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MPNet

Masked LM + Permuted LM |+
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Distillation from intermediate layers.

+/  BERT-PKD
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o MiniLM
(323 2-8] BERT 0|F H2{d AIMatE 0|2 7 S&

O e,

SN

TIAE AllenAl
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Span Masking, Span Boundary Objective,
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L(football) = Lym(x7) + Lspolxs. Xa. P7)

an  American football game

bt 4
O ) ) B (e o] () (o) (8 o) ) (5

‘ Transformer Encoder |
Eregings [ P][ P2 [ Ps |[ Pu [ s |{ 0o ||F?||P’°|E’| P10 ||PH|| P |
S |‘iup(r| | Bowl | | 50 || hwl ||msk]| |mm|| [puassa] foasia] El |tlm'rr||m|| the | |m|mmn| )

Figure 1: An illustration of SpanBERT training. In this example, the span an American football game is masked.
The span boundary objective then uses the boundary tokens was and fo to predict each wken in the masked span.

£X : Mandar Joshi 2/(2019) SpanBERT: Improving Pre-training by Representing and
Predicting Spans

[13 2-9] SpanBERT Span Boundary Objective Of|A|
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- SpanBERTS} HRRIZHAIZ nsp BIATE A8 9kor, 7|& 256
HizEoh FR 2 2K EE 8K HiXE 28t
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&X : Zhenzhong Lan 2/(2019) ALBERT: A Lite BERT for Self-Supervised Learning
of Language Representations

[22 2-10] ALBERT cross-layer parameter sharing =& &1}

- BERT9] nsp AE S5517] 2ol &Y Aol 642 558 F7e
£A7F HHAER] 7S QlA5k= SOP(Setence Order Prediction)
BlAgs HASIo] gy

- 160G oks5 Hlo[ElE ARESHL, 4K HIZ| =719, 1.5M step o532,
SQUAD v2.0 EIAEA H7} A3} Single @2 90.9% F1, ensemble
2d2 92.2% Fl s EH 7|& BHS HoldS
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O Ho]AEA F7i3F BART(Bidirectional and Auto-Regressive
Transformer)= BERT®} $<& A7} ESHARTHO] QA iyt ARRSH
A g2 IFH, HIHE Zo] ARESte] o] BES Sy

- BARTOllA] HZE= o} ©HA2] &2 23S thg 94|12 Y202 AMESk=
Auto regressive 412 AE(1F 2-11)

- EsiAi QIFTTE ARSI, =it E2 ol 7t Zojok gith= Alofo]
WAL QIF TR HIHE $A| ARESHH HE A9ol= shgol 7ts

- JIYE s A3 o]Qlo = token masking, token deletion, text
infilling, sentence permutation, document rotation®] AFd k5
BAIE A9t

- text infilling 912} Zo] BIAE spang SP42] T©IZE 7157510] masking
Slal o}F Sl5ShH, oot A2 o 1Rl o] o dot gl el
masking< sto] ©@o7} S QIAISk: Sha7HAl 2%

- 9 =04 A%} B Afe] masking('_) A%} B Afolo] ©ol7t i<
g5o17] steld, BeEE Alo] masking @Ol C DE A0l 1451

918} ohs

ABCDE
$ 4444
Bidirectional |:> Autoregressive
* Encoder e Decoder &

EREE Frrfd
A_ B _E <ss>ABCD

Z£X : Mike Lewis 2/(2019) BART: Denoising Sequence-to-Sequence Pre-training for
Natural Language Generation, Translation, and Comprehension

[23 2-11] BART text infilling i
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- BART:= RoBERTaS} HISSE =29 Qlojolofl BiAT AFs-& 7L gloH,
]—'—-4 BERT 4 RoBERTaE #-&5}7] ojg## o] A4(generation)
PFE F<eoHA ST = %

O MS= MT-DNNMulti-Task Deep Neural Network) H O 22 BERTQ}

Zro] 294 SK5(Pre-training, Fine-tuning)s 595}, Ajsks ©HA

oA S-& HAA B 4TS FVIRE BE HAT ‘-%LQHJ HOo= BERT
tiH] oF 1.8% 7= ol

O Stanford Univ.= olojrdl AJAsES: Qlslo] GANT}F QAR AJAg-He

%Z 71A+= ELECTRA 2Eg F/l5toH(1g 2-12), ol= 7|1&
BERT e ojH] 8.4%, RoBERTa 2 tiv] 1.6% 53t A2 Y
sample
the —> [MASK] —> t-> the —> —> original
chef —» chef — Generator chef —» —> original

cooked —> [MASK] —>| (typically a |-> ate —>f DEsEiréré‘-;-réZt)or —> replaced

the —» the —»| small MLM) the —> L > original
meal —» meal —> meal —>» —> original

Z£X : Kevin Clark 2/(2020) ELECTRA: Pre-training Text Encoders as Discriminators
Rather Than Generators

[23 2-12] GAN X JHES A=Y =St ELECTRA 2

- ELECTRAA sfEstaiat g EAk= N7 2 ©o] & 15%TF masking
510 loss gro] AktE]7] mEo] dojmEle] sl a-84Jo] Hojdrk=

- 5% TR FPA7I7] 995 NA 9 wo] AAGIA lossE At
o e At
- A SAERRE o R ] 271 ot s, S



i [T 200k steps _ _300k steps _ 400k steps_ ]
e e e
//'ELECTRA—La rge B RoBERTa
- 100k steps _—
il 100k steps
85 WELECTRA-Base __—
;,-’ __®BERT-Large
_// #BERT-Base
] 'EC i
¢ go | ECEGTRA-Small
A BGPT
w
5 /
= /
© 5 | éBERT-SMall
®ELMo
70 o
eGloVe B8 Replaced Token Detection Pre-training
e—e Masked Language Model Pre-training
| T T T T 1 | 1 L
0 1 2 3 4 5 6 7 8

Pre-train FLOPs 1e20

Z£X : Kevin Clark 2/(2020) ELECTRA: Pre-training Text Encoders as Discriminators
Rather Than Generators

[23 2-13] CtE Held Ao{Z&at ELECTRA

10
ol
B

T Hlw

- 9F 142GB9] gk HlolEE AREsIGlon, 22 &9 <5 HolH=
BERT large =& i8] 4.44}, RoBERTa =& tH] 4.5 vlQ] S5 S35t
23} 2. AA| 85 HlolHE 25 ARESte] 22 <5 HloJEE 4.5H]
A= o &8 7

- SQuAD 2.0 HIAE Al 7]&, RoBERTa 22 89.8% F1, ALBERT 90.9%
F1ETH 931 91.4% F1 A&

O EH4d o] 22 T34 AoE oldf(Encoden)E Y3+ ZE7} AojE
3d(Decoder)si= HElZ FREo] El=t] oA AF3F BERTE BISESH
S pdl2 = Qo] o]sf] dojr tf2of AHa GPT(Generative

Pre-trainned Transformet) Z&< 9o AJA] mdo]
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O OpenAl°ld 22 57igE g=fd 91o] 2d GPT-3+ 1750997)(175Billion)
1} 2fE R 30002(300B)7H o[BS el5ol%or, ARSi(fine-tuning)
o] -S-& HiAToK 4%t 52 Uie FhHfew-shot) 50| 718k
Hel

- GPT lopyd i Qg HIAEO] t}g HolE ofISok= B%] 02 F&ls]o]
QoA At FEF Aojdly} FARSH B4 0 2 ARsoh QRfgFo R
24 BERT(IY 2-14 )¢ th24 GPT(OY 2-14 2= A3
WK forward) 229 JAE = Ho] EXY

BERT (Ours) OpenAl GPT

Z£X : Jacob Devlin 2/(2018). BERT: Pre-training of Deep Bidirectional Transformers
for Language Understanding

[23 2-14] 20f o|si=H BERTS} ¢10{ 44 2 GPT Hlu

==

- OpenAl APICl GPT-3+ t¥|2Fo] gl FAHfew-shot) S5 55
Qo] male] sk BES AT
X BAF SIS ATIMOZ X2 HI0|EZ Q15 AMEYE MfsiEde WO JArED
M2 H0[EIE MEdt= 7HEC=, ofte| LIo[E= 24, TI0E SI0M=Z2 EfAS0
HO{ZRACIOZ HIZ HEot= WS MZA0[2t ofH BAF 52 55
AGI(Artificial General Intelligence) 280 £Q3%t 5322 HIIE
- BERT 9 GPT-2 9 2 7} Weld Qo] 2 7168 71eiiz%,
fine-tuningr& Z-8sfloltt 3-8 ejA0) H-87FsSHATE GPT-3+= o't
24 glol %8 7h5althn el
- AREAHRl ARFERH(TE 2-15 ) 2] GPT-3+ 9] <5 AA|
JH(@E 2-15 F5) 2 A HAIE 24T = U=

il

4
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The three settings we explore for in-context learning Traditional fine-tuning (not used for GPT-3)
Zero-shot Fine-tuning
The model predicts the answer given only a natural language The model is trained via repeated gradient updates using a
description of the task. No gradient updates are performed. large corpus of example tasks.
Translate English to French: task description sea otter => loutre de mer example #1
F=eeete= prompt
One-shot peppermint == menthe poivrée example #2

In addition to the task description, the model sees a single
example of the task. No gradient updates are performed.

Translate English to French: task description
sea otter => loutre de mer example
plush giraffe => girafe peluche example #N
cheese == prompt
Few-shot
cheese => prompt

In addition to the task description, the model sees a few

examples of the task. No gradient updates are performed.

Translate English to French: task description
sea otter => loutre de mer examples
peppermint => menthe poivrée

plush girafe =» girafe peluche

cheese = prompt

: Tom B. Brown 2|(2020) Language Models are Few-Shot Learners

[3& 2-15] GPT-32 CtE R =T W4 H|W

LAMBADA 20F2 7Re0= 7189 AA| F1L 52 68.0 =S Fofdo]
80.4 B gH

2470 oJAr9] 2lojA 7] HlATo| H835lo], GPT-3 HElo] FA-TKS

59 W

2g e of} B, 7ANS, A 2, S, B 7 BARE
RETRS

3], GPT-37H At v Ak BIAEE Afgio] T3P ofele Szow
7}

TriviaQA 3 PYSlcalQA( ’—‘1‘ F2) Hade F8eS 283t 71
A3 surt 9%
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TriviaQA

-~
o

Fine-tuned SOTA

Accuracy
& 8 8

w
o

n
(=}

Zero-Shot
—s— One-Shot
—s— Few-Shot (K=64)

e
o

0.1B 0.4B 08B 1.3B 26B 6.7B 13B 1758
Parameters in LM (Billions)

PhysicalQA

Human

—e— Zero-Shot
90 —e— One-Shot
—e— Few-Shot (K=50)

[s]
(=]

Fine-tuned SOTA

Accuracy

~
o

60

50 --kandom Guessing_ __

0.1B 048 08B 1.3B 26B 678 13B 175B
Parameters in LM (Billions)

=X : Tom B. Brown 2/(2020) Language Models are Few-Shot Learners
[212 2-16] GPT-32 H&3% TriviaQA PysicalQA MstT H|w

-~ OpenAli= GPT-39] e 4502 Qo) 2 IS B/He 1) o8l
A RS 9190 vk He] APl Wl BRIk 4

oA 7l ko] e Med, 594 SAY, A FEF 5
ol A4 =4 A9 F

O © BN g7t AR Ty Fe FES BAL At
953 AY50% B1ge) ek, AR FYL e BA, 14Y
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e e A, 55 29 3 A4 729 59 del= EA40l
ks

- Stanford Univ.& 9713 tJolWikipedia)oll Al &3+ A&}t T2t A
d9E JE92 ¥+ 71ASS ™AA(MRC: Machine Reading
Comprehension) SQUADE 155 E FXI6tod 155t 719] Sl HloleAlS
SHHSHY QlojAf7] EoFE Awstal Sl

- =2 Natural Questions(NQ) HIAAE ‘19¥9] A]ZFeto], SQUADS}

o] Tedofl A Ad 2= 70| oYz, A olA AE= 2ot ofsk=

Fo|= o] MAXE FFtL U307 19 Sk HolHA)

=2, 2dEcd], FR7 8205k 189 HoppotQA FRIAE 53 9171

Trjo} 4| £419] of2] gk A E& AR 2AE =5k A9

7+t A9 H(explainable QA) 71€<?1 Multi-hop reasoning 7|&

sk glowt oF 118 A9 S Holee AT U

Koy

-

1y

A 7169 A FEe] Slote] Bl SJulolsiGs 4ot A
20] JRs AT AojeT WA At

X W HLAE Al2 Reasoning Challenge(ARC)S ‘180 A|RtSHY, T HEZ
A 718t HH FE0| 032 =S4T et 20F AaA 7,787 sks HE
I.

% A A= CommonsenseQAS 19E0 ARSI, AN £20] LS CHX|
MO 22X 12,1027 &5 Mg MSE

T oAl 7142 Shiel e @ BARRE PR 259 @
SIS HolAl ofg] 7hx] AsolH RS $250 8L S
22 AR Wste] A - AE FES B eaoR A4S

Hed ARdeks dojzd 7Rt gt=of A2 7|e kS
S=oiAE] Zoke Yold et FARH "eld <o Bl dols
7l&o] A FolH, T=ofet Foio o Aol= Qlste] g=rofd
gt g dojrd 7]&o] Aok
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ol UHEol(FAE, SADLE 715ol(&EAL ofnl)7t Aol watojolut,
Fol= ofn7t 28l wet Wkl Fdolg: 54 7
ged oz 7les ABHRI(Exobrain) ZAOIA FEAEA Al
718kt KorBERT 1o{®dS 7 9 F7lsto], oA & 4kdAl9] =8
o] mulz gy

KorBERT ¢lof He2 sapabd, AT 7|AF 5 Hoigt §IAEQ23GB)E
o 479 749 FeAE S5 eH, BERT Zdo MIM HHES
Aot 352 WK™ 2-17)

o2 e~ ZIAISSHEA S EB/IEMEREAT OB AElAT ZIASsHERA T EY/EMEFEAT
(2I0|HoIM 51 85.77%) (KorQuAD dev’l 94.18%) (CRAHE2I5+73.73%) (D] =HQIM 351 81.85%) {KorQuAD dev! 90.68%) (ERIEDE+66.3%)
0L | 2 gy 9IC ey oH01RY T9) ' 2 HI 9/ Y

EE ICH 3 EN B BN EN BN £

[ 5 0 ) ) 0 )

EEI uﬂﬂlﬂr ,,%E (M Iti-head Self-Attentiol McdeD

R R || e e

dewn s sy || miw || gmom | wde = & J|“°'f 2 “‘-‘J%\ [ #Lk

ETRIEA 7|4 Qo2 24 H9) 22 dojE B T
0 2: gt=0] THol= FElAZ FHECE

: 38 ¢BXls QE APl DATA AH|A ZE
[23 2-17] KorBERT2t 712 BERT H|u

P4 24 G i e 38 HAaTl s /A A=E S5

gpelel 271 wAS BAIHIL 2-18)

% KorBERT-Morphology ZE HEHA EA ALE 7|“*O§ ol e,
KorBERT-Wordpiece ZES SEiA BAS AFREIK| 20t &84 AR 7ts6t
2
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iz 2

KorBERT

Hgay % e

= SHEO|0[E]: 23GB Al LEX| @727} HEf)

= HEjAEMT] 2 OpenAPl Q012N F, HEHAEN APl
Korean_BERT_Morphology = ©2{d 2t0|=.2{2]: pytorch, tensorflow

= &ATE: tokenizer X 7| AISSHMRO), 2MEF OlH|

= Latin alphabets: Cased

= SHEO|0[E): 23GB Al LEX|
= El2{d 2t0|=23{2]: pytorch, tensorflow
» AATALE: tokenizer

» Latin alphabets: Cased

Korean_BERT_WordPiece

£X 22 QZX|s 2T APl - DATA AH|A ZIH

[23 2-18] KorBERT M% 2%

23 oiato|E

30349 vocabs,
12 layer,

768 hidden,
12 heads,

30797 vocabs,
12 layer,

768 hidden,
12 heads,

AH

=20

O KorBERT 1oj2dl H7l= o S/hE tifoE 3sielen =
t}=o] BERT 2@o|4 word piece 7]8F9] gh=o] o] H|g]| =
A5 HA@F 2-19)

- 9Ju]9 QJA)(Semantic Role Labeling) : ¥4 UjollA] <olof oJ3] 7|&%l=
Aol ofgt iAlIEe] g Q14
- 7|4 E3l(Machine Reading Comprehension) : 50121 ©@&oj|A 20|
7%= AES 33

=

i

- & =918KPassage Ranking) : A 23} FololA AEol| 2k= g0l
o] Sl o= =%t
- & SARE F2(Natural Language Inference) : 27 &4+ 7t

U3lx] B HE

T= o

_,d
1o
=
N
N

- A FARET © w49 FAIE 7100 Aol Aot 54719 S F

36



MN2g A 2 S

22 ojm|gely HEEL Cietaglst SUQMESE EVES LY )
Korean Propbank, KorQuAD Cf|0|H, Bt5: 45521 EE & 10874234 & 9301
Foielole ¥ 74 & 19,302 2% Sh&: 6040674 E7k 1,000 22 B} 1,2092 3% Bk 1,035
"7k 3773 2% B2} 57737 (devl) (2T BT s77H B2 (O £FHA: AL 22 (5471 2FHA)
7wy Fl2 Exact Match®) / F1 Precision@Top1 Accuracy Accuracy
(Google) 80.82% / 90.68%
Word Piecel17|4t 8185% EEY FAH 122 663% 794% 911%
sH50f Q0|2 X2 +¥)
@a=ol 80.70% / 91.94%
Word Piece 7| 85.10% (CEEEE=—=] 705% 827% 93.4%
#=20f elojy X2 +¥)
[GEEE )
HEfA 7|4 85.77% 86.40% / 94.18% 737% 834% 93.7%

$h20f dlojn

2] 1. 22t Precision, AIA 0] ZTH7L HE Ol HIS)7} WS
B Eyact Match: AI~ 80| FAI3 Z40t9t 0] 25| AR
) Word piece: SHt9] TH0{Z: L% E40i(Subword Uniy S 2 &

RecaH A WS AlA"O| X5 HIg)e| TetEa

© 85 USKs 2E APl - DATA MH[A ZE

[28 2-19] $t=0{ 574 E§A30| LSt KorBERT H7t ZA}

Fato] 71AESEE <Jst WA= LG CNS 2] KorQuAD A7}

ﬂll

%o, V1.0 = SQuAD 1.03 o] F=oiXl deojA T JE2
k= glAF0o|H, V2.0 F-= Natural Questions®t -FASHA 4]
R0l S A= HAT 57

Qo] FoSH 7Ia 7Rt 7N URbFA] HolSH 7]% G OME},
HE, 59, 98 & HiwoF Y 493" 7e At A

H
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SAls 718 JUQ| HIO|LEA 7|51 S Hlu2Y A

A4d Y AE FE2ETY &&

0 EiE SAePe vl FAE L 45 92 39 Rt 2H4EY
71HS Bgsto] T4 [T FaIsI]
Ag % Utk

O ZH2EZe vl FoK FAVE g7 W], okl It Zo) i)
dloletS skt v B2 dlole] ol e, hedi Az
ke st QBEAY BoPAR USKE 7H5Th(1Y 2-20)

..

®

o..o. .Q

°

..o . 0‘0
00

(23 2-20] S2AHY TAS o

- ek 22 7124l gk 119 BA47F 1] 240l £ & =
hard clustering, 171} A7} 17 oA £4of| £8F 4= 9J&= soft clustering
o= FEEOH 2-21)

.°.§. %®%

e —

[33 2-21] Hard clustering($l), soft clustering(Ol2f) T2is}
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O Mg o] HIY BAE HolEE fARE FAIY BHR 2
YRg Jue Nt GYHOE Tort & U

0 Zel2EY /Mol o Aelo] Az Rolel fARH Pelde 28
slof 7|2 wn TEYE ZHSE B4 ARSI 5 U
O A FHAHY 7o) HAe BAS TSR FA0lS S22

7} BAER I FAI010] SARES 2Asle] 54 3t olge] SAHES

Hole EAS T #Fo8 R
- BA 2] Aol R PGPS Fi @Ak FAlo] 2&7} fAE 24
H}H o
oHn
- FAlo] 222 ukAolx] oRAE BAS fiEsks FAlolg &0t
ol% BAS fEats ou|2 Aehs ZloR, 7EA 0 Aol B4
710l 298

- A 2 718 Ajglolo] ol Efslef 5] uhe] Ajeto] Hols
Iz o}85ke A 44 9] WS R dolE st slel k)
SAES} 2L 71Ee AT

O 71 Selae 7[ES YR BAe) 54 Re) dejo] vgskn
A Y BAE 7] AR} st 4% go] oS
HEA 7| Felaey 7PHoR Foldl B4 IEE i 2Ho=
B K-Means STEEE 7 249 A2 Aold] HAMS a0 st
WaloE B

ol

O oz gefdel 7R S22 7o) Avi= Sh=dl o e
7 AR 2ATE HElR YHIEElL o ofgdle] 7 ZARE fAREE
ot AR 7|E REY FIE BN Bos(Td 2-22, 23)
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- 7K el vie] Wil M8 1) A e 1) Held Slojmen
Aol 845 olgsto] FAlS FEThE WA 328 Lug T
% Sirke A} 2) ]3] 229 T FAClE UMY 78S AgS
HE] B11e] AT S APIsle] DI B4 T2 2 SRS AN

w Eo e 4

Proposed Text Document Clustering Method

Documenl

Embedding | —» | Weighting | | | Clustering

%

Dccumenl

£X : Yutong Li 2/(2020) A Text Document Clustering Method Based on Weighted
BERT Model
[28 2-22] HeldS 0|8t

muju

AHY X2 of

Feature extraction module Clustering module
Pre-trained language models Assigning labels
Input documents
OO0 o
"}‘ T soft
Y
( }ﬂ“ )f:i‘, H _ targets
"‘.I‘- w"r I‘t".“.‘ -D =2 -
|| .{.¥:]| . 2| Iyl
Compute
- - —vD gradients
G(‘osinc similarity
Trainable =

centroids S

E£X . =X 2|(2019) ADC: Advanced document clustering using contextualized

i)

representations
(23 2-23] H2{dS 0|88 SYHAET AIAH”H 31X

0 T AL 9 0 I dRgE A geaE Tlge
Aze B ANENZ 5 9e
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0].:1F) Explainable AI — What Are We Trying To Do?

* Why did you do that?
- tn * Why not something else?
Learning . : y This is a cat * When do you succeed?
= " ?SE;-; ; (p=93)  When do you fail?
i v v * When can | trust you?
O « How do | correct an error?
Training Learned Qutput User with
Data Function a Task
Tomorrow
- . x + | understand why
e y This is a cat: = | understand why not
New YT & faa Lk B, Weavers, « | know when you'll succeed
Learning L Sach, « | know when youl fail
; 1 ; i ; «It has this feature:
Process B - « | know when to trust you
= I I3 I‘ b i ! J k, i 2 = | know why you ermred
Training Explainable  Explanation User with
Data Model Interface a Task

£X : Al Magazine, 2019
[ 2-24] HHILSE A3KX|s Of

O A% 7Fstt Al 712 T o] ofd Tt 139 o]
ATEa 9lom, £ HHPHY d= ok} T
- 42 9%l(input attributaion) H4: WA (relevance) F+ F= HHY
I dl9] A (gradient) #42 B3 AE7FsA A HPHCOE, [RP, RAP,
DeepLIFT, Guided Backprop, GradCAM 59| " Aot
- Wi(Internal) 24 Hed 29 yF 79 243} 21& BA5k=
AL PHO 2, Network Dissection, GAN Dissection 5-2] B A9t
- Z3(Attention) 4: Attention= B3+ AH7IsA AA] AHPHo R,
RETAIN, Saliency Maps 52| %% Aot
- ti2](Surrogate) =& 4. A7 A4S AAok= tig] 2(linear, tree,
T3] 719k 5 Shsdle AR, LIME, SHAP, DeepRED, RULEX
S o W AR
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(=]

O =gl 49 7hsA d+e 9 A HEH ol &7 H 54

ohe A2 S Adste] AMgSke FAloH
W3 post-hoc H WHOo=E &

g A dARE 29 7 59k ZES 7=k ante-hoc
S AT 7S AlSdke o ol RS THIY, 22 HEY
2d £ LS ATV offte 2

B0 Hed BES okaet & HIRE Alola A3e B3 A AkIske
post-hoc H W2 2 FE=E AlSdke geld 2ol 4% 7Isde
Foldits ARom 2T 2 5508 A+ F

, IA ante-hoc HZ

O TE Rolo} ther Ajeiviol Hob Murks Al B HfEOR Bt

=X

EIAE J5 AT 285o], 9IAE F5 djof| izt A ARoh=
A7 Hol +3E

(UT-Austin) rationale ZEE CNNoj| Hgkst B HE(Rational
augmented CNN model)S AIQt5lo], HIAE B& ZAvlo] djgt A<
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O Mo} 71} E’J\F’] ARE(cosine similarity)”} 2 n7ll ZHAE 7F427]

Q.

X DAQI RAEE S HIET} fﬂl7|t 2240| Lot} HIREIE S8ck= AHEA,
1001 7= %AFEW 1 =10 7iEsE JS‘F_EHOI Q0IE XId
X TAMRI QAL ALK - & HIHO| LiE(dot product) + F HIEIQ] Hizinhorm) &
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O 9 AP 71HE 07l HIES -SNE LRjEoR 2AUoR 4%
> t SNE(t Distributed Stochastic Neighbor Embedding) ¥12|52 &2
£ 7HX|= HI0|HES A5 He|(HiX]) MEE RX[otHAM AlZtstrt 7
+Z(20| 2XH)RE AHH 5 RHFEs Y12E
O 2207 4% AMg9] WEES k-H+t 7+-8Hk-means clustering)
dagjEe = Wi EvAHE #3t

% k-means YT2IES el HEISS Wie] FEOR Lieal, 2t TEiy S4EL
2 o 219 A2le] MBS HA2 SR Lt 225y

O ZF S92E 9 F8 71¥=% LDA, TF-IDF, TF 3712] 5M4log 7154
5L 7P =2 30709 ©olE F&cto] PR &85t

research —)** ZI‘EXLE Xﬂﬂ 1 EAAQ1 golut AXss= Aol
Qlort, 1efet E4o] FHAH0] 8-S o5 JPAE o] EAste]
£ e 889t
X YR A MN0IA EEo| SHote HOIt =2 J|IHER HAIE 7t US
% LDAEIXH C2|Z22 €2, Latent Dirichlet allocation)= B REH0| YPHHo=2
MEEE ¥12ECz, EM9 ETS Mofet & U= 7|YEE MAlchE
- TF-IDRS} TR Woky 2+ Selinle sfutel BH2 Fslel Ausle
% TF(Term Frequency)= SAHE0 S&ck= 2 HO{S0] E ¥ SESH=X
g 5 SE% AY
X TF—IDF(Term Frequency — Inverse Document Frequency)s Zf ©H0{9
Ol 21 HOPEZ 71| E2AR| SSEC= SERE=RDocument frequency)
04*Ol 2IIUIDRE &% ez, §F HO{7t S2{AH oA oLt 2O
SRR} TE SHAHLL} off SSHAHNMDE SEY=XIE 20| Blok=
XEY

- TF-IDF] 3% 24 23 5L TF-IDF = 7l doi7t wi-¢- @ol
Uehdo] wet weo] glof A8 e
x DE ZAAE0) SHOIBN oY S2AAE HMO| ST SMTFI} 22 HoiS
#S TF-IDF 20| SUGHRA, 241 Zot 2= 1,0007 0149 SUsH TF
22 Pl HOISO0| LiEKS

- TF 9A] A-Hresearch), /N (development)} -2 FHAH E/9
oulE HA| ¢l IREH o2 Aok Tols YFE 7|HEE AlXIsH]
wj2o] ARESHA] 231, LDA 71HEe] 71Y=of oj&st

IDF
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TASF /syl AZ2HH(TE 4-1, & 4-2)

- AlE(cell), Ycancer), 7idevelopment), S74research), X|=(treatment)
59 Toiso| oy SrAE FEH R A5k lo] EHAH 71
W& o] meto] ofzZ

- 22 A Ag, A9 B 5 FE=m vl wet FRet Aol
AR EA0] A8 9loE e NIH A IHAolA -84 s ofFi-E
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O webx Hot FA4ZQ1 Aol JA|Z ufo]Z Z2Hlo]l2{microbiome)=
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[22 4-1] NIH 20194 ‘genomics’ 5,0007H 24| ZAf Za}

(E 4-2) NIH 20194 ‘genomics’ 5,0007H IpH| SZAE|(2070)d FQ 7|YE=

SAH

LDA 7|9E

[research’ ‘care’ 'health’ ‘core’ 'data’ 'treatment’ ‘cancer’ ‘center,
clinical’ 'hiv' ‘studies’ ‘training’ ‘genomics’ ‘analysis’ ‘brain’,
resource’ 'identify’ 'specific’ ‘program’ ‘cell’]

[core’ 'research’ 'human’ 'dna’ ‘cells’ ‘cell’ 'use’ 'disease’ ‘cancer,
mechanisms genetic’ ‘training da_ta‘r'!sk aim’ development,
aging' ‘clinical’ ‘specific’ 'infection]

['cancer’ 'brain’ ‘research’ ‘cell' 'risk’ 'genetic’ ‘response’ ‘clinical’,
study’ ‘core’ cells’ 'development ‘use ‘disease’ ‘stroke ‘factors,
treatment’ 'hypertension’ 'immune’ ‘aim']

[lifespan’ 'superoxide’ ‘alterations’ 'genetic’ ‘childhood" ‘compound’,
‘aging’ 'treatment’ ‘outcome' ‘determine’ 'mrd’ 'detected’ 'ros’,
'dependent’ 'mitochondrial’ ‘identify’, 'demonstrates’ 'increase’ 'mild’
‘'molecular’]

. ['aim’ 'stroke’ 'specific’ 'brain’ 'research’ ‘development’ ‘cancer’
cell 'data’ ‘cells’ ‘gene’, ‘clinical’ 'rna’ 'studies’ ‘use 'disease’, ‘sivd
treatment’ risk’ 'aging]

[research’ 'nfkb" ‘care’ ‘cells’ 'cell’ 'core’ ‘cancer’ ‘clinical’ ‘gene’,
genetic' ‘expression’ ‘data’ risk’ 'dyrk’ 'hiv' ‘center ‘treatment,
training' 'igf' ‘alcohol’]
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[dna" research’ 'clinical’ 'disease’ 'cells’ 'data’ ‘cell' 'host" ‘lung,
tramning core gene aim immune hdeve!oplment structure
genes', 'th' 'genetic’ 'identify]

[data’ 'research’ 'disease’ ‘dna’ 'cells’ response’ ‘clinical’ 'aim’, 'new
specific’ ‘core’ ‘training’ ‘ah’ ‘cell’ ‘patients’ ‘treatment’, 'health’ ‘use
pol' 'studies']

[data’ ‘cancer’ 'research’ ‘pain’ ‘cell’ 'sleep’ ‘imaging’ 'patients,
deprivation’ treatment’, ‘genomics’ resource 'studies’ ‘tumor,
genetic' 'pca’ 'genes’ ‘clinical 'associated’ 'analysis’]

[enzymes’ cell' research’ ‘cells’ clinical’ ‘cancer' ‘core’ 'disease’
protein’ resistance’ ‘new ‘use 'data’ ‘ad’ ‘human’ ‘patients
signaling’ 'studies’ 'novel' ‘acid]

10

[cancer’ 'risk' ‘program’ 'research’ 'diabetes’ development’ 'disease’
aim’ ‘human’ training 'health’ ‘cell’ ‘clinical’ ‘cells’ ‘data’ ‘social
studies’ 'outcomes' 'genetic’ ‘core]]

11

[models’ 'mutations’ 'cancer’ response’ ‘cell’ 'development’ ‘pain’
clinical' ‘patients’ 'drug’ ‘treatment ‘signaling’ ‘research’ ‘core
immune' 'health’ 'cells' 'data’ 'tumor' 'met]]

12

[disorders’ 'research’ 'genetic’ 'data’ 'disease’ 'cancer’ 'sczd’ 'clinical
gene’ ‘human' ‘genes Trisk' ‘genomic’ ‘cell 'variants’ ‘core’ ‘based
genome' 'psychiatric’ 'resource’]

13

[research’ ‘cancer’ 'studies’ ‘core’ ‘clinical’ ‘data’ ‘cell' 'genetic’ ‘aim’
genomics dna’ ‘new  risk’ ‘support ‘genes’ cells' ‘using' patients
development' ‘analysis']

14

. [ad' 'research’ ‘cancer’ 'genetic’ ptsd' 'data’ 'risk’ ‘novel’ ‘social’
disease’ ‘physical’ imaging’ ‘tumor ‘development ‘identify’ ‘specific
clinical' 'gene’ 'studies’ 'patient]

15

[research’ ‘cells’ 'novel 'disease’ ‘cell’ ‘program’ 'data’ ‘project’
clinical' ‘cancer’ ‘core’ ‘molecular’ ‘training cllelv_elqument risk
patients’ ‘analysis’ ‘'studies’ ‘new' ‘aim

16

. ['genetic’ 'research’ 'studies’ ‘treatment’ ‘clinical 'cell’ ‘tumor"
patients’ disease’ ‘care’ data’ 'use' ‘core’ ‘health’ ‘cells’ ‘cancer
development' 'program’ ‘'mechanisms’ 'human']

17

['genetic’ 'disease’ research’ 'human’ ‘genes’ ‘core’ ‘cell’ ‘clinical’
genome’ novel' ‘gene’ function' ‘studies’ ‘molecular ‘cells’ ‘data
pdtc’ ‘'mechanisms' 'aim' 'projects']

18

[cancer' 'research’ ‘tumor’ ‘cells’ 'program’ ‘imaging’ ‘cell’ ‘pain’ ‘dna’
breast’ ‘clinical’ oral’ 'support’ ‘development’ ‘biology’ ‘members
tau' 'studies’ 'genetic’ 'cancers']

19

' [core’ 'cell' research’ 'resistance’ 'signaling’ ‘cells’ ‘cancer’
treatment ‘human’ ‘mechanisms’ ‘program’ ‘aim’ ‘risk’ ‘development
studies' 'use' 'identify’ 'training' 'receptor’ 'drug’]
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2 57§¥(2015~2019) IAS BASH
% DIO|Z 20|22 X0[L} HMILHO| ZXH5HE 0i2f DIME9 8IS 0l2= Uz,

AT QX S S B4 7120 LHO| M2t T OA4S0| OfL|2t 0f2f OS2

TEA AEs gwo| Sqtoll QUS. HEAQ F20f2 FU DIME(human gut

microbiome) —_r“é;;f A - =Y 7t #Aof it Aor U=
O 20199 Aol Hisl AAste] 4 24 XSS Alestyion, 11
A3 = 1500708 A

- A0} microbiome 22 5,000719] TAIE At 23, vlo]g=Hlol 2o
SFol= Ao=R Hol= IAZF <k 1,30070% 2, 2ol w2t 1,50071<]
IS ANk 202 FIHIH 4-2, & 4-3)

- ZEAE d 7I9EE VkeoR Wt ATt 2, 7, 9, 11, 16, 179 ST}
upo]gHolZat 2344 Ayto] Q= ALo® Holw, Y| AlSS
e Hloleolz el Ao ®Y

- o] SYAHES AA| EXoA 50 U ALE FRIEGloH,
& 133771 A

- wEbA HA I E 1,500712 E0l1L, SEAE A TAEE flsh
15719] =A== &5

(E 4-3) NIH 20194 ‘microbiome’ 5,0007f Z{x| S2{AE(207H)E =2 7|¥E=

EdiAH LDA 7|9E

[research’ 'data’ 'disease’ ‘'models’ ‘patients’ ‘cell 'studies’
0 . clinical’ ‘cells’ transmission’ ‘aim’ ‘modeling’ ‘treatment’
associated' 'development’ 'tools' 'risk' 'novel’ 'ptn’ 'health’]

[research’ ‘disease’ 'core’ ‘cells’ health’ ‘cell’ 'human’ ‘program’
1 mechanisms’ ‘data’ il' brain ‘aim’ ‘studies’ ‘risk’ cd
development' 'cancer’ 'specific' 'patients']

 ['gut’ ‘microbial' 'bacteria’ 'intestinal' ‘cells’ 'microbiome’
2 microbiota 'hiv' immune’ bv' ‘human’ 'disease’ gvhd cell ‘mice
cd' 'inflammatory' 'research’ 'host' 'inflammation’]

[‘core’ 'data’ research’ 'disease’ 'noise’ ‘cells’ ‘cell' ‘center’
3 clinical' ‘metabolomics’ tb’ ‘provide’ ‘inner’ ‘cancer’ ‘skin’ risk
new' ‘project’ 'genomics’ 'resource]]
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[cancer' ‘aim' ‘research’ 'bone’ ‘cells’ 'specific’ ‘exposure’ ‘crc.
lung’ ‘obesity’ ‘development’ ‘tumor ‘induced ‘drug’ ‘human
health' 'studies’ 'new' 'data’ 'signaling’]

[cancer' 'development’ ‘clinical’ 'data’ ‘cells’ ‘intervention’ ‘brain’
support’ ‘pre’ ‘disease’ ‘trials’ 'signaling’ ‘cell’ ‘ad’ ‘research
risk' 'immune’ 'social’ 'new’ 'studies']

[cancer’ research’ ‘cells’ ‘clinical’ ‘cell’ risk’ ‘immune’ 'human’
program’ ‘'use tumor ‘data ‘development’ new center ‘core
aim' ‘prep’ 'specific’ ‘'women]]

[cell 'disease’ ‘gut’ 'studies’ 'dlx ‘microbiome’ 'research’ ‘cells’
skin' ‘effects’ ‘metabolomics’ ‘food associated ‘mechanisms
development' 'study' 'risk’ 'aim' 'data’ 'new’]

[data’ 'research’ 'genetic’ "human’ ‘core’ 'bone’ ‘exposure’ ‘cell’
disease’ ‘community’ ‘new' risk' ‘health’ ‘models’ ‘cancer’ ‘center
studies’ 'environmental' 'methods' ‘gene']

[disease’ ‘microbiome’ ‘cells’ ‘immune’ ‘cell’ ‘host’ ‘infection’ 'gut’
study’ ‘development’ microbiota inflammatory’ ‘cancer’ ‘studies
research’ 'hiv' 'inflammation’ 'cd' 'mice’ 'genetic']

10

[development’ ‘aim’ cells’ ‘clinical’ ‘health’ ‘treatment’ ‘cancer’
data’ ‘cell' patients’ research’ 'specific’ 'models’ ‘use’ ‘gene
disease' 'studies’ 'novel' 'study’ 'care’]

11

_ [research’ 'health’ 'disease’ fviii 'metabolic’ 'gut’ 'microbiome’
core’ cell ‘'studies’ ‘inflammation’ ‘development ‘role’ ‘microbiota
specific' 'immune' ‘cells’ 'aim' 'human' function’]

12

['hiy' 'ce|||: 'caqqer' "c'el_ls'|'ilmmqne" "in'fe.ctigr]' 'speclifip' 'r'e‘se_ar(‘:h'
data’ ‘core’ ‘use risk ‘studies’ ‘clinical’ ‘human’ ‘dna’ 'viral
determine' 'disease’ 'patients]

13

[development’ ‘data’ ‘cells’ research’ ‘aim’ 'human' 'disease’ 'core’
care’ ‘studies’ ‘program’ ‘center ‘clinical’ ‘role’ ‘provide’ 'health
brain' 'signaling’ 'cell' 'hiv']

14

[core’ 'research’ 'data’ 'health’ 'studies’ 'translational’ ‘center’
cancer’ ‘clinical’ 'support ‘provide’ ‘hiv: human’ ‘investigators
models' ‘community’ 'cells’ 'sequencing’ 'development’ pilot]]

15

. ['development’ ‘clinical' ‘cancer’ ‘data’ 'cells’ ‘cell' brain’
antibiotic’ 'hiv’ ‘based ‘tumor' ‘disease’ risk’ ‘patients’ ‘aim
infection’ 'research’ 'immune’ 'treatment’ ‘program']

16

[cells' ‘asthma’ ‘studies’ lung’ 'sepsis’ immune’ ‘cell ‘aim’
microbial 'hiv| research’ 'disease airway ‘associated
microbiome' 'liver' 'gut’ function’ 'microbiota’ 'il']

17

['microbiome" 'microbiota’ 'microbial’ ‘gut’ ‘oral 'human’ ‘bacteria’
data’ immune ‘cancer 'host ‘bacterial’ ‘cells’ disease’ ‘study
research’ ‘'milk’ 'aim' 'intestinal' 'ahr]

18

[clinical 'studies’ research’ 'aim" ‘burn’ ‘genetic’ ‘cell' ‘rnas’
core’ data’ ‘patients ‘ad ‘disease ‘long risk’ ‘consortium
cells' 'function’ 'rpa’ 'use']

19

. [research’ risk' ‘core’ ‘cancer 'data’ ‘cell 'development’
expression ‘cells’ 'disease’ 'use  ‘function' ‘program’ ‘mechanisms
studies' 'health' ‘clinical' 'provide’ 'specific’ 'effects]

94



MAY AA0fX2] ]2 LS| BIO|R¥A J]=Ii) ST HluEY

6] ¢ 0
o 1
2] e 2
. 3
o] o
. 5
of - ®
7
..2 . 8
‘ PR it
10 3
- 1 "‘-5?
] 12 ‘
13
i: -4 -2 0 2 4 6
. 16
= 17
. 18
.« 19

[22 4-2] NIH 20194 ‘microbiome’ 5,0007f 2| ZiAH Za}
(BYHAE WS HA|)

O NIH 20199 1,5007 ZHAIE A4t 2t 5 127H S92 5 87071274
A7} wlo|gZrtolFof| AFACE AT Z o= WEERlon, LEHXA]
AB= FAARE Al A = 1 ﬂ WgAto] T

Ao WHAGE 4-4)

- NIH 20199 1,50071 ¥A19] 1271 S 2EE £8 719 % FA=
ofef #o} Zow mpojggHlolg T SF2AH(Q, 2, 3, 5, 9, 10, 12,
14H)E2 H=fHos & Hhdo] Hoj9lSZ & & U™ 4-3)

- o] 71l R oF 39 ol st TS HielaZ ol B
TAo] FAEUS(E 4-5)

- &, Hlo]aEHo|Zo] A SEAEEL] AFAR] FAIE LDAR 53
T8 7|19E 9 I YAEE 7H AL F8s] 220l of#E

- Hlo|A 280l e oJE7RR|7E KISTEP AR BEAt 2] AP A2(=
W91 Z]4], domain knowledge)S 7141 o] 7153t o7 HY
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(E 4-4) NIH 20194 ‘microbiome’ 1,50070 x| SAE{(157H)

F2 19 & FH

[gut’ ‘'mice’ 'microbiome’ research’
‘development’ 'stress’ 'microbiota’ 0 ol
0 'human’ ‘cells’ ‘lung’ 'skin" 'ad’ "host" (mtrt?/'%% Qﬂ‘fﬁ)
inflammatory’ ‘immune’ ‘cell’ 'disease L
hiv' 'health’ 'fviii']
[disease’ risk’ 'data’ ‘core’ ‘cell 'study’ i
1 cells’ ‘patients’ 'research’ 'ripk’ ‘clinical A
~'using’ 'identify’ 'aim’ 'development’ | (FY Yy AaY)
genetic' 'use' 'studies’ 'provide’ 'health’]
['intestinal’ 'gut’ 'cells’ 'cd’ 'human'
‘microbiota’ 'microbiome’ 'hiv' ‘lung’ ‘cell’ 0 HIO|2
2 disease carnitine immune’ ‘microbial (Dqé?/'ii L?;_‘f‘M)
‘ research ‘inflammatory ‘ahr =TEHe e
inflammation’ 'associated’ ‘metabolic’]
[‘cancer’ 'host’ 'microbiome’ ‘aim'
‘transmission’ 'dietary’ 'lung  'bone' 0 Hiol2
3 ~ ‘research’ ‘ceruloplasmin’ 9oral" i f(%%iﬂfjgl)m
commensal noise hif disease data =o 7=
metabolites’ 'mechanisms’ 'risk’]
['cancer’ ‘cell' 'identify’ 'data’ risk’,
_clinical’ ‘patients’ 'genetic’ 'disease’ o F5|
4 _analysis’ ‘obesity’ research’ 'models’ (g oT%m o4 THA)
immune’ new 'studies’ 'gene’ 'health =2c TlHo —w—o
core' ‘cells']
_ ['microbiota’ ‘microbiome’ ‘gut’ ‘host’
bacterial ‘human' ‘role ‘microbial mice AU/ 7L
5 _ disease’ immune’ ‘bacteria’ ‘cells’ | O0|Z2H0|F 0|8
studies, data ‘intestinal ‘inflammatory Y X|=
mpa' 'research’ 'cancer]
['cancer’ 'clinical' ‘patients’ ‘cells’
immune’ ‘ibd’ ‘research’ ‘egfr ‘cell _
6 disease’ 'data’ ‘core’ ‘inflammatory HAXE S
training’ 'veo' 'health’ ‘new 'use
associated' 'specific’]
[cell' 'ma’ 'research’ 'immune’ 'hiv' ‘aim’
burn’ ‘health ‘future’ ‘phage’ ‘aging )
7 use' 'ccr' 'development’ 'cd HASt, 00|= S

dysfunction’ 'risk’ ‘cells’ ‘intestinal
treatment’]
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['skin' 'pad’ 'data’ 'genes' 'research’ 'use'
‘cocaine’ 'brain” ‘cells’ 'risk’ ‘part’
changes’ 'replication’ 'hiv' ‘core’ 'dm'
'based” 'human' 'inflammatory’ 'sexual’]

[host" ‘immune’ ‘lung’ ‘bacterial
disease’ ‘patients’ ‘uti’ ptyr ilc’ ‘ides’
'microbiota’ 'ptsd’ 'asthma’ 'syndrome'
gut’ ‘'metabolic’ ‘cells’ 'clinical’ 'copd'

'domains']

10

['disease' 'asthma’ 'hiv' 'immune’ 'cells'
'result’ 'microbiome’ 'host' 'diabetes’ 'dIx’
'skin’ 'response’ aim' 'human’ 'stumble’
'research’ 'data'|'in|fﬁction' 'microbial’
ce

11

[genetic’ 'data’ 'weight' research’
'models’ ‘cell’ 'aim" ‘clinical’ 'genome'’
‘cells’ 'polarity’ 'targets' ‘palmitoylation’
‘cancer’ 'human’ 'traits' 'new’ 'studies’

'develop’ 'sequencing’]

12

['microbiome’ 'microbial’ 'microbiota’
bacteria’ ‘oral' ‘'mg’ ‘qut’ ‘cells’ 'human’
'intestinal’ 'host’ 'bv' 'disease’ immune’
'studies’ 'specific’ 'vdr' 'hiv' 'data’ 'cell’]

13

['aging' 'hiv' 'core' 'research’ 'use’
‘cancer’ 'health’ risk' ‘integration’
‘aureus’ ‘clinical' 'development’ ‘traits’
program’ ‘cell’ ‘administrative’
investigators' ‘function' 'data’
'substance/]

A oef =7+

14

['azithromycin' 'microbiome’ 'gut’
'infection’ 'associated’ 'sequencing’
‘immune’ ‘inhaled’ 'based’ ‘lung’ risk’
‘cancer’ 'patients' 'data’ 'sensing'
'gastric’ 'bacteria’ 'nasal’ 'microbial’
‘tobramycin’]
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[ 4-3] NIH 20194 ‘microbiome’ 1,5007{f 2{x| ZAi Za}
(EHAH ¥H3 HA)

T 4-5) NIH 20199 ‘microbiome’ 1,50070 ZpN| S2{AE{(157H)H
o & Y 3|

g2AH A 2 ATH|(E2)
0 105 52,469,901
1 146 81,842,420
2 105 47,920,852
3 68 28,751,194
4 97 48,946,694
5 105 41,754,482
6 164 89,428,011
7 82 60,074,573
8 72 29,661,898
9 77 29,432,935
10 66 28,703,893
11 67 33,975,197
12 112 50,051,811
13 159 73,273,036
14 74 26,930,115
A 1,499 723,217,012

X IR 4 SE0| FEHol 1,500717 OFd OIR= HI0JE o LEEEX 52 2l ==
2lfols AP Us A2z FFE
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O 2 57d2015~2019) THIQ] Bl S $15) SUGE BAHE 2015~20184
TAe]| chsliA] Ao, XLoR S5 nlo|F=2Holg T I}
fAE Z7keke Aol g

- Hio|Ag2Hpo] 22 vl WA FLof| 2l Ql= AqEokR FEA SQlo],
Ao 24 WY AL Solh AP AT R

- TE3F AT 1,500719] TR SolA mlola2Rlolgat BelE SRAEE

A=E IEstL ARV 2 HoSle B2 doc2vecs o835t
a;ﬂ/\]ﬂ?—ﬂ _‘?J-to] 7(}561—.% _H;_oq.é_

X FARRE BIAETE S7F SN 77k fIX(Q] HEZ YHIFE= X0| doc2vecs

HIRSH HAEQHY YMRASSY S

T 4-6) NIH 20184 ‘microbiome’ 1,5007§ ItH| S2{AE{(157H)H

Zz9 7|9

X |H=
[research 'sleep’ revvard ‘core’ 'models’ 'cells’ 'disease’ 'data’
0 immune’ ‘genetic’ replication’ ‘cell’ ‘specific’ ‘clinical’ 'deficits’

dna' 'aging’ 'program’ 'processing’ ‘aim’]

[research’ cells’ 'studies’ 'study’ ‘core’ ‘cancer ‘imaging
1 development o' reV|evv ‘center’ cI|n|caI I|p|d speC|f|c
'human' ‘obesity’ 'mri' 'investigators' 'mast’ ‘committee’]

[gut ‘cells’ 'microbiome’ crmp cst 'microbial’ cancer ‘aim'

2 microbiota_shunt crc 'bacteria’ 'data’ functlon 'disease’
'intestinal 'il' 'bacterial’ 'community’ 'th']
[data gut cancer cells mflammatory 'risk’ mammary
3 disease’ 'aim’ immune’ ‘ed’ ‘cell’ 'host’ 'systems’ lung

'studies’ 'cd' 'mechanisms' ‘inflammation’ 'hiv]

[research syndrome 'mirna’ memory data aglng genetlc
4 core stud|es S|gnal|ng models sren ‘aim’ 'disease’
‘awareness' ‘cancer 'traits’ 'gene’ function' 'model’]

['intestinal’ ceII ‘gut’ ‘cd’ immune’ d|sease ‘hiv' ‘cells’

5 mtlammatron mlcroblota m|crob|ome role’ responses
'sepsis’ 'lung’ function” 'human' ‘inflammatory’ 'cfs’ ‘airway']
[research data speC|f|c ‘center’ ch||dren il' metabolrc core
6 'including' health ‘aim studles gene prowde ‘commons'

'high" ‘omics’ 'training’ ‘word" 'dtmp]

[m|crob|ota mlcroblal ‘gut’ m|crob|ome bacterlal 'human'
7 ‘'om" 'dr' 'studies’ 'communities’ 'diet’ d|tf|C||e h|gh 'bacteria’
‘oral' 'development’ 'data’ ‘cdi' 'rt' 'ehec’]
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[disease’ 'speech’ 'care’ ‘microbiome’ ‘metabolic’ research’
8 cytp data’ fviii ‘identification’ 'mass ‘eif ‘use ‘bone’ ‘ci

'patients’ 'tools' 'cancer’ 'development’ 'body’]

[cancer’ 'study’ 'hpv' ‘microbiota’ 'role’ 'risk’ tumor’ 'research'
9 hiv' host' ‘function ‘patients’ ‘microbiome’ 'development
inflammation’ 'human’ 'taste’ 'studies’ ‘ies’ ‘aim’]

[cells” 'rsv' ‘cell' 'stroke’ ‘cftr’ ‘function’ ‘mhc’ 'role’ 'provide’,
10 cas bacterial' ‘crispr ‘copd’ ‘sleep’ responses c¢f immune
enms' 'disease’ 'iof ]

['core’ research’ 'studies’ ‘control’ ‘care’ 'data’ ‘provide’
1 . network’ ‘analysis’ ‘cancer ‘surgical ‘investigators’ ‘hrfd
program' 'human"” 'cognitive' 'projects’ 'pre’ 'support’ 'specific’]

['hiv' ‘clinical’ 'research’ ‘program’ ‘core’ ‘studies’ ‘cancer’ ‘cell
12 disease data cells’ ‘aim' ‘apoe Trisk' center patients’ new
tumor' 'ddis’ 'genomics’]

[risk’ research’ 'cells’ ‘disease’ ‘cell' ‘development’ ‘brain’ ‘'dna’
13 project il 'using human' replication’ ‘data ‘cd’ ‘non ‘aim
function' 'bladder’ 'patients']

['microbiome’ 'microbiota’ ‘gut’ immune’ ‘intestinal’ 'disease’
14 skin' ‘mice host rorg human core activity research ifn
microbial 'rt" 'sphingolipids’ ‘microbes’ ‘bacteria’l

O NIH 2018¥ E8AH IH=E B 8H SFHAHZ TUE SHAEOA
HolAue} = 2 & 4= o=t AA A FlAE HEE B9 vleld=
Hlol& T TA|Y] B2 Wol A|Jsfjof 5k= A& ERH(# 4-7,
9 4-9)

- 841 E=AH (6270 A IA|oll= microbiome, microbiota 52
tol7t A9l TAgsHA] grom, XA BIAE(QKE ZIhojlA 53R 59t
(& 4-7)

- 8oz B35k LDA 38 7192 microbiome°] &% AL s
ZYAH AAEQ] IAE0] w$ AE]l T B0l W] w9l

Aoz 54

BT BUAEY YT HHAHO| BRES A
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1

21t

T 4-7) NIH 20184 ‘microbiome’ 8H ZS2{AE| A9 FARIQAIE 1074 TtA|

- ARl [ ]
RIY(3I01 ¢ e | =)

Dissection of elF4E dependent mRNA export

(eIFAE S mRNA ALS 41| o) 0.335 1 210,799

A Nevv| Disease Platflorm Levleraging Complex

Drosophila and Mammalian Models

(=5 Cohiole BRne DUS PEsi M2e my | 0330 | 19817

Ep

The Immunobiology of Factor VIII

(TE{ V|I|2] SIS 0.328 | 373,686

New algorithms and tools for large—scale genomic

analyses 0.312 | 490,000

(U |4A 24g {8t MER Yn2EN =)

Individual differences in cochlear implant users'

audiovisual integration and links to sBeech proficiency | 0.311 | 29,188

Q15 A4 MBI A2t S8 Y 20isy AE9 7H‘?_|7_<S

Investigating cysteine PTMs in living cells

(HOIRLE MILS] AI2E[Q! PTM @17) 0.310 1 297,350

Addressing Sparsity in Metabolomics Data Analysis

(AR TI0JE] 2501 471 HiojEle] 342 0.305 | 414,872




OIS 7|8 Q| HIO|REA 7|S/HY Se Hlu2Y A

LHEE=EY HY

TARL | G|
|AME | (E2)

Predicted lean body mass, fat mass, and risk of lung,
pancreatic, colorectal, breast, and prostate cancers
(AR, MR =Xt MY, AEY, 2T 28, U
ol FMEIM oF 95iA)
X LHL O Tloo

0.301 | 79,750

Nutrition, Obesity and Atherosclerosis Training
Program _
(3L, HIPHL OIHIEY SHHSE 28 T=3)

0.297 | 292,326

Racial and Ethnic Disparities in Chronic Disease
Qutcomes and Nurse Practitioner Practice
(Trg2et duet 7ts HQol St X}0))

0.296 | 689,094

O 2018 NIHOlA x5 vlo]a2Htol2 I A= F 44670(F+HH]

oF 2og=)E YAEEE 4-8)
% Hf, SAAER 2M0f 8t 0|2 MY BHS A %

HOof F=ogt HIt UAS

2 OlE=2 FArets

(¥ 4-8) NIH 20184 ‘microbiome’ 1,5007H 2}H| S2{AE{(157H)&

N 4 X A

=d2H IR SiTHH|(=2)
0 102 49,734,808

1 119 43,480,884

2 123 50,070,390

3 133 44,590,534

4 62 25,827,994

5 89 39,066,190

6 73 32,437,139

7 78 40,057,874

8 62 25,775,160

9 69 28,016,382
10 75 31,516,323
11 111 49,136,804
12 195 73,251,996
13 122 49,215,412
14 87 41,653,347
SEA 1,500 623,831,237




O 201749 NIH A=

HAE KQI0IKE] 7[ut ZHQl HIOIQHA Jjale 5

IO 2 ‘microbiome & AASH 21} & 1,5004

A9 157) SAE F IR, 3, 4, 7, 11, 13H)2] S2AE7] nlo|92
S I}l Qlglo, AA| Yol nlo|a2Ho] 2t

Hjo}ga] chet 7]9)e
Feo] W 3 41 ZTAES A

- 3, 49 ZRAHO| TASS R 27 vlo|HHlo]

QISHE 4-9, 1% 4-5)
2 I IHA|9] BlE0|

o} AQJstoiof Fittal WHIHIE 4-10, 11)
42670 A7 AAENCH A= 1.7692HAEE 4-12)

ZQ 7|19E

(Z 4-9) NIH 20179 ‘microbiome’ 1,5007§ TN S2AE{(157H)H

LDA 7|9E=

ECESZ

pdt’ “function’ ‘auditory’

[iI" research’ 'aim’ 'studies’ ‘cell
core’ use ‘cells I_cllnlcal metabollc 'beta’ 'nssi' 'pain
inflammation’ 'specific’ ‘jak’]

‘ethics'
[trarnrng ceIIs ceII research h|v dlsease data cancer
|mmune h| h' 'program'’

'risk” ‘core’ 'use' 'baf’ specmc
'studies’ 'neurons’ 'health’ 'aim’

['gut’ 'microbiome’ host ‘microbiota’ gvhd mrcrobral
‘immune antrbrotlc ‘colon’ ‘aim'’

'human cdi data reg
'changes’ 'bacteria’ 'disease’ 'studies’ 'cancer’ 'intestinal’]

[ceIIs 'data’ 'trib’ determrne 'surgery’ fsh ‘cell control
'hiv' 'microbiome' genetlc development ‘cancer’ 'bone'
research’]

‘function’ ‘prostate’ 'muscle’ 'stem' 'model’

[ceIIs kIf" 'role’ C|rcad|an patlents research asthma
|nﬂammat|on ceII mﬂammatory |mmune
lung’ ‘gvhd’ ‘prmt’ 'human’ ‘mucosal

' 'disease’
microbiota" 'studies’
injury']
research ‘dna’ 'hiv' 'data’ ana|y5|s ‘trunk’
‘effects’ 'network’

[cells’ aim’
protern health melanosome ceII
‘coverage' 'training’ 'face' 'systems' 'pathways' ‘brain’]
'health’ ‘clinical’
resolvrns prowde

[core research 'center' 'data’ functronal
tlssue 'stress' speech admlnlstratlve
'network’ commumty 'repair’ 'ngo’

'development’ cort|sol
nvestrgators j
[responses 'microbiota’ 'gut' h|v |rnrnune ‘cells’ 'mucosal
7 'intestinal’ 'cell mflammatron response vagrnal 'disease’
'metabolic’ 'intesting’ 'studies’ 'ph’ ‘axis’ 'host’
'inflammatory’]
3 [data genetrc 'beta’ models 'model proteln exposure
'research’ 'asthma’ ‘methods’ 'disease’ 'metabolic’
103
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ECESZ

LDA 7|9E=

'modeling’ ‘human’ ‘structure’ 'aﬁihd' ‘analysis’ 'health’ 'core'
new

[research’ ‘cancer 'hiv' ‘patients’ cell’ ‘tumor’ 'cells’ 'use’
data’ immune’ ‘exercise’ ‘aml’ ‘development ‘based
model 'webcore' 'effects’ 'intervention' 'nf' 'ptpn]

10

[cancer’ ‘clinical’ 'core’ 'research’ ‘cd’ ‘imaging’ 'studies’

. data’ ‘provide genes’ ‘changes' health’ ‘consortium’

metabolic’ ‘specific’ ‘services s]upport human’ response
folate'

11

['research’ 'microbiome’ ‘intestinal’ ‘'microbial’ ‘gut’ 'obesity’
cells’ ‘gi’ 'data ibd’ ‘inflammatory’ ‘development’
'microbiota’ ‘disease' immune’ 'associated’ 'study’ ‘function’
'specific’ 'risk’]

12

. [lbalance’ 'fgf' 'cell' 'research’ 'tissue’ 'meniscectomy’
patients’ ‘otolith ~cells’ project 'speech 'study vestibular
pd 'aim' 'latently’ ‘core’ 'hiv' 'bone' 'sleep]

13

[immune’ 'development’ ‘gut’ ‘microbial' 'human' 'disease’
host' ‘microbiome’ 'cell' ‘data’ research’ ‘patients’ risk
gene' ‘cancer 'aim' function' 'cfs' ‘clinical 'oral]

14

['pathway' 'career’ ‘ptsd’ ‘aim' 'gene’ 'data’ 'immune’
'stimulation’ 'enm’ 'sci' ‘oncology' 'neural’ 'exposure’
‘research’ ‘community’ 'host' 'memory" 'propionate’ 'brains'
‘female']

HE 4-10) NIH 20174 ‘microbiome’ 3tH S2{AE| A9 TFARIGAME 1071 24X

- TARI | oiqH|
S (o] ) il

P ECENIER oaE | )
Effect of |sex hormlon_es on HIV infection of cervical
s B S RS v ol et 4 samo) | 0258 | 713593
=5,
The Impact of Breast Milk on the Developing Infant
Microbiome . 0.251 | 44,044
(ZR7F YYo= Jot 1= 2F0 0jXl= FE)
Dietary fat ratios influence adolescent depression
(ol Xgf B2S AL S250] 2 ojAL) 0.236 | 462,247
Modulation of aged hematopoietic stem cell niches
(w3t & 28 7] M SMS] £%) 0.232 1191875
Methods for the Genetic Epidemiology of Complex
Traits 0.229 | 377,975
(STt YHO M dstg st Wy

o
=
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- Al [ ot
RIB(EO| ] SaE | )

Project 3: Effects of Androgen and Diet on Adipose
Function 0.227 | 167,938
(ZE2HME 3 @ QIEZAMA0|7F X2 7|50] O|Xl= HE)
Role of long non-coding RNAs in pb3 signaling
(p53 A5 AN 71 =2E RNAQ| 9i%) 0.224 1 835,910
Cellular, Molecular, and Functional Characterization of
Quiescent/Active Intestin 0.222 | 82,995
(CH21/8d g2 M=, 24 & 715X §4)
Communication Outcomes After Head & Neck Cancer
(FZ2Q 0% oA A5 Z 0.220 | 300,680
Role of Hedgehog Signaling in Chronic Gastritis and
Metaplasia o _ 0.216 | 427,585
(THY A 2 Metaplasia®lAl TEEX| AS9| A3

H 4-11) NIH 201749 ‘microbiome’ 4 S2AE M| TARIQAIT 107 1pH|

TRI(EI20] Ho

N
SIS

11|
(EL))

Airway Microbiome in Cystic Fibrosis Pulmonary
Exacerbations
(G2 o 84239 7|= 010|32H10|2)

0.306

170,640

Intestinal microbiota effects on damage tolerance in

aging ) .
(c2te] &4 o st U #E2 g1

0.263

234,000

Using human stem cell-derived thymic epithelium to
remodel T1D immune tolerance

(QIZF EIIMZE R M LIS ABSt TID HY LY
2|2 )

0.244

578,390

Lung Host Defense in l\/licro%]ravity
(Microgravity OflA2e] o =3 &0{)

0.242

785,943

Hormones in allergic disease
(27| Hete 3=2)

0.232

404,370

Mechanisms of Chronic Inflammation in Periodontitis
(RGN THY FB9 7|N)

0.231

947,033

Modeling the Impact of Targeted Therapy Based on
Breast Cancer Subtypes
(R oryd 7|8te] BN X9 et D)

0.230

401,350

Effects of aging on the T follicular helper response
to influenza vaccine .
(.37t QIEZ AL SHAI0 TS I =20] BHE0] O|X|=

)

0.226

194,318
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The UCLA Center for Medical Countermeasures
Against Radiation 0.225 | 3,234,284
(UCLA YiAts oSt oM A7t MIH)

Role of Circadian Clocks in Aging using Drosophila
(DrosophilaE O0|&30] =5t01|A{2) %*Iﬂ)\lﬁ 0l et | 0.222 | 93,370

—

H 4-12) NIH 20173 ‘microbiome’ 1,5007H 2| S2{AE{(157H)4
R 4 L |

ELEL L SiTHH|(=2])
0 64 22,777,230

1 165 81,522,717

2 101 45,625,657

3 105 40,681,167
4 95 50,715,275

5 112 50,944,403

6 138 104,686,694

7 89 35,746,493

8 86 50,334,864

9 110 45,824,687
10 85 45,484,475
11 143 52,481,668
12 60 21,025,075
13 93 42,358,423
14 54 17,087,554
S 1,500 707,296,382
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[22 4-5] NIH 20179 ‘microbiome’ 1,5007H ZtH| Z4A4 Zia}
(BYAE WS HA|)

O 2016Y NIH IAIE tCE ‘microbiome & AAS A3}, 7|9EE
7IHko s wAghS: wf 27§10, 128)5He] mlo]HA=rio | T S2|AE7t
EAHARE, QIR SYAH F 081 S9AE % nfo|g=Hlolgo] s
st Aow WPHFE 4-6, 1Y 4-13)

- 0 Z¥AEHY 8 7|1¥E ¥ ‘microbiome’ > EA6A] LA,
‘human’, ‘gut’, ‘microbial = & v]AE(human gut microbiome)]
A 7|¥=R K

- AA 0 SAE 9] I B52 HH nlo]AEHelgo] st WetE
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(Z 4-13) NIH 2016 ‘microbiome’ 1,50071 ItX| S2{AE{(157H)EH
=9 7|9
LDA 7|9=

ut 'disease’ sa 'hsv' bactenal
hage cells

S22H

[hiv' ‘infection’ ‘human’
'host' vag|nal ‘women transmrssron

‘microbial ‘development’ resistance’ nasal’ ‘aim’
'inflammation’]

[tralnlng research core data 'health’ center 'use’ h|v
exposure prOJects Care admrnrstratwe program
‘community’

‘provide’ 'pgx’ scrence gata]clrnrcal

'support
research core 'data’ agrng 'use' ‘cell’ bone
mtectrons drsease factors' 'based'

[cells’
response cancer
'risk’ ‘changes' 'proteins’ 'aim’ 'cannabis’ 'treatment]

2
[treatment stlgma chlldren development anxrety
'use' memory hrp learnrng early study 'skills’
‘behavioral' 'studies']

3 'vocal'
‘associated’ 'ptsd’ 'data’ 'brain’ 'visual'
[hrv proterns research personalrty ‘dna’ |ntest|na||u_s|e
‘melatonin’ il

g fiv' clinical
'study’ 'models

‘cells’ ‘affinity’ 'shivs’ ‘agin
'risk" 'ucsf' 'viral

[younger 'data’ cv produce core obesrty research
5 ‘cells" il obese em ‘aim lung preterm 'scientists'
'group’ 'use’ 'health’ 'safety’ food'
[data’ ‘core’ ‘clinical 'ezh’ ‘cell' food" ‘cells’ ‘gvhd’
research’ ‘effects’ ‘models’ 'study’ obstructlon

patients’
‘allergy’ 'also’ 'dem’ ‘cgd' ‘whether' 'use
|ntervent|on specrflc

[development research’ 'use' core
obesVry hypoglycemra ‘adhesins’ ‘cell glycosylatron also
'infants’ 'study’ 'effects’ ‘blood' brain' 'nutrition’

'risk’]
[research biomedical' 'use’ ‘center’ platelet’ nu’ Iti
students agrng mentor cells ‘core’ yoga program
'urinary” 'scientific’ 'cda’ 'studies’ ‘curli' 'cell]
research ‘editing’ cells vvnt ‘aid' cancer 'igf’ msr

‘adolescents’ systems srgnalrng ‘program’
‘brain’ runx’]
drsease

7 ‘cells'

[data’
‘ape’ ‘cell
'disease’ 'students' 'dili’

[cells m|crob|ome assocrated 'bacterial’
research ‘gut’ role mlce cancer development 'studies’
‘core’ 'pgn’ 'mechanisms'’

'data’ 'microbiota’ 'ahr' 'microbial’
'human']

[‘cells’ ‘activation' srgnalrng il' stress 'disease’ use 'risk’

'disorders' core treatment’ 'cd' response ‘et

'mechanisms’ ‘aim' development 'study’ 'propionate’
'studies’]

10

11
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SAH LDA 7|19=
. ['microbiota’ 'gut’ ‘microbiome’ 'disease’ 'intestinal’
12 _microbial’ ‘human’ ‘gi’ ‘cell' ‘asthma ‘gvhd ‘cells’ cd’
bacteria’ ‘aim’ ‘patients ‘identify community immune
study’]

. [cls’ ‘pathway’ 'health’ ‘data’ ‘cells’ 'project’ 'genes’
13 ‘evaluation’ ‘cortisol risk’ research’ ‘develop ‘genome
gene' 'models’ 'aim' 'studies' 'cancer’ 'core’ 'dynamics’]

[disease’ 'trib" ‘cell’ ‘protein’ ‘gene’ 'data’ ‘cancer’
14 ‘pathways' ‘expression 'genes’ risk’ ‘'nf' ‘endothelial’
replication’ 'specific’ regulation’ rna’ 'studies’ 'novel
'development]

15{ « 0
o 1
0] ¢ 2
e« 3
5 - s 4
5
0 6
7
=5 1 8
9
=10 10
11
-15 . 12
« 13

« ¥ 0 0 : 10 15

[3™ 4-6] NIH 20164 ‘microbiome’ 1,5007H Zix| ZAd Za}
(EYAH W3 TA)

O 20164 NIH vlo|==lolg 4] Fue] Seely B4 23k 5 33171
24(1.36%] 2] vlo]azrlole TRl Tk WASISE 414
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(Z 4-14) NIH 20164 ‘microbiome’ 1,5007{ M| S2{AE{(1574)E
N = L HIH|

=2iAH oA = S el

0 88 39,460,141
1 134 79,761,034
2 174 74,680,076
3 93 41,273,787
4 61 40,273,549
5 82 46,924,698
6 67 29,948,626
7 109 37,028,885
8 73 25,734,063
9 81 43,336,334
10 125 44,756,931
11 111 52,002,372
12 118 51,372,968
13 61 27,351,861
14 123 60,551,551

S 1,500 694,456,876

O 2015¥ NIH THIE thio Aaig 2t 37 Se28(, 6, 837}
Hlo]=izrlol 2ol AR Teie] Gl FOF ELIGE 4-15, 13 4-7)
- o T B 3057009, 1.119) REl AR 4-10)

T 4-15) NIH 20154 ‘microbiome’ 1,5007H & S2{AE(157H)E

F2 719
SAH LDA 7|9=
[cells' immune’ responses’ 'cell 'il' ‘role’ ‘inflammatory’
0 cd ‘response’ ‘st ‘specific’ ‘infection’ ‘cgd’ lung’ ‘th

‘arthritis' 'disease’ 'influenza' ‘'mice 'aim']

['implementation’ 'children’ 'health’ ‘care’ 'research’
1 ‘community’ 'study’ 'use’ 'treatment’ 'sci' 'based'
‘collaboration’ 'program’ 'data’ ‘quality’ 'social’ ‘outcomes’
‘food" 'hiv' 'project]]
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S22H

LDA 7|9E

[core exposure 'data’ vvorktorce liver' 'research’ 'health’
'risk’ 'models’ 'science’ fatty pathvvay development
clinical’ ‘study’ ‘function’ ‘genomes’ ‘psychosocial’ ‘pain’

'develop’]

[st cancer ‘research’ ‘cells’ ‘signaling’ ‘data’ ‘bone’ 'dna’
dlsease response varrants ‘core’ mechanrsms famrly
‘program’ ‘support’ ‘tumor’ breast grovvth function’]

[bone ‘cells’ research Women ‘immune’ factors‘ lcare
"hiv' study Cancer 'health’ ‘associated’ 'induced cd
'stress’ 'disease’ mrcrob|ota role’ functional’ program]

[research core' 'response’ cl|n|cal human revrevv

'models’ 'health’ admrnrstratrve center genome 'data’

‘provide’ development monltorlng segregatlon ensure'
training' program prOJect]

[insulin’ fat' 'study’ ‘cells’ ‘mice’ 'gut’ 'ba’ 'gh'
development ‘effects” 'src’ 'microbiota’ 'ee’ 'signaling’
‘obesity’ 'aim' 'research’ ‘cancer 'changes |nf|ammat|on]

[asthma core patrents research human cancer study
clrnrcal genetrc prostate ‘immune' analysrs studres
identify’ ‘provide’ 'environmental’ ‘aki’ 'risk’ ‘autism’
'response’]

[metabolrtes ‘microbial’ ‘environmental "hiv' ‘gut
m|crob|ome ‘host' human specres |ntest|nal |mmune
‘community’ ‘research’ bacterra 'microbiota’ ‘interactions’

‘bacterial’ 'health’ "aim’ ‘provide

[developmental research develop data 'bone’ recovery
study using ‘core’ based Ianguage memory 'social’
listeners' development ‘clinical’ 'changes' 'also' 'food'

eatlng]

10

[asthma 'risk’ study |mmune drsease researc_h' ‘
'patients’ cl|n|cal mrcrobral tlr 'hsv' ' usrng infections
'nhl" il 'hla’ 'human' 'lung’ 'data’ nec]

11

[cells’ 'il' ‘cell’ 'par' ‘inflammatory’ 'disease’ ‘arg’ ‘tumor'
tfh' 'aim’ ‘inflammation’ response’ immune’ ‘colitis” ‘role’
'human' ‘acth’ 'oral' 'variant' determrne]

12

[data’ 'research’ 'core' 'center’ 'test’ |mag|ng ‘provide’

mformatron admrnrstratrve study chrldren mvestrgators

results’ 'consortium'’ develop mapp ‘hiv' 'development’
‘oaic’ 'analysis’]

13

[sleep research chrldren study 'circadian’ aIcohoI '
health factors socral use 'life' development 'increased
‘care’ risk' 'stress' 'diabetes’ ‘air' 'data’ early]

14

[research 'health’ 'dna’ gata skeletal ‘core’ 'trex’ 'sac’
‘care’ scatterrng functron neurons ‘cells’ 'control’
faculty' 'provide’ 'data’ 'community' 'specific’ 'ubiquitin’]
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[2% 4-7] NIH 20154 ‘microbiome’ 1,5007{ x| ZHA ZHa}

H 4-16) NIH 2015 ‘microbiome’ 1,5007H Ipd| S2{AE(1574)4E

L . I I N )

e . (]
KEBwoeNowuswN (=]

b
=~ W

-20

-10

(BHAE HS M)

A & 2 A

S2i2H oA = S| (E)
0 114 54,874,582
1 108 42,542,296
2 69 46,071,448
3 124 49,637,271
4 118 43,108,858
5 85 34,028,209
6 73 32,835,976
7 80 31,296,193
8 114 34,785,794
9 117 47,434,883
10 82 41,586,926
11 118 50,747,190
12 122 68,176,595
13 94 33,149,218
14 82 42,597,902
S 1,500 652,873,341
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O NIH mfo]=gH}ol& Fof | 517F #A|(2015~2019)1= HAIF o=
Z7I61od 2015 M) 20194 38 HLo] G| 2 FAPF efE|ls
(19 4-9)

- T 4= GA] ] el A9] FUe iR e g #iglsto] 2015 thH]
2.34 716l

O & +elkl= vl NIH| nlo|H=H]o]g: Fof FApHS: 7|Eof| Hars
TR} F=A| 6190, AN ol A5 ARSIk W) S5 JardRiet
AR Aoz w
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(National Microbiome Initiative}& 531 2016~20179 FH nfo]a=2
Hlo] g Hopof| 1.219 g21& FAE
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- & A7lA $744 2016~201749 vtold=ZHlelE fof NIH FAH2
oF 49 2R 3T PAES w5

- US NIH 99 3 NMIL AR 9] 25 712379004, B9 7097904 5
thgRt Bel mholazHlolE T A7t 32 AoR F5HT, &
A7o] mola Mol AR R ZAE U] vlo]azHolEo
BEoRA] Sh= THAREO] ol =2 AQl7] Tzl $319] Ajolrt Atk
Ao B

b
S
=

O NIH RePORTOA A|lFsk= HoPd FEAFH(categorical spending)
A T e 719E AM Zatol| HlotH AA 4stal Qlo], &
HRHEL ol e HpARl Y& AXeke AR & & Us

- NIH £opPd Ex}%(categorical spending)l> NIHOA AAIZQ1 ESAA =
AR BARE, nlo|AZHlolE B 20199 AlAE|0] 20184 o9
A= flem, st A7 77 ERoll S5 AdEE A=
ojLALE A AJEHT E 5 U

- NIHOK AL = AlEsh= mlo]d=Hlolg £oF 201919 FARHE 7.669]
GEEFE 4-17), £ Aol 343 39 gy olE Y N AE

(E 4-17) OI0|22HI0|Z 20 NIH 208 £X12(RePORTER)
(SHel - 0 &)
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SAH LDA 7|9¥E
[research’ 'br' ‘project’ ‘plant’ ‘quantum’ 'sleep’ 'spin’ 'high’
0 development Conference new' movement ‘control 'soil'

'students’_‘animal' 'biology’ ‘iron’ ‘award' ‘plants’]

[br SpeC|es prOJect 'nitro en ‘change’ research genes

1 'data’ b|od|ver5|tv qenetlc Dopulatlons 'gene’ 'students’
varlatlon ocean 'model anthropogenlc

reproductive’ 'digitization' 'deposition]
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[br' ‘project’ ‘plant’ 'genome’ 'research’ 'sequence’ ‘plants’
2 wheat ‘indigo’ ‘gene’ ‘'maize’ 'stomatal’ 'develop’

‘crop’ 'using’ 'genes’ 'new' ‘genetic’ 'species’ 'stress]

[research’ 'br' 'graduate’ 'stem’ 'project’ 'grfp’ ‘program’

3 ‘geometry’ 'students’ 'duplicate’ 'support’ virtual' ‘data’
education’ ‘conference’ ‘gene’ 'nst’ new' ‘fellowship
‘award']
['br' forest' 'research’ 'project’ 'ice' 'management’ 'data’
4 ‘'students’ ‘aluminum’ ‘climate’ ‘using’ ‘water' ‘clustering’
sea

‘across’ 'new’ ‘wildlife' 'time' ‘puberty' 'variable']

[br' ‘graduate’ research’ 'workshop' 'conference’ ‘grfp’ ‘ice’
5 ‘students’ ‘project’ ‘new' ‘carbon’ ‘shelf' ‘program” 'stem’
education’ ‘algebras' 'support’ 'black’ 'protein 'resilience’]

['species’ ‘plant’ 'br' ‘project’ ‘research’ ‘plants’ ‘evolution’
6 'pollen’ 'genetic' data’ 'traits' 'evolutionary’ 'host’
'seed’ 'schiedea’ 'pollination’ 'understanding’ 'stress'
'different’ 'self']

['br' 'research’ 'physics' 'conference’ 'gluon’ 'award'

v 'students’ 'matter’ 'workshop' ‘nuclear’ 'social' 'geometry’

black’ ‘project’ 'support’ ‘plasma’ 'space’ nucleus’
‘analysis’ new']

[students’ research’ 'stem’ ‘project’ 'br' ‘program’
3 'support’ ‘engineering’ ‘energy ‘science’ ‘high’ 'student’
teacher ‘mathematics’ retention’ 'year ‘grain
'development’ 'university' 'teachers']

[br' 'particle” ‘research’ ‘manufacturing’ ‘workshop’

9 ‘conference’ ‘computer’ ‘project’ 'Ihc’ ‘engineering’

'students’ 'data’ 'science’ 'materials’ 'solar’ ‘plant
‘programming’ 'using’ ‘physics’ 'new’]

['br' 'project’ 'research’ 'plant’ 'species’ 'grasses’ 'carbon'

10 'students’ 'division' 'cell' 'nitrogen’ 'changes’ ‘plants’ 'using'
'stem’ ‘award' 'development’ ‘fellowship' 'growth’
‘program’]
[br' ‘project’ ‘cell' research’ ‘algebraic’ ‘imaging’
11 ‘workshop' ‘sorting’ fellowship" 'sliding’ 'robotics ‘amino’
soil' ‘geometry’ ‘glacier sr]ov%p]ac data’ theory 'students
aci

O F8 7IM=E 7o e TS |, 1271 S90E 3 =353 d=S
7Fs/dol =2 E9AEE 0, 1, 2, 6, 104 S9AEoH, F 371719
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- & &Y "Graduate Research Fellowship Program(GRFP);o]gl=
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% Graduate Research Fellowship Program(GRFP) K| ZZ2(abstract)

The National Science Foundation(NSF) Graduate Research Fellowship
Program(GRFP) is a highly competitive, federal fellowship program. GRFP
helps ensure the vitality and diversity of the scientific and engineering
workforce of the United States. The program recognizes and supports
outstanding graduate students who are pursuing research-based master's
and doctoral degrees in science, technology, engineering, and mathematics
(STEM) and in STEM education. The GRFP provides three years of financial
support for the graduate education of individuals who have demonstrated
their potential for significant research achievements in STEM and STEM
education. This award supports the NSF Graduate Fellows pursuing
graduate education at this GRFP institution. This award reflects NSF's
statutory mission and has been deemed worthy of support through
evaluation using the Foundation's intellectual merit and broader impacts
review criteria.

(FEUHNSF)2| st o7 &Melg T2 1H(GRFP)2 I ZHE0| &2
At Zolg D=2 1HO|C GRFP= 0159 Ief|s Q1=o| =i} CiFYS HM|ilok=
Bl 7|03iCk O] D2 8, JI%, B3, +3HSTEM) & STEM B 2O00iA
sl AN S EIAL IPH0] Rleloh= O DiefMME EzZold] X[t GRAP=
STEM & STEM w0l &fFet g+ A&S 2let IS S /1S9 et
1SS 9l6h 3:7I0) ARl KIig BT 0] W= GRFP 7[R0 Cisie 2k
sZok= NSF Ot B=2F5 X|Jglt. 0] XM= NSFe| &8 08 EHHoiH,
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O A7) B4 Erke o IS Al ke 24 Znl2. o T
& 15770014, HiF=2e] 3, 5, 11‘%‘1 SEAE] EENUS(LH 4-119]
39 5

- ‘research’, ‘engineering 52 YWkl TolER LAJ=]o] Qo] doc2vec
ks 27 ol AAo|E A9 fAKE HAE S0 E 48 SE=E
e 2

- o] IAIEY HAoj(breeding)2te] A= (cosine similarity) B
0.494+0.022%, 1,00078 A4 B7H0.486+0.022) 80} o7t =2 =5

O Zt SH|AHE AMolete] FARI FAKLS H+ o= HEgt 41},
AR B0l =20, 1, 2, 6, 101 iﬂ%ﬂﬂ”ﬁoﬂ VS 4-19)
- 7+ SYAE x3E HAEY TARIAE FES Hed 23, 2, 6,
3. 1,0, 10¥ S=2E olgl=t]|, BB ks ﬂﬂio}ﬂﬂ A =
e doe 3& 18T ¥9a
- o, s IR B2 3 SYAHT ARl Adths H2 & glolE
AT oA AT FAES AYAIAL Stthe A AARE

1o
=)
ox.
)

(B 4-19) NSF 2015~20194 4 ‘breeding’ 1,0007§ x| ZAZDto)
SHAHE TARIRAE: B H EEUX}

S2AH oA = FALE Bt PAE BFEEX}
2 76 0.496542 0.030052
6 106 0.4914 0.027783
3 137 0.490193 0.022949
1 66 0.489725 0.025886
0 50 0.487924 0.024994
10 73 0.485551 0.021439
11 99 0.482684 0.019059
5 127 0.482608 0.018377
9 59 0.481879 0.017374
7 65 0.478842 0.014837
4 63 0.478562 0.015259
8 79 0.477309 0.014923

S 1,000 0.485635 0.022497
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YACTE IA| 47} tha FolE RS AT 5 YL

(& 4-20) NSF 2015~2019'1 4 ‘breeding’ 1,0007{ 2px| ZAHZDH(AUE
Hsig Al He)el SHAEE IARIGAIE Yz X BEFEHX}

s A 2 FAE Bt FAE BEEA

2 71 0.496349 0.03004

6 101 0.491226 0.028296

1 64 0.489883 0.026263

0 49 0.486588 0.023413

10 65 0.486411 0.021521

3 101 0.482101 0.019304

9 58 0.481999 0.017499

5 69 0.480403 0.019253

11 66 0.47868 0.017087

4 63 0.478562 0.015259

7 61 0.478147 0.014724

8 75 0.476732 0.014399

SE 843 0.484136 0.022321
O 7t SH2E Y AR FAIE A5 A8l IAee =S A,
0, 1,2, 6, 108 S2HOE §33 TR o2 IS0 43 =

TEEo] FA4 THo| o HE
- 281 SRAEHE AlQstale FAE Tofshr] ofFAY, SFEH= A
AEA T RSl gt A7t F5 olF= SEAETL it S
- ST ARAF0E Goju= I QIRIF o R FASHo] QI7to] sk
FZE dojui= B97] wiizo]], Ael(ecology)tt AsKevolution)2} e
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B 4-21) NSF 2015~201949 ‘breeding’ 1,0007{ 1| S{AEY FX|

=AH ZFH
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1 MEY, RIS}
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6 AE, XISt
10 ZH 594 oUS
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Elia LDA 7|9=

[graduate’ 'stem’ 'br' 'new’ 'research’ ‘programming’
0 reS|stance ‘education’ 'grfp’ students 'data mentoring host'
‘project’ fuel’ ‘fellowship’ ‘theory' ‘program’ ‘languages’
parasnesﬁ/

['br' 'drought’ ‘research’ ‘species’ ‘project’ 'seed ‘plant’ 'yam'
1 ‘traits’ mucnage 'size’ stress recomblnatlon new' tolerance'
‘plants’ "population” 'mosses’ 'genome’ 'genetic]

[plant br' ‘project’ ‘research’ 'species’ ‘reproductive’ ‘cell'

enqmeennq domest|cat|on new' 'salt’ 'genetic’ Changes

‘crop’ ‘responses’ ‘animal’ conf(j}rence tolerance’ 'farming’
light'
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['students’ 'br' research’ ‘project’ ‘temperature’ 'stem’ ‘water’
3 ‘analysis’ imagery ‘upwelling’ ‘genetic ‘georgia’ irrigation’
conference’ disease’ 'understanding ‘fellowship' biomass
forest' 'imaging’]
['species’ research’ br' ‘project’ ‘temperature’ ‘plant’ 'genetic’
4 Plants’ birds’ traits’_evolution' ‘microbes’ 'diversity’ ‘host self
insects' 'evolutionary” 'using' 'including’ 'new]
[br' ‘genetic’ 'species’ ‘project’ ‘gene’ research’ 'evolution’
5 phloem' new' reproduction_plant notothenioid learning
data’ ‘rate’ ‘parasites ‘anatomy including’ ‘memory
expression’]
['species’ plant’ 'tomato’ 'br' research’ ‘project’ ‘plants’ 'data’
6 genome rice photosynthesis stress maize tcn sequence
use' 'used’ 'genes’ 'heat’ 'genetic']
[br' ‘nitrogen’ research’ ‘project’ ‘carbon’ ‘deposition’ ‘graduate’
7 drought 'data’ peromyscus travel' ‘gut ‘program’ nsf
biology' 'science' 'support’ 'sleep’ 'soil' 'dust]
[project’ 'br' research’ ‘new’ 'soil' ‘alleles’ ‘graduate’ division’
8 data’ ‘protein’ plant fellowship" ‘abilities’ 'amino’ ‘award
soybean’ 'host’ 'program’ 'sciences’ 'genes'’]
[research’ 'br' 'software’ ‘project’ 'stem’ ‘conference’ ‘cosmic
9 genes' change power 'support wildlife' 'models’ ‘'students
workshop' ‘materials’ theory researchers’ feedback
imprinted’]
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[research’ 'br' 'cell' 'amino’ 'project’ 'protein’ 'students’
‘proteins’ ‘plant’ 'ra’ 'tools" 'acid" 'biology’ 'signaling’ 'iron’
‘circular’ 'gene’ 'transcription’ 'function' new' ‘genes’ 'cells'
‘dna’ 'molecular’ 'high” 'division' 'genetic’ 'understanding’
'development’ 'expression’ 'networks' ‘ethylene’ 'methods'
‘ap’ ‘csld’ ‘plants’ ‘regulation’ 'human’ ‘asymmetric’ ‘also’
'species’ 'data’ ‘provide’ ‘mathematical’ ‘hydrogen’ ‘maize’

‘polarity’ 'different’ 'using' 'important]

['systems’ 'br' research’ ‘'models’ 'new' 'pools’ "project’

‘phase’ 'dynamics’ ‘cold’ 'quantum’ ‘adsorption’ ‘dipole’
‘nonlocal' ‘data’ 'understanding” ‘using’ ‘clouds’ ‘cortical

'theory' 'fluid’ 'computational' 'many’ ‘internal’ 'monsoon’

'particles” 'equations’ 'state” ‘provide' 'energy’ 'modeling’
‘analysis’ 'surface’ 'structures' 'properties’ 'statistical’

'distribution’ "two' 'interface’ 'applications' 'mathematical’
‘black’ 'stochastic’ 'physics' foam' ‘flow' ‘interactions
'suspensions’ ‘'water' 'south’]

[research’ 'br' 'oxygen' 'project’ 'chemistry’ 'students’
‘hydrogels' 'synthesis’ 'compounds’ ‘chemical 'reactions'
'molecules’ 'new’ ‘catalysts” ‘program’ "high” ‘polymerization’

‘protein’ 'activity’ ‘gold’ ‘work’ ‘systems” ‘organic’ ‘mppp’
‘cellulose’ ‘carbon’ 'molecular’ ‘dna’ ‘production’ ‘bacteria’
understanding’ 'microbial’ ‘materials’ 'dioxide’ 'enzymes’

‘development’ ‘using’ ‘properties’ ‘'rna’ ‘catalysis’ ‘also

‘enzyme’ 'graduate’ ‘acids’ 'dr' 'rare’ 'professor’ ‘active'

‘university' 'plant]]
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['biology" 'br' 'conference’ ‘'workshop' 'research’ ‘plant’

‘workshops' 'meeting’ biological ‘cell' 'new' 'behavior'
'science’ 'signaling’ 'scientists' ‘monographs’ field'

'synthetic’ 'engineering’ 'gas’ 'data’ researchers’ 'well' ‘grs'

'symposium’ 'ethylene’ 'change’ ‘fellows' 'rural’

'development’ 'learning’ 'government’ ‘epigenetics’

'students’ 'life" ‘ice' 'collections’ ‘protocol’ 'systems'
‘understanding’ 'discussion’ ‘chronobiology' 'grc'

‘presentations’ ‘taxonomic’ ‘'modeling’ ‘experts’ ‘hydroids’

'mitonuclear’ 'metabolic’]

['project’ 'br' 'research’ 'cancer’ 'data’ 'software’ 'systems'
'new’ 'networks' 'system’ ‘information’ 'autonomous'
'infrastructure’ 'smart’ ‘acid’ 'nsf' 'high' 'control’ 'science’
linear’ 'mismatch’ 'university' ‘iot' 'breast’ 'brain’' 'security’
'using’ 'vehicles' 'impacts’ 'performance’ 'support’ ‘use
‘potential’ ‘wildlife" ‘virtual' ‘hardware’ ‘multi’ ‘design’ 'lift’

‘algorithms 'learning’ 'energy’ 'decision’ 'broader ‘memory’
detection” ‘ai’ ‘enable’ 'large’ 'students’]
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[data prorect br' research carbon 'soil' vvater cllmate
'microbial’ ocean ice’ 'sea’ 'asm’ 'wetland' actlvrty
fracturing’ ‘nsf' ‘'understanding’ ‘environmental’ ‘ballast’
system den|tr|f|cat|on change ‘award' |mpacts
processes students b|ot|te vessel 'dom’ h|gh a|r nevv
also’ ‘methods’ ‘iodine’ 'co’ ‘isotope’ ‘plant’ field" ‘species’
changes nltrogen 'support’ b|od|verS|ty fossil'
'weathering' 'oceanographic’ ‘provide’ 'using']
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[research’ 'br' 'astronomy' ‘clusters’ ‘galaxies’ ‘quantum’
data earth partlcle phy5|cs 'tsunami bIack 'students’
‘quark” 'solar’ smence astrophy5|cs vvaves galaxy
supersubstorms mlneral vvave prOJect 'stars’ 'debris’
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‘cytoskeleton’ 'synthetic’ bacteria’ 'signaling’ 'award'
'understanding’ 'using’ 'systems’ 'division’ 'experiments’
'hydrogel’ 'cellular 'living' 'rna’ 'magnetic’ 'based'
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'students’ 'proteins’ 'structure” hydrogen' 'chemistry'
'quantum’ 'imaging' 'absorption' ‘protein’ ‘probe’
'spectrometer’ ‘molecular’ 'ma’ 'using’ 'molecules’
'stabilities’ 'science’ release’ 'species’ 'membrane’ 'high'
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Symposium for the Annual Meeting of SICB, New
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Workshop on Future Directions in Network Biolo
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Targeted Infusion Project: Innovative Jarvis
Undergraduate Mathematics Program(I-JUMP):
0.679 | Embedding Computational and Mathematical 18
' Biology into Life STEM
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CONFERENCE: Post-transcriptional  Gene
0.678 Regulation in Plants to be held July 14-15, 2016 3

' at the Austin Convention Center in Austin, TX
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O Aol A5 R&D ¥4 8%
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= e | B0 | e | MEOD | G | HIBOD | Gon | BB | Ger | (og T
WMNHEE 108970 | 325 | 121485 | 39.7 144700 | 41.7 142134 | 39.7 165579 | 42.3 11.0
CHE X 25,308 7.5 27,300 8.9 30,600 8.8 33,000 9.2 40,051 10.2 12.2
BAHEXE | 164,748 | 49.1 117026 | 38.3 | 125799 | 36.2 | 138806 | 38.8 | 139534 | 35.7 N4
AAHE 14,835 4.4 20,062 6.6 21,235 6.1 25,428 7.1 26,668 6.8 15.8
AlOFY 19,345 5.8 20,017 6.5 20,896 6.0 15,981 4.5 14,572 | 3.7% /6.8
ST 2,150 0.6 - - 2,782 0.8 930 0.3 1,010 0.3 N17.2
ofjl=& 382 0.1 - - 1,080 0.3 1,335 0.4 2,477 0.6 59.6

Ay - - - - - - - - 1,120 0.3 -
A 335,738 | 100.0 | 305891 | 100.0 | 347,092 | 100.0 | 357614 | 100.0 | 391,011 | 100.0 70.4
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20154 - 20164 - 20174 20184 20194 7
TE | oqy | oum | a7y | wE | o | ws | opd | ws | o | ws | SIPE
@e) | (6 | (StR) | () | (aBte) | (%) | (prR) | ) | (umie)| %) | P
TSETA 4,780 1.4 8,559 2.8 10,502 3.0 8,482 2.4 7,481 2.0 13.2
EAHHAA | 52,054 | 155 | 76,675 | 25.1 73,784 | 21.3 | 67,234 | 18.8 | 74,190 | 19.0 9.3
CHat 160062 | 47.7 | 121,253 | 39.6 | 141,791 40.9 | 148678 | 41.6 | 1805388 | 46.2 3.1
|§| h7iet | 8892 | 26 | 4345 | 14 | 3400 | 10 | 5831 | 16 | 1722 | 04 | A337
A 36,750 | 10.9 | 29,424 9.6 31,757 9.1 29,929 8.4 26,887 6.9 YAVRS)
=A7|H 45034 | 134 |42155| 13.8 |62,440| 18.0 |69,803| 195 |66,036| 16.9 10.0
yeey | - - - ~ 20 | 01 | - - - - -
7|E} 28,167 8.4 23,480 7.7 23,218 6.7 27,656 7.7 33,746 8.6 4.6
A 335,738 | 100.0 | 305891 | 100.0 | 347,092 | 100.0 | 357614 | 100.0 | 391,011 | 100.0 A1.0
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o] 10820027702 AL 17105, 5 A U A
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O thaoz EX59 Hdoure/li(33429, 8.6%), HEAF7

14

SPIH28691Y, 7.3%), AR ol AR 1 221019

5.7%) 402 AoHHiEor 29 Aloz Ukt

(E 5-5) MopjuE0F Y2 R&D F2 AI(2019)

[e][e]1=]

&N | eroaprey | 1B

A (HHTHR) TTES (%)
(A (B) %) (B/A)

100MIA2|THS DT ISIHIE A-L/HE 2,795 300 0.1 | 107
715717 |BRIQIHE X2 5,950 5820 | 15 | 978
AEHRE |7 SR LT 20,395 5055 | 1.3 | 248
HEHR TS 7 &7 22,633 | 13,168 | 3.4 | 582
SOUREHI AR AL 6,036 2,187 | 06 | 36.2
=795 G0 Ine R 13,635 1,708 | 03 | 8.1
=7 IX|H=EE7 71 11,541 2937 | 08 | 265
=7 AU EALS 14,224 | 14,224 | 3.6 | 100.0
SEEIZE|0X|H 75,301 5927 | 15 | 79
Eanl el e X 51,591 388 | 1.0 | 75
DR S 11,222 200 0.1 1.8
HIO|2. Q=7 &7 267,128 | 108,174 | 27.7 | 405
HERTTT LN 28,647 | 28647 | 7.3 | 100.0
HIO| A ASHALT [T 59,315 | 22,103 | 5.7 | 37.3
A HR R AT AL 5,015 820 02 | 164
AEHNETHT 10,430 300 0.1 2.9
MEHELSIHTAIY 5,170 3,042 | 08 | 588
ADNEAMARSHET [HHSAIY 2,780 2669 | 07 | 96.0
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& AigH| & RjoH (o)) HIZS
A (oY) ——— I_th% (%)
A (B) %) (B/A)
QM7 &St 3,140 2,100 | 05 | 669
N 13,682 2,942 | 08 | 217
QA7 IALAA TR HH[X| A 32,106 3460 | 09 | 108
UHTAIZ [ NRAEE RS 58,000 7019 | 18 | 121
USRSV BT ST 1,825 433 0.1 | 237
e 2N EL 2,561 183 00 | 72
AL AHHIE=CT 14,496 5439 | 14 | 375
SIS HEASY 34,050 | 17,046 | 44 | 50.1
O|FE SOz 21,056 9,347 | 24 | 444
QIZR ISP U HEATAI 7,500 7,500 | 1.9 | 100.0
LAY 23,198 | 14657 | 3.7 | 63.2
He=Es7 =Y 29,769 9999 | 26 | 336
RIMICHHIO| 2 1221 53,686 1,010 | 0.3 1.9
oD NS 10,306 3565 | 09 | 346
HHO|RT =71 49,246 | 33,447 | 86 | 679
MO BSRTA |97 |&+5 3,329 1,723 | 04 | 51.8
|2 SBIHX|0|2H S SA R HAS KA 5,604 3340 | 09 | 596
FAEELMMASESSITIEXRTRAR | 10,100 35666 | 09 | 353
SIS A2 HH X 89,065 | 14387 | 3.7 | 16.2
S| SIA- RIHT 2 FH K| 48,447 5655 | 14 | 117
Sl ARG X 76,767 7,703 | 20 | 10.0
RS - 3,565 1,965 | 05 | 55.1
ST [T 9,945 2917 | 0.7 | 293
SHUHIO| QT LA Z SX | 4,980 238 04 | 48
ST IS/ 24,892 2239 | 06 | 9.0
Sjhlplomo|Zefeld= 8,000 8,000 | 2.0 | 100.0
LA ISIA IS S T 3,751 564 0.1 | 15.0
= 1,256,774 | 391,011 | 1000 | 31.1
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2015 - 20164 - 0174 20184 2019 o
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G ) i G | GRR) | B | EER) | % | EER) | % )
EPE 7S [EPREUZS | 15519 | 46 | 37268 | 122 | 38419 | 111 | 31078 | 87 | 24301 | 62 119
SHEXICE SHOXICE
Tﬁ?ﬁ Tfliﬁ_j 0563 | 127 | 67366 | 220 | 113837 | 328 | 119445 | B4 | 12159 | 311 300
HIR HiWt 63828 | 190 | 20678 | 97 | 34708 | 100 | 51151 | 143 | 53922 | 138 | A4
omna | 2212 | 81 | 16417 | 54 | 1480 | 43 | 2859 | 66 | 15122 | 39 | AI36
o At 16474 | 49 [ 19150 | 63 | 28423 | 82 | 24781 | 69 | 19088 | 49 37
oIz 736 | 22 | 728 | 24 | 55% | 16 82 02 | 1106 | 03 | A377
EPiE
L’;_HEE 1942 | 36 | 7845 | 26 | 8349 | 24 | 7201 | 20 | 680 | 18 | Al29
- A | =
|:J| of | g 22071 | 84 | w92 | 88 | MW | 99 | 27628 | 77 | 55664 | 142 185
z | =3
S| HIIA
2| mym | 498 | 128 | 24767 | 81 | 821 | 24 | 1568 | 44 | 24483 | 63 | A1
A
S| Zem | G5 | 19 | 780 | 58 | 6718 | 48 | 1562 | 44 | 15484 | 40 243
Okt
o | 18735 | 56 | 96% | 31 | 68% | 20 | 10665 | 30 | 14689 | 38 159
QiR 1,150 03 - - 60 0.0 663 0.2 B3B3 0.2 /b1
=X | 6308 | 19 | 44% | 14 | 757 | 22 | 5206 | 15 | 742 | 19 41
oL5pt 14407 | 43 | 21007 | 69 | 13904 | 40 | 10264 | 29 | 8577 | 22 | A122
TEt JE 260 | 97 | 1610 | 53 | 1547 | 45 | 13757 | 38 | 21813 | 56 196
124l 335,738 | 1000 | 305891 1000 | 347092 | 1000 | %7614 | 1000 | 391,011 100.0 39
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(e tel)
o 1 ey | =xs | doim | Aoty | sBY | Han | MY | &7
EpidZ 2 25 | 15,889 216 7,176 800 - 220 - - 24,301
SHEXICE
ff;?;ﬁ 75680 | 2929 | 32198 | 774 | - - - - 1215
HIQUY 54 | 12679 | 30186 | 5565 | - - - - | B
A 670 | 4502 | 8102 | 1848 | - - - - | 1s12
WAL 30 | 6840 | 10877 | 1000 | - - - - | 19,088
A3 - - 99 | 166 - - - -] 110
Epz
o 3,118 2,050 1,712 - - - - - 6,880
spey
Al 2= 29196 | 2,975 | 20,382 | 2,300 290 - - 56 55,664
O—|F %%\I:I
2| ey
= Ela 5,397 450 17,116 850 650 - - - 24,463
7| =2 A0
2 | zs=s
zoym 13,292 - 2,052 - 140 - - - 15,484
[e)/NZ
Eio 2,715 1,125 5,944 2,520 2,385 - - - 14,689
olziopy - - s | - 0 | - - - | oo
R 5% 5206 | - - - 2197 | - - - | 740
ol5p} 116 - - - | 8461 | - - - | 8577
7Bt 8,500 6,285 2,015 3,865 350 60 638 100 21,813
A 166579 | 40,061 | 10534 | 26,608 | 14,572 1,010 2477 1,120 | 39701
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|§| ERIZ 23S 1,864 229 - - 1133 -
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O '199 7I& FA} o] it opgo] A1PHI(G6.19%) 0l REE] 1o,
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(B 5-9) LoPHeFO0l HE R&D AE BFE FX #22019)

(Er9l: uore)

e 20154 2016 20174 20184 20194 YRS

- 7| | HIBEO) | AFH | HIS(%) | A7H| | HIS(%) | H7H| | HIS%) | A7H | HIE(%) (%)

pagAloy 53426 | 159 | 73623 | 241 | 99204 | 286 | 96459 | 27.0 | 72,861 | 186 8.1

cim X2K | 18,180 | 54 | 14384 | 47 | 18888 | 54 | 14073 | 39 | 11585 | 3.0 AI0.7

HEOISRZH | - - - - - - 6993 | 20 | 7662 2.0 23
SQEXXRN | 11426 | 34 | 7632 | 25 | 10451 | 30 | 8111 23 | 8078 | 21 /8.3

HA:I)%F MEx=M | 45793 | 136 | 17313 | 57 | 19714 | 57 | 32454 | 91 | 36668 | 94 /5.4

Al 13049 | 39 | 25878 | 85 | 24171 | 7.0 | 23088 | 65 | 17,519 | 45 7.6

sA7|tAIF | 13,791 | 41 | 13568 | 44 | 22930 | 66 | 26716 | 75 | 32348 | 83 23.8

7|Et - - - - - - 10,735 | 3.0 | 12291 | 3.1 A1.9

|tj| BHOH(A A 26486 | 7.9 | 24201 | 79 | 24942 | 72 | 22049 | 62 | 20425 | 52 /6.3
> THEFAIOK(E 11,005 | 33 | 8955 | 29 | 10756 | 3.1 | 10065 | 28 | 10366 | 2.7 A5
cm X2 | 2,080 | 06 1573 | 05 | 3008 | 09 1,671 0.5 1613 | 04 /5.8

QA X|ZA | 250 0.1 - - - - 325 0.1 244 0.1 0.6

Ho| | MIE XIZA 130 0.0 - - - - 480 0.1 510 0.1 40.7
H|Ef Al 3,883 1.2 1523 | 05 575 0.2 623 0.2 - 0.0 A100.0
s 7|gtAIF | 1,265 | 0.4 1714 | 06 890 03 270 0.1 - 0.0 A100.0

7|Et - - - - - - 600 0.2 900 0.2 10.7
HHO| QA2 1,080 | 0.3 1200 | 04 1200 | 03 - - - 0.0 A100.0
ZE7|EV|S 112,607 | 335 | 85199 | 27.9 | 86,924 | 250 | 82,670 | 231 |125486| 32.1 "7

7|Et 21317 | 63 | 29126 | 95 | 23441 | 68 | 20233 | 57 | 32455 | 83 1.1

z 335,738 | 100.0 | 305891 | 100.0 |347,092 | 1000 |357,614 | 100.0 |391,011| 100.0 3.9
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nyj _ _ _ _ _ _
T = e U R U T R =
Lo 28955 | 22968 | 17,060 | 3,640 - 238 - - 72,861
C} HXE!
o 3752 | 2,513 831 2,900 - 1,439 - 150 11,585
XA
IﬂlEl-OlE
- 3190 | 2,088 814 1,450 - - - 120 7,662
A
=[3 SRt _ B B B _
N XA 4444 | 1,926 | 1,707 8,078
Q
HE
Al . 14.089 | 17,766 | 2,140 | 2,673 - - - - 36,668
o | A=A
Ll 1,597 | 15,003 - 749 - - - 170 17,519
SHdl7 |HE
°T||01“ 15315 | 7,173 | 7725 | 2075 | - - - 60 | 32348
7|Et 7,257 | 3,242 243 1,550 - - - - 12,291
510 ]
) 11,333 | 7,542 1,120 430 20,425
Pheshie:
&) 1,212 | 6,623 36 2,49 - - - - 10,366
g
XA 736 797 - - - - - 80 1,613
0
i - | o | - - - - - - | o
g | R
OF | =
o | sy | 20| 30 | - - - - - - | 510
¥
g | e | - | - - -1 -1-1-1-1-
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O e e e e R
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