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Abstract

Big data era has arrived. In order to extract the value from big data, the community needs a large number of qualified data
scientists. The training of data scientists is a pressing problem. School of Information Renmin University of China (Computer
Science Department) proposed the construction thinking of building a curriculum system of three course groups, among them
“Introduction to Data Science” is an introductory course of the data science course group. Firstly, the key technologies were
introduced by cases for students to easily grasp the basic idea were introduced. Besides that, in order to enhance students'
ability to analyze real problems (complex engineering problems) and to solve them, a whole-process practice case for a medium-
sized practical problem was provided. Data science is an interdisciplinary subject, the course should reflect the interdisciplinary
characteristics. For example, for time series data, the methods from statistics perspective and data mining / machine learning

perspective to model and analyze the data, some comparison of the methods was given.

Key words

data science, course group, Introduction to Data Science, course design

2017065-1



FORUM

Pin 103

1 8I8

& B AR EEP R FEAR T AR
B | A7 BN AL i B kA, AT
Rk 22 1 1Ml /AL A BB TN LB AL
55 74 50 CIE A IR Do S5 Tl S AR RO A
H 2t e K 20 o £ iy O (80 5 4l
R B, TSNS A B S

nj

AW HEFRR B BB AR & 2o B
T R Tl LA SR B R TT R AE
PAT R BRE A AT (L 55 N T gR A 2
AL RE ST, TER T R

KEHR 2 EAT 3 F B RE R, Horp
e B R R R 5K (big volume) ,
HHUEE N T e T HAEEE T, T8
T AHT B T L AT AL B R R B 28 A
R U@ B 2R, AT BN R
Ui ANTRI S A p 3 e BE R O, BT o 7
Hrp RSt A HILA o R AL IR 58 = RE A2
FPa b pOd B, lh e G R ag s h, £
AR A AR B B e R I R, AR
S SPAR T

B R 2 S R, B
B o 1R 2 ML/ AU T W SR E 08 R it
AN, FEILE A, S e 1 ok p O (B B
PRI B HY T S U SRS R A G
PRI AR o ZCa (e B g ek 7 S 45
H I —HE, 20124, BAE X Frances3k
Il ) — 8 2 /7, IRKFS (Wal-Mart) A ]
B EEVE (chief information officer,
CIO) Linda M Dillman{i fih ) 41 BAAR
P )L Z A X Charley >R ZB # (0] 7K /R 5
A EE B Eas , R R XSk 22 1 45 85 R AT T
W I B85 6 RO O AR AR G e, 1A
B TBY Ao FT X LL 4, mT DL K
B A L, HH R E AT

FHEE A AT N GO B s AT 42 08 4 T
DA BIR e 205 5 (R AN [a] S8 B 75 5K o A
IRB, ATHRSEET 22 30 g S5y Jf Lo o
72 i, T AN 3 T8 ) T FEL AT 45 Lo, A
ICARTIER A TR, REX Bk, Hi
OB B I TS, &P s
TREZEAT, TR W B 7 v 2 R . Fs it
fBATHERT 5 B2, HEE e 2, Bk
g TARIRHE S, 20164F, A
"R AlphaGo I FHRE B o I T AR
FMATUBL, B TR T THZINEI S .
Deep MindAAIFFAZMIAlphaGoft )7 F]
PR SS] WS | SR RIS R
FHARE S THIE, REHET R
4 S o x ZE AL Sy e R AT 1 25, A L ASL
ZONWT ARG 5, A fE ik B R A
BILBIACE S

HAR T 27 58 2 1 il R 5 4 12 R B g
FEL R AL B L 22 R 2 T A T R M
A7 ITAER, X ELAR AL 22 52 1 75 K AR 44
1o BUERR 22 52 W5 D 2 1 20 fe MR SR
BRAL o A ATTASE FH 25 A 452 AN AN [R] SR 1Y
BARHEAT 0T, 5 B A Ml A5 H B BA A Y
ik,

2 HERSFMN6

AR 2E2- 20 104F LR IE B 4
HIRL A5 3, AMTE A% T TR A IEAE
BT, HAPURR IR 2 .

R 4 5L R AR L, L 2
— XU, BTSRRI TT I T
BAARGE, DMEMAFRIE R Hh (B
45 ML B N AR 25 A A B ds ) s BRI
W, ZRAGXT S P O B AR 5% . XS
SCEE, FARRL A AL SR R T2 g 2
LRy o ABER R AN TR, B2
— e HOE S, RS TT A R

@

https://hbr.
org/2012/10/
data—scientist—
the—sexiest—job—
of—the—21st—

century

@

https://en.
wikipedia.org/
wiki/Data_

science

®
http://courses.
csail.mit.edu/
18.337/2015/docs/
50YearsData
Science.pdf

@

http://dblab.
xmu.edu.cn/
wp—content/
uploads/2014/10/
Data—science—
and-its—
relationship—to—

big—data.pdf

2017065-2



104

BIG DATA RESEARCH A#ifE

®
http://dblab.
xmu.edu.cn/
post/3007/

2017066-3

WIS RS K, B i A A 2
TSR A R s o & I T R 1%
G UK A AR RN T 3, 3 28 U A 5 A
LG RN 2, B AL
FFAGUE AT RS 2 L KB Mlds=2>] .
Bttt L B AR SE 7 U AE
BORFTT o

WMAEE R, KRR 2R AU A
Bt TP 2 3 R B (L E i R 2 X
B oA A EBUE S A FR R AR R AL R
SR S AR A B A U AN U 9 B R AR B
Pa R 2 0 5875 A 2R B i A RIR A
Je Ko H AR, B 545 A 7 SR AN
AT B DA H s BT f B LUK S22 0
BT, TR 7R F IR AR ATy S AN R B
ZAT T I

B AR A A O 552 I il
BRI BB TN G A5 7 5
FERELR S AR I o B2t — 2
Ay JE L R SR/ TR T A,
HAROAE SR 550 Forr, M G A 2 7 Ji 1)
2 P NS, s AL ) — B 5E 3
O SEARRE SR, 17 K A B4 A AT R/ O
N TR S B AT TE0 S Se 3 B R 22 1Y
H#%o

TRl 5 2, Rl A2 LA e 5 R 1R
IRRGEXS G, e SEAE R B A o T Pk Y
R 2 R BEBOR B B A — s S BRI R
o NTEESAEERE, AT AGEE
AT BRI B P AL I e T AL B AR, AT e
MIRE A AT ERBEC 2, fE e R T
X BEROR IR AR, AR A&
HHE T AL R G R BT

AR AR RS KRR, B2
— TR AR BB/ Geih 2
TR AR A L G R, 512 A EL
P BRI B AT N TR
Ml 24> | TGS U 2 T R A B
WAL A, BT A N Koy, 1B 57

EHCHIERMARR . BTSRRI EIE AL
RAREAF BT FETT 7], 2 [BAF AR5
KIZESR, WAB s =R ER S, R
PRl Rt Bl B, My Rl B s o B
IR %,

3 HREHFEUSRE

R HATH, IE R —FhAEF= iR
B WA T, S AR R, TR
NS A7 ARTE AT, RZIMCEEH
MR AT RIS iR, £
PR S E R, AL AR SR IR 5. K%
RPN EFERE LR 25K,
AT A E AR 455 HH S AT 1 5 A,
R EH AT IR 43T, A

HH R AT RAT T— i,
TRIHEI2018 4, R HE 5 # 2040% 73 i A
G AL 75 SR B, PR 2 520
B11°9140 000~190 000, 1# /540 A 7]
FH R EC e 5 145 BN B3 B e T
MPEEEE]T 500 000N 247 o X %4 48 Ak 21
T KA R BT FE HI 251 v SR
e B R, ITE RIS . B
PN A I S T e == AR A
PERFE AN A MK, BN A ik
ST ERTINE R 2 2R T, SRS
M FFIR TR R AR . BRIl
TR AR A v 5 Bk SR Bk A7 1) 25 AR 1 WG AT
i*[)‘il:ﬂ@o

31 HI\PFLT LI

— ORI 2 R A LT R I E PR R
HRE, "I T—8E R R, HI
B FRa AT+ 4= e, BHe I
KRFELTTHL T HAERFE 5 T (Data
Science Institute) , I T R EHRRL 1)



FORUM

PIn

105

A M T 2014 FKETF IR A, F97
B R es a1t 1%L L IR AR A
I A8 G 2 A Ge it 22 PR AR LA RAH Y
HEHLRE, BRAEERIE. Staotr
B B ITEALRS Alasss] L
LZAEE AT SEAE AL | K e e
B H R A R AL S T TR IR AR

AR R WAL, EFE R, EHINL
PRl AT B 57, A7 202 TR A e ak
FHITEMA B RN, DLEERZE B,
WEHE LW oA | BriE R ss | SEE YL
KEE N KA TE R 1L I e WK
AR, AT BRI A 2R BT Bl R AR B K
B, AR EMERE RS LR B
K WARABMISE R | BRI IAR R 2
& XTI AR T H R R A L B A R
HOARE R, A IR BL T2 A Lok 3B B R 4K
PR A A ARTT IRHEAT T L EEAE
o HAI s KRB A a2 5l
ML, A ZANE R A | 20 Sl
Kz B R Kz L HRlE R e e
I-E ML IE TR - RRE UK | fETT
R BT 43 KL TR IRIE K AU 43
e

FEEN, 201748 3 2 H BB #LHE 3T
32 M5 IR “E Rl 5 REE
FOR” ARG L, 2=, B335
BT 5 “ K Rf 22 5 R AR EOR” Ll
SRESDNIEN NS S I 7 IS R i
PR 5 RBHREOR” AR Ll A
Btz —, IFHTF 201749 74 . X
AL R R R A GE T A B S
BEEBECA I

3.2 HIR/PFIREHFR

AR 2Ll A I FR T — 2R
HOPRAR . Horp, 2Rl a2 (BEIE) SRR 2
—DGEGHIEN o PASEE IR “E s

Bhee” R ], FNAR 2T iz, HRiH s
LRSI TSR RE TR IR

o T ZIZIRIENA RS H R A
PR Gevt-HE T AACEIE | R Bl
wes] NI RE . BT I EE 2 42
BE, FEECE AT RS 43, LR W g — 28
FE ML BN . XL TR T
AR 2 AR G & — 1L A R 2 R/
“H R W RS TR
A4

o Ri I E AL A AR B T S B RE T A B
F%, MR E A Z IR 2 R ) B 4 A
Hare MR E Il & T—3 X H254 0%
ZH R FR S BN, XTI H /AN S E X
—7 RS BT HURRR A R TN 2
FF I P [T A, X S8 (AR AT ME— | W
MR, T8 Ik 6] SR AR 1 8 B Y ZCHE ]
AT S AT RO, - 2R U] B (k2 3|
AR 2 R W LA E N AR AR Ty ik, fESE
BRI RE A, 28 A AT A EE A R R R
BRI, fif o (] ) s 1 15 B K
e

o I RRETT A R S i BB K B, IR
T oA o R BT MBI FE ST A, K
B R B AE AR AR AR W R, AT A %
M B TR S

MR IR RS S
167 R ORI R B H A FEE 1 %
PR B R IR B S — TR,
A TR R Sl e ST A T S e s
(Introduction to Data Science)” “%4{
P& M7 ¥ (Methods for Data
Analysis) " “M AR B ECH H AR EUAHTR
(Deriving Knowledge from Data at
Scale) ” 3T . Hrp, R 2 S8R
PRV EIR A S AR ER AR S H AR
FTE, JFH AR IX S0 RFN TH W 2| 52
briz e, G040 R R AU PR AR #5258
BHINoSQLAL A, HAE s 4] LIAR Ja

©

https://www.pce.
uw.edu/courses/
introduction—to—

data—science

2017066-4



106

BIG DATA RESEARCH A#ifE

2017066-5

(] A8 34 13 1 1) T o VR B ELAR P A
FRECH P B A & L B 92 | SR AL
JaEF 58 . NoSQLAUR A . Hadoop K4
a6 MR EIE I & LR BERE
U T A2 BRI FFERN
R AT A, T AR T T 8 T RN S R Y,
FH 37 o A2 R AR A3 BUA T i
PSR [R] Y 2256

WA TR T ik AR 4
ME e R4~ 516 (Introduction to
Computational Thinking and Data
Science) ” L, ZIRFR IR SE IV,
MAE—IRIG IR . B F R 2
TR BN A, XA B LR
FBATTH RN AR AT DU LS ploA A
FERIE S5 IRFEI N A IR 2 18 | LR
FP . BRI GETE . BEVLIE 2P | B RIg B
L, HA ALY, | A RIETRR 43 2 V4 955
R ER A B F —E Py thonZi i
205, FIRIT A J AR

A N IR AL T N T, A
Ji B R AE T TR O AT A4 i
JLZE,

o — UM L T T AR B AR R
B FEARF BB e, an CEUE T
FEEZE (The Elements of Data Analytic
Style) ) (E R ER 2R il TFE
F16® (The Art of Data Science: a
Guide for Anyone Who Works with
Data) ) &8s & 8. F H & 95 Fl &~
M5 B # N4 /1 (Data Smart:
Using Data Science to Transform
Information into Insight) ) &5,

o — LUESE F 7] N B A B o
MEH IS G815 0 . E s 12 6 1 HL
I B, (Gt =
DR H7 £ 4% 43 47 77 35 (Statistics and
Bayesian Data Analysis) ) {Z#ERl 2%
HZE 4T (Statistical Inference for

Data Science) ) BT =&AL A
(Applied Predictive Modeling) ) {Zsitf
JE4E (Think Stats) ) &,

o R E I E I BRI Im R
THEMZEGIN BEAR 2, A HNE S 3
TR, Python, MATLAB%, X L84 bf
A% CE PR R ARG F 5L (Practical
Data Science with R) ) (FiBEEFRl 2
fAPythoniE = Zwfe (Mastering Python
for Data Science) ) {ff FHRIEF & 7L
w223 248 (Building Machine Learning
Systems with Python) ) &, iX2BH 1R
%, RICALEI——F1H,

o HEOH MBI BB A B AR
FLARGUHSN A, Hedn SR H i £ s R
5 RAUT R B R R 5 B s 4y
M8 4E (Data Science for Business: What
You Need to Know About Data Mining
and Data—Analytic Thinking) ) &,

o M AL 2 X e R A R —
LI, — @ E A T T A X T
RN B, a0 € EAAE B AT AL

(The Visual Display of Quantitative
Information) ) {AJfLAL: KT &I,
GEvt a3 AT L AT H R LR U B 1 45 R
(Visualize This: The Flowing Data
Guide to Design, Visualization, and
Statistics) ) CTIURETIL: B AT
faj A AL 3 R (Now You See It:
Simple Visualization Techniques for
Quantitative Analysis) ) &,

o MEHE MM S LA
PEAE T T N E e BE 2 g AT e, 0 (EeE
BN B R H T 2 R S anArT i
ANPGRS R 2 3 p R S (Weapons
of Math Destruction: How Big Data
Increases Inequality and Threatens
Democracy) ) .

A LAE i, B AN R B9 K & M



FORUM

PIn

107

HSLEME AT R, FRAR A T K s
FFABUE IR R B 52 o i 22 35 1IN,
B Pn B S HAE R R 1A 52 IE AR BEAT, T
RIEHL

[N — 2 A, g A | LRtk
5 EBABER A ST TRE R A S S
AR . —20 LA TR
AR, Horp, i RO 2215 B BT B
e (ARG 2A0E ) WIRITIB I 46 5 /Y (5L
HREEE) | SR E NS T R R A
o B AR 4r (BEAATIR L £
PEPAL | Hirguit, Hlas=As] . R
1, Bt 5 BT LU RS T ) , RERA
3 TR R AR AN 2R, SOl T S AR R
WRENRSES . FEIHLE I, HE]
HHE A SR T RIS G

4 “HEHEHL" REENAE
58%igit

P Bk 22 KT AT A R AR B RE
W7 33X g A5 0 B TR] AL, o %0 4 ol =2
XTRE N Z S A AR A A — 1
155l THAHEER WIS IR
RT3 TH] AR A A S e

41 HI|PFREHRS "“WEMEH
w7 IREEN

N RS E B2 e fE A s FE T 5T
TR AT IE A RIS o FERE AR AL, (B R
Fhert LR SINELE, XIREARR AT
THREE, $HT R SRR R R IR AR
A, WA AR IR RO
PR AR R s PR AR B . o, St
SEIRRERER H— R AR L, W2 s
JE L ORECE | RISS T RE L RURIZ IR L Seit gy
BT, WA 3] ST 3] 45 . IRARAR R AT

HOR 201 TR AR B A Tl T 2R
HIEFFEHT T T A

TERRRL AR B, 48 “Ea Rl
e AL — I TR S8 M i Ay
o BHZIRR 2], 24 TR TR
LRI, AR T AR A0 A R U,
I HLE i — SU S B 2= 3 50 T B FRE
RN G SERAEFT T T REF LAt .

20134, EFEAEAEFTE AR K
FAE BB AR TR T4 “E IR
MR R, A — TR, %k
I NECEAE BT, el 1)L & 2 31
FERIPY+IL44 .

4.2 “HIRMFHL” REAR

“EAERLARE” IR N, 2 Y
KA, 43 HIaT,

o ¥yl i mt (fundamentals) : #f
IRER R 2 A AR S

o LA E Lyt & (data and
computing on data) : YHAARIFIEL a2
N HAATT ¥ BRI AR S5 M AL AR
ARSI ERE | R AR, BAREAER
T CREAEEIRE) | SO AR W% I ]
FIEEE OB T s S
T3 BRIz A L g e S T A S

o K 4fa Ab B B A i | S A T A

(infrastructure, platforms and tools) :
PR PE . EaE . KEEFa L TA
AN 45 5 Py thon,

o KA ZMIFNLER (applications
and practice) : YRR AEL N BTN 5
1, ELTA] [ < bS5 Y A0 28 B, DA
Fa R A | BB Sk, O L S0 B TR
SEIRTT, HF A 57 R R 43T AL B A
FRASLE

KA TR 3 YN A AR HAH B, ARz
TR Z, B 7R, I 5 —H0 45

2017066-6



108

BIG

DATA RESEARCH A#ifE

e
P

< <
AL o 3¢ AL 5/ LA ATAL —
e JRAASTAA [ i s

THG #effes ks
bR RTE 0

Bl RS SHARAR S BRI ke AR
N BASARTE S A AT

BT AL

&Mﬂﬁ | [rezerasssnti || miprenn

8 S5 R ] | St

A
VAL

BARMZ RN AR R SR A B A )

—

[ mwm | [Hscoptisse | [spams

[,ééfaﬁiﬂuj:ﬂ] [ Pythonifi 2§ ]
BRI AT R

B2 R Hnher 9k

HRRE SR I

1 HERZEE IRENAE

IS, 28 AR o0 BN AR AR HLAYT o T
AR = KN, B R Jo kg
Moo SEPUES T B AN 5 S5 Rk iz
Fr AR, o A B SR )L R 5] 2
2 TR

PR B R E S B R
FMEGEE R 2 | BB A A JE0 2L
R BRI AN B HE T T 4 5L
PRt Ef e O SR A RN R R 3T
B2 iR X B AR A T
FEARJF A R4 A A o

EF NN E IR A E T 7 AR
I

(1) H At Be

g o3 A7 mT LA 43 B — 51 WA B B

2017066-7

B, COAHER LS5 H 0 | W AR L . R
BT X EIR - T iz . X a5 ALt
FT AT A S A8 25 R e ik 25 HFR 52 s o
RIS HTESEVEF— LR, ¥ pk—
ZANAHRII B, A S5 Ao BT AT A8
R R e R

(2) fliiR 4347 (descriptive analysis)
FOFUE:434T (predictive analysis)

R BEAT AT AT T E
BT fifsck 2SR T LA SR o b, H s oA
I3 NS, 43 ] 2 A P 3 AT R I e
Mo HE A2, R B A G R T2 Y
P S AR B, IX S T RR O AR P 4y
T o 1 L B A = mT DA B AT B8 47 3
HEATYSR . TR AR, XA 1y & ds 12E 1T
RN, FEES 2/ RIHERL, SRk
SR AT, FRA T AT

(3) SLRARMLE

TEH AR R rh 2 B RS AR (] A A
LRE . HeanfEdErE 24, B 2]
AIFEACLIE , B v R 2 (R AR BLRE
TESLPR TAEH, BAR NI SR T
Y Z) A [H A 2 AT R s S L
L, VAT e R 0 T N 5 o HIME XA,
MR ZEEF O H A RS ST A
SCpRZ AN AL o BRI R AR — L@ 1 _BAH
AR SR A HAD S M b — gt AR,
X L JE METT B A2 AR R JE e, AR TR
Eiib eyl

(4) Az Ak

— PR R SR AR R ) s S A e o DT
Fit, IXFPILSR AR S (over fit) o I
GBI R RE 1 22, Wl A
R B o 2 T IR AN

(5) TR s &

AR AT RN T USSR /O 25
AT H AT SR FMEL, S REAE BN AL]
B B A B S, LA S EL AR H 7
ST



FORUM

PIn

109

(6) MM 5 R AL

MK s 1 Al B, AT B A AT HE AR
AR R EH, £—E
TR _bmT DAAS B ATTEAT T o (H A 5
PRI PR SR O R A FH R XK, A A R
R

(7) FATAb

I A7 AL AT DL v A B A HE
o AT AL HE 4> N AR 55 AT (task
parallelism) M # & FH 4T (data
parallelism) FIFPZERY . Frig (L4517,
FEE T 2 AR (IEARE TN R F)
W E AT AL, B B ER BN Z (S5
AL PRAE ST, HR A A B R R B I
TR B A B AR (CRBIBL) Rl 43k
—RANNEAR AR, RIS R 2 AR
XL/ N R SR AT AT A, DAIA B4
TR A B R A

AN R A AEE LA T LN T H

(1) ZAIAIRLA (ETRIZE RS )

A Hse e AL A, dRndEdr
FES AR R B A . BRI R R RAE |
HAR B S 2 B FEBE R BE AR
i JE S A AT 8 1 43 AT AL B R AR
TEECR AR BRI EEA e dn R N, B mTRE T
AR HEAT 2 IR 53 HT o 3 BT Ab B G R & 4 il
ARG . BRI k. b, B
FEEMBL

(2) THEM A (RG4EE)

HARE R G T BN R G HAF
RN RLRE ST N o BEA RG] LAY 43k
BAREE | A/ ARG RS . ARG

(B ) FEEBREEE TR S, X
N G AL FR GE A TR ) — R AR A o

(3) AUy (EL 2 A )

EFXSASTRI R ., R £ 2] P 5 4 28 28
FEZI, AFFELREEIE . HTMLRI T
A XML, SR #IE (resource
description framework, RDF) ¥4 . =

AREE . B (M%) Kt . ZBERE R

CE B A B ) 55 o X LB EUH mT AKX
PN AT AR A CITINE | TR AR (E TR R S
M RAR S5 AR 26 8 SRR 2 RE R 2
[B], 4 AT 10 e TR S AL PR ] R ) 5
P, BRI, (ERANIERERR, AU S
EATTZ A IRI, DA SEBL S B R i 25 4
I3

(4) Pr{EETHL A (O EZERE)

T AN E R R E, £ o (B 3 T
MR BA A Hoe, BRI — A
PRI, (B2 R RO A, A ATRE

B RZ AR (ADEE IRER) o X LE
WAz T Ve, DME R BR A 32, $REm Es
HIJEE . HEAh, TR SRR A R s 75 22 58 ik
B, b E R . 2 A H I 2 )
I S U Z (A R o B3 Y R 3
ST, MR HE, AT S5 SR T RE S A
LSRR o XU FEAT M B9 05 3%, AR
TR 2 o3 ff S o AT RO 2 o e i
AT EL AT, A0 X R e AT 2 4RI A
et Rl R SRR . TR A a3 i )
iz MGttt oy ik . Bz 80735 Bl
ar ot U7, R BRI T IR A AT i
T 25 ) 407, AT Z 3 2 HG 3 o Rt e A5
3 MHICMESE . AR e TR S S i — L2045
3, TR Ay Bl g gk SniH HoAs
3 M SN S I B A il R AR . %L
PO AR T R A R 2 (R M
R4/ N ((BE) M B A

43 “WENERL RENFET

EFER T, KB TR A

(1) R

25 RF A XA B[R] A 43 7 T IR
BN . RSB G vt 22 W 58 i [A] 7 41
M F e e R SR, JFE A
B P94 (moving average, MA) B

2017066-8



110

BIG DATA RESEARCH A#ifE

2017066-9

. H[AH (auto—regressive, AR) fsfil |
HIalA 3 F (auto—regressive and
moving average, ARMA ) i [ [E] 457
8BS (autoregressive integrated
moving average, ARIMA ) % H &[T
577 # (auto—regressive conditional
heteroskedasticity, ARCH) %4 =\
ARCH (generalized auto-regressive
conditional heteroskedasticity,
GARCH ) US5[0 HEA TS A, 5
PEAS IR R g e K2 L YA M T T2
RO 27 ST Sk ) & S A1 0 T8 3k ok Hef f] 7
FIREAE IR R TS DL R 4328 /58 26
/RBHRHRI 53 7 S AR T B, fEREIN 1] 471
R ZE S AL . ARk, TR AN A
AT EATOC R I 8] 5 = AR AR ) VR 2
SR (K487 (long short term
memory, LSTM) #HZE M%) W HIE] T 1
(B8] 7 A B A Tl b, HLEUS T R4
IR . 8 BT A 387 sL i, 8
Sk Gt A LA 2 5]/ B A2 A S
FRFBMITEHT TN, HHa
MrHACAL TG AL, FE AR gk — 20 105,

(2) HH =B 5256 2201

AT B AR R OREEE, IF H AR
% i i FH K S B, 0f A5 2 ) TR (]
HEATR M, S8 AT T AT S
Mt o —T7 THIR EF X2 A FR R4 1 S0
TH Ik 17 B B S R AR SRR A B, [
2 A T AR LR, T AN A2 B AR M 7Y
o S B, XA RS S
FEANTFELN, TARE N — T T TRE A
T, BN EEAY A LL S A R R B
FREVARL, TR MR 0 | RN B A 4
SRR AT DA S SRR T 4

377 T, MR A, F 7 [A] e
a3 AT AR SR W N LS B I R, ol A
& G5 7 By 256 S, T HL 2 TAT [A] S8
b N2 25 & el o FEAR PR B A, FH —

B 43 B TR] o 0 5 i R 22 10 dm R R
PythonPA R JUANEE B R £ 2, A4 4K
P A B PR L FEpandas . Hlas > 5 EHE
540 R Scikit—Learn ., X048 Al 04k
BRI Matplotlib | #£758 W0 2% 4317 B A%
Network X, SCAHTERELEN LT K DA 3%
AR E E TheanofiKeras®E, F 1L A
fith L=, T 1)< T A 2E SN, EL
Pr R AEALYI 25, T | PR B AL S
PR, A S AR 58 AL A0 FEFN 43 Y S
B, FTIH R RS o R I 2 A i 2 R S0
Be 7, VR ZIR 2 1 IR B 2207
PSR R SR

(3) Z2F N IR B AN o6 B Je I

TN A RIT IS 2 -, TR
FAa i B AT . 22485 45 A (L e
T, BIE 2R Z AL AR ST, H
W ANRTE R T X A R B e T R, X
SCA A WAL L BRI A | s A A AR
MFEFTAH, SERCT AR O R T

5 GRiE

KEHRINCE E Rk, # 3P 2IEAE
SR, NIRRT RIA
Ko AR E A R A R A B AL
P Fh 22 R B i SR LR 28 3 0 “ # s
FFAMEE” IRARR AR AN 22 40 J L H
K, HEATNIZS .

SE i

[ =R, Eozs, /g, & KEdES

Hr-RDBMS S5MapReduceffy a4 54t A4 (7).
bR, 2012, 23(1): 32-45.
QIN X P, WANG H J, DU X Y, et al. Big
data analysis—competition and symbiosis
of RDBMS and MapReduce[J]. Journal of
Software, 2012, 23(1): 32-45.



FORUM #®iz

111

2] EI, Foae, BHEIR, T MR Computers, 2011, 34(10): 1741-1752.
Pl BURSRET]. MM, 2011, (31 ¥F38, B R dmRl AR R,
34(10): 1741-1752. ZE R WSS, 2015(5): 109-110.
WANG S, WANG H J, QIN X P, et al. XU J, LV P. Introduction to teaching of data
Architecting big data: challenges, studies science course in Harvard university[J].
and forecasts[J]. Chinese Journal of Education Circle, 2015(5): 109-110.

(1971-) , 55, Wty v AR A EEBEIIN, B HE AR e B | KRBT (FE
FEETTITIFE TR, ERTER AAR AL S LIH, 252ME%K 973" 111, 863" ik FZ AR
R E, FEENSNATI S L2040,

(1978-) , B, ft:, E AR KBRS BRI, WA S0, REFEN LSRR, Sz
LTREBEURBN, R ERERSTEZN, Frontiers of Computer Science®& 4wz, FHUFE T M REL
TR GANE R, ERFEFZARRIAIESIEH2I, ARG BHE N HE KT, 252 EF % m b

oL g | s 38 A A R R =0 )« <9737 KL <8637 MR H , T4ERAESIGMOD, SIGIR,
ICDE. AAAI. IEEE TKDE . WW W45 E bR i 8 A2l _F & FIB 30435

(1963-) , 3, Hit:, mEANRAAERFEBEA . LA S0, KE AR TR S AR TR E R
S E BT, PEF RS S L, CREUR) TR S T, FEMF TR REERA R mitkaes
e AR TR, RS 52T EF A 5L (00 s 3 il ot R S =) . <9737 14l
“8637 T, EZ ARSI H, ITERAESIGMOD, VLDB, AAAILL IEEE TKDE& [ R E2 I F Fl 4
EEFSEA.

(1979-) , Zr, ME A RAE i, EEHFFST RN RS =5 ot oo, Bularla.

YR 2017-05-24

2017066-10



