt 3W B3 A4 =¥ oy
10.52% 7H41% RMSE®} 6.03% 7HA4E MAES
71E519 o, 171 9] 7H4 A= Aojt 1
W e 27wy oju] 7.30% HAE RMSEeF 280

ARIMAX| AR.L2 |-0.334 | 0.120 [-2.784 | 0.005™
12.96% /MAE MAES 71533t ol 71& @10 g oua

T 16) ARIMAX B2 =X HI(ZH 3)

T Coef. | Std yA Prob

Intercept | 0.040 | 0.029 | 1.384 | 0.166
X1 0.011 | 0.004 | 3.205| 0.001™
AR.L1 1.131 | 0.077 |14.664 | 0.000™

0.086 | 0.007 |12.715| 0.000™

AE A S 718Ee] o]l & AE]l vk - o] BIC 7148
22(2021)°l14 AAISE RMSE 7.9%, MAE 6.2% AIC 57.58
oje] &2 744 Aol F:11)7 p(0.01.

2) ARIMAX, autoregressive integrated moving average

et oS oS HRl 1Y 39] ARIMAX & with exogenous variable; BIC, Bayesian information
o] 24 AT (7 16)T 2t} & BP0 = criterion; AIC, Akaike information criterion.
U el 2YAYLR0] AL 1% o]
U2 995k 2908(X1) ERIstgom &4 4, Eljorxc-ll#% %‘8@' I:CIJI‘%US O:Ilé
@] AIC £4(62.63) TH] 749t AIC $4(57.58)
o] Ehte-g gelstel. RAG-LLMZ 53} 4143 4-g5E 712 7
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2 dlo]8 @
2o ]3] 5=

A2lof] Aldo

Sis
14

< ARRAEY AAAFA A
H

¥, 53+ T 23] v} A4 glolEl= whE ¢
7} 7Rs310, RAGS] 7% 9 LLM SE-= wl=

A Ay 5 9l

o= T

o}, £ Q7oA 28e vui7

A40) A4S WARE FEAA 1.5499) A7}
721N, e 2] M 5L 9

1A 9

= o A8
3 % ol wlolEE 2719 A e A A g
1

FA19] glo]E = ARE-sfioF et HE, 7 H|o]
A

AA DBY #+=3} LLM 32

X

AFR 7S wgste] B of
(& 17)3% 2] Uehdeh, 4% 4

A
BN
F7t 438E ZIkobH 1709 $(23 3, 4= 3714

% Qe v 9w vjzo= A

e v g A5l Azl 71 A 28

=0
=

Y FHof o E Yz HIWL(EE H<)

)9 7HAo] A5 AR dEoton, 33
olstd 7B-f-olli= 7+ o] st
A 740 e E oS 5 AEE A
th IE 23| BluE I3k Hlo] Akl ARIMA
HPE 9435 AL E Holw, Chain-of-

Thought LEXLE 7S F85te] AP A4S

AES el Eo] T RAG ZEXE Y fjy]
AZ Q43 AR Kol A FRlsHrt

—_

M o250 49 HEE7t Heh 85.6%
ol 2etel melel 74,290 Hl8) 11.4%71%% & 4

Rt S-S S5, 371 A& FRol=
et Hd) 83.8%% Hlo|AZkel HEHET)H
H B s Bt

3l, d%e] Yehmat opet 25 452
Uef= X#Q AUC-ROC(area under the
curve - receiver operating characteristic)

7FHFE 0.9 o] o2 FAE O] S 2ol &

k= B Prompt type?| LLMP® 0= 7Hs= | Accuracy | Precision | Recall | F1_score |AUC-ROC
1h k= RAG GPT, | 111 0.852 0.963 0.859 0.908 0.932
G k=) CoT Gemini 113 0.856 0.965 0.863 0.911 0.930
N=12 _
( 0 HIO|AZIRI(ARIMA, 170Y BiskN) 120 0.742 0.835 0.807 0.821 0.685
e 233 RAG GPT, 116 0.817 0.909 0.860 0.884 0.852
Ol= D0y 4 CoT Gemini 112 0.838 0.941 0.860 0.899 0.912
N=119 _
( ) HO|AZIRI(ARIMA, 37HE BISk) 119 0.731 0.845 0.789 0.816 0.670

1) 2O B Haot Felol S84 B2 M,

[n]

o

53t 23T/ TS 22l Z20 0f=.

2) 170 H|O|AZIQ BHE OHOHZ [ZAK|4: AIRIE(1.570) 12{5104 2-step forward GIZZt CiH| 3-step forward G|&%f S =
0|2. 371E Hl0o|AZIRl ZH2 2-step forward 054! tHH| 5-step forward 0|54t 52 Z 0|&.

3) 20154 18 AIFQ| HlojAZtRl 2&0| =Xg 2l 2015 01F LIO|H F7I2 32,

4) ¥ RAGE B RAGE TEIE T4, CoT= Chain-of-Thought2 ZE2DE 714,

5) % LM gpt-40-mini(2024.07.18.), gemini-2.0—flash(2025.02.24.) &<.

6) LLM, large language model; AUC-ROC, area under the curve - receiver operating characteristic; RAG, retrieval
augmented generation; ARIMA, autoregressive integrated moving average.
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B 7= =TI (retrieval augmented generation, RAG) 7]8H9] ti-2 o2 d(large language model,
LLM)o] F-5Ak 2ot] vy Y BlHlo|gE Sat¥ o R A2jste] -83F A= 4TS Harh LLMS ZE4<l

7 2|43 AE5kE RAGE 84 @32 S0l AlFT 4 S1owA Holol Soid g B4 4= Sl deilA

+ "33 "eolEel FE4t & 7IAME 8851o] RAG-LLMZ 75313l Al ofETul7HE #sof digt
HE A/dsialt. 2015958 20249704 1090 23 A9 AT Haes 7H walo] Adde 2, 714
B diSolA AIAE 2 HiF] 11% B 85%2] A=} 93%2] AUC-ROC 52 HAT RAG IHg0lA
%E(chain-of-thought) ZEZHZ ol-§3Hd o o2t T2 FHE ¥ 4 AL, AAE 229 ez
28 t= 9F 459 S Btk A7 = RAG-LLM HHEo] BlAY HolHzR e E43 ke
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=

A3 o] 98 BT B8E BN Adc

olafkn NS 35T ) 71 IR e A I8

& 4= L, Ho[HE -85 Z8317] SRt &

AT & UFZ AR EQL, o] HIH2 AR 2| Qlo] tha 719 A 52 AT =N FAL

ZAlo] : Hgolg,

ZFe 718 & HMS7IAY(retrieval augmented generation, RAG), F-5A4F 72
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AIX} 231 22 23 234
-6 -0.167 -0.155 -0.115 -0.130
-5 -0.230 -0.206 -0.126 -0.147
-4 -0.246 -0.220 -0.058 -0.080
-3 -0.176 -0.147 0.118 0.094
-2 -0.036 -0.020 0.358 0.343
-1 0.242 0.246 0.585 0.581
0 0.537 0.538 0.678 0.685
+1 0.749 0.762 0.612 0.635
+2 0.658 0.690 0.401 0.441
+3 0.466 0.506 0.225 0.267
+4 0.293 0.309 0.127 0.160
+5 0.202 0.204 0.099 0.126
+6 0.154 0.142 0.132 0.145

% 1) Spearman o275, AIRF 02 2ERE 2 LTK| FAGH FALO[EQ} Y 2o 53 H|W.
2) 95% R9$E2 0.178, 99% R2+E2 0.235.
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