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A, MAEY 7oA s AA AR 7Fsd "lolHAlE 1 tlo]El(training data) 9+ E]AE H|
o]E(test data) 2 Vs AL 7|20 sl1 Qlth 29 845 X o]& training data¥He AR&-3HC}
test datat= B9 ol Ad] ARESlA] etk 2o A AH5& A3 sk= out-of-sample H2
EOA test data’t A AMEETE o]E B A4 B H5E T 4 §lTh training
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3. Python/sklearnO{|A{2] At
(Pythone] Tat 7% A4 H4E 71

Haled 2dg AA 75T ), EF Python Z2IHY do1E 7HE Wol ARG 58] Aol
A (scikit-learn) Zho]Hefe]7} Wil gl #ek #4124 Ql eho] Bt}

scikit-learn 2to] B Zofl A, HAlEd LHS ARgshs TAS HE thad FElE EH it

import sklearn

dummy clf = DummyClassifier () # WAlZd 2d 24z AA

dummy clf.fit (X train, y train) # X train 3XE3} y train Ho]lEES 7L <5
y new = durmy clf.predict (X new) # X new ¥XE 7}X1 Rdo|A o] Z3}7]

sklearn®] A &84 vdl AAEL FHE fit, predict, predict_proba 5] HAEZE 714t}

fit MAEE g5 dlolHY FaA AR(YEwhH 9 £72 J—‘r X}E Z83HE nputo 2 HropA]
29 ﬁlﬁ% ZJ'”‘E}% ] A <A ARELS A( feature et 2 sk,

2] 0] E-(label) o] 2} aL —’Fi st
= FAH( feature ) A8E X W
g Eof, HA7t m7H° &

H]O]E% (n><m)91 oI, v dlolEle (nx1)9] w2

TE Wol ¥, ZolE(abel) ARE v
d dolel7} AZol n7) ATk shAb of
2 H¥o] "k

OlE1E input Wotr RS o &3l Y-S gt} predict_proba HA]
T

| g 2 27t 9 FEE AE HolFE dUe B
B v, B A0 57 A ABE HolFE AP

2

o

Eg| 28 3L TREEpy

# -*- coding: utf-8 -*-

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.tree import export graphviz

from sklearn.tree import DecisionTreeClassifier

from sklearn.model selection import StratifiedShuffleSplit

# 1. daily raw data 7}4 97|
model data = pd.read excel("daily data4 value.xlsx", sheet name="raw", header=18, index col=0)

# 2. features, label AAHo]E A
X = model data.iloc[:, 1:]

X names = X.columns

y = model data["forward stage"]

X = X[y.notna() ]
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y = yly.notna()]

# 3. train, test UF7]

sss = StratifiedShuffleSplit(n splits=1, test size=0.2, random state=0)
for train index, test index in sss.split(X, y): #n splits $HHF HHE

X train, X test =
y train, y test =

X.iloc[train index,], X.iloc[test index, ]
yltrain index], y[test index]

#4. 2% Ex] HE
print ("\n", "decision tree learning...")

tree clf = DecisionTreeClassifier (max leaf nodes=6) #max leaf nodese
tree clf.fit (X train, y train)

print ("accuracy score of test data", tree clf.score (X train, y train))

# 5. Visualization
y names = tree clf.classes
export graphviz(tree clf, out file="CART sample.dot",

A4 Eg 249 A= export_graphviz S B4 EE 12E 4A AZsE 4 9k
mA e E& tree clf ZEO] HA| StGEH EFTRE CART_sample.dot sz A4k
o} dot BHEE graphVIZ oA AMSEs I gAE H2E Fdolth QIEY

O

A8 oS, gvedit T2I1|A
Eold & glth

graphviz.msi kol

2e EY 72 :Lau%

(Python Z217

LH9] leaf node 45 A|gH

G dot T

B Zo2E HE A

s

S o
=

I E)

ono

A

feature names=X names, class names=y names)

=2 > K

to > o n

2w, A9 oA

i |
gg

Z1}: CART_sample.doto] H|FY Jaj=

fwd_pe <=8.815
gini = 0.647
samples = 3264
value = [1197, 721, 1346)
class = up

Truy \-;alse

vkospi <= 14.885 wti <=90.0
gini = 0.513 gini = 0.65
samples = 1019 samples = 2245
value = [217, 139, 663] value = [980. 582, 683]
class = up class = down
/ ; dm_di lt<— 77571\ il_pb<=1.105
gini = 0.099 gini = 0.478 pe_dm_discount == -27.52 tratlpb == 1.
= = gini = 0.66 gini = 0.484
samples = 58 samples =961 sax;lples =1587 sz;mples =658
ralue = [55. 1, 2 ralue = [162 : =65
value=[55. 1, 2] | | value = [162, 138, 661] value = [535, 438, 614] value = [445, 144, 69]
class = down class = up
class =up class = down
gini = 0.657 gini =0.491 gini = 0.586 gini = 0.341
samples = 1134 samples = 453 samples = 165 samples = 493

value = [465, 361, 308]
class = down

value = [70, 77, 306]
class = up

value = [51, 90, 24]
class = neutral

value = [394, 54, 45]
class = down
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9Y 2B QA WA L 718 U olalt Bean

gdd= 7Y

‘23, WA & 7H P E(ensemble) &, MAEE oM oY RESE B8 FF
ko] o5 sk 7S T AT d5H(H)E 7R BEE 3 AT ek AEY
o Ze& 7HAaL FasiA 245 o U2 A 24 & 5 o= Aidelth

8l 7 (bagging)-< bootstrap aggregating®] EdolH, £ MEA FEE 5&ste] MELs+=
Hralolnt, A WatH, shtel EH dolHE 7HAAL ofg 79 E¥ Ho|HE e, ol& Tt
Al o] BES BEolA REES s Waoth wjAoM e EH AEoA 5 5&
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I 0g d&8 o o] B o9 FAS AN HF o && s H ol
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of BF71E Td NEJAN FHAY tg 234E Hi, FXx £7E FH A& VEAE =

ERUA

2 S5ahey 1 u) 4 oF AE9 AFAE el Pold, Andont $¥ udd 4y
©7h $HES SEshl B,

HE ZAE

9A AT AA B B v (bagging) 71HE A& SHE ZEE, SEA WH 2
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Y ZHAE =

vkospi <= 16.125
gini = 0.647

fwd_pe <=8.815

gini = 0.647
samples = 3264
value = [1197, 721.:1346]
class =up
Tm:/ ‘alse
TRTE
samples 51019 sa;nples = 2245
= value =217, 139,663] | 1"/ 1ye = {080, 582, 683]
g class = up
sam] class = down
value
clasy
pe_dm_discount <=-27.521 trail_pb <=1.105
gini = 0.66 gini =0.484
samples = 1587 samples =658
value = [535, 438, 614] value = [445; 144, 69]
class =up class = down
gir
sam
value 13
cla ‘:7‘1;5’;‘3;( gini = 0.401 gini = 0,586 gini=0.341
sa;lxlples _ 1'1 34 samples = 453 samples = 165 samples =493
; —[465 - value = [70, 77. 306] value = [51, 90, 24] value = [394, 54, 45]
¥ alueczag-fé; df)f\ln =) class = up class = neutral class = down
SS =
gini = 0.655 gini = 0.572
samples = 570 samples = 564
value = [142, 203, 225] value = [323, 158, 83] ®
class = up class = down °
[ ]
M AUY FAAEE 24 B2 44 7] FY E2 RUS DIE OIS, 015 BN HEE
Az d4sd
A [e) = [e) S O = = 3
AW ZHAENAE WA 7S Eaf, 4 4 dolEdA S5 583 o Hlole A&
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g 2709 24 £8 mdo] Ag3e VMR Agan ok WY FeAEY Y 2 AL
H [e) = g =] = = = A hvd
FHE 7S SolA overfitting EAS HAA7IAL S dEHo] St Zolth HE X
Sk = AL
YAEE, 271 HlolER /AT st o] ohjet W AAY 0% 9Y F8 SE
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Python/sklearn0fl 2| AF2H

Python 910}, sklearn ol Befe] BolAe] A EelAE Bd AgHe, e Hiled 2
A

from sklearn.ensemble import RandomForestClassifier

4 Y ZYAE 2E M

rnd clf = RandomForestClassifier (n estimators=100, max leaf nodes=40, max features=8, n jobs=-1)

# X train IHEI} y train Ho|EES 7ML g5

rnd clf.fit(X train, y train)

# X _new YXE 7 L RdojA o5}
y_current pred = rnd clf.predict (X new)

Ay THAE RY9 AAE RandomForestClassifiertHsklearn ensemble, RandomForestClassifier).
= 2w A8

WY FAAEONE ft MAES FolA B9 Sl o|HATh fi HAZeIA: S3us 1Y
%28 44 Ktain' IAEH £ W4 3L 8F 2RE s Y oS 4
WobA] B4 AR AR e HHE AL ST W predict TIHEE AHE T,

%

[e]

jie)
Y

Eg9 mabu|E Q] criterion, max_depth, max_leaf nodes $& EF 7FAAL it AFA v
n_estimators= WH FHAEAA 9 ZAA Ef 2 JE AHTA AAste= FHoth
max_featurest= WH FHAEA 247 A% Egg WHE of FH dlo|Hdl| AMEHE IA 7Y
F9] A3Hs AAsE FAolth o714 G geuHEe] WY ZHAE AR Al9] A

siefulElo] SRHTh ST

Ay FYAEY Flo]Huthu|g2E Y XA F2h0|E ¢l n_estimators, max_features S3} 2
E]
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A, E5719 35S B8 JeY = TAS AE S5 H(confusion matrix)2til gt} ol £
Edo] 9gt o5 23 239 N4E FEE vepd Aotk
o5 So) WPl AT FolA NS 7 oW EEA Pekshe wilo] Yok a4, 13%
o Ao il 2Ho) ol EHY FEH A7) BB 2 N4 ol o] HY A U
Ehd 4 gk
EE1
Cat Dog
Cat 5 2
Predicted class

Dog 3 3
20 TYO0|Z oS HH DUYO0[AT ATt 5H, TY0|2 oS3 =0l HX ZOotXGH A7t 2#0l2ks K.
A2 Wikipedia

arE o

oF £ TEALOINL Ak 71N EF AES “SRo| LFO|AWNTR 47 vpY, Hol
Positive 22 NegativeZ ZA ¥ = URt49l 28 57 FA7F Hohol =3).

Cat Non-cat
Cat 5 True Positives 2 False Positives
Predicted class
Non-cat 3 False Negatives 3 True Negatives

ZM: 017|MQ 7t2, M2 HIZe Wikipedia® M 7|ZY. Python sklearn 2l0[E 2|0 = SEHZ | 0| HHHZE T[] Q2.
Sklearn 2t0|E22|0|M= 9Z column 7|E0| 0|E Z2iA0|0, Y% row 7|ZF0| MR SeA
A2 Wikipedia

GubA 9l 28 H5F EA A ol &x9 A9 gL TP PP N, INZ FEH

re

TP(True Positive): PositiveZ of| 33}
FP(False Positive): PositiveZ o] A3}
TN(True Negative): Negative 2. oA ;ﬁ
FN(False Negative): Negative 2. of| 4

FA: CHo| 2RE Y OEX 7IEY

ositive] A SE
£ (Type I o2}
ok

| P
Zﬂ% Negative ] A
A7 Negativeod Al |

3%
I
A T 7§
"a Al Positiveo] Al E3 79 (Type 11 o)

[¢]
-
[e]
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% (Acauracy)= ACC = (TP + TN)/(P + N) = (TP + TN)/(TP + TN + FP + FN)t}. Z, Positive
ositive 2 A 8H3] THsl 7459} NegativeS Negative2 A 33] ksl 749 &L AA MEZ4=2
goltk. Al AE FoA FeastA w3l A5 vES Kb, 7 71849 ARt

28 E57} old n-& BERoME A= AxE ALE 5 9tk WA AE5 thuld 4 SYA
£ AZ3 Ao|2g WEF HIF LR FEE(Accuracy) AXE

o oxt
Hrhu-‘ﬂ

A % (Precision)+ PPV = TP/(TP + FP) 2, R o] Positivez}al &3+ 2 HA| Fo|A AR
Positive® %8l &S St} 2A7|(RE)7} ¢k T Fof| duhg BEstA DHEAE HoFE
A g2l sl

7 &€ (Recall) 2 TPR = TP/(TP + FN)&, A2 Positive¢l AFAE Fol| A Relo] Positive} il 2
3l H| &S w3t} AAl Ao st o &S T o, duht Z AEPEA L Ik FHE 2
HFPEAE HolFs AR stk

FL A% seorc)s Fy = 2/(— +—)ololdl, Ammst A8 zagagtolnt £ 58
4 BE AT
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X} AZ(cross-validation) 7|8

ShA A3 (Overfitting) ©lqrollAl A3 wAF F5(cross-validation) ol thal] F1 ArgstH tha
o 2tk HAE Yol AZ(validation) o] o] BE Fo|A HAS AEAY FAH o=
gs gelsty] faf, vlolHE & doleet AF HolHE UHA, A% dolHz gelshe 3t
A ettt o] ff MEE F tolHE TUT Af AEFTE Solte LAV A7) U
o, wa A% /e F2 Yol £t

K-fold cross-validation A

4—————{ Training data I———-b
llteration 1 |—4“ “‘b.’..‘.‘..... .’

[teatonz |+ 00 0990000 0/0000000000
fieaions |+ 090990000000 0/00000

[t | +0 0000 000000000000000
< ;

A2 Wikipedia

KA 2 4% 71gedes $4 A4 dolHE kiz veth 283, 3 44 AxoAe 2d

~kﬂu EAES £4 dolHZ 21, 19 FEJTS A% dolHZ AHEs] 235 sttt
F WA AZoAE i 3~k RENTS £ ME%E 231, oW BEEE A% o]

Eii Agste) old Aoz kel Adg sttt 181, 1 JJrE B HopA o] 4

T Ploks PR BE k#OEE 108 To] 2t} o] 72 HA doly /e &4 ¢l

o o] Wol B A% WA FXT 5 9] el AR A% Ageta gt

from sklearn.model selection import cross val score

dummy scores = cross val score(dummy clf, X train, y train, scoring="accuracy", cv=10)

go] A /sklearnol| Al a2} A5 7| cross_val_score 5 ARS-ohY

cross_val_score 39 input2 H4leld R (dummy_clf), A ©lolE wjQ (X _train), Ho]E ©l
ol Wl (y_train) 0.2 HolQt} cv HLE kR 1,]-_[.J_ K BRI T ke AR Ee
AT} scoring 7 WY REA A% Fr1R0R 2= ATy 48 YAHOR
e FEoltk Accuracy A3, RMSE A% 5o] £9Z 4= Qlth

cross_val_score®] lEZtoll=, ki o] mE A5 B7F A5 kAl wige] ozttt 9 A
o A= dummy_scoreso] AAETE HE o dummy_scoreS«l BHEpE BEY ASHA H5FA
2 ARk}
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Az H2g £ 9l

A oS Bl ARSEE A Holy HAEe tedt 2.
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g FEYF WY FYAE B

1=

AAE A5 71ZHAZES): 2002/12/305F-H dA7AS] AL AAE A5, oF 44 7N,
3 A (feature): 18%-9] Wj2Z, WRHofo]H, oA 59 FAAZ U 4]
=

glo] & (label): HFYY] AR KOSPI e A A el Vo = K=
AL FefEo] 4% ool “H5, 4%~0% Aol ‘K, 0% u|gtold ‘sh’ éﬂri 71%‘.

A

T
(TYS] KOSPI W34 & T+ A~T+61Y 7o) AL 088 7120
B A A0 1)

o
frtl
o2
dlo
>
)
ro,
—m
>

ol
oX,
o
Ho
=2
211‘
—t
A,
o

HAlE Y Al oA e A5 MES 48 HolHE AT EN AEsE 2A 7

wAEY 71 84 AAHE wdlolE], & W& dolHolA Yt} Overfittings 53171 9
gt Haleld e W 7HEel, AAZE input HlolHE E8WA 7FestAl | 71 Eolth(cross-
validation %), W& Clo|HES st A HalgldolA a3t XEH, ofH Al RHoAE
9 Hlole FHE B3 AF

HolEAS Theo) ez Bl

=& C0JE{A ofl A

base_date forward g10 em kw  export  wti core  fwd il pe pe tal fy2 fql  fgl recom vkospi vix  put
_stage  _esi _6si _lag _pe _pe _gap _em _dm b er _er _er _chg _al
_lag _discount _discount m Im w _w _ratio

03-06-24 up -79 29 1188 35 288 008 7.1 99 66 526 091 35 04 -06 01 275 208 823
03-06-25 up -31 27 11871 35 300 008 73 97 159 517 093 35 04 -06 01 276 208 80.6
03-06-26 neutral -12.6 32 11866 35 290 008 73 95 -153 -515 093 35 04 -06 01 278 194 798

7t SAR EQ! export_lag, core_pce_lagoil= 3Y7t SYUsH £X|(&|2 YEX|) 7t 017t = AS & + US

7t AAER(MES7E wiE o7l 8) glelE él"i A BEIL 7 doll FAIE Ut
forward_staget= #|o] B0 sidstH, LY AFE 6099 Y SUEE 2R YA A& &
o] 03/6/249] forward_staget, TS 9l 03/6/26—rEH AFE- 6097 B0l T.5%% HekA
' FYAZR AAYHACE 03/6/269) forward_stager AFE 60Y97F £AE0] 0~4% AlololA
neutral ZYPAE AGHUY. L gl0 esi ~ put_call_ratiod] 187] €& oA FYsk EXA R
dolH7t 593 SAHE Fol7ke 94 (feature) D H 0|t
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=2 =

CH710lE Al 22! FX| code

D7lol% Al Rele] AATEE Al 1) e S 22A

FolA STk

= 3T

=

2Y 8ty TEAA

* Raw data 7F4 2.7] (train, test data Y-r71)
27 solzsietolelg 27] 9 v F
K-fold cross validation 28§ 0.2 24l A5 &9l
+ 3% 2l oS

* test data® HF EE AT &<

o 2d 2%

OlF Z2M2

« 2 2T

« A7) HolEE 23]

Rd Sk ALY AA e o 2

& ZZMA 2E:MODEL_1_learning.py

# -*- coding: utf-8 -*-

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import sklearn.metrics as mt
tree import export graphviz

tree import DecisionTreeClassifier

from
from
from
from
from
from
from
from
from

sklearn.
sklearn.
sklearn.
sklearn.
sklearn.
sklearn.
sklearn.
sklearn.
sklearn.

ensemble import
model selection
model selection
model selection
model selection

RandomForestClassifier

import train test split
import StratifiedShuffleSplit
import cross val score

import RandomizedSearchCV

externals import joblib
metrics import confusion matrix

# 1. daily raw data 7}A 97|

model data =

pd.read excel("daily datad4 value.xlsx", sheet name="raw", header=18, index col=0)

# 2. features, label AAHolE A

# X, ye HEU7HA 233 A glo|H. X past, y pasts A7} EolH 61UZA7MA 9 Hlo]E]
X = model data.iloc[:, 1:]
X names = X.columns

y = model data["forward stage"]

X past = X[y.

y _past

vly.

notna () ]
notna () ]

# 3. train, test UF7]
sss = StratifiedShuffleSplit(n splits=1, test size=0.2, random state=42)

0z
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for train index, test index in sss.split(X past, y past): #sss.split(~) St n splits UHE FH|E
X train, X test = X past.iloc[train index,], X past.iloc[test index, ]
y train, y test = y past[train index], y past[test index]

# 4. B AR 7 37 stolw sl 27

#rnd clf = RandomForestClassifier (n estimators=100, n jobs=-1, random state=42)
#

#param dist rf = {

# 'n estimators':[50, 100, 500],

# 'max leaf nodes':[20, 30, 40, 50],

# 'max features':[2, 4, 6, 8]

#}

#

#rnd search = RandomizedSearchCV(rnd clf, param dist rf, cv=10, random state=42)
#rnd search.fit (X train, y train)

#print (rnd search.best params )

# 5. 8h5 9 K-fold cross_validation 7}

rnd clf = RandomForestClassifier (n estimators=100, max leaf nodes=40, max features=8, n jobs=-1,
random state=42) #UJEE

rnd scores = cross val score(rnd clf, X train, y train, scoring="accuracy", cv=10)

print ("\n<10-fold cross-validation>")

print ("accuracy score mean: ", rnd scores.mean())

§ 6. A% 7d o

rnd clf.fit(X train, y train)

print ("\n<AI model: machine learning done >")

print ("accuracy score of train data(0.8 of sample): ", rnd clf.score(X train, y train))

# 7. test data 3¢l

print ("accuracy score of test data(0.2 of sample): ", rnd clf.score (X test, y test))
#y test pred = rnd clf.predict (X test)
#print ("accuracy score of test data: ", mt.accuracy score(y test, y test pred))

# 8. confusion matrix ¢l

y test pred = rnd clf.predict (X test)

cml= confusion matrix(y test, y test pred, labels=["up","neutral","down"])
print ("\n<Confusion matrix>")

print (" (of test)")

print ("up", "neutral", "down")

print (cml)

cm2= confusion matrix(y past, rnd clf.predict(X past), labels=["up","neutral", "down"]
print (" (of all)")

print ("up", "neutral", "down")

print (cm2)

# 9. W4 FOE A=

print ("\n<Feature importance>")

for name, score in zip(X.columns, rnd clf.feature importances ):
print (name, ": ", score)

# 10. backtesting§ I of|=doH A
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y prediction = rnd clf.predict (X)
y _pred = pd.Series (y prediction, index=y.index)

# 11, 29 A%
joblib.dump (rnd clf, "forecast model.pkl")
print ("\n< AI model: save >")

rx
el

b4
HAHY golHH T & A3 Ya, sklearnd} 319 class S importdls &0t}

1. daily raw data 714 27|

¢ Fd dlo 1E1** dA FolM 9 400000 A Hog @ doly o AuY(daily_datad_

value.xlsx) W8S model_data W0 AASTE o]7]4 model_data® pandas =ho]E# 7<)
DataFrame 744 W4t}

2. features, label HF|C[O[E] A4A

dlolH7F 219 E model_datao Al 24 dlo]HE Hof X Wgrol s, o] & to|H
o] Akt X+= nx18 #)¥ 27| (shape) 9] DataFrame AL, y= n 81932719 Series
X names: X glo]Ho HEW(Z EAANTH)S 91 g}rjr e HasA zaka
A wlolelth, AFE HeRd AR e Y Hlo ]'ﬂ (v HigellA gz Holgls Fi)e
9Jstal, <5 7Hs 3t vlo|HES X past, y_past® WE A4}

2 2 l’lﬁ
&Lri

D N o [

3. train, test LE=7|

OverfittingS 5}y 2 X2 391817 YA, train datad} test data® e YL I43
ojt} o] uj Strat1f1edShufﬂeSp1 t AAE AFgetth o] AA= AA tlo]HA train data$} test
dataE FAF Hdhe AUE 3tk TEOA test datad] Ato]=E A9 0.2(20%) 2 AFHA
t} train_datas 7}2]7]= train_index H]EWHE, test_dataE 71E]7]= test_index HIEWHSLE THE
1, 0|5 &38| X_train, X_test, y_train, y_test Ho|HE Z+Z THEL)

4. 2 MR R 2H slo|mut2taE 37|

W FHAEE H RS T2 Eﬂ"ﬁ” BHE2 oy 7HA stolHatenE (RY A 24
W) S 7HT stolHatetulE ] AR wetA, REle] F5o] Apol7k AA & 4 ik whet
A, HAHY 7|Ho| A= trial and error WA O & Slo|HulEtu|EE FFA HHIJAI;%_H =R IRY

ofg W gAEs), HA ey AQE Fe 7IWe Bol 2t o] o RandomizedSearchCV
7} AHE-Eth RandomizedSearchCVE 24 stetu|HE 23 of AGsHA HAs 59 2oz
HAES diFs At

FEO|A param_dist_rf W= Fetv]E QY SHTO] Fol7} 9t} o7|M = AR Ed JiE
5 AA3= nestimators® 509, 1009, 5008 FojM AEsly, IA A¢eE AFs}E
max_featuresE 2, 4, 6, 8 S0l Al E% S F 3Ix4x4=487 %3 Fo)A sto|mgEtu|HE 12E
& $HE AT md_searchfits &3l °lE 2elgh ﬁﬁrﬂ rnd_search Z4A|o] A=,
rnd_search,_best_params_ /oA 1 AFE Flsity Ae) Ay} o WY THAE FH
2 ggbuE = “n_estimators=100, max_leaf nodes=40, max_features=8"% TQIEtHFH e ‘T&
As) AY 8o FAD.
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5#ofl+= K-fold cross_validations ZJste], RE o] dubA9l =8-S Felsh= E}ﬁ]‘jr. o]

H FToA g3t stolsaletulE A|E o] ARSI SITE cross_val score”} 2Lz

4, ©]9 FJEJHM k¥ 7426} ’“*Z]“ 9] wigdolt}, md_scoresol] AYG =
O
=

tlo > ¥

7. test data &0l

test dataS =3+ out-of-sample EH|AE IA 0|t} rnd_clf score(X_test, v_test) S AFE-5FH, X testo}

y_test BloJEIE ARE-3F out-of-sample HIAES] H5 X5 FelstA Hrt.

8. confusion matrix 29l

confusion_matrix e++5 E3H E=hE S A}

W E, FE A4F column 7]E0] oS EE A0

= FEr} sklearn 2ho] B 8= Wikipedia®he
W, 9% row 7|F0] A3} Aol

Ag IYA =
7] wzell, 9] 5 AY S 4
ZF gxHE F8E AHE golH
rnd_clf feature_importances_= Z+ A5 £RE FA5
z2 21 %OUE Az 187 wjd =

Y FLE FATF 245, T ddo| S8 Adete

10. backtesting® O SCi|0|E| M4
HolA & AlRY 78F B2 REZEQ M ARS A3 BA oS4 A Fdoltt

1. 2 NE
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2% &

1o
3
|El

ENA FE

{'n estimators': 100, 'max leaf nodes': 40, 'max features': 8}
<10-fold cross-validation>
accuracy score mean: 0.8062374055627817

<AI model: machine learning done >
accuracy score of train data(0.8 of sample):
accuracy score of test data(0.2 of sample):

0.8427615571776156
0.81044957472661

<Confusion matrix>
(of test)
up neutral down
[[317 11 10]

[ 52 89 41]

[ 26 16 261]]
(of all)
up neutral down
[[1593 52 46]

[ 227 504 176]
[ 104 68 1341]]

<Feature importance>

gl0 esi : 0.06775862397559076

em esi : 0.049720132319309905

krw : 0.05245610408369035

export lag : 0.06903322158373318

wti @ 0.14177595378422583

core pce lag : 0.039037048164689093
fwd pe : 0.12883474580452478

yield gap : 0.04266947834950722

pe em discount : 0.04769161558448116
pe dm discount : 0.06439509460535199
trail pb : 0.07115502560425827

fy2 err Im : 0.022682389767492383
fql err Im : 0.012277027718205295
fql err 1w : 0.008887778874414677
recom chg 1w : 0.0042505330978163825
vkospi : 0.07770324450857719

vix : 0.051158622563615086

put call ratio : 0.04851335961051654

< AI model: save >

2312 YA A9er et 2

{'n estimators': 100, 'max leaf nodes': 40, 'max features': 8}

Ay, stolHuetu|H A"l thet A
3tk [ 'n_estimators': 100,

0w AR B 35S A ARe 0 et
¥ A4S AN A3 thg s1E0] HH gAY Aoz @
'max_leaf nodes": 40, 'max_features": 8 ]

<10-fold cross-validation>
accuracy score mean: 0.8062374055627817

A
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58 FE cross validations SelA, BE %S Selska 3 Aot Cross validations 109
HAPE e 2o} A= (accuracy) 1&7} B 80.6%% thgkth A Aol Ak59lA,
HIAA, seF A S AFohe vleo] AN 80.6%3tHe oIt

<AI model: machine learning done >
accuracy score of train data(0.8 of sample): 0.8427615571776156
accuracy score of test data(0.2 of sample): 0.81044957472661

Al 2H0j|A test dataZ DE S50 ABEIX] %2 A test dataE EUS M, ZEO| YL XH:= 81.0%E 7ISHCHIA
HIAESH 21t He=7t F0M d&/28/6tEe HEs| XE HIE). Ol O 2|ZEQ| "IAL| HV[6|F ZH0] 52.8%9
81.0%E 7|5. 7|Z =¥ HETE 7|55 0| H|, A HME ZBCH2019/9/3 "2ATL| E7|0|E R 2| EE FM), O Huwst
CHH| il =240] 3A EIZS ME30, IHHE O|fE HFHME FHEE O =0 ZHo| HSOJCH= AS & & ALt
NgES
24T (0|5 Al 2| BEE b

(%)

9 -

80 | wAccuracy (M&= X|H)

70

60 |

50

40

30

20 |

10

04 .

JIE B0 = AlEE7|0|E =2
XE: HHEH

<Confusion matrix>
(of test)
up neutral down
[[317 11 10]

[ 52 89 41]

[ 26 16 261]]
(of all)
up neutral down
[[1593 52 46]

[ 227 504 176]
[ 104 68 1341]]

FTE E3A confusion matrixs 3913+ ATt} test datal 7]FCE 3 TEPHo| HA
2859t o] E5dEY AHE E&A, AZT(accuracy) FA7F [(317+89+261)/823 =
0.8104]1 2 At=ESIth Z1E, train datad} test datas B 5T X &3F A A Eﬂ 5 i = &5

FL A A3y O oo Yot} Fuz AA folE 71329 AEE (accuracy)= 83.6%
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<Feature importance>

gl0 esi : 0.06775862397559076
em esi : 0.049720132319309905
krw : 0.05245610408369035

put call ratio : 0.04851335961051654

N

f feature_importances_ AXE ZHES}Y], WY XYAE Fdo|A S35 AL
S gHolst At} WTIZF 0.141, Fwd P/E7F 0.1282 T H4a= 7p4 Abelo] =
o} 1 9o VKOSPL, 42%%7}&, Trailing P/B 5¢] 0.06~0.08¢] =

a2 AxED WFoold NEEY TAEF £ A0 U,

rnd_c

e Bl
3 e

fou rlo

0| =2MA FE: MODEL_2_routine.py

# -*- coding: utf-8 -*-

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import sklearn.metrics as mt

from sklearn.tree import export graphviz

from sklearn.tree import DecisionTreeClassifier

from sklearn.ensemble import RandomForestClassifier
from sklearn.model selection import train test split
from sklearn.model selection import StratifiedShuffleSplit
from sklearn.model selection import cross val score
from sklearn.model selection import RandomizedSearchCV
from sklearn.externals import joblib

from sklearn.metrics import confusion matrix

t = {"temp':'temp'}

#1. 29 2C
rnd clf = joblib.load("forecast model.pkl")
print ("\n< AI model: load >")

# 2. new daily raw data 7}427]

# X, ye U7 233 A glo]H. X past, y pasts A7} EolH 61UA7MA 9 Hlo]E]

model data = pd.read excel("daily data4 value.xlsx", sheet name="raw", header=18, index col=0)
X = model data.iloc[:, 1:]

X names = X.columns

y = model data["forward stage"]

X past = X[y.notna()]
y past = yl[y.notna ()]

# 3. new daily raw data A &

rnd clf.fit(X past, y past)

print ("\n< AI model: machine learning done >")

print ("accuracy score of whole data: ", rnd clf.score(X past, y past))

# 4. @A (@A) dlolE A
print ("\n<Current status>")

2N X

[kl
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for t['col'], t['score'] in zip(X.columns, X.iloc[-1]):
print("{:20} : {:>8.3f}".format(t['col'], t['score']))
X current = np.array(X.iloc[-1]) .reshape(1,-1

# 5. 34 A%

print ("\n< AI model: forecasting >")

y current pred = rnd clf.predict (X current)
print ("forecast: ", y current pred)

$ AAL HER
prob current = rnd clf.predict proba (X current)
y names = rnd clf.classes

print ("\n[class] [prob]™)
for t['name'], t['prob'] in zip(y names, prob current([0]):
print ("{:7} : {:.2f}".format (t['name'], t['prob']))

# 6. 20199 U9 AR EE W)

# 7R A 2E ol g

prob = rnd clf.predict proba (X)

prob df = pd DataFrameTprob, index=y.index, columns=y names)

# 20199 A2 gEY 1z 29
prob 2019 = prob df['2019']
plt.bar (prob 2019.index,
color="r")

prob 2019['up'], label='up',

plt.bar(prob 2019.index, prob 2019['neutral'], label='neutral',

#prob current[0]

ol 1719 @Al S01717] Wzl

bottom=prob 2019['down'], color='g")

plt.bar(prob 2019.index, prob 2019['down'], label='down',6 color='b')

plt.legend()
plt.show ()

1. 2d 2E
joblib.loadS E3|A] pkl IL 2 A ZH

2. new daily raw data 7tH 27|

3. new daily raw data HX| st&

A% $9sHe mdolehn S, Wik AURA delet 4955 22 Holgg A% T3
She N0z Ed Holeg St Wl fasht e oF s AT ARE TYE A
A HolelS Agake FHolth

Xiloc[-1,]& X Hole =g
g dA AR JRE & 1x

WY 2o AE

-

o8& A= 7=
Hloel7h 23+ 2 ¢

SO A upAut & glo]HE AA et
m 2719 numpy array’} ¥HSo] Xt}

298 md dfE &7t

IS
[N

HAy
T

o
o
2
=
o

bottom=prob 2019['neutral']+prob 2019['down'],

aily_datad_value xlsx= A]

FEE E3|A X current
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5 @ Y

el

y_current_pred = rnd_clf predict(X_current) & E8|A], @A Ho]EE tA1 AF ALE A #
t} y_current_predo] 1 Z37t E07}1 ‘wp’, ‘neutral, ‘down’ 37}A] 7”3} = vz 24"
predict_proba WA EE 7+ S AEE AME S $AE A4 HoFe At g 25
A, e, B ofg B tigk 47t SEE HoErk

6.20194 L8 HYK[Q| tHa}

Jok
4

predict_proba MAEE B34, 2019d Azto =z tr] #8kA Ao 80| oj@H B YEA]
£ A}ER HoFE ITr pltbars FolA +4 HIAE Fei2 JHHZE 19

0% Z2HA AC A3 2

< AI model: load >

< AI model: machine learning done >
accuracy score of whole data: 0.8382388713208465

<Current status>

gl0 esi 3 1.100
em esi g =21.500
krw ¢ 1160.800
export lag : =14.700
wti : 56.800
core pce lag 3 0.050
fwd pe 3 11.190
yield gap : 7.373
pe em discount : -5.201
pe dm discount : -29.848
trail pb 3 0.880
fy2 err Im : -9.480
fql err Im 3 -8.970
fql err 1w 3 0.960
recom chg 1w : -0.020
vkospi 3 13.650
vix 3 12.680
put call ratio : 95.414

< AI model: forecasting >

forecast: ['down']
[class] : [prob]
down : 0.67
neutral : 0.20

up : 0.13

10
08
06
04
-

- reutral
- down

00
2019-0D19-P219-0P19-Q019-0919-0619-2D19-0919-2019-2019-11
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A2 WA Agetd oo 2
< AI model: load >

< AI model: machine learning done >
accuracy score of whole data: 0.8382388713208465

1~-38 225 FaA, ZEE oAl RESIL AR A HolHE 353t A%E FH3 A
ojth. A dlolHE o 3 HF i (accuracy) A= 83.8%%= FolHTh(o]d HesAR:E, 3
FAEA M) 2AA HT HTY).

<Current status>

gl0 esi 3 1.100

em esi : -21.500

krw : 1160.800

;uticalliratio : 95.414
3T 49 tolHE Y wof, g T FAS Aotk 1149 1297 tlolHE HEHolHE ¥
Q3L, G10 ESI A|4=1.1% 2 E, EM ESI A|$=-215FE So] &olHc}

< AT model: forecasting >

forecast: ['down']
[class] : [prob]
down : 0.67
neutral : 0.20
up : 0.13
x| Al 29| Of|EX|= U8 G|O|EE HiEISZ St E‘*'°I ol ZUE 2oiFn UCt X HIOHZE 2 o532 AYsH A,
SIEFOR LIEN BHOI 7| WY SR HES 67%, HI HES 20%, ‘NS HES 13%E2 UYL RU2 7t Al
‘5t #E0| 67%, "=’ S$E0| HY =2 A2 WYX= 2z WAo|rt, matM, £ZF ZAL C7| Wekd MY §Eez
EH=0[ 20%, ‘&5 = 0| LIEFGCE &, XIZRE &= 37§22 ZA1| Oj2f £AE0| 0% 0|2HS 7|5 A= of &etct

13%=2 LIEt:

10

08
0.6
04
- up

02

N neutral
. down

0
2019-0D19-P219-7919-0919-0919-0619-0D19-0919-0019-2019-11

=

g6 9F0R A% PYol U 1% TE WIHE T2 BelFT Yrf 92 19
£ wdlol 4 HEL BA HYPIHIOA), 293 EE S G802 ke AFe
2 o] 90 8YY Fo| A Fo] BT FOAWE ATL oA UL 4FUL
4 % o
2 T .
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o|ZH, sto]A 7Wk FAT @Yo S Al RH O 743 o Fo] SFE I
e AL
Bdo o & s i3t 7] AL, A A E(accuracy) FAIE FEA oln] it
(Bt ZEAA & A A 4% JE - AF= AR 8L0%). £ O ol Hole $71E 4
A, Al REE 7R g A7) RFEZYE &S WY $YE AHE WHAE jEi
AL R Tl ¢§ HeaE PHE B9, 71E 3248 @62 29 PXE 4o PEED §
dajct, e Ay 7Y BF Pythono 2 WAL
e AY 22 thad 2T
29 7|4 ZEZ2Q 28 HEAY
FA717E 9 F7]: 20023 E~2019'd 1092202709 717h). 47 2=,
FARE mjdde] dEHE BY AIEE RO R o B TAMS fA%E BY AT
o] “g5 Aol g 2k KOSPI Wi EAAE frA, ‘B oW dg B4 ZAM {7
(0% %), ‘a2 o|W 37k KOSPI (F)WlE ZAAE A & KOSPI ©7] Aol ¥-&
i KOSPL A%E longdte Ake A8, ©7) s1e& o4 gl KOSPI short& &3
A g F7aHs B,
B Wle)E Al REe JER AYEAT A4 A 24 Aol g e AR
g 7 Ao AE)T AEF FAF A& 30Y AT J|EolAT, AA FAE g
BRI ES
Python©.2 THE WEAY FT& thg3t 2t}
HHE|| AEl 3 C: BACKTEST.py
# -*- coding: utf-8 -*-
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
# -1. MDD &< A9
def MDD(list values):
mdd value = 0
for i in range(l, len(list values)):
bw max = max(list values[:i])
curr = list values[i]
mdd = curr / bw max - 1
if mdd < mdd value:
mdd value = mdd
return mdd value
§ 0. AFURY FHAZ A2 ARG ¥4 A9 (up=1, neutral=0, down=-1)
def convert num(pred):
HeEH | 28
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pred num = np.empty (len (pred))
pred num[pred=="up']=1

pred num[pred=="neutral']=0
pred num[pred=="down']=-1
pred num[pred.isna ()]=np.NaN

return pred num

# 1. 9T ARSOE HolH 7%% ]
§ ElolElE A/ 95 E (Q5K) /RaTAS/ AR AYY YR 74
kdata = pd.readﬁexcel("1nvest1ng.xlsx", sheet name="raw", header=13, index col=0)

# 2. AIRYR o3} dSHHE 714 Q7]
# 71 nnd s i*ﬂ’\f)ﬂ/ﬂ IS0l v pred H|o|EE %33,
# g =Y EAYAL TPAE. o, AA| EAE e, YU EAGAY 7E ARE VA

=

kdata['stage']=

#kdata['stage'] = y pred #TUA} o}y
for index in kdata.index:
kdata.loc[index, 'stage']=y pred[kdata.loc[index, 'before last']]

§ 3. AL =20 F Y
kdata['pre stage']= kdata['stage'].shift (1)
kdata['port return']=0

=S T aE o
# A9 FAelo] Aol 355] Long, Mol Cash, o]l 2251 short 4.
# 3F Ao wet ZE YH0lE (port_return) A4
kdata.loc[kdata['pre stage']=="up', 'port return'] = kdata['m return']*l
kdata.loc[kdata['pre stage'].isna(), 'port return'] = kdata['m return']*1l
kdata.loc[kdata['pre stage']=="neutral', 'port return'] = 0
kdata.loc[kdata['pre stage']=="'down',6 'port return'] = kdata['m return']*-1

t 2275k RAEEZ O o] A5 E (194 AFahe SlEix Fel) A4
kdata['kospi cumul']=(lt+kdata['m return']) .cumprod()
kdata['port cumul']=(l+kdata['port return']) .cumprod ()

# 5. e A8 A3} 7|2 (CAGR, ¥HEA], Sharpe ratio, MDD)

my back = {'months':len(kdata) }

my back['k cumul return idx']=kdata['kospi cumul'][-1]

my back['k cumul return pct']=(my back['k cumul return idx']-1)*100

my back['k cag ] (my back['k cumul return idx']**( 12/my back['months']))-1
my back['k cagr pct']=my back['k cagr' ]*100

my back['k vol pct']=np.std(kdata['m return'])*np.sqrt(12)*100

my back['k Sharpe']=my back['k cagr pct']/my back['k vol pct']

my back['k MDD']=MDD (kdata['kospi cumul'])*100

my back['port cumul return idx']=kdata['port cumul'][-1]

['p
myﬁback['porticumulireturnipct ]=(my back['port cumul return idx']-1)*100
my back['port cagr']=(my back['port cumul return idx']**( 12/my back['months']))-1
my back['port cagr pct']=my back['port cagr']*100
my back['port vol pct']=np.std(kdata['port return'])*np.sqrt(12)*100
my back['port Sharpe']=my back['port cagr pct']/my back['port vol pct']
['po

my back['port MDD']=MDD (kdata['port cumul'])*100

# 6. WElAY A3 ZHs}]
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print ("<Backtesting result>")
for key, value in my back.items():

print ("{:22}: {:>8.3f}".format (key, value))
# FEZYQ FH5YE 1=
kdata['port cumul'].plot ()
plt.title('Portfolio performance index')
plt.ylabel ('\'02/12/31 = 1")
plt.show ()

# 7. 9% ZIAGA L AR AR 28
b2l AR 3
for index in kdata.index:
kdata.loc[index, 'real stage']=y[kdata.loc[index, 'before last']]

§ AR FULE SA2 HE
kdata['stage num']=convert num(kdata['stage'])
kdata['real stage num']=convert num(kdata['real stage'])

Rk e B e

kdata.plot (y=['stage num', 'real stage num'], label=['model forecast',6 'real direction'])

plt.title('Model forecast vs. Real direction')
plt.ylabel ('up=1, neutral=0, down=-1")
plt.show ()
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1. EZt N2 E H|OE 71427

ng 57 AgSE dolE Al @*ﬁﬂ%% 7V A kdata ©]o]
05 golEHAlE t&} 2t} A8 E base_date(FEY), mreturn(P7F £ E
A|52), before_last(E% 3HF4 FHY)Z A= o] . before_last= Y sHF4 E#49

Uy

%_ =
A% e 87 A9 dolue

e} Al 222 G10 ESLL, WTI 59 sf&ldlolElE AR&sl7] wlioll, AA
4 ot} wiEhA, gt EAE A3

Bz s HeEd Al

2
[N
md 4m oxt EL o

of 3l 37 4 7159 dSHolHE et FAE 2AsHA Ht.

ANZ40lE H|0|E{MI(X7| kdata) G|

base_date m_return kospi before_last
2003-01-30 -0.057 591.86 2003-01-29
2003-02-28 -0.028 575.43 2003-02-27
2003-03-31 -0.069 535.70 2003-03-28
1 m_return(F7 +UE)2 % FETE OfLl YR 71E
e fdEd

ZA| 20 A THEoldH U o & AH y predd

ES EER ERICER Y
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>

3.4

Y

% XA B MY

kdata FlolHZ (A 3 )0l pre_stageths ALT FAA HlolHE AT 481 &
gloll A wjEdats €A st7] As A dole E& AT Aolrh

£ 3 w EAelde] A5old TAT £, BEold 0% 9]
%, setoldl ZAY o1 QYT ALT FAYZ] nadl 4003130 AL
§%) LEX 3

NEE HFAE T3] Longd FAVE HOZ HeF wHEnh

9 FHFAELS kospleumul E= Astal, ZEE O A5 EL port_cumul B2
ARTHIA AlFsle dE A FH),

5. HHE|AE! Zu} 7|E(CAGR, HZM, Sharpe ratio, MDD)
e AE AyS Aests A CAGR, 9MEA, Sharpe ratio, MDD & A4Hith(o] ],
Sharpe ratiool| A= Rf=0-2 7143}, Python?] Dictionary A& 3 -S A3},

6. WEIAT Zut £21517]

o] FElo]
ATt} EdofA]
kdata[‘real_stage’] o =)
Halsk AW7 kdata[stage num'’]
kdata[‘real_stage_num’]e]] E¢] 9tk o]&

S ATCES/E/EEN T AA ASARE vl FER HoFe

o] kdata['stage’lol &0l 3L, AA A ATE=
5 ABAE Fe=1, B¥=0, stg=-1'9 Pz FA=
5o ok AR Ade A HE AEe
ZFA 2L

plot AEE WY

wE|AR D MY 2t

<Backtesting result>

months : 202.000

k cumul return idx :  3.320
k cumul return pct : 232.001
k cagr : 0.074

k cagr pct : 7.389

k vol pct : 17.986

k Sharpe : 0.411

k_ MDD : -48.518
port cumul return idx : 40.369
port cumul return pct : 3936.893
port cagr 3 0.246
port cagr pct : 24.569
port vol pct : 16.098
port Sharpe 3 1.526
port MDD : -11.782
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Portfolio performance index
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Model forecast vs. Real direction
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o ] FoHIEmE r
-0.25 ‘
-0.50 1
-0.75 1

R R )
base_date
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0, down

1, neutral
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uEAg TEe] A% Ase gjo Zo] e

HAE FE2 my back HMUZ|Y HlolHE 27 FHFORM, WEHAY 43} JHE HolF

gt =22 gA Aefetd vedt 2t

AIZE 7|8 ZEE2|Q WEAY Zi}

Mipx| = KOSPI £} (k) DEE ZEEDR (port)
FHPUE (%) 232.00 3,936.89
ASH SAUE (%) 7.39 2457
ASMEEHRL (%) 17.99 16.10
Sharpe ratio (Rf=0% 7}d) 0.41 1.53
MDD (Maximum Draw Down, %) -48.52 -11.78

NS

2d 7| ZEZ 9] A% 40ES 2457%0|th KOSPI Buy & HoldE 37 o} ZEsh=
Rog ZolH), IA7 @Y #Hx YXE AojA 2d 7t TEZF 9 AFE
o] 23.2%7F UskaS Hl v YEZF Q9 B2 A3t o AMEHISS
o &= 9t
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ED|OIE Al 2Y 7|5t ZEZR|Q, LA R|4

(12/12/31=100p)
4,500 -
4,000 -
3,500 -
3,000 -
2,500 -
2,000 -
1,500 A
1,000 A

500 A

0 . . . . .
2003-01-30 2006-01-31 2009-01-30 2012-01-31 2015-01-30 2018-01-31

A 7|ZE 100EQEZ XMt FHYIE EAISH I, “port_cumul_return_idx : 40.369” &2 Python £ H =M
Jgjzet SUsH ANt
e fdEd

Model forecast vs. Real direction
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SAMSUNG Quant Model

Event-driven M2f
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Compliance notice
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