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Abstract

The advent of big data brings the opportunity to answer many open scientific questions but also presents
some interesting challenges. Main features of contemporary datasets are the high dimensionality and massive
sample size. In this paper, we give an overview of major challenges caused by these two features: (1)
noise accumulation and spurious correlations in high dimensional data; (ii) computational scalability for
massive data. We also provide applications of big data in various fields including forecast of disasters,
digital humanities and sabermetrics.
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ARZAE NAAGRRANA 7H Bol AHBHE RAYHOE ARAAAE A ARG
Bl ASHL. FAREAL AAZL0] A8HE DEAD Erolth DAY ARAN FAEY
S AFPst=d M 2 o3 REL singular value decomposition®] & o]t} Witten®} Candes
(2013)2 random matrix projectiong ©]-83}9 singular value decompositionS ZAF}F T}
HH3LE 58 A7 2 (sparse model) & FATH= A AL BY T2 E 7;%0}‘41% A ol
t}. Lasso (Tibshirani, 1996)+= B sle] tjx &<l ubH o2 o]Qleo] gzl Mg} shHoz SCAD
(Fan3} Li, 2001)2} MCP (Zhang, 2010)= & 4 It} Lasso 3 x| o] &3t —%— < 4¢3} van de Geer
T (2014)2 AYGAAE A F7H4E S Attt

1

3 S &

&3 215 A 7P 71849 2L “divide and conquer” o]t} & KU} 22 T E ZH|
Ui 3 99 ARRE ol8sio] wAss HAolth SAw tolEle] 2717k ARE 2 Aol o2
S A7 FE 5 Ak AE S IR core process7t FHH A9 o]l F LRV HAF
d S A2 BE E Ak B ohuet olH Wris AMgS TR 3HA vro] Ruliske Ak 4]
292 opch. olelg tlew ANE AT FIRAAE 85 (hadoop) T el 2(Mapreduce) & 5 4+
. SEL AN BAGE AN Aol WAl F2oA] AR B 2210y B
ol Park 5 (2013)2 853 Weliol Blg AT sk A ANITAZE YelFaz 7
sk of| & AAIsEAL Qlth SRR WEl T ARA] B Aduitt AT AR E YEYslok stk &
A W] ZHAE FAEQ of5hx) 25427} H2Eo] 2T ok BAYE SAH: Koz Won
(2016)2 #2317 vpaich.

Zeres AFYL duolee] A9 Al W Aol AFAFE Bhow EA Teres
F8 AH|2ZE Amazon Web Services(AWS)E & 4 1o ofu}x] A3 ® X Qs o).

3.2. F|A3}
AABE WA RS ol 8T By,
drolth. B A5 ulole EAlolA 25}
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o] 753ttt o8 S A QoA W Aol e WHS T AL Lo WA F5o]
A oA H A% Arhgel ol RS FE Ly WS BEE ol9 5 9ov] )3 vEel
Ly W3 48 o188 RYMEPHe] Lassoolth. Lassod] 49 A4S 58 2dmto Auo]
B4 YA o] Tpol A mS ?g- off 29| (bias) 7+ o} 7M1 ek,

73 wol AFREE H A3 HHL gradient decent &18]E 0] A9 £F gradient?] AAto] LR 9
A= gAo] 9tt. ol& E]_% +7] 918l pathwise coordinate descent ¥alz]& o] At l=dl 7=
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<l ofoltjo]& gradientE RE WEFolA Aitsks tiAl Ao g 3 Fo|Aut gradientS A 4bst
o] HA3}ol| AHE-Sh= Aelth

2 v 25 HAHS S-S v s MY o] wol AldEen o]FE v 55 HA
FEAE E 5 e €18 E52 2 local quadratic ¥18]&5E E =t} (Fana} Li, 2001).

a2 8% AkR o] ARFoks W ohgety oW SEFAEHT A= 580 AR, HAAH
o, AERR, UALAET 5o Hopol tle eE A ATE 278 Ak o BolAe =
U FAEHE Rl A iAo R d &ei7l A dellS, sabermetrics, TR Q A&t thsfjA] Lot

4.1. Moz

SR Avh A FE 5891 AF AL A BB As) Aol BjF Azl Eolch AAA
o2& 9/11 HEE /\]‘Q'XJEE g2 HE e AAR Y dSe thst F4lo] ot A2 &
2 g A =5 Wl 2A9 7eS f8 728 2ATES A5 Aol F88th o
3t extreme evento] gt FERFHL UdtF oz Hol(power law) BHS o] &3t} Clauset 5
(2009) HEo] BEFAS 3 EElshopllA Bol AMSetn Q& HaAFHY BAEE XA
3l 2% ] (likelihood ratio)2} Kolmogorov-Smirnov A= ZAAS Agsie] B} dubg ol gk
oA Bz HPHE AASHATE Clausetat Woodard (2013)3 o] }IH S o]g3le] 9/113} 2 o
TE HEZ dojg FES AT 4 1050149 ABAIAEE H}‘%EE Antsl Wk g A
A1 A3} 9/115} 22 tiFE =7t 1968 ol A 2007L:1 Abolof A S-S dojd FEL 11-
35%e}3 K skl

HE2ael e Ade] i e BAT 222 A5 the ZAAaHY 255 Addibe] 4

TE7HES 24 F9] dhtoltt. o]F A9 hot spots BA| S Zlo] TA| Al&BS F2 AT F9

Uo]™ spatial scan statistico] 583t A2z deJA o} (Kulldorff, 1997).

4.2. Sabermetrics

3] 7154718 AR E bty A VIEA FeE dA 79 ueE 89 4 QT
Sabermetrics= 0] 3t AR EA S AFECT = Fopolt)h. wUEo|gl= A3lE FIA ot
olAel B Fo4de de deiA Jdon W wolAEa P ojzdt EAZAEIIE] JUth
AT A7t 43 9= Pittsburgh Pirates®] Z-$ 7| 224 0]23 1] A|ZE 5

A& 2ol 2 98-S Yk &8A Aot (Sawchik, 2015).

HAdwyo}l tfstme] FAsY maEo] /Mist $u5EH 7L A]2" Spatial Aggregate Fielding
Evaluation(SAFE)¢] ¢ Atidoe= ’\H]% e Ze= %_}345_ 7‘1“5—3.“ F71z9] 2~ 44 dE
A8 7} o] A|l~RE] BAAT} AAZEE Y] Eo] EojRinka e =do] dr| = Jt

gl olEl9] Al sabermetricso| A& 22 W3S EFYrh 2014d 723X = Ado]E7 H
g AHREE YT A 22 BHE AT Zolgty ASsignh AA HelAe 1Y AU+
PITCH f/x, HIT f/x, FIELD f/x8} 2& A~8S B3] 4559 AA4AEES 7|28 4 glon]
BN ZotAl= vlolEle 2 GBS doltt. R package pitchRxE |8 79 PITCHf/x2&
o] thFst A A5t 7Hs skt (Sievert, 2015).
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4.3. UX[E 2129}

HZ F2L “FF =AF ZZAE (google library project)”E F3lo] 14503 o] %ol &23H BE
9] 12%¢°l 23k oF 1500%HA9] A& YADHeHE HESGI. 722 N-gram viewergh= 22t
AAARAE Tl “Fg BAT ZRAE ] e dol, FYo, 27 ] F thddt doj2 247 A
oA N7§e] Aol 53ste= dolE59 NEE FolE 4 Q= 3t

FF2 ok 201135 AAAY] TEREY] AR HIHME “FF ofE ZZAE(google art
project)’ehz AFHS AlESte] #AEEe] uspd o|n|A] ghe|HeEE FFskgirh o] FA HAE3}
d AFY EHatel #e ARH EAL Sote] ouizbA] &EAA ge A7 A FEdle E
4 gopd 4= 9ty Kim 5 (2014)2 ol#dt 2ol Azl F2o| 3ol Web Gallery of Art
(http://www.wga.-hu)oll Y= A g3} 8,798% 2] HAE oujA & o]-&sto] MYFuj&s] AFH B4&
T HAAE AF R

o B

2o diE:A tAE A8} AF2E 2AGFAET 22 A BAL E 5 ok 24924
& fullaz AAZIS Rz 139295 1863d7HA]) 25t AFo] A1 717He < ol Lol o
St 71E 02 & 6400Ate] D3k B3] AeE o ity RAGRAZ] - A g £ nlE) 2
A7 B B Pz EH Q) R AuE HeE Bof gdHo g 4T 5 Qe AH
o] 9tk m3t FAIAZY DI M 2AYRAEY UAE A5E F52 20 ATt o]
A FFu A F2eke] B0 ARRE = = o] Atk Bakd Oh (2015)04+= HAE ulely
£ o] 83t Z G529 FA2EYe i B4 E AEF T Lee 5 (2016) A& 2AGRAET ¢
o] oh2 471 AAE (53D L7, AAAS S, TAL AEAER)A SREY AMERIEY 2
ZE BEAste] BAY WsE AFH oz BAG. o|FA d<ed AFAL FHFHoT A=
Hobs FAEA 3 (stylometry) o2t F21 194]7] xto] Bl 538le] BAEM 2 2Hg F11 3l
t}. 729 N-gram viewerd} Zro] @2 ¢ TF X (corpus) A FoTHIEL] HIESE o]-83 gAY
A B 235 @51 9o HIZEo HgAE vlojde] I/ F 3 EFRYS o] B4
o] iy k. AYEA nlEiA 2AGRAET 22 eyete] GAE Edo B A7 &
FHE AEZE opzF2 tuA AYFD glon AdFos B3, ANATAEY FEE o]FoiR 1 g
o}

HgFoz ofrlst clezha RAMe] A Lobum o2 HAss] AT BAL Hopel A2 5
@5} Thepe Sopol thalA AugTh. of Holol vhe Mrk £BA iRt Fan 5 (2014)%

© BAZ AR AR oA sheictel ABE AAgom FARET A
A5 Wael QlolA] BAS] Aol Bg Fxs 1 Yk Helee] AlthE olste] “Helgz
BA%te] Tk 324 ABS T 4 YIS AAiet,

References

Bak, J. Y. and Oh, A. (2015). Five centuries of monarchy in Korea: mining the text of the annals of
the Joseon dynasty. In Proceedings of the 9th SIGHUM workshop on Language Technology for Cul-
tural Heritage, Social Sciences, and Humanities at the 53rd Annual Meeting of the Association for



1004 Woncheol Jang, Gwangsu Kim, Joungyoun Kim

Computational Linguistics, 10-14.

Clauset, A., Shalizi, C. R., and Newman, M. E. J. (2009). Power-law distributions in empirical data, STAM
Review, 51, 661-703.

Clauset, A. and Woodard, R. (2013). Estimating the historical and future probabilities of large terrorist
events, Annals of Applied Statistics, 7, 1838—1865.

Fan, J., Han, F. and Liu, H. (2014). Challenges of big data analysis, National Science Review, 1, 293-314.

Fan, J. and Li, R. (2001). Variable selection via nonconcave penalized likelihood and its oracle properties.
Journal of the American Statistical Association, 96 1348-1360.

Fan, J. and Lv, J. (2008). Sure independence screening for ultrahigh dimensional feature space (with dis-
cussion), Journal of the Royal Statistical Society Series B, 70, 849-911.

Franke, B., Plante, J.-F., Roscher, R., Lee, E.-S. A., Smyth, C., Hatefi, A., Chen, F., Gil, E., Schwing, A.,
Selvitella, A., Hoffman, M. M., Grosse, R., Hendricks, D., and Reid, N. (2016). Statistical inference,
learning and models in big data. International Statistical Review, To appear.

Kim, D., Son, S.-W., and Jeong, H. (2014). Large-scale quantitative analysis of painting arts, Scientific
Reports, 4, 7370.

Ko, S. and Won, J.-H. (2016). Processing large-scale data with Apache Spark, The Korean Journal of
Applied Statistics, To appear.

Kulldorff, M. (1997). A spatial scan statistic. Communications in Statistics: Theory and Methods, 26,
1481-1496.

Lee, B., Kim, D., Kim, D., and Jeong, H. (2016). N-gram web service and stylometric analysis of Korean
historical documents, New Physics: Sae Mulli, 66, 502-510.

Park, J.-H., Lee, S.-Y., Kang, D. H. and Won, J.-H. (2013). Hadoop and Mapreduce, Journal of the Korean
Data & Information Science Society, 24, 1013-1027.

Sawchik, T. (2015). Big Data Baseball: Math, Miracles, and the End of a 20 Year Losing Streak, Flatiron
Books.

Sievert, C. (2015). Tools for harnessing ‘MLBAM’, ‘Gameday’ data and visualizing ‘pictchfx’, http://cpsievert.
github.com/pitchRx

Tibshirani, R. (1996). Regression shrinkage and selection via the lasso, Journal of the Royal Statistical
Society, Series B, 58, 267—-288.

van de Geer, S. Biihlmann, P. Ritov, Y. A., and Dezeure, R. (2014). On asymptotically optimal confidence
regions and test for high-dimensional models, Annals of Statistics, 42, 1166-1202.

Witten, R. and Candes, E. (2013). Randomized algorithms for low-rank matrix factorizations: sharp perfor-
mance bounds, Algorithmica, 63, 355—363.

Zhang, C.-H. (2010.) Nearly unbiased variable selection under minimax concave penalty, Annals of Statistics,
38, 894-942.



High dimensional massive data analysis 1005

‘MSUstn SHSH, PSSt CIOIE 2tsY XAlEE A2ME, ‘B Usiy M2 SH s

(20164 10& 19 T4, 20164 109 19 £7, 20164 10 192 R EH)
O OF
0 5
] EﬂOlEH S8 AH7A F3H %Zﬂ"ﬂ e &+ e 713E ATsAT FHE 3 Al

= q»%m z;o Eﬁ%xﬂﬂl s Ae s zw Bk (1) 2AY AROIAE 48 43} 9
AREAS 97 A B, EH B =RAE Al S, ﬂ AY A8 s} Hojwm e

EEL 014UE AR(vAR2HR)e] APos AFATAT A LS Wol +H 7 2ATALY (No.

2014R1A4A1007895).
LA A 2L (08826) A2 A] FobE #otE 1, ASthdtn 54837} E-mail: wcjang@snu.ac.kr

re

rlo



