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o NTIS ZARAHOIHE 718, FAEEEe|0E T30k THols 7|2Aay, A%
7B RGN, AUE TANE SO WL ARAY R FHe gk
A Aj8o] st 7Rk 718t ARAIY W AKESt wY LS B Slge

o

0 £ 97410 2488uge] Anag /isye Sott 5 W2 59 29 1wote

ORI AG B U AMIAS FEINTA T

W BAER wRe AUME A0 AEHolAE AU Yol meaHo] o
Z3hx) e A9 ARGl ool ehe(1d 1-2 )
* MEHOIM MoIM & Z2 D=2 2019 olsh7 EL

MedClass_Train A2

- data_path : xisxTH 22

« save_path : doc2vec 22 HE F2

- code: St E IS M (2, M, Hih

+ wvector_size : Document Vector Size

- window : doc2vec BH5 Al B T £Hof2] &

- n_thread : SIS A| ALBE 22)E 5

+ seed : A|E T seed number

« alpha : leaming rate

« epochs : epochs

- dm : DBOW Model2! S 1 DM Model?! 32 0

MedClass_Train(data_path="_/Data/prac.xIsx", save_path="_/test docivec", code="AI2F"  vector_size=300, window=15, Seed=2017, alpha=0.05, epoct

2017-12-22 17:51:19,427 : INFO : collecting all words and their counts

2017-12-22 17:51:19,429 : INFO : PROGRESS: at example #0, processed 0 mords (0/s), O word types, 0 tags

2017-12-22 17:51:19,432 : INFO : col lected 419 word types and 3 unigue tags from a corpus of 9 examples and 1601 words
2017-12-22 17:51:19,434 : INFO : Loading a fresh vocabulary

2017-12-22 17:51:19,439 : INFO : min_count=0 retains 419 unique words (100% of original 419, drops 0)

2017-12-22 17:51:19,440 & INFO : min_count=0 leaves 1601 word corpus (100% of original 1601, drops 0)

2017-12-22 17:51:19,448 @ INFO @ deleting the raw counts dictionary of 419 items

2017-12-22 17:51:19,451 : INFO : sample=0.001 downsamples 79 most-common words

2017-12-22 17:51:19,452 INFO : downsampling leaves estimated 1030 word corpus (64.4% of prior 1601)

2017-12-22 17:51:19,454 : INFO : estimated required memory for 419 words and 300 dimensions: 1219300 bytes

2017-12-22 17:51:19,456 : INFO : resetting layer weights

2017-12-22 17:51:19,472 : INFO : training model with 8 workers on 419 vocabulary and 300 features, using sg=1 hs=0 sample=0.001 negat ive=5 w
indow=1%

2017-12-22 17:51:19,478 : INFO : worker thread finished; awaiting finish of 7 more threads
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1) T. M. Mitchell. Machine Learning, McGraw-Hill Education, 1997.

2) I. Goodfellow et al. Deep Learning, MIT Press, 2016.

3) P. E. Hart and R. O. Duda, “‘PROSPECTOR - a computer-based consultation system for mineral exploration,”
Artificial Intelligence Center, SRI International, Technical Note, No. 155, 1977.
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ol

H2E 1A

1S Mg WHE M

J

7t. X|=8t&(Supervised learning)

1) X=skEel i

0 AZgs ol dF HolHx)9t A Aily)7} EAck= AgollA S=HolHE
ol-gsto] UY-ZA} miH IS °L‘§3}% I
o 77} ke Rt EHolEl ABEUS W K U HolEle] ZuE olEa sk
o E HE&(classification)?} 3] (regression)Z Hd & U
o EF{(Classification)
- Jgdlolg x9] y € {1,....c}(7]A c= SAU 7| ar] 4= 9Jn]) i 2] QjH]
- A& =°f, A0 T k= ARl S35t B SHAE, ool sfidshs ARl
st o S A st FA A oS Eote BES A4St BEe] g5

ARGEIA he AAlo] AHH AL 0 /o] of 8 TS Zgdo] B

obo

II

o 3]7(Regression)
- 33 dolelRolA YEolelx)e} AuATy)E k= Bd f (f:R" - R)}S 2= Aog xy:

A4z ol
- 3] F7PEE A4g Bl FF 571 A4 0% Y ol s o
2 3 do|glo]
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Cretald 23 deald 22

[ 2-1] CFat3|H(Polynomial regression)2t 23| (Linear regression) 22 O|A|
o Hlojg 7|it RdFS fsiA EF} 3 BT oS 45 ST o A= 4T
257} 979
- HAAF2ol8(Mean Squared Error, MSE)= m7]} HIAE do]|(y(tes")Q} 0] 9] o =gt
(=)ol thol chet ol e
MSE, ., = %Z(?i'testj _ yt'testj):
- ZEAESHResidual Sum of Square, RSS)= HIAE H|o|E|(y*esv)e} o]of Tl 3]H
T (f)oll 3l (o1714] 6= 39 o= 24 A HE) o232} o] A9
RSS(8) = Z (yee— 1, (x"““U)f
- E9-gto| & WAiHKullback-Leibler divergence, KL divergence)= F 7| &&
I p, q Zlo] SHL FI8 ARSEH TthE} o] Ao

K

Dy

Dy (pllg) = Zpklog—A
=1 e

2) X|=8ks 7|8 &g

ol

O A% 3]¥H(Linear Regression) ¥

o AL Fo B W (), F% W5 () Aole] Y A (¢ fur+ o) XS

7Pgale
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- 39 golg2RE AFRd j=4,+45 34 Alos FAAFTERSS)S A
- wj &9 HolEt FolAw
R3S = (Jﬁ _léﬂ _Jélxl)z + (3}2 _ﬁo _ﬁlxz)z +oet (J’n _ﬁo _Jélxnjzjq' 71;]'01 75']/\\_}\5‘]:

- AR BBV QIRE v A, AP A 4 AR A, fote TR 2ol T 4 U

s Xl -0 -7

A7) F=1Thy, F=1Thx

O 2XAH 3]H(Logistic Regression)
o FEA|AH AlTHO|=(Logistic sigmoid) J(x)=ﬁ% 03} 1Afo] Fro= wjgslm=s
SES TS BT =T A7) el AREE
o EXAE 3= EAAYH AIHO|EE 83t JH7HO R, et Zo| Bl 71
227t 0t 15 EAck= 24l sl p(x) = Pr(y = 1]x)Q} x| A HEs A] AR

=

2~ 0lo
T AT
_ _ _ _ o SotB1X
- AY BAES o|ste] EAAY TS Bt LA|F o R HHs p(Y) = _smma/t EH
p(X)
qF Ao L= e wygEe mET & 9o
riX)
- % l [e)

e gy g =Pt AXz Hujgy log - pcx.% e BAE B
"_

o EAAE AL FHASG(regression coefficient) Bo, B2 4L Yol Hh=H

(maximum likelihood)& ©]-&3+

e
i)

- IOl A p(X) = Hgﬂﬁiﬁ’ £ ol&sto] idiA &4 HolHE SEE YERd o,
ZHaE] 0 10] gt 2= &9 Holy 9] HdiitE WSk IAATE
Aol EH9] HAo|n, o] uf &g 79 E(likelihood)= THFe $&=3th
(likelihood function).2 ®d&:

R

ok
$ o
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(o) = Hp(x) 1 a-peo)

z»;t]

- 39S HE B2 VISl H2O| ko] 211 RS e A7 MEE e

T=

lp)= Z{ﬁ"f logp(x;:B) + (1 —y) log(1 —plogp(x;;: §))}

2 TS 2= 9lom] 77t SR el 55 =0, 35 =02 AR SARE 293

O t}335]AH(Polynomial Regression)
o3 = 1AE oldsi HIY HAPE e AP Ed
vi=Bo+Bix+eE i A5 a9 Ao E wWAste] thZd Zo] EA:
Vi = Bo+ Byx; + Box? + Baxf + -+ Baxf + €

- H3 A a7t 389 2 AL A8 49 T vl B0 BEE A1

(7A &= 7S HAD)

o

- A7 A% a9] A7) B A4S &4 T
gome AUAA 2 A4 Age AhsA ke

O YrAFEAHEZ(Decision Tree)

Sk Al 7Y 9-83F EX(feature)S 71502 7S k=1, °|
e F27F ERet fAlSte] AR ER R o

- e BHE Sk QAREAERE 7MY A9 FE ==(root node)FHE Ut ko
Egshe 25 F45hks kES0] HolHE 745k en, TH kE(leaf
node)7} 7t L] sigsiA H

- ZHEarelo] Fol=H A ok o] Hlojg7t FolHS Wl RE LERE U5t
g 549 54 @ 2 ¥ thF =ER o]Fshe Yo Tt Eo] TEst
HaL, o] wj Eeke=o] FhE| 1 gho] sig HolEof Foid
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Middle-
aged

o ohpagEE] el 7t eto B4 YPeks Zlo| e Fat Fgolr B4

- ANERELY WY F C45 BIELTH WAL ofefet Zov], £ Hoje]
EAeke Tene +8 ook @ v, S41 ARG A= Entropy) THe-O
ol

C
Entropy () = Z —p;log, p;

i=1

=)
o]%, information gain) @&f°l 7} H= E4

<

Gain($, A) = Entropy(S) — Z — Entorpy(8,)

veValues(4d)

R

Mol
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O AEZEHEHA(Support Vector Machine, SVM)

o AMITEHEMAL FjubdEF7|(maximal margin classifier) 7A@ LuHtskAZ]

#57(Classification) WHo=, AMEZEWE(Support Vector)e= XY

(hyperplane)oll 71 A3t dlojg] JIAEAE AH

- 20 E9A A, B7F A & o, 24 E30] SHIEr= 71 ol 22 S]] &3t
glolg JAABEIAE AR 7hrto] QIS RAog FHo| 7Hs

- HlolE7} pAde] HEE EAIE o], thE £54S FF55ts 2B W(hyper-
plane)*& AR&Sto] & 7| S A FLEo] 7

Ay + Xy + Xy + -+ @px, > 0

‘F

@y + Xy + Xy + -+ @px, < 0

* PR UM SHAS A=EokE p-1 Y ME SHO= [OZ3-3]0A HI0[EIE F=ot

vilag + ayxy + apx, + - + apx,) > 0
7|4 i=1,..,|D]
®
]
e 0 0
[ )
margin
) g
o

[(18 2-3] MEZEHEH(SVM) 0]
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[ 2-3]3} o] 7hcdst 9] A= F FHAS EFohs 2HHY = 73
o ¢ Qoo sho] xyEoz EXE dg

%% H(maximal margin hyperplane) Z+
QrEA % 2ol 1Y 2T Do) At AP H

X Z|CHORH=EE M=) Al O] CI0/H X=| 7tsd AL

By
i

i

B

o,

.

i

(e

=)

Tt EASEE 2HWL gl = T EARS ) T 2HRAT A1 g

yi@(%;)

49 AYRE) (T =HE Aheh S o RS B9 Aoz PRg
49T 4 U

oluje] 2BHE S5 SIof bllal = 0]k AKS =YL, Azl b =i

2w} 7 2 24t A wE Assl] gEAE ld 27] Haspt
JolAel Zo] WE tolE AEA s

wEhA, QEBE e S B Y vakx) = 1- £ A9t 2o oFHEE)S
TAsHAl Haz, &9 =9I tEo] o5 ZRUF Be HolH IAEA His|
lall 2715 A SKmin||al)dls «2 2= A0 Z HlHA =

o W, a= X HolH JIA”X0] Hi3 AAH yex)z1-§ & 3L
§20, L& =C (C A)Ehe Ad2AE S500F &

Aok 23 EA) Al S1FF 5¥(Lagrange multiplier)e 228} R4 02 ARG
ol SEEHE 110 FH LS H4S ol Ao HiA =

Dl
1
Lab) =5 llall? = ) blyaTx 1]
i=1

9 oA 29l FaEF 59 AA|st(Lagrangian dual objective func-
tion) Lyg50] 7FsotH Ly AARE B EXSold= 23W €4 716

|7l |2l

1 T
Lp= Z b; — 52 by y;x; Xy,
i=1 k.J
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o A4Yg(Kernel function)

- e 4

2 AR =AM AV EAPIER, Y BdzeA] 28 SdiE
AsiMe 54 e FEcke B A9 5 s

olufe]l B4 B7HE =t AgEE T
1D |D

1
Ly= Z b _EZ byb;yy;(h(x,), h(x;))
i=1 k.Jj

- 3AR] AGErs de o
a. A2} o A9(polynomial kernel): K(xx") = (1+ (xx'))4
b. Folgd Ho]A|A(Radial basis): K(xx") = exp(—|lx —x'||*/c)

c. AT (Neural network): K(x,x") = tanh(x,;(x,x') + x,)

O Yo]B Hjo]= EZ7|(Naive Bayes Classifier)

o uo]H Hlo]=x EF7]9 Edj7} & Ho|X|Qt o]E(Bayes theorem) ol

A dolE@)e] tis) T e ALk

P(D|R)P(R)

P(HID) = —5053

- P(h= APHEFE(prior probability), P(RID)= ARSEE(posterior proba-
bility), P(Plh)+= E(likelihood)ollA,

AIEE POV dlold T A 7H(h)el] FolAl Alepe] AEa S 3 4= 9o
A POINE Hole BES F3) Mol Rolsle 15X o)

olo we}t, AFFEE P(hID)= HlolE W& At 7 (h)of] Fox= EAlojy 4l
Fr g2 TG sfo] 75T
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7IASHE 718t HIO|R2|2 0 atel7 | FEHO0IE 2 - 88 28 15}

Vg 2 7hae A Aol

- o2 719 7Hd FZHH)o] S5t AFEHE Fto]
71 A0 2L o olE HHWAFEE(maximum a posteriori, MAP)©]

et A olek
P(D|h)P(h
hyap = argmaxpP(h|D) = argnlaxw
heH heH P(D)

glolg7t d7fle] E4es EAEE HolE(ay - aa)d 45 3T HlelE7t

T = 7HAE e V2 B9,

O] 7 ]‘X } E]']j%]‘ 7]‘511—1_1?’]35 Vnrap, é EW*}%&Q% %}:}% ﬁﬂ@r 3]"15‘ 7]"':1]1?4;
o= ofof

Vpgap = argn:{axP(vﬂal, @
U‘jiE

v

1
N
N
©

1

ol
i}

d

O_L, ﬂlﬂ, H:l

P(al,..., ad|vj)P(vj:l
P(ay, ...,ay)

4) = argmax
v;EV

- gytEo® AFSEEE(joint probability) (Play aalv)2] AL fJo] T

Alo1el7 } {AEY YolB Ho|= BR7|= & Fltarget value)o] o1&

fol

[e]
o

o
BF B4 e AR 207 5ol 7HYsta 2dEES 1hde] A4k
P(ay,...aqlv;) = [1,P(a;lv;)
- B ZHE|aEE v 34l Bl 2R
Vyg = argmaxP( )HF(a |v;
O 3% 29 97 9 A 9

o AHZZF$HValidation set) FH

- 3 47} aql T SIS ARste] Fold o
= AR T2 dgro] ofat T4l A4 & 2 ol 1
Z38fof 3

- ASAHvalidation set) FTHS A4 7H8H &4 Hlo|EE T2 &4 I
(training set)¥ ASHFOE FEIYL, & IS 53 AFE A=, H35
AgS &8oto] A2 oE dgto] ditt oA 24d9] 34 452 54

o ASZA(Validation set)¥ ZH&FHOverfitting)

- 71AIsRs Al &8 Y3Htraining set)d HIAE S test set) > A= U EX=Z

YA AlEdol HdtaL 7Hgsh,
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- olo] wl, 7hsdt BE M-S ZEIE THASIHH)Ol &3 7H he} h'of| s &
A= he] g0l h' Bt FHojdo| HAEYJA= re] 50| ' Bt
A z5t AN (overfitting))o] HATE = US>

- AR IEY BAS BshetolE o] A5,

- FENRS BO REL FTASKS WA &0z AFNT e 24
She, A5UDY %S olE 39 A9 Aol AL s Aol
UL 39T 5 UL

- BAEES e Y A B8 TRse 25718 S,

3 St Fol= EAZE HA] A9t

SESE ] glo 151 QL—“?J} ZololA] S 79 HZ3E HlolH o|E sl4str| Yl

WAAZ(Cross-validation)S &g

- W AH5(Leave-one-out cross validation, LOOCYV)

- ZEYory WAPHSS F=olX n7fQ] flolEAGOA FIEHCE 17] HolHE
ARESEal YA n—17] HloJg= &30 ARSst= HE 71HY

- & E0], 45 S22 FHAAFZAHMSEE AT A4S Gy AQsh
glo|HE &0 AREolH MSE = (v, —5,)°2 ZAJT 4+ U

o
i)
|z
(o

[¢]

- @A BHoE Folg dolee] el g FANH ARG

MSE = (.- 50°% HIsHE olo] Hie A5 Tt Zo| vehd 4 e
CV 1ZMSE
m = i
ﬂi:.l

o kv wAFAZ(k-fold cross-validation, k-fold CV)

-kl RS L ol
O

Zl
AT, Y| k-

+d HolgE kA & 2Fes ¥t 17
1709 252 9 JFoz AHgste]l ndS &9
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1 B
g0 =_§ g+(b)
z a
b=1

- 0= REAEH ME(bootstrap sample) (b)) 53 FHH FHYXE 9n|

o vj7(Bagging; Bootstrap aggregation)

- HiA(bagging)> TH FHD)ZHH n' 7 HER < IP))S BLFE5te IS 59

B 29 9UE ABA 8T 24 T0 Gadl 4o 2ae e

- HgHo= B/l e o 5 STt thewt B WO A% AN Y5

Frag) = %Z Fo)
b=1

- o714 fre bR REAEF dold Ao I5H i 4% 45

- BARL ofg 9 EF7(classifier) e & 7709 &

128

g
_>_
m{w
é
A

2 U] A2 L5 B 95U M 2HSE A2 %——6;;

A 771 B M B AEFE Ad FEEE M2 £7718 o8

A E&do]E(training data) (D)4 n, <DV} EHATC|HE FXIHZE H]
2 & 0, g 8ot A HA BE7V|(c)E THAK



L.

1)

H2E. 7IASEY e 02X Hig

- t}eo2 38 FA3Ktraining set) (D)= 1/2 5 AFA A7} 24 A] D —D,0]A]
AEE S FHe & e} BRo] A B2 Do F7KIAL

- AT S A oA 67t BROl A3 1SS Sk A oR p.E 4
ol1l o]|EA FAE DS 0]&5to] A2 BERV] 6.E EHAZ

- D, D0 EFEA] 2 o] MES0] thsto] ¢y, 6,9 JSAIT} oSt MES I

o 0.8 BT % 2.8 B Az w8 s

H|X|=8k&5(Unsupervised learning)

HIX|=st&2 7HE

Stk SHolA &4 WH x@F f3E= A golE/AS gl AlTEe A=
S5 (supervised learning)@ #Fo]7}F S
k5 HHe TlojEo WAlE 123 E44S nelsks AC0E, B3t HolEE F
A= HHHEHAEE, clusteringth BAl 337 S4 5ollA 284

WA EshEe] A9 dole] T2 S ol Hold 18] SAE E4o] H5d
S=7t 845!

ir

- QA FE7)E(Sum-of-Squared-Error criterion): (A 1% D8] HHH

(mean vector) ™ =5 Znen X0 t8] o0 HOJB(I7A = SelAE] 5

c
=k —m?

i=1xeD;

2
)

A% PH(Scatter matrix): St =Sy + Sz 2 HT =0, sy= SHAH Y AT
(Within-cluster scatter matrix)@® Sy = L{S;, §: = Zyep,(x —m)x—m,)°' 2

=
=
ALy, EHAH 7F AT PE(Between-cluster scatter matrix)< 2Ju|s}

B o

_ 1xc — =
L 5p= ;=10 (m—m)(m—m)’ m=XalDimg gHY
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J|AskE 7|8t HIO|RO|= 20 dtet7|sFEH0IH 24 -

e
0P
H
og!
k=l
H1
l?j

2) HIX|=skg 7|dh ¢a2E

O k-B+ ZF8AHH(k-means clustering)

Step 1-
initialization

Data

.
e e
'o..:':‘ ) .3..
TeTE T g, ° Te "o' ©
. * ve . ° .,
. .

(13 2-4] k-Tz SIAHT SE OlA|

o k-t SHAHIL FxE FTAEY Aol =28 WA, SEAE B4
(total within cluster variance)o] 43} E= W3Fog ZHAH F4HS 4
o|FA7|IH FoiAl HolEHE 33} ke W
- F29R SYAHE Fojstal 71Hgk FdSHExpectation-Maximization) B

ARgSte] B SEF Hadlolhe 15S HAILE 2-4] #7]H 92 224
S UErd)

o k-t STIAEHLEZ 52 FASHE FHSk=T|, FolA Sy A4S Ut ARG A

FEb 2 FeEade Hask] ojelgel A 4 gomm SwoIiS,

$i=Luep(x—m)(x—m )’ 24 & thg A FFshe FEAHRE AA:

B o

L o

X
. 1

Cpon,Cp= argmmz ] Z (x—my)(x—m,)*
=k

CpyonCie &2
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- 7]9H2k-F 8K Expectation-Maximization): m7H HloJ&] X = {x,,... x,)0] TEF
H T olE Z={z,,....z,} X A] AA| Hlo[E(Y)= Y =XVZE FFTL =

- 22 u|TF 91} 69 AEHIE = gEH4(random variable)o]glshd 69
A T2 h, W B MR H 0}%/\1 HhEo] ol 201X XS SOk hE
ol 7+

- Z1R3-F st A= Elne(YIR)IE et 1A #()S ZF2 2N Y-S
(maximum likelihood) 7Ha(h')S 2HA E

- ZA HlolE (V)= v J2K 6)E Bl A= Y £2E Fgs] & 4 171 o

2ol 71HZ-HHeke] 749 6 of gk @A 578 F()2] Hloe AF/4dS 715kl ol E

J\H/H J_f‘_ E’-.Z]—;lﬂ E]J:_Eﬂ ] ]IH QO]-)\E ]ﬁl— jfl—fl'o] X‘]AO]—

- Q(h'|R) = E[Inp(Y|h") |k, X]

- Step 1: 7|ti(expectation) TAIAE= EA] 7Hd(h)T THEHE flolHX)E 2
sto] Q| AL & A dlolE(Y)e] Ex 4

- Step 2: FH3Kmaximization) TACIAE= QE FistA7l= 7R gHr)LoZ 7Hd
(h)yZ oA 3

h < argmaxQ(h'|h)
hf

- 2 24 35 A 7 7IHEAS Hdist SAE HHEsH TS 73l

O AS4 Z82E"(Hierarchical clustering)

o k- STAHPL SHLEHT ke dEsHl Hol ke, oks 2aH g

Aol 2L Qlofol Ftke oulRE F4o] 7

- QR A Felal 4o AR stk BolshA ke

A% ZeaEEe] A9 dold AAEA 1k AdE HE Skl ZH Qg

ArEs e il agow FA

o1F AIEA 45 deld IFe] A v ZAste] A4 Ak I A
je E dol 1g0] shte] 10w B A 7K A%

- 7 Hole] QAR 7k Aeke v 4 Aol AR5t 1% 7 S 15
gl Qlama 7ke] A HiE o] ojelg
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s |2HEHOIEY 24 -
| A SEg AL

=

7|Astg 718t HIO|R29|=F0F
- e, I8 £2 18T QAEA 7 AR i A] o
dmin('D:‘ij) = Egﬂ%{)j”x —x'l|
o dmax(Dy D) = _max [lx—x'l|
. davg(@z"@ ) D | D, ExED Xy D; llx — x|l
||

° dmean(i)i’ﬂj) = ||n1i — I

Aalhn

= Z2AEHZOCZEE &E35t dendrogram
Z+e] Ag] vlwof olgEl=x,

(13 2-5] AZH 2
- ANE 449 A s dold 1 Dt D,
- dusu® DO 53 W] QAR x} Dol &3 WH QAL x 7lo] TRsE BE
23] ARE A F A AYZ AF, duae 7R BE 23] AptE Ae)
% 39 Az 4%
- dun(Du )OI Z7] 55 W QLAELA 2 WE 20| AN Aelo) BEow
L ENE mat D, FAY m 2he] Az 4%

kl;ﬁﬁ}‘:ﬂ dmeaﬂ(@i’@ )’1(_2_' D

O F4E &4 (Principal Component Analysis, PCA)
tlojg Tt %2 JJow kS #
ol s

o FHE 42 A dEd
vl o g7 7 99E(eigenvector)t 115 Fh(eigenvalue)S AREE
* 2 RO B 37t s
- A3 (square matrix) Aol Tl Av =g FE5h= 0HE|7} ofd WE| vE 1L
HE R, scalar A+ 1% o= AHoH
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AL A PP} o) B4 02 RelaL, ol L< o FYSHE 1K
0% 2454 T A9 xe R YK x c e R ok o2 B AL
1T 4 9om,

ol W), 91T £ F0) =c 9 TFY 3= g (99 £ g(f®) ~ ¢) 2 =Y
= tag 3 glo) = be (DeRYHO] HOJ7} 7

- D 7} A REEHEE po] Fo] A= AW (orthogonal)SH=S A|oFstal Fx HWH
xe} g(©) 9] AolF HAaIA7|= g5 FoW thZ o] nEE:

¢ = argmin|lx — g(d)|l;
- o714 12 =B (norm)*ol AlFES FoH =W A4S} Eolof 3 g
(x—g() (x— g()) =xTx—2xTg() + g ()T g(OZ Th&5}e

* QIRieh=S0RIIE BHEN, niigle] 9320 S BTN HEOIM SHIHEMIX
X7121g 9ol

_o]

ok

BHne 223y oyl Zo] FIE:
= arg:mn—Zx Tg(c) + g(c)"glc)

5

T

go=

T

= argmin—2x"Dc+c"D"De
C

= argmin-2x"Dc+c"I;c
C

= argmin-2x"Dc+cTc
C

- 71 = c=DTxE JE7t 7Fse] W] f(x) = DTx, r(x) = g(f(x)) = DDTxE

a9+ 9o, e g AA D7t =8 5 s

2
D* —argmln iz : —r[x“' (D'™D=1))
- 1512 1553 BAS & 49 D7 ohd 9 uE q,
. _ : (i) _ (0T - N
d —arggmnf.i“x X ci'd“TH2 (||d||2—1)_§_ P TAE WA s

f Z2ojd m7} glofg] QIAEIAS] Hiogo] 7Rs3t i X ( XER™™ X, =xUT)5 Ay
A% the A2 EvE Ushs BEde St st
d* = argmin||X — Xdd"||} (dd=1)
d

- ol thet ol Eof & 4 glom;
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ot

J|AstE 7|8t HIO|RO|= 20 SIS FEHO0H &4 - &8 2 U5}

d* = argmin—2Tr(XTXdd") + Tr(X"Xdd"dd") (dd™ =1)
d

o FAE BAL do 1&7} Vg 2A Heke Zos oY dolHg mAmsis
o

=
& 348 5o 228 A9 1] 16 ol LS 1REEEe) A2 Holy
o] AEsl 2 204 Aokt 2oz ALEL 2o Yoz 4 s

- EE F48E dolele] Az ol /1% B 2 ol Ao HH Jis

o FHE wAZ BE TXHEA 31 ol FoI HolHE 7 EHS)
pd H 1!

SHEEEA M Y S a200A AGE HolH xert EA A, B
H HlolH s = Axi= ZHFHA(mixing matrix A)= Qlof| HS7} EASH A2 7S

- g (s = 1 mioh 22 lole] T A, SYHEEMIAL ol YA

;

- Z} AAR BEEE v go]EE Wik(density) p.oll &J3t AAtolgtal 71E5HA =H
A4 x9 A X (joint distribution)®= Tt 43} o] & &+ U

d
p(x) = l_[px[x;-)
i=1

- H HlolE(s)oll gt Y HlolEE yetal BdSHA HW:
«(s)
=51

- 2 UERd 5 9lom, o7
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ay 0Ya

a._‘5'.1. asl a a“,_}.
= o = wi] [

% vy i=1 Ot

dsg dsy

- glolg Y IFS 424 AlG(source signal)?] A% W2Hlinear transform)O&
34 Al y = fIWs + wo] (fi= YRF 0= A|T1HO|E TpE AR HY 7hsshH wet
wos To17] YollAe ARRIEZF(joint entropy)E AR

H(y) = —E[Inp,(y)] = E[In]J]] - E[In p,(s)]

Ct. ©2{d(Deep Learning Network)

1) 22149l 744
O B84 71&2 A AR 73l 331 ASS & U341 Artifical Neural
o QRFAPFE AP Neuron) 7+ 32 Az 99 QRE & 425 IR WNetowrk) O,

[T1" 2-6]004 AAE vieb Zo] AZEAZ(input layer), 29AS(hidden layer),
= A S(ouput layer)02 FAHE

[O2 2-6] 2lZAIZA Artificial Neural Network) GllA|
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ot

J|AstE 7|8 HIO|RO|=20F dsV|sFEHO0|H &4 - &8 2

0 984 71&2 A4S 29AS S HSAE Xkl sksabdolA 7id &
ZF A" AT 2-619] Aol e 7FA|(weight) B 23S o]
% ZOfFI COJE] SHEN)S AAR SiEsH= HIXESREUHY HIZS &
o AJAFFY 7} kEx o] A kEoA B2 HolHE A% ¥ g RER
g HolHE Adots WA oR A5F
o HoJg9] k. It A A] s X9 7IFA7} widEo] ATH=, Held S

=
59 AX ) HA AENE 4 8

2) Held 7|dt 412|F6)
O ASH=2=Y(Deep feedforward network)
o ASHEXZA=THDeep feedforward network), TEZEY=AIF Y (feedforward
neural network), TFSHAEE(multilayer perceptron)2 2% 452 HEA
o ASHEEAEYS HEIF AGAS(input layer)olld 29A1S(hidden layer)& #1A
=2 AS(output layer)C&2 AGEE ZOE 7k

- ARo| Ad oA BEH K= £ IS AL BHE v = f(x;6)2] Ui T

qolg Bol g 94T A ANE BRI 02 N5

53

AB

oy 1

9

A
RN

' \.\Q,.' .j.;v:
A

(23 2-7] MEMZAY(Deep Neural Network) OlA|

6) |. Goodfellow, Y. Bengio, A. Courville, Deep Learning, The MIT Press, 2016. LIS 2123t
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o 2 of A F7t AJITRE Ad™ Bl UF I Z(acyclic
directed graph)2 H &%
-7, e, r 3 Bk AlRle® e A 00 =7 (1 (700) )z meeoy
O, fOe 47 A WA, T 1A ASS 9]
- A Aol “Zol(depth)’, Y ATl EAfcks ==9] & “E(width)"o
ARl F #olol= £YAS(output layer)ol sigdd

- =R % TS Z2e] wER I WEES Ageigl(scalan 08 Zsher,
ABEE 4 AN 8old, AR 7tste] 2Y%

olt
i—J

o AEMERY=Y A5 49 T E(gradien)S 083 W Aiof
o) BE F4E AHATE HFOE £ S TASH

i LT G A| IS 48 SS0I02 MEDH0| AXERIY AIS0| OfRig

o ABSAAARL olmxel Po| AXPele] EERA] THS Hol= Holg AT
270 A74% 7z YEYAS YT

- Z| A Sl o] 9] AlFolA LhHbARl i FAllo] opd FEFH(convolution) FAto]

o AEEAH QuFolM(convolution operation) AlolE YFFH(input matrix)Z}
AddPH(kernel matrix)Zt A== Aol & FH3H T Ut 23t &8y
(output matrix)9] g Al Zto] H

s(t) = (x =w)(t)

F
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o [1 |1 o1 [1- "-"d a2 2 3
1|1 o |o |0 |o 431242 |2
o [1 |1 Jo [ [1° o] B
1o [1[1 o [1 2 |3 ]33
110 |0 [0 |1 |1

o2 7 ER

[13 2-8] Z122M 21H20|M(Convolution operation) GilA|
o AEFA AN E Fr()E Ainpuy), F=rW)E #E(kerne)olZtal s,
£82 EYR L (feature map)Ztal AT

- A4 1o TWolo] olibEAEFEAH(discrete convolution) th20 & HJA:

oo

s(8) = (s w)() = ) x(@w(t—a)

— oo

o 22H HolHE AEFANFGA] A8 B¢ Ad Klkernel K)o I3t AEFA

SG.j) = (U +K)(Q.j) = ZZr(mn)m—m; n)

m n

— K DG =Y ) 1—mj—n)Kmn)

- BE9] AlAYoA = AF WH3Kinear transformation) A] ¥E HARS ARESH=T
ol ff e &7 FRY g fylo] IHS ¥4 H
- HHol, AEFAAAT] A dgh 22 AdS o]&5to] sparse con-

nectivity(A24d) &2 sparse interaction(322-8)S 3

0O <813 (Recurrent Neural Network, RNN)

o A4 tlolg] Ao E3tE fHIAHTRNN)Z, QUAEFH{parameter sharing)
ofo|tjolE &-gsto] EFEA ¢ Zol(length)9] AlEA AHEE 7FssHA 3

ool
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h® = f(h(t_l},x(t};ﬂj

- e} 22 A4S Bofl 294 (hidden state)E AISHA ==,

- o] o, A&} 6] 2] F&o] FEEH, A ErALE(time step) (Dol A3 A
xO)7} o] d AT (- 1ol Bt 2GRS B BA Aefstate) () S
27

% ol HYe= FgE HFYY A 7Y 24 wE FEols st uM AlZte AHEE

QE

QEAZE Y[ A& (vanishing gradient) 22X &4

&)}

(72 2-9] £EYYRNN) R
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O A7) Wx22](Long Short-Term Memory, LSTM)

o AH7| High= Alo|ESR 438} S4l(gated recurrent unit)s 28dlo] IHLUE A4
SAE oias ddE FHe 3 AFAYACIES}t &34 Y (gated RNN)9

- AP|ES} &= A0 U]E—%l*o] U AXA e, 2SR o= = (path)E AR

g HEE 5 d=E

- IYHAE A& Hgo] 7Hstt AT I(self-loop)E =Pt HEAES] 9|3
LTI 7ISA7F AojHES Aol dse FEAA

o
X HH7| H2e] 4o2os Hesiy = HH7| HZ22] A(LSTM cel)S AL

_?L
£
o)
i
N
5&
rTr a
=
o
O
l>

- A2 durARl 8 (recurrent network)?t S Y& AU Yot
(3291 21010149} o] B 58 AoiS 918 AolE $3 (gate unigo] 27+ £
* Q=N 0|E(input gate), YZAH0|E(forget gate) EHA0|E(output gate)

Output

L ) LN LY
/o N/ / /

(23 2-10] HH7| H22] H(cel)2 E= T 13

- 20| E(forget gate) (£7) Ao}E ®¥H= A9 (state unit) (5)2 A7
Hrz Aol 7P} 283 AXUEJ(GE WA Al t&= EFIAH):

140



H2E. 7IASEY e 02X Hig

o714 x@, hO= Z¥F @A e, 2YAS HEHE Y, V= BE AP
H2z] Aol £5& 2ot Q&

WZHAlo|EQ] Hlo]o]M(bias), Y715 A|(input weight), £8F15:|(recurrent weight=
21z} b/, uf, w0 s HAEH, o= ATIHO|E [4(sigmoid unit)}S UER

- A7) wze] Alo] Ael(state)= 7§ TRt Zo] o

Sctu :fi(-r:,S;'t 1|+g;t|0_<bi+zuf.jx}'tj+zmljh}'r—l})
j j

- o] uj 93<QlglAo|E(external input gate) (9:7)9] AAS TSIt Zo] Pl

ZAPIES]  Hieloj2(bias), ?jﬂ_,ﬂﬂ-%i](input weight), ¢S A(recurrent
weight)= ZHzF be,u°,we 02 FHY

2] FEolME sigohe Aol Mz 48 B2 o2 Aort SAH o=
=]

7] =
3% dEAPIE | EFAolE ols) 7T A

£

-

Aol o] e el Alo|Ert gaglol TAG: Alavh A o] YeEl)
ot A A7 T Al S WEAA ge

WZHAo|E7} Qe 9] dlmel o) AZF B RS 7]ofe 4 gld, o)
A4 U 2EYo] Fold 9 A Aef grol 7htol 29 g (DY) m3} WYL
PIT > %S

- wEolEt oleft el WA 9] vive BES 15 T 4 s 75 AR
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MN3Y. HAEDO|F2l 7HEa =M S8

X3 HIAED0IF2] /gt 2|M S

H1E "HAEDO[Z2 WY

ﬁ——
7t RIAOIX2|(NLP)O CHSt OfaH
O AFAojA=(NLP: Natural Language Processing)= 7|7} QI7Ee] 1ojE olsfsial
BT = A=F 7] At A B =Y
o T 7|&9 YHCE HAFHE &Eolo FAEE EE(token)dt sHAY, FA
7 E H97HA] gt iAaE 3T 5 IA 2

00 Ao} Heke diE = ojeold et 4uE 3] SRt ANKIe] Aot 3
BAsIor], AL Yolq ojEA Fad Tolg Hopuxlo] vs) ArsHA

42| (speech) N CHO{/SHEf A L) o]t 24 L ouzp

=4 =4 (parsing)

s ~\ s A ' A o=
. HepE R 233
g2 Y M TL5 0 [ Tumy (6] (utterance)
da d@ A

w3t

(discourse)
oHZk
o |

ses2 ez sx2 ojnj2

[ 3-1] RIHAAOIXZ| 2| HHIXQI MR}
X EX: NLP2| 7= =XI2t Lexical Analysis (https://ratsgo.github.io/natural%20language%20processing/2017/03/22/lexicon/, 12 XH+-A)

7) NLPQ| 7|2 HX}2t Lexical Analysis (2018.12.10. B2) https://ratsgo.github.io/natural%20language%20processin
9/2017/03/22/lexicon/
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J|AstE 7|8t HIO|RO|= 20 SIS FEHO0H &4 - &8 2 U5}

o off] #X(Lexical Analysis}> FAFEND, 7B, Aoz, &34
T8

ZAFN A (Part of speech, POS): ©o] EAMYRE &3

B4 Q14 (Named entity recognition): 1, ¥ & IALFBAE F&3

- A% Z(co-reference): A3 Tol/7-5 A Thol/7L} Hlwsto] T2 7HA|RIA]

Part of speech:
NRE [ ) [Vl (i) [BRF [ENE ) D) (fe VBG] e (N [

Mrs. Clinton previcusly worked for Mr. Obama, but she i3 now distancing hersell from him

Named entity recognition:
[Ferseri  [Diata] [Farpen) Tiata]

kirs, Clinten previously worked for br Dbama, byt she |5 now destanc ng hersell from him

Co-reference: -
Cared
Corel
o Mt L Mprfon u
Mirs, Clinton previcushy worked for Mr. Obama, but she is now destanc ng hersel! trom him
Basic dependencies: o o)
i e 1 Ly erand
L [ caun i b ¥
I b r r
T o o by ) cane
— Bk - | | e t\]' - L A \]|1' s - B ¥ o' 4
BE HMEY RE vED| I MR HNF PRP VR RE VBRG] RPN [FRE
Mrs. Clirkon previously worked for  Mr Dhama r...': she B now distancing hersell from him

[O8 3-2] 03|29 35
% EX: J. Hirschberg, C. D. Manning (2015) Advances in natural language processing, Science, 349(6245),

(2 3-1) o249 Ext

=
=2
oj=HA B4 (Basic dependencies): ©o] 7t TAE FAloto] 1R E AT

p. 261-266

g2 Hx} 24 g
1. 27t 2|(Sentence splitting) 2M o HAEE BEXMLIQE £
2. EZ3l(Tokenizing) OI0IE 7HX|l= =2AtE tHRIZ 2EE 22
28)8 £22 F O YWNHO HEjz W
" . . C AE = n _‘f'_A‘IO SSAMe ol RAFA
3. "WEjA £ (Morphological analysis) otojsS E0la 249 TESS I_‘Lol‘— e
X OIEA - ~FAF Hel SAHES R
H 3l (Lemmatization) &
22| EZ0| FAE Fo5t= &Y
_ X MEXOZ 9ALA™EZ|(Decision Tree),
4. ZAEfZ(Part Of Speech; POS) S8 oiaz pe(Hidden Markov Model),
M EHIE{T{ £1(Support Vector Machine)
so 7|Ads LEHES S =Y

8) J. Hirschberg, C. D. Manning (2015) Advances in natural language processing, Science, 349(6245), p.

146
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L.

Ct.

U HHB AD+=(E2AD // @EAD+=>@FE Aol

A A(LREEAY /7 A@EAD

(¥0{) My father enters the room. = my, father, enter, the, room
= ChEZ HE), ZojMy| 7|FoR ol 22| MED Sy AT 233 on| CHelz

TEE HoEE g2 = U2

SO0{7ACt = OIHX|7t #ojl, S0{7tAICH = OFHX|, &, S0{7}Ct
£ 7

=

= 2 HHt= A0l ofEs
L= Ae M2 Heot 88 H8 =7k 27 F7h Zebh .

47 1



7|AstE 7|8t HIO|R9|=20F st

JOII

/IS8R0 2Y - 28 2y ITst

- @R 89 W) gRole] Ui AL of7lst ojule] Fert A=Al ool
QY FHoR HEY 5 g A7 UL
% STAISH 8010] BB 21010| AIFS AIZ0RE| THR0| 2 Eejo] TE
(B 3-2) 275t 291 B30 GA|
£7% 89 98 o[ A
017t0] HiBte ZHS AL - AT - AX| - X|0f - X2
= _ - Z=g
ojO|7} ote HS FE- 4 0~ FE2H
O|Z(E(X)- + -0 — ol22
SF2F- + -OFA| — SOHA]
o|7 C} w3t Ao
ozt ofolst £ o st e | o

% &X: 8% - SAL &AL (https://brunch.co.kr/@adipoman/190)

- (ol319] FOA) ROl FAHE Fe ol 53] Wol FRG Goladal
T Y] Zio] ABsAoll 38 A ks

X OJAD) “L="0ff ofet 2M2 1) '—(EHE”M Lol ojn)) += 2) JiHESAt e 9
O+ 3) UCHSAF BO{ULE, "Ldsity §9 on) += 22 AE7ts

- (@] 9 AR WS E ©of) F=ole g=oid IeS ddE |5k A9t

B, Abde] nEEE dolt Pela BAo] 445 SuuA %S 4 9

(B 3-3) 220 X A OISF T2l GilA]

Q20| HE: EM 2F 04 A 0|S5 THof oflA|
o023z — Ofoj3 + =2 EE M22 T0)

EEMEY - E8 + MEY SHEI0] (2 ALE)
S E(OLED) -~ 2 + = 2zl (AHU HZE0)

ot SAEHZ(POS) YH

0 EAHEY

Fl

SAHOE AP TolSY U £HS ABHOZ ANl T
wa] 7V A3 shio Ae Aeshe 1Y
o ok 1Yl 2RHOE Y 94% Bol)st @A BA)E 5 crecd

2 5 Ak TFY AFT BAGIE ASHE FAtD 2 5+ 9L

9) 8% - ZA}, @At (2018.12.10. HD) https://brunch.co.kr/@adipoman/190
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M3 EIAEDNO|LO AT XA S5t

— o

x1 X2 X3

X:| People eat food

Y: noun verb noun

yl y2 y3

(18 3-3] =X HIO|H 20|E=E ZA

0 &Y mzx 2E(Hidden Markov Model)

o £ARI HlolEE HE= H S A9 /HAE 4 (Named entity recognition),
FAHEIA(POS)s @oid] Az Yt o7tz A2 73 Ee o8+l

Je 2 nF 9L AAR 3 mdY

° BAL B U ozt SUNURN Y BN BAAEA UL
gofo] & % 9t BET A AATE Lol 5 Y BES ASHom
A T % e

O 2452297 Conditional Random Fields, CRF)

|

fr

o XARFZAG(CRAL #ol&9 A¥AY HHE o]&sto Hol&& AS5}
HHECE JYHS XUt FolFE W ofg] EXAFE Bl HolE AFEA Y
Uetd gEL 735

o ATt FAA HA(Feature) & AT 4 QA1 FYJEZHuizT Td
(MEMM)OllA &A8sk= HEF Fo]E EA|(Label bias problem)] =80] 7158

|

* TPt 80I=, CIOE0IM AIBAP} 2AoHIAL ol EFISE 85 2et

oL 1o =

494



J|AskE 7|8t HIO|RO|= 20 dtet7|sFEH0IH 24 -

e
oo
o
o
kI
In
Iot

H2E HAEDO|Y A 7|

* BASS ORI HEIR BAGK W02, BAEDI0IZR] 2P Sig A S HOPH EXH 29 1, QiR 0
o= BAISI0] ZK Al Hoj 2EE 07 128t 012017 Biie] Y Likd 4 900z DR #Y
AOIA BIOJE H2P} OlaH

o EAIPADTMPlt 2 BA7H YRow), 2 Hol7t A(Column)e] LEE

TFEEA A A @old] SANIEE 53l EA9 Tl 1 IAE YERd

SHEMA  _
ZEsoz  EYCO oM
L2 =5 cHO
Tt{1  THO{2  EHO{3  THO{4
=A1 0 1 0 0
=AM2 0 2 0 0
=A3 7 2 1 0
=A4 6 0 5 0

[ 3-4] EMTHOIYZ(DTM)S| O]

o EADOIFPEDTM) ol E= A4 7] A o A dole] Edrl=E 44

78 5 o], gaEnteldE 7] {3 7P 7EH oz whEofok sk JH <
[o1H
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H3F. HAED0[GOl Mg 2 S

H 3-4) DTMOZ & 4 U&= Tojo] S5 28
Tof 23 £%
T AIZ oSt Bol | SATOlREOM B (B0l ol 0 He Fe
RIF(E) AHBEIE B0 | SMTHOIHHOA B (SN A 09 cello] X2 HP
S BMO WBNOZ | BTN 3 AU SI Row(RM) CellZ!
AgEE Eof o B2 = 72
Lt. TF-IDF

O HAEHM 59 TAHgA 7ISAZ AREEE TF-IDF(Term Frequency -
Inverse Document Frequency):= oA EATY B4 FA4 o dol9] 54
s Ueidl= A4 A8 9uigt

o ©o] = EA9 FAEE dol9 &£F ¥IxE
(common word)l} &%t ThojE Wo] xghslal

=R

A o RE ks
G5 SIS AR P E AT

Ct. EZ Z2AHZ (Topic Clustering)
O FA4 E£7& guiste EY SHAHPGLS 74 EA47F o' FAEE 7HA2 2
Z FAER duirEe] 52 EA5k=A] dotds Y

o E3] LDA(Latent Dirichlet Allocation)gr= ¢arg]Zo] 7 4oy, LDA=
Aol S5 A= IYS w2 Mdsto] FEok= WHAF B9t

o LDASt &2 FA 7= AEA flo] A4 245 W =2olsd sA=Ed

HlEe] Exo] weh BHe FEI0

b1



ot

J|AstE 7|8t HIO|RO|= 20 SIS FEHO0H &4 - &8 2 U5}

-7t EAMR AT Qol5 S BT AT A ofd Euo] § FheA 03t 1430]9]
gros ek

oo fo—@

[J& 3-5] LDA Ot7|ElX
« : Dirichlet parameter, 6 : EMY FH| 2X(topic distribution)
24 BN SO F=H|, w - ZF T0f, B : Topic parameter
v EZE FHOIZ, K : FHIQ =, M @ M T, N @ EME o]

% =X Latent Dirichlet allocation (https://en.wikipedia.org/wiki/Latent_Dirichlet_allocation)

o (LDAY §) E¥ FHreIL @PEelDHA %o BAS agzoz
Rol 2 90| AAHES St AR ol Bl I WleS Aokt 4
P
- s e dolele] B Hlole BA(EDA) A, oMY FA| B, Be1
T FA B, W dele A4S % 14 21y So Ho] 29

Ot 2= AW (Word Embedding)

0 9= g#jgelzt ¥-5F AFY(One-hot encoding} AHg3te] BArES TAaa
ke Shte] gols SAseks WY

o Y-8t 1FYL dolof] Fgots AT 1ojX UYHAE 0 7THES HWEHE
TAgste]l MIAES AR WFshs HoR, ©ol ko] #AVE A5 =EuA|
Gete 9 WEskE s

10) Latent Dirichlet allocation (2018.12.10. &2) https://en.wikipedia.org/wiki/Latent_Dirichlet_allocation
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M3, HAEDO|e] AL FA S8
T W xeH B
[ O, O, 0, O, O]
< L
HE=>1[1,0000]
H2[01000]
X201 =100 1,0, 0]
[ 3-6] One-hot encoding GilA|
o OolF didsty] Hsolf ©@o 7kl TAZIA] & 4= Q= FEHQ HHE vHE ¢ Q=
Word2vec, Glove, Fasttext52] &ilg|&o] 7t
H 3-5) 9E gHd L12Fo &
5 A9
20134 S0 2HEE HHE2oz T QI AKX JHE
Word2vec ORo}7~||:rLM O(|)1!_1 o%% J =l AR J
Gl 20143 AR E AFEIO|A Jiot HHEOCZE FAM LY EHO
ove SAl ST Y22 =E87| Qof 4
2016'd mO|ASO|A HHE HHESCE ZO0| B LO|=7}
rastext I pre wasof Mgtz s HLe Z0l S5
71Ae5E B9l ARt Zo] ©ofe] WiRiA on] mekE F3k AWIAIE olsfstEH
-3t /13y HHA]o] opd WX HHA(dense representation) A2 FFE|oJof §
¥ OIE S0, "Al'2t0 otH [ofd, 2Ed, Wk 2% FHOE St 37|, FAS Jhs, WFARIL St
UX] S Z2 UIE LXfHCeZ L1 U
o WARELS Y-3F Q¥GI= G| BE HE AGEo] e JHAER, "WEHI BE
AFo] EARth= ou|ol A densedtll EAH
o WUWHHHNA= st Abo] oy &AdE0] ERtE0] U7] "ol skt A
OFE 4ol o, o8] AYPE XFoto] ZF doj(dE)7ke] AZE AAkelo
To]9] AIHEE AL F U=

b31i



J|AskE 7|8t HIO|RO|= 20 dtet7|sFEH0IH 24 -

e
Ol
o
o
kI
In
Iot

AE = [0.87,0.12,0.07,052,0.35]
H 2 [0.27,0.76,0.12,0.33,0.21 ]
X270 = [ 0.29,0.27, 0.92, 0.05, 0.55 ]

(O3 3-7] LEHES(Dense representation)2| GilA|

orgr2iot
MLICH =Hd o
L ] | ] ‘

R Of R} 27}4E
[O2! 3-8] LEIES(Dense representation)OflA] TH0] ZH HEHE A GlA|

% SxI: UH|E XA 7O 2 HSt (hitps://developers.google.com/machine-learning/crash-course/embeddings/translatin
g-to-a-lower-dimensional-space?hl=ko)

2f. Word2vec

O dEAQ] edvgd HHE 39 stel Word2vecs £E 7Hdof| 7]¥bsho
omAt SARE TolE A 54 AH(words of co-occurrence)s ARESIo] AT
Ujol =lEls}t Al

o Word2vec2 Z7| Continuous Bag of Words(CBOW)2} Skip-Gram & 7F<] ¥f4]o =2 4]
o CBOW W42 £ tol9] el (context) 0|85t EFAl Tol(target word)E I&E

- 7 Shojal 1B Bl whole] 430 ¥ wolel 47 % wols Eajul, el whole] &
Holl U= FH ol HAE A= X (window)ghal gD

11) &H 0= word2vec (2018.12.10. B2) https://dreamgonfly.github.io/machine/learning,/
natural/language/processing/2017/08/16/word2vec_explained.html (22 KH7-4)
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MN3Y. HAEDO|F2l 7HEa =M S8

[ 3-0] 2=t EFZUTO] GilA|
* HEl4 243 2SR MRl (17 3-9)2H O ofmE

x X 2 YT word2vec (https://dreamgonfly.github.io/machine/learning,/natural/language/processing/2017/
08/16/word2vec_explained.html, 13 M74)

&S WAOE BEAS 2T

i

o HHE Skip-gram¥A}e EMAl Tol2 4 dof

- Skip-gram<> o] sh= ofF TolF dS3fof &7] wzof A=} ot EOW‘?},
CBOW T} F4ITole] st5719)7} @o| Foz)7] fizo] 23]3 & 2 235 HolF<=

o] g

N
rE

_1.4

o Hh = UMY VY2 VEFoR Tol £F YHIeR ArlelER S5Ol
SIS FANEEIVS ToA & 75 =4 FAel ALAA dg S ST

]
1 =

an

$2 o

£ AWt =EHs dA-e

o

O t-2& 54 IHF(t-SNE) FHES 5 word2vec A3t

o t-SNE(t-distributed Stochastic Neighbor Embedding) B'HE2 1A} dlo]

Ho) olge F2S RASHEA R AL wal W B ol

- A Hlolel (1 3-1013} 2o] LikHel 249 Te= Pl 2103

o [ 3-101014 22 Hze] HEo] BA s Falet 4 gt ol ol
o7} FARE g T2 A9 Ho=z HAEo] AR TMAA Y5

12) Mathworks (2018.12.10. B2 https://kr.mathworks.com/examples/text-analytics/mw/textanalytics—ex62579343~
visualize-word-embeddings-using-text-scatter—plots

b5 1



J|AstE 7|8t HIO|RO|= 20 SIS FEHO0H &4 - &8 2 U5}

-20

40

-£0

80 " " . " " " "
-i00 80 60 40 20 0 20 40 B0 B0

[ 3-10] t-SNEE 2835t A|Z3t Gi[A|
% EX: Mathworks (https://kr.mathworks.com/examples/text-analytics/mw;/textanalytics—ex62579343-visualize-wor
d-embeddings-using-text-scatter-plots)
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H3F. HIAEDOO[GO| HEat 24 S

H3X. Helds S5t HIAED0|H2| gt

—_ =1

O 923 7leol AFH BT HEQly 22 ZofolA Qu] Qe S olFHA
Apdo] A Atolle " 78] A7F soival e FAIY

7t. A=ZMHMZAL(Convolutional Neural Networks, CNN)

g8slo] o7l AsksE ZilEofA

il

Convolutions Subsampling Convolutions Subsampling  Fully connected

[22 3-11] 0|0|X| H2|2 5t Zi=2MAIZ4Tt 07 |ElX

T LL-_OO

% &X: Convolutional neural network (https://en.m.wikipedia.org/wiki/Convolutional_neural_network)

)
=i
)
e

0 AZSANEYT B8 A 240 T84 oy, 199y 25 59 B A
Fsg Hol], AR dol/ 2] VY AU TAENS 295 T S5 Y

120 B84S AUL Jlout Y HolHg dag Itk Wil 313
o W A9 EUAFE, & &F oA € "olA e dolEe REHSH]
1= B39 £42Q JHE BESA FE3g ov|
SO VA4S 22 frole A EE 5 UL

fr -
in)
(o]

13) E3d 7|8t XAz 719l 22 7 5§ (2018.12.10. BD) https://ratsgo.github.io/natural%20language%
20processing/2017/08/16/deepNLP/
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J|AstE 7|8t HIO|RO|= 20 SIS FEHO0H &4 - &8 2 U5}

L}, &3tMZA(Recurrent Neural Networks, RNN)

F>

of 1% £AH HAe XA

o HE oY S FHAolRL TMtke £SMIFTR oY AlEAE 7 ISR
FYS AAS St oMo Aala) Axol 29 YL k= B4 A

"recurrent” 2t= &o]E HHHD

olo

* O1He| SIS 7|5t0] iMHO| SHLIHO OIS 2

[18 3-12] =igdY 7|2+

% EX: Artificial neural network (2018.12.10. ®2) https://commons.wikimedia.org/wiki/Artificial_neural_network

O <TAAYS et Zolo] B, 2a9] o2y's 293 & 4 o] 9o 544
AZE BAF ZQIE et 7Rssle] HaE Held] AT FHS A

* AEE2 HOIHE XM2l6h] mEol A0 1RQ XN g2 ZA0| JksttH, 1 Z1fdog'?t 'hot

dog' Zte| ojo| xfo| 70| JTHsE
o 71, *hello’2He gl & 244 24102 JeiE ] P2 vz g BAE d&ste
2AE 2d3 Sk she oheat o] Ykl 4 gle1d
- “hell"& Y5 “0"7} HighE]o] HFH 02 “hello’7} PHE mEE,
- “hell’oJek 2412 -3t Q17190] 3} Elsial «nforward propagation) 5]

A &8 Z(output layer)Z A345H @

14) Andrej Karpathy (2015) The Unreasonable Effectiveness of Recurrent Neural Networks, http://karpathy.github.io
/2015/05/21/rmn-effectiveness/
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HI3ZE HIAEDHO|

]
o>

to] J™ukback propagation)s 4

A5

oA FAE Yoo 7}

2o %
S EDEC R

- o] ¢}

S

O G
= 2

(e}
1o
=0
.
W
iy
juig)
.
W

1= K=
T

= ol

giEntoly AR

5

/\g }\6]

tod ZIA S Ee SEHHAIA ARS

[

o (& A Az oE AlEaES d

o] ZA sfae]

=
—

olojrdlIF(Langurage modeling)

e

2

<f

O

o

B

b 714 (Neural Machine Translation)

AlAD
LLOO

Ct.

5ol el

AL Qlat, TVHE:
3= Yol A==

o0
a1

Sy ALY BEETt HR

ol
=

ol
=

3|4

uh X glojz ol

S =
Q =

S=tof

A

o TA EAWAS] AANAL Tdo| o]

7 A

Aglo] We

=414

iy

oo
1o

Z1AHYGE end-to-end RE =R

, AET

E!_]:

|

x

to] et Bo19

1)

15) Google Al Blog (2016) https://ai.googleblog.com/2016/09/a-neural-network—for-machine.html
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7IASHE 718t HIO|R2|2 0 atel7 | FEHO0IE 2 - 88 28 15}

@#jolof 7 T 0 o
Dia bekerja sebagai jururawat. 5= ZtS AR gL

Dia bekerja sebagai pengaturcara. Jde T2 0eiHE st ct

(o]

160

2]
Foke AT =

geunyeoneun ganhosalo
ilhaessseubnida.
geuneun peulogeulaemeolo ilhabnida.

(13 3-13] LHAIOE

|'OII

B2 HAA 27 OlA|

[19 3-13] 9&9] T AJotolo] B2 HH, T AJotol= ("', "19") of tist
52 TESHA| 2L she] ©@of “sebagai’ = XA

ST 8% o] M Aiollie Aeor JES 25t 282 U

3] NS oA DR IS YR 45O AL Hol FAIH), o) 3}

S8 9 giF-Zo] ot E4E 7L AW wiE

Mz g A4 &7h) AMze fde] 4 gholl dsides AEsHA di8sHA

j= =
O B 4 At A e



2eo - o o
e

AN

PAAAYAN

FAYAY YAy AV AN
JAVAAYAYAYAVAAVAYAN
AR A
PAVAVAVAVATA A ATV AN
Gagagagagagagagagagagaga
gagagagagagagagagagagaga
gadadgagadgadadadgadadadgada
gagagagagagagagagagagaga
ga

[28 3-14] g2l

o|x|gt, FHo|R J|AHY Ait=

HI3Zt., HIAEDIO|YO| JHE D} XA SSF

o

But

Kaka

A painis

Strange feeling
Strange injury

It is prone to burns
There is a bad

EI0{Q/2{0 0I5t Q& OJA|

0 ©

o
o
[d
&
2
R
i)

£ Terry= BAtoltt 1= 7HSAME L3t}
‘JerrY-,: Uajol, TdL 7teAte dshct 2

®=

- o] OJofR|= T2 F19T A Jerry7t HAlE= RS
ofz] Aol I T2 A FFo] WA 9 olsirt TRgE A
A eket

28 285 £517] ufo]

Qof= 7)Aol B
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718t 7|8 HIO|QO|2E0F I3 |SYEEOIE 2N - 48 Y 15}
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A=(128) | CHiE(151) | TEK116) | TIKG2) | S8H110) | 0I8(159) | CHEH140) | 2(132)
S4117) | 7180148 | SE(110) | 71sB1) | EH(110) | #=(156) | 7H(137) | HB(127)
STM7) | #=50146) | HMB(108) | 0[E(80) | He108) | S8H154) | 018(129) CHek127)
w@S(114) | oHeK141) | ER(107) | #2I(78) | BH(105) | 71H(151) | 23K125) | OI5(125)
718K112) | AARI(138) | X[=(105) | RYU(TE) | B(100) | 712(144) | &8(124) | F=(125)
=2H(112) WH(135) | CHel104) | A=E(72) | |X(98) | ick128) | S8K122) | MZ(122)
22(111) | #2(132) | 012(102) | F&(71) | &09) | X2(126) | L=2(122) | &=(119)
HE(109) | Z22(126) HZE92) | OM=(70) | #3(97) | CF(123) | H2K115) | ZEeK104)
7k5(107) | E2K126) 2H2(91) E3H6b) | HHE(97) | ZAK112) | 2H(113) | ZIH(100)
X AP, RUA", “Sof”, ¢ Ul Hols 2ot %2 Holz MQF
B 4-6) 201751 QEAZ0F Pubmed 23 12 A9l 7I9IE 2 £3 314(207H)
aE5
=1 Jg2 = = s E,'J_}a J1E6 = J1E8
SHNRY | RHA | omrnm| e | Sk | R Y | smem |ZENH Y
CRISPR) | 8= | SH085 | ofxer | om(eme  J # | 5505 | SFACYY
o1 (ARd) | FES 8T | Wl STy | 97 e o
cell sequence cell analysis cancer data disease analysis
(2809) (1929) (1790) (1548) (3060) (2125) (1784) (1603)
dna virus dna plant cell analysis | association | sequence
(2605) (1472) (1627) (1404) (2385) (1580) (1630) (1464)
protein strain sequence | sequence tumor population | analysis plant
(1269) (1338) (1593) (1380) (1422) (1305) (1292) (1455)
replication | analysis | expression | expression | expression | sequence nan species
(935) (1259) (1526) ©17) (1343) (1241) (1083) (1328)
crispr disease analysis protein analysis model data dna
(908) (752) (1292) (799) (1212) (961) (943) (1109)
repair infection protein strain mutation method risk evolution
(868) (683) (1280) (656) (1178) (955) (937) (956)
model resistance rna family disease dna genomics | chromosome
(710) (676) (1271) (630) (1035) (882) (897) (903)
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NAZ. HI0|R2|2F0F Met7|=FLH 0|8 S4-88 2 1Est
JE5
51 82 = 56 &8
SHNRY | R | omram | e | Smpg | S | e | ZIE7IH @
= SEA-SH AHE oty oz | 5
(CRISPR) | o= | L0 'S5 | orxs | om(aue N3 HE | Shom |REACYY
AR | Ry | BES BT TEAR SIS o == He
cas9 dna study genomics | patient evolution | research region
(697) (514) (1094) (623) (1034) (855) (827) (855)
trait protein | methylation stress association | genomics | genetics trait
(664) (508) (1025) (512) (989) (844) (764) (708)
system genomics data species dna selection | expression| marker
(662) (424) (804) (507) (949) (832) (740) (701)
expression | isolates cancer cell treatment | variation | disorder protein
(647) (419) (788) (485) (758) (687) (737) (689)
sequence host genomics | community risk species cancer expression
(641) 412) (761) (458) (740) (665) (705) 617)
chromatin | pathogen disease evolution | carcinoma | approach variant genomics
(627) (361) (715) (455) (658) (634) (691) 611)
damage phage regulation host methylation | association | patient data
(603) (338) (687) (450) (637) (610) (687) (563)
transcription type biology data factor biology | population family
(594) (319 (666) (446) (609) (573) (623) (539)
analysis species | transcription role mopro%_sm result health variation
(590) (313) (653) (418) (6%7) (498) (619) (518)
virus virulence | development dna drug expression locus population
(583) (307) (652) (414) (586) (497) (606) (514)
mechanism | evolution | function | response protein region dna locus
(577) (304) (645) @a11) (585) (477) (590) (499)
rna region role bacteria breast chraomosome | variation | association
(573) (295) (588) (398) (582) (456) (578) (468)
region anrr:]oeunr}tce method | production | response protein mutation | relationship
(570) (285) (546) (362) (568) (456) (567) (442)
X% ‘gene”, “genome”, “study’, ‘NaN” Ul HHO{= 0|7t ¥2 HOZ X

O A7t =79 Ao]do= Qlste] 374 H|uof

Pubmed £¥(20179 34 2°h) EY ZH2LEHT Add] H=d s 519

Bls) o F3ME e 1

712 Ao

Hlef

24 e

Bxoz s A7 HZol

AL glont, At
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e
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7|AlstE 7|8t HIO|RO|= 20 MeV|sFEHO0H &4 - 88 2 U5}

o I fAAR AFTAL] 2 HIFS AAsHE Bop(Ayy] 712) FAARA
5k X A

98 SE/ARINE, SR BAVE, SAAEE ARA A Q e
_t'_—.o] [o) KeX
o =1

ws 2EEAE) ) 2 %;jgz)ﬂ |
1 SQERMHS MSH| Y Y I 84(11.6%) 14,881(13.5%)
2 | omNmE 2R SX/izJIe 133(18.4%) | 21,738(19.6%)
3 | exEw 2AMY2 82(11.3%) 16,772(15.2%)
4 | MESXY EE U ORI o7 53(7.3%) 14,070(12.7%)
5 | QEARIEA 7ls 68(9.4%) 10,490(9.5%)
6 MEXY & /+H 140(19.4%) 12,933(11.7%)
7 | gdst U 71x7|HeT 79(10.9%) 8,966(8.1%)
8 | Zgx= 287|3(AISHAS 5) 84(11.6%) 10,782(9.7%)
8t A 723 110,632

o Pubmed &% 4 ZA3, §HA-8E d¥A A+-(association study)e] H|ZO]
55 &3tod, 1 9 ZAFH5Kepigenetics), A-sFAASHphylogenomics),
A

AR, AekgAdAe, 71271 A Sol Hlset HEE AAEIAE
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(B 4-8) 20174 |NXZ0F Pubmed &8 22AHY A}

s JE(EEAE) zel
1 FEXWHE(CRISPR) S+ 1,632(12.9%)
2 FA SH=AIEY) 1,444(11.4%)
3 RUA-EE Sy ST 2,328(18.4%)
4 AS At 1,698(13.4%)
5 2 & Ay AR 1,753(13.8%)
6 7 2 Te fH# A 1,601(12.6%)
7 Yoz 7|gr7 598(4.7%)
8 71271 H REUANCYY S 1,606(12.7%)
g A 12,660

—~

B3 STAEYso

vt 23, 2T o -vle 2Ad] HE EdE WHopt gjls] =ed

20 A

AlZE Wslo] 2 Ex ¥ B 7S AlFsh] ste], 20128 Pubmed
FEARAA Hohe 5L 2AGMN IH)e=2 SFHAHYIS
201292 CRISPRE Z-& Al SAHAHF 7]|&o| 54617 Hoz dg ol

uZo] A7 uehgon], §34 SHEAAY) 180l 2741, 8 A% H5
297t B4R A712 u

ol :{o

IF1% I582 AR AN 3 = U=

a8 =R
JE1 | SEA HS(AEA)
J82 | QEA 242 T
183 | QER oA 7IEARATY ¢T 5)
01 84 | MEQEAS
EECNR R
JE6 | %Rl/IYRHHS S
. JE7 | oiE 97 o QN BY o7
s JE8 | Al SHS(AHA)
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7|AlstE 7|8t HIO|RO|= 20 MeV|sFEHO0H &4 - 88 2 U5}

(B 4-9) 20129 RHXM|Z20F Pubmed 28 SHAHZE 21t
HS JE(EHAH) = £
1 KA SH=(AIEY) 1,131(10.5%)
2 KA 2478 A 1,230(11.4%)
3 KA oM J7|=AABY HFE S) 1,572(14.6%)
4 LStRA S 1,178(10.9%)
5 7|=7|™ A+t 1,772(16.5%)
6 o)/ FURAE S 1,5637(14.3%)
7 Gt o4 3 RN HE oL 1,067(9.9%)
8 SHEA| HS(A|EA) 1,277(11.9%)
2 A 10,764

Hluet A%, 7le-

il
p
i

o 2012493} 201799] Pubmed &3 Z#AEHY ZAz
hAof w2 Algst EFE 2oz} whAE

- % 5 Aol g3t /127 HATY MFE tha: FA16.5% — 12.7%9F0M, W5t 2
$00] Bt 7127 15 S7HA10.9% —~ 12.6%), AF S Rol7t Ag7]
S
% 2017401 SHEK 20F 23 FE| 47h 2012401 H310 17.6%(10,76471 — 12,6607)) Z7142S

HolotH, 20128 tiH| BISO| E20E TR =019 89 =9 2l = I daoHK ¥s
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IF0] glojR vhE’, T3 HsKepigenetics) S FA LR sH= 10 5HHS

* HIS0| SOt G 130 401 SHAUALL = + UAS

- AR B el g 218S QoI FUR ANriTe] sl 1Eo)
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153}

(B 4-10) 20174

[HA|E0F Pubmed 28

LDA ELSHAHYZMOISK| 71F)

JE1

85

ag7

protein

(0.007866)

dna
(0.008385)

analysis

(0.010549)

sequence

(0.00814)

dna
(0.009624)

dna
(0.008675)

cell
(0.006744)

sequence

(0.007557)

dna
(0.00711)

genetic
(0.008031)

genetic
(0.008634)

genetic
(0.007379)

cell
(0.008778)

human
(0.006589)

dna
(0.006422)

analysis
(0.006976)

analysis

(0.007026)

genomic

(0.005987)

dna

(0.0071)

cell
(0.007284)

genetic

(0.007154)

analysis

(0.006506)

disease

(0.006422)

dna

(0.006578)

genetic

(0.006271)

sequence

(0.005915)

human

(0.006304)

analysis

(0.0067)

protein

(0.006078)

genomic

(0.006002)

protein

(0.006352)

genomic

(0.006116)

sequence
(0.006178)

analysis

(0.005764)

association
(0.006041)

human
(0.00568)

analysis
(0.005769)

cell
(0.005901)

rma

(0.006153)

protein
(0.004905)

genomic

(0.006091)

model

(0.005127)

genomic

(0.005932)

expression

(0.005439)

sequence

(0.004835)

cancer

(0.005199)

sequencing

(0.006016)

expression

(0.004737)

cell
(0.006022)

data
(0.004879)

sequence
(0.005741)

sequencing
(0.005371)

genomic

(0.004734)

genetic

(0.005134)

analysis
(0.005951)

cell
(0.004482)

human

(0.005584)

cell

(0.004456)

disease
(0.00505)

protein
(0.005006)

disease
(0.004409)

sequence

(0.004468)

expression

(0.005696)

genetic
(0.004428)

sequencing

(0.004757)

using

(0.004348)

cell

(0.004914)

data
(0.00477)

rna

(0.004228)

expression

(0.004242)

genetic

(0.005524)

population

(0.004333)

wide

(0.004140)

human
(0.004321)

protein

(0.004747)

molecular

(0.004348)

human

(0.004035)

genomics

(0.003959)

genomic
(0.005268)

data
(0.00428)

data
(0.004121)

wide

(0.004182)

sequencing
0.004118)

disease

(0.004304)

expression

(0.003941)

protein

(0.003832)

human

(0.004689)

sequencing

(0.004203)

species
(0.003611)

association

(0.004169)

wide

(0.004043)

genomics
(0.004151)

cancer

(0.003614)

molecular
(0.003613)

sequence
(0.003986)

human
(0.003928)

expression

(0.003375)

sequencing

(0.004149)

data
(0.003895)

genomic
(0.00404)

mutation

(0.003525)

wide

(0.003475)

molecular
(0.003967)

species
(0.003591)

high
(0.003309)

protein

(0.004126)

population
(0.003799)

wide

(0.003921)

model

(0.003269)

sequencing
(0.003469)

species

(0.003866)

cancer

(0.003566)

region
(0.003213)

rna

(0.004108)

variant

(0.003437)

dna
(0.003772)

associated
(0.003256)

disease
(0.003421)

plant
(0.003689)

genomics

(0.00339)

association

(0.003200)

cancer

(0.004021)

using

(0.003235)

cancer

(0.003485)

wide

(0.003237)

data
(0.003349)

mutation

(0.003291)

plant
(0.003139)

molecular
(0.003105)

single
(0.003739)

rna
(0.003211)

using
(0.003301)

association

(0.003214)

associated
(0.003193)

data
(0.003075)

based
(0.003047)

associated
(0.003023)

locus

(0.003663)

genomics
(0.003195)

species

(0.003169)

molecular

(0.003156)

strain

(0.003057)

wide

(0.0030306)

molecular

(0.002994)

model

(0.002847)

trait

(0.003492)

expression

(0.003091)

based
(0.00287)

using

(0.003128)

rna

(0.002904)

genomics

(0.002972)

disease

(0.002953)

genomics
(0.002681)

species
(0.003462)

cancer
(0.003021)

associated
(0.002835)

patient
(0.003002)

high
(0.002821)

patient
(0.002708)

chromosome
(0.002884)

% “gene”, “genome”, “study”, ‘NaN" 4l T0i= 2j0|7t
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g2 J&3 154 &5 &6 as7 J=8
protein dna dna analysis | sequence cell dna sequence
dna genetic cell genetic | genetic dna human analysis
analysis genomic | genetic dna cell disease analysis dna
genetic sequence protein human analysis protein genomic genomic
sequence | analysis analysis | association | human rna cell protein
genomic model | sequence | genomic | expression | sequencing | cancer | expression
cell data genomic | sequence | sequencing | analysis genetic cell
human cell disease disease | protein | expression | sequence genetic
sequencing using rna cell data genetic | expression | population
wide human human protein | molecular | genomic | genomics data
data wide expression | sequencing | disease human protein | sequencing
species association cancer wide genomics | sequence | molecular human
expression | sequencing | mutation data genomic | molecular wide species
high protein model | population wide species | sequencing | cancer
region rna associated | variant dna plant disease genomics
association | cancer wide using cancer | mutation data plant
molecular single association rna using data associated based
associated locus molecular | genomics | species wide strain molecular
model trait using expression | based | genomics rna disease
genomics | species patient cancer | associated | patient high chromosome
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(B 5-3) MAHUZOF YT R&D FXE Xt g
20144 - 20154 - 20164 - 20174 omm
= iz
GTH | HIS | A | HS | A7 | HF | A7 HIS | o
(H2H2) | (%) | (2HR) | (%) | (St | (%) | (R | (%)
17|
HEE AL 74,588 | 26.6 |108970 | 32.5 | 121485 | 39.7 | 144700 | 41.7 24.7
HEN MY | 29,726 | 106 | 25308 | 75 |27300| 89 |30,600| 88 1.0
SH=RSE | 127,766 | 455 | 164,748 | 491 | 117026 | 383 | 125799 | 36.2 -0.5
HEY
e 25,180 9.0 | 1483 | 44 |20062| 66 |21,235| 6.1 -5.5
AZolorE
ot 21,592 7.7 19345 | 58 |20,017| 65 |2089%6 | 6.0 =11
SEUSY 1,232 0.4 2,150 0.6 - - 2,782 | 08 31.2
YLt 400 0.1 382 0.1 - - 1,080 | 0.3 39.2
A 280,473 | 100.0 | 335,738 | 100.0 | 305,891 | 100.0 | 347,002 | 100.0 7.4
O A7BFAE 4 3

o '179 7]& tistollA 1,418% ¥(40.9%) 29 7 =

9.1%) <=9

=4

o Hi7|d 9 FAVIFY Al
34.3%, -6.8%), EAA2(AFH] 7] 149 3779 oA '17¢ 7389 Loz
(A8 9F 25.1%)= 7}
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FA uEE 1Y
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7|1AletE 718t HIO|R2|5F0F fel7|&FHO0[E &4 - &#8 28 1k3)
(Hakeh
180,000
160,062
150,000 141,791
131,3
1,253
120,000
m 20144
90,000 m20154
' 76,6784 20164
20174
62,440
e0000 52,058 39,228 45,024
37,6 35.75031 . 42,155
30,000 i o 23'11?:450
6,304 3,5:(;'502 11-9:?892 19,6 3,218
IFTEUETE  FddT: ohst ozl FH7E F271d HegH 7|E
(18] 5-3] AMI7HLR0F HF RAD AP+ HE FX} Hig
(B 5-4) LU0 HE R&D ATF+WFAE Xt o
20144 - 20154 - 20164 - 20174 omR
= 57t8
TE o [ s | wow [ ws | wa | ous | e | ows | 500
(HRrE) | (6 | HBtR) | (6 | (ElR) | (e |cume) | ) |
oaeed | 6,304 2.2 4,780 1.4 8,559 2.8 10,502 3.0 18.5
EAATA | 37,699 13.4 | 52,064 | 155 | 76,675 | 25.1 73,784 | 21.3 25.1
CHet 131,393 | 46.8 | 160,062 | 47.7 | 121,253 | 39.6 | 141,791 | 40.9 2.6
71 11,984 4.3 8,892 2.6 4,345 1.4 3,400 1.0 -34.3
SA71Y 39,228 | 14.0 | 36,750 | 10.9 | 29,424 9.6 31,757 9.1 -6.8
XY 34,167 12.2 | 45,034 | 13.4 | 42,155 13.8 | 62,440 18.0 22.3
HEER - - - - - - 200 | 0.1 -
7|Ef 19,698 7.0 28,167 8.4 23,480 7.7 23,218 6.7 5.6
A 280,473 | 100.0 | 335,738 | 100.0 | 305891 | 100.0 | 347,092 | 100.0 7.4
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(2979 9, 8.6%), AU Blol LAATUIEAL2129 U, 6.1%) £O2 Al
POl 78 Ao Lteid

(B 5-5) M0 H5 R&D F2 AI(2017)

Z Ao O|o=0F EXtoY HIZ(%)
Al (CLRIE)) (CIEIE)) (§/A;
(A (B) [ HIZE(%)

HIO|Q Q|2 7|7t 255,643 85,651 24.7 33.5
HMHO|Z 7| =71 73,751 37,888 10.9 51.4
HE M7 | M7 33,000 29,700 8.6 90.0
HIO| QA B A7 | S 7 66,443 21,235 6.1 32.0
=27 |71 65,443 18,866 5.4 28.8
ZAH 7| S 7| & 7he 27,287 17,726 5.1 65.0
SH2 A TS0 12O 2 IH| K| 2 86,495 17,137 4.9 198
O|UE SO | 24,032 15,693 4.5 65.3
SH25f5I AT R T2 HH| XY 69,867 12,052 35 173
AASAY A 24,375 9,883 2.8 40.5
St 5to|StAL AL HH| K| 48,692 9,863 2.8 20.3
=ZHIEE|HX|& 87,000 7,772 2.2 8.9
QUAATLOI T2t R 47,327 7,487 2.2 15.8
HHHIO| o E 3 2 HTISAIY 11,250 7,485 2.2 66.5
OCITA LI I ARIE H OISO K| 54,265 7.447 2.1 13.7
=7 UM AL 7,619 6,719 1.9 88.2
MEHEMSIATALS 10,500 5,783 1.7 55.1
LIRS 22,661 4,753 14 21.0
HOO|22JTHX|7 |8 |2 75 7,304 4137 12 56.6
LN I AT AT | XY 26,988 4,059 1.2 15.0
SO 7| =71 16,306 3,679 1.1 22.6
LN TILI SRR 12,525 3,153 0.9 25.2
XEM|CHHFO| R 12121 53,406 2,782 0.8 5.2
OFF 7| MFIS 3,100 2,050 0.6 66.1
YA AT T ST | S 30,558 1,080 0.3 35
BAEASARNASNSSIBH RS TIAALY 48,797 900 0.3 18
T/tEAQ 2 XA O S 11,959 720 0.2 6.0
| I}SHRAMT =T 41,750 680 0.2 1.6
oF SHIIg (B[S 6,092 412 0.1 6.8
100MAFEICHS T RISHZE AT 3,353 300 0.1 8.9

A 1,277,787 347,092 100.0 27.2
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(B 5-6) MOPHUEO} M RAD MOPHUTHE Xt &gt
20144 - 2015 20164 - 20174 Hmz
TE of 8| HIS 14| HIS of24| HIS o174 vz | 318
(8t %) (82t (%) C) (%) (82l (%) (%)
ERl 2= 2 435 S = A 16,637 5.9 15,519 4.6 37,268 12.2 38,419 1.1 32.2
SHEX| = gl
Tﬁgﬂeﬂ;ﬂé = SHEHEACEE 2 xXF} 47,422 16.9 42,563 12.7 67,366 22.0 113,837 32.8 33.9
HI Q& H A 49,887 17.8 63,828 19.0 29,678 9.7 34,708 10.0 -11.4
QA 1A 19,315 6.9 27,122 8.1 16,417 5.4 14,820 4.3 -8.5
A4 QUA2A 14,619 5.2 16,474 4.9 19,150 6.3 28,423 8.2 24.8
UM3Y 5,597 2.0 7,356 2.2 7,223 2.4 5,535 1.6 -0.4
Elg=E 23S 12335 4.4 11942 3.6 7,845 2.6 8,349 2.4 -12.2
§_E%xl HP%
Alof %%?%E 23002 8.2 28271 8.4 26,952 8.8 34,199 9.9 14.1
E=elpe
E7T£ HYd EAHE 39853 14.2 42978 12.8 24,767 8.1 8,221 2.4 -40.9
o|mat HetsE s 6351 2.3 6485 1.9 17,870 5.8 16,718 4.8 38.1
QUM ST 15245 5.4 18735 5.6 9,632 3.1 6,895 2.0 -23.2
oIty 200 0.1 1,150 0.3 - - 60 0.0 -33.1
M= - =Y 1,500 0.5 6,308 1.9 4,426 1.4 7,557 2.2 71.4
ol 547t 13,149 4.7 14,407 4.3 21,107 6.9 13,904 4.0 1.9
7|Ef 7|Et 15,360 5.5 32,600 9.7 16,190 5.3 15,447 4.5 0.2
A 280,473 100.0 335,738 100.0 305,891 100.0 347,092 100.0 7.4
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(B 5-7) AA7HLE0F M R&D FXE HAE =Xt 312H2017)
(Er9l: sorel)
e WIYER | weH | =N | MR | Ao | 5TH | dee |
ERNYE ¥ 25 26,652 | 848 | 10433 | - 170 | 316 - 38419
SHEXICE
Tfliliif 51,824 | 10467 | 41,399 | 8780 | 220 | 1,016 | 130 | 113837
HIQA 5,795 | 4,549 | 22,982 | 1,042 | - 340 - | 34708
OIAH A - 4544 | 9,241 | 890 - 146 - | 14820
MY 1,825 | 8341 | 14,009 | 4,248 | - - - | 28423
IAI3Af 1,250 - | 278 | 1,500 | - - - | 5535
EtAIEL
22 | 6014 | 200 | 756 - 900 | 479 - | 8349
EEEE
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Aok =8 A F 7P HIgel 2 W1HERY Hiol Q- RS UAG
52609 ol 7FE wol FABIIeH, AkERE 1= (2609 ),
1 H#3H2089 @) &0 A

Moz AsIgom, 9

Dl 7 ol FAsH

13459 o) o=
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7|AskS 7|8t HIO|22|=2 20 Iel/|=HEH0H 24 - 88 2 1Tst
o e - B9 128
o317 + 4
HE - 267 0 1,380
o1ziery 60
i 25, e @ 736 #1p3
Aatant 1,68 1sde
Elcric] 11,73 4,2
sha { 530 120
H QA [ 11,31 1,;!32 H,298----------m- ,2
ﬁiﬁ%ﬁi 2,59 4 @ { 12,15 8,46
dho|2.0 % sz wol2 e anaz o
ANenY (Y ayzledy ey osvlenw
(T3 5-6] M7HLE0F HE RAD FAIGE HAE SXt 5184(2017)
(B 5-8) MATWLUEOF R R&AD FAIYE HAE Xt 38(2017)
(Cfef: unorp)
- HEXN HiO|2 o g
o {CIo P =
2 oE | BEAR mao) | wete) | FEST gy
B ENE ] soppy | ey | FME | e
ERl= 3 43S 26,029 235 448 - 4,537 1,403
SHEXIC_= g
TEE,(;; = 20,789 2,595 10,467 8,780 12,152 8,469
2 4,840 11,317 4,549 1,042 1,298 5,211
A1 - 7,406 4,544 890 - 1,230
24 - 11,735 8,341 4,248 - -
UM3Y - 2,645 - 1,500 - -
2|et
SHEE _
Aot ui e 8,572 380 1,650 650 633
SAS =aE 885 - - 1,500 - -
e PR
Erey 9,800 530 - 1,200 80 530
e
== 1,054 875 - - - -
Ol24oFN 60 - - _ _ _
= -2 2,670 170 1,350 - - -
ol-5{7} - - - - 45 -
7|Ef 5,299 - - 425 104 250
A 85,651 37,888 29,700 21,235 18,866 17,726
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HN5F. AMoPHY HE R&D EXAEZESI R 24

Ct.

ooiz ZR4 M RED X MY

O olokE $579 =74 4%

o Hlo]|QAlok] Tfst BEA = ABF OF 24.2%2] £F0 2 =75l Hhy Hlo] Q. H|E o]
5t B ABEAF 9F 20.1% =082 A
- Hlo]|QAleF Z wiAlo] 3l EAL 149 799 oA '17d 2429 Yoz 7Y wWol
(A F 45.0%)
o '179 7|& FA 7129 Aut ojifo] AI63.5%) o HEE o] 9o, gHAleF
(9929 9, 28.6%), HIO|RAICK9629 ¥, 27.7%), 5571Hl7]&(869% ¢,
25.0%) &0z Ex}

* JH2FAICF TISH A| 66.6%

112607

102239

100000

86924
5199

80000
m 2014\
m 20154
= 20164
= 2017

40000

29126
26662
3,441
131]
20000 10975
11005 10756 J—
7578 1100 1200
o -l
0

ahadalor O] 2 Alef H 2ok (@)  Ho|2H|E Hio|2 Al  FE7HI|E Z1Et

=0 [ x2= R

(12 5-7) MopHEH=0t . R8D 0% SR £Xt 63
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J|AtS 7|Et HIO|QO|R 0} ISl |SMEHO|E 24 - #8 28 15t
(E 5-9) AOH=0F MY R&D QU= Z2H EXt 58t
20144 20154 20164 20174 olmn
= IH| | HIZ | | | HIZ | 9| | HIE | o] | HE | BULE
(orel) | (%) | (Bl | (%) | (mEred) | (%) | e | (%) | (%)
S Alof 58,875 21.0 | 53,426 | 15.9 | 73,623 | 241 99,204 | 28.6 19.0
CHHE|
== 12,810 4.6 18,180 5.4 14,384 4.7 18,888 5.4 13.8
X x|
XK
;Jéﬂ: 9,362 3.3 11,426 3.4 7,632 2.5 10,451 3.0 3.7
BORARN—
_ 7,107 2.5 45,793 13.6 17,313 5.7 19,714 5.7 40.5
XX
A 7,923 2.8 13,049 3.9 25,878 8.6 24171 7.0 45.0
SHA| 12,998 4.6 13,791 41 13,568 4.4 22,930 6.6 20.8
HMAZIRS 18,970 6.8 26,486 7.9 24,201 7.9 24,942 7.2 9.6
JHZAOKEY) | 10,979 | 3.9 | 11,006 33 | 8955 | 29 |10,75%6 | 3.1 | -0.7
CHHRI
== 2,665 1.0 2,050 0.6 1,673 0.5 3,008 0.9 4.1
x|
SERE B _ _ _ _
o XEH| 200 0.1 250 0.1
ME ) B B ) B
XEX| 75 0.0 130 0.0
A 3,980 1.4 3,883 1.2 1,523 0.5 575 0.2 -47.5
SHA| 1,835 0.7 1,265 0.4 1,714 0.6 890 0.3 -21.4
HIO|2 AlH2 1,100 0.4 1,080 0.3 1,200 0.4 1,200 0.3 2.9
SE7|8V|& 104,933 | 37.4 |112,607| 33.5 | 85199 | 27.9 |86,924 | 25.0 -6.1
7|E} 26,662 9.5 21,317 6.3 29,126 9.5 23,441 6.8 -4.2
= A 280,473 | 100.0 |335,738| 100.0 [305,891| 100.0 |347,092| 100.0 7.4
O B oerEsid B4 d3
o IW|FEHE= FIAK415Y ¢), 357167144099 @), Hio|2419K3569 €)

o EAF= HiolAleH4169 ¥)9 FAL &AL HAN(BI1Y 4), T e
(1939 <), HFAKE699 &) == A|d

o WRAL FAHAK1499] 9), AAEE Ho] LAKE00]

71€(1989 ol 7 @ol FABk: Ao Yerd

D), HFA= 57
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5%, Mopidt HE R&D FEAZEELR 24

| (el v
7|Et 1%4d5--- ) E L 370 —
BEI|7| g 40,943 - dgge- - 19,3280 430 1s, 18 580
Hpol 2 A2y
H}0| 2 | Ef
TRy 100
HetgAo 1,667 130
HEO| @ A1OF ro-mnom | 35632 1p-onemeeneoen 4,

Bgue ,
Aot ST ey
[0 5-8] LI Z0F HE R&D 2XE QAZZFE £X 384(2017)
(B 5-10) MU7HLEO0F Y2 R&AD BXE QAZEZFE FX S1&(2017)
(TH9|: uHBrd)
T WIESE | HEN | AR | YR | AYN | S | dixR A
ghgdiet 41,464 14,927 | 39,089 | 3,612 - 112 - 99,204
RS _ _
=] 5,619 4,820 5,222 2,810 417 18,888
FER _ _ _ _
e 5,005 3,000 | 2,446 10,457
H}O|2 M
Alok NEYS 9,845 - 9,188 681 - - - 19,714
s 3,985 594 18,593 900 100 - - 24171
S| 11,179 3,960 6,121 1,670 - - - 22,930
TASLIOF 13,583 750 6,661 2,150 - 1,667 130 24,942
IHEAOKE) 66 - 6,903 3,687 - 100 - 10,756
RS
X2 698 700 1,610 - - - - 3,008
FEA _ _ _ _ _ _ _ B
HIO|2 il|§I1|
H| E M| _ _ _ _ _ _ _ ~
. R|=H|
Al - - 575 - - - - 575
A - - 890 - - - - 890
HIO|RAIZE] - - 1,200 - - - - 1,200
e N 40,943 1,850 | 19,328 | 4,300 | 19,793 130 580 86,924
7|Et 12,314 - 7,973 1,425 | 1,003 356 370 | 23,441
A 144,700 | 30,600 | 125,799 | 21,235 | 20,896 | 2,782 | 1,080 | 347,092
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o AWHOE AIESh Fo| FYAI, ulolQAlek, HABAF FO| APl

(£9l - w2e)

71et iho ,gs @

BET| | g 26,87 :IB 1,336 &;’ ,93 4

Hrol2 Al 24 : ;z)e

ufo] 2H|Ef sis : 108 ge P, S

T E— ﬁﬁ @ o m
e |

HHZ Lok ), 1
HO|R4IQ} T j ; ! QS) {5,36 @

gAY e o 17,238 )| 14,527 o @ ------------- L -

Boeo®  EUem  WENET  Ho|eNy CTICTP R
e ANane Neppe  wmurEAE  olaAy AN

[ 5-9] MOPHEE0} HE R&AD FOAMAE AZEFE Tt 38H2017)
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XI5

.

EXEEZIQ 2

(B 5-11) AOUE0F HE R&D XoAIYS OOIEE=Y £} 843(2017)
() ot
H% ro
- sole oz | mEolErls| BT olouesy | maswl |, SRS
- TENY | ME | oppy | TR THe Ag
blof 25,696 17,238 14,527 3,612 6,755 975
e
X2H| 3,306 1,559 4,820 2,810 2,157 225
R )
X2 H| 2,540 430 3,000 947 400
H}O|2 e
AlOk _
ol NET 7,425 5,631 681 1,366 125
HH 1,370 375 594 900 588 13,876
S| 7,613 1,725 3,960 1,670 808 -
TASHY 5,116 1,906 750 2,150 333 700
THZROf 66 4,504 - 3,687 360 -
o
X127 698 1,550 700 - 60 -
fER | ) ] ] ) )
ol | HEH
o | - - - - - -
Xl
Al - - - - - 575
& - 890 - - - -
ol - 1200 - - - -
ZEollE | 26879 | 710 1,350 4,300 1,568 850
7|Et 4,943 170 - 1,425 3,922 -
A 85,651 37,888 29,700 21,235 18,866 17,726
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7|AstE 7|8t HIO|RO|=20F MotV |sF2H0IH &4 -

o
ol
H
ogh
fl
H1
_l'oj

ct. 22t H5 R&D FA oiE

o 179 Alo/dtEol HE R&DE £9K8682 ¥, 25.0%) Ao EA} =9

AR 49.1%), EFG=EIHABA 35.9%), BAASKABH 31.5%), TS
(A 29.5%)° Hit FA= ==
o}

T AP -15.5%, = ~4.6% =02 EATL A S

(ate)

90,000 36,802

73,036

69,823
60,000

15,204 = 2014
m20154
16,823 2016
20174
30,000

10,298 076 10,607 12,6

8,638,220 7,905 4,090
554 2,263
2,251 1,79 1667 2175, 1,772 810 0 &3
1,661 | 1,988 287 |77 780 | 1,241 13
0 = - -

2l i ulgt yugs oz Ha o H@guus  gauy

oy
i}
[}
]
s}
L]
o
B

[28 5-10] MOPHLZOF HE RRD ZEHE =Xt &

(E 5-12) MOPHLr=0F B R&D Dgd £t g
201443 20154 - 20164 - 20174 omZ
:rl'—l?- = = = = 57'%
2 | ond [ wz | ewu | ws | o | s | amH | wz | F
(Hgre) | on) | Ee) | 6 | (aprR) | () | @me) | o) | ()
4¥9s | 20,803 7.4 22,861 6.8 36,823 | 12.0 | 45,204 | 13.0 29.5
sUEE | 2,29 0.8 1,661 0.5 1,790 0.6 1,988 0.6 -4.6

HEY 8,681 3.1 12,753 3.8 9,220 3.0 10,298 3.0 59
Sk 13,095 4.7 10,076 3.0 6,554 2.1 7,905 2.3 -15.5
H| 2t 1,667 0.6 487 0.1 2,175 0.7 2,591 0.7 15.8
et 780 0.3 2,263 0.7 1,241 0.4 1,772 0.5 31.5

R 69,823 | 249 | 73,036 | 21.8 |67,382 | 220 | 86,842 | 25.0 7.5
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RI5Y. AopH e

R&D EXLEEZZQ 24

20144 - 20154 - 20164 - 20174 )
TE | om | bz | @M | HE | Am | s | o | us | B2
(o) | (%) | (MRHR) | (%) | (HEr) | (%) | ey | @) | (%)
TAl 1,330 0.5 1,810 0.5 4,090 1.3 4,410 1.3 491
E|5HA]
i|7?: 5,320 1.9 10,607 3.2 8,110 2.7 13,356 3.8 35.9
|5t
RIS 12,660 4.5 16,864 5.0 13,392 4.4 16,875 4.9 101
7|E} 144,025 51.4 183,320 b4.6 155,113 50.7 155,851 44.9 2.7
A 280,473 | 100.0 | 335,738 | 100.0 | 305,891 100.0 | 347,092 | 100.0 7.4
O B AzhdE &2 3%
o FAHEz A EX dgdE B4 Ay WA E-HEA - BEX AR BT
Z%H4139 ¥, 679 €, 3309 ¢, 439 Yol 7 "ol EXg
- A BESY} EAEE Y o2 AES(1079 ¥, 2829 )l oigt EA7h
0}lo
T AAHE
- AopHe} BUYL FAF(G9Y Y, 49 Dol HeE B4 HlFol g k%S
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7|AIst

o>

7|2t HIO|R9|ZE0F Ist7|SJLO0E 24 - €8 2Y

(B 5-13) Aopjei=0r . R&D HAE Mg

= WIYSE | HER | 5K | MuR | NN | SNY | e | A
495 10,670 1,094 | 28,240 900 3,925 376 - 45,204
El o 200 - 1,138 650 - - - 1,988
= 3,487 3,261 3,451 - 100 - - 10,298
e 2,433 448 4,873 150 - - - 7,905
B2t 750 - 1,299 542 - - - 2,591
PSAESL, 847 - 925 - - - - 1,772
Y 41,264 6,722 32,952 | 4,330 1,310 264 - 86,842
A 2,270 - 2,140 - - - - 4,410
Elld L Rist 2,108 2,281 5,395 3,571 - - - 13,356
st 5,099 1,567 7,464 1,390 1,185 170 - 16,875
7|Ef 75,572 15,227 | 37,922 9,702 | 14,376 | 1,972 1,080 | 155,851
A 144,700 30,600 | 125,799 | 21,235 | 20,896 | 2,782 1,080 | 347,092

o ThF

of FRAROIAE Sl 13

go] EA5}a

e Ao Uk

B @ QQ ..,53? a.g-}e ‘m (B2l - k)

I @ — @ © @ — 78

B30 @ ‘6,29 @ {a,9

Huzg 425

Bl siﬂ: :Es :Ln é

e @@ .

2ue L Q- 329) 10

2033 200 133 650 735

. )i iy o & \) ..............
ooz  mmels wHEEn soleny aman  g@Ese

e Aee depl  WaslenE  JleAw e
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5%, dMobfd HE R&D EXZEEZR 24

(H 5-14) MYHUZ0F HE R&AD 2XE HEH £X} 342H2017)

(Er9l: Here)

Il

Hole. | mEoEIlE | Sia | Holeuems | . EE

T= oZ7|aNY P 7| s HEI=7IEY | /70

Lokt 7IEME

zez 7528 2,855 1,094 900 1,994 17,726
20135 200 133 - 650 735 -
2 1,567 1,200 3,261 - 1,023 -
S 2,433 3,391 448 150 622 -
|5t 690 565 - 542 80 -
BUES 190 425 - - - -
zY 24,930 9,080 6.222 4,330 4,926 -
F4) 860 - - - 2,140 -
A 945 2,903 2,081 3,571 787 -
spmg | 4241 3,334 1,567 1,390 580 -
7|Et 42,067 14,002 14,827 9,702 5.978 -

] 85,651 37.888 | 29700 21,235 18,866 17,726
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7|AlstE 7|8t HIO|RO|= 20 MeV|sFEHO0H &4 - 88 2 U5}

o P HlolQ AABAGS FREUES W A3} WA B W

o PHAFS FHBYTZ W HASKG119 ¥), BAUR 9 A3
281230 @) 402 ASIL 9on, ulo|elte FrE

(464°] ), B BF D A5(1569] W), WYAK(1389] W) SO

o ZNFAICKRMI)E HI/3(249 €), 94174209 ), 3199 ) =o& A

399 9), 9

AEAlde THEAEE 9 K00 &), 240529 ), HAFB4S <)

o HPO|QH|EH = 1169 ) TAl 7P Wo] FAESoH, Hio]eAdH =
33129 ollwt FAE=HAS
(Fr9l - werel)

sz 155 10

Uty e 298 {9,813, 52

Ay 1985 1590

R A6)-——-{13; 23b2 125 1,250 - 160
SREUCE :,591 1,5.:3 933 z,gja

2 Hms = | | f
2 & i
w2z i s ; ;

AN HOIQMO HAFMO ATNOHEA) HOIQHE Hlo|oAYa B

(13 5-13] MAHLEZ0F YT RAD MONLTHAE AZEFE FXt i
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5. AopY
(B 5-15) MHLE0F HE R&D AMHUTHAYE QAESFHE EX $&H(2017)

(c19): uore)

RN OISERT o= | Jhe oKt HO|QA| | BE7|8t .

T2 o | o [ em | ME || g | aer | o | 2 [eEn [ MR [ | g | e | e | TR | A

X=X | X=H | x=H X2 | X2 | X=H

EpiY 2 9 A5 |13911] 2,358 | 2,320 | 2,740 | 1740 6,448 | 2,252 | 691 | - | - | - | - | - | - | 1420 | 4539 |38419
so2xTE U HMs |51,142]11,296] 3,156 | 8470 |11663]11.802]9,020 (1,931 - | - [1278] 200 | - | - | 930 | 2,950 [11387
HQLAS 11467| 1215 | 2,870 | 2,000 | 5,387 | 2,340 | 3,411 |2.382] - | - | 850 | 375 | - | - | 1,250 | 1,160 |34,708

AT A 8474 - - | 133 |1,230]1.283] 146 [1965] - | - | 700 | - [80]| - - - [14820
olrfoA 12208| 3523 | 1,825 | 3781 | 653 | 36 |5196|1.112] - | - | - | - | = | - - = [28423
UA3A 140 | - - 1001280 - | - J1es| - | - | - | -] - 120 - - |53

B w2 Za= | 750 | 150 | - - - |37 la9 | - - | - | - | = | - | - |ees3| - |8349

Alog éﬂg;ﬁfg - - | 280 | 721 |1.133] 333 |3423| 250 | - - s | - | - | = 27472 407 |34.199
E;TAHS Mot == | 212 | 166 | - - =T e lse| - - [ = =] -1-1 - [747] - |82
nsiss == | 67 | - - ~ oo | - - - - - = -=1-1 - l1wz2] - |68

opr == | - | 180 | - | 600 | 475 | 187 | - |so0| - | - | - | - | - | - |a4ss3| 100 |6895

Q=Y - - - - - - - - - - - - - - - 60 60

H= - -] - - - - -1 -1 -1 -1-1T-1-1-1 - |585|200]7567
o157 -] - - e | - == == == = = 2831 703 [13.904

7|Et 743 | - - Joag | - [ e ew| - | - | - -1 -1 =1 - 12165 ]|11508]15447

o2 99,204| 18,888|10,451|19,714]24,171] 22,930 | 24,942 | 10786| - | - [3.008] 575 | 890 | 1,200 | 86,924 | 23,441 | 347,09
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XN57%.

—

AlOEy

Y= R3D EXHEEQ 24

H 5-16) AHLR0F YR RAD MOPNUTAE Hetd £X} 3484(2017)
(B9 uore)
= ZIH= Orko= il = = x ﬂ@}g SRS 5
= 495 | BUBF | BEY | e | W9 | mumE | 3y | om0 | seme | OE | W
=21
EFl &= 3 85 7,485 140 1,132 2,278 200 190 12,932 800 862 1,655 10,756 | 38,419
SHEHEE 2 FFe | 19,01 795 3,486 1,648 640 657 44,386 2,450 4,797 2,617 33,450 | 113,837
HIYe 5,862 - 320 1,000 886 235 5,612 1,160 2,168 4,756 12,719 | 34,708
Yy 1,930 133 3,261 2,315 - - 4,698 - 718 890 875 14,820
ef2ed 2,433 920 210 401 865 265 4,331 - 3,791 2,470 12,737 | 28,423
Y3y - - 1,200 - - 425 3,910 - - - - 5,635
e 22
i 130 - 327 - - - 1,489 - - - 6,403 | 8349
SHEX!| dF
Rl X - - - - - 1,766 - 110 1,660 | 28,080 | 34,199
A|OF =2 A0
o RO
SUE Zaym - - - 212 - - 743 - 150 820 6,297 8,221
& -
R
by 790 - - - - - 3,096 - 650 200 | 11,893 | 16,718
Ao SHE 662 - 180 - - - 460 - - 320 5,273 6,895
ol2iory - - - - - - - - - - 60 60
M| - FH 125 - 100 - - - 450 - - - 6,882 7,557
21-517t 3,760 - - - - - 500 - - 1,185 8,459 13,904
7|Et 444 - 83 150 - - 2,469 - 120 212 11,968 15,447
A 45,204 1,988 10,298 7,905 2,591 1,772 86,842 4,410 13,356 16,875 | 155,851 | 347,092
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o BATH A B HUHS WHAN3799] U), FABL o] @419K2560] YHolo]
X7} 74 WA vk

- AukAog JfFAloRRol e ke A2 A9k 7ok ®okol F4 HiSol 3=

LN Sy L

7|Eb 204
e e ¥ SR

Ho| 2 A2y :

sfo| 24 "

LI okEdy 2%:

HEgUt *;us ------- -6 ---emm-
HLO| @ 410k +------{ 25,6198 64837
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448 203F #EY Yk HEE  HdEE  3Y Y EdY gaEsg g
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HEY. Aol HE RED SAEEZ2|Q 24
(H 5-17) AOfE0F ME RAD QUAEZZH ZsH EX} 348H2017)
(SHQ: uHate))
~ . Ely = = -
= 24Es =033 HES S H| 3t HAEE = MA| i SEzlst 7|Et A
Brg et 10,938 | 200 4038 | 4677 | 1.807 425 | 37917 | 2.760 | 1998 | 7444 | 27.000 | 99.204
EE;H_%" 1,037 535 315 - - - 2,240 - 500 900 | 13361 | 18,888
FEX L 000 - 120 - - - 5.604 - 100 280 3347 | 10451
HRO|QAl | A=A ’ ’ ’ '
[e]3 A-”E
A 181 133 2120 | 1577 - - 7.858 | 140 1506 | 1292 | 4906 | 19,714
wAl | 21,013 - - - - - 2,650 - - - 508 | 24.171
St 2,389 - 1157 443 - - 11.999 - 1979 - 4957 | 22,930
HolZAlof 1428 920 487 83 724 687 874 | 1410 | 4510 602 | 13217 | 24.942
TR Al EA) 275 - 210 - - 660 3,040 - 1434 | 1629 | 3508 | 10,756
s - 60 - - - - 970 - - - 1978 | 3,008
X=X , ,
S
HiO|QH| | XIZAI } } j j ) } } ) } - B -
B M - - - ) - - - - - - - -
X|2H|
ai Al 575 - - - - - - - - - - 575
St - - - 890 - - - - - - - 890
HIO| QA 22 - - 1.200 - - - - - - - - 1.200
ST 6,165 60 505 - - - 7.773 - 1040 | 3815 | 67.566 | 86,924
7|E} 204 80 147 230 60 - 5916 | 100 290 913 | 15501 | 23.441
gl 45204 | 1988 | 10298 | 7.905 | 2591 | 1772 | 86.842 | 4410 | 13.356 | 16,875 | 155851 | 347,092
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