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2019), 1BA—FHEBAIAT DAY BEHMS, IR BIERIAAR S BIR 6
Ko BANGREAFHMEHT:

o LRI ICEIRRIAET: Bk,
o [ Julia JmfR15 5 RAFHEIE,

PATTHAE Section 2 FT L4 Julia X THHERIK YR — T THH &R
BE. BERERNREEL TR,

1.1.1 FFERF

M R ETRR, By R MIE R SR BbE, PR, GUREITBARs i e
RASHIIRE S, AT EROX MEERIERR, HEN— N BERTRAMA, :
PRSI K SRR RHIFTH, AR ST HAAT DL EOR M E R DR, (R,
B IR DA — R LA B 54 I RERE, AR B AR A

T

1. {#F patarrames. j1 #RVEEHE (Section 4), TRGLEAR T E RN G0{A] -

BEEL CSV 1 Excel B2 Julia .

A Julia KCEREHE, BRI SJQ04n] [R5 20 A) @,
{%}ﬂ filter *D subset ﬁiﬁ;&%o

AP R EL

ERZ R,

SEHFC B,

. M Julia S HEHES] CSV F1 Excel X1

2. fHH makie. j1 AIRALEHE (Section 5), RIGTEA T FZU0{A] :

@HﬂTﬂE’J Makie. jl Flﬁﬁ ﬂl:”@(flﬁlgo

BRI 2R B R AF R 2 Atg X, filan PNG B¢ PDF,
{6 FH R R 22 (B PRER SR 2 AL B rT AL
e @M EE ST EL,

s AN I R 22 (] 32 8

MR N BTEX T2,

BB R L

IS ZH BN R,

NG w e

XN A LN

1.2 IR

AERZEBIRAER ARG, IXAFR 5 2 stho i UMY, 12RO, Bl
T RENRZ BRI AR SRR AT TR A — RS F R, RIE120F 11T
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2 T AIESE Julia ?

BHRRAGUS A 7E 1 SRS AR R IE S

TAPFERZMEH Python, T#ARFmE R, NI AEEI 55— Mk = Te?
BATo BN PIRNE WL SR )

1. MRGRIEFE — 1B & Section 2.1,

2. PLHigmid e — 1B Section 2.2,

2.1 MRYmIIHE

MNTHE—MERIEE, BRITHEREE W FREALE,

AR EECERG B TR, EIRAMNEBETREIRET 4, PAAF
A EMEIREEARR S TR ATE, KRG, S ERETEY X
%ﬁiiﬂﬂq‘, PRSI HE— T4 5 IR A T 5L pandas, dplyr. data.tabley numpy.
matplotliby ggplot2. bokeh, DA, 56 22 B B B 911

RIGRRARNE—DHF: “Julia”, BRFERHAFENNE? B5HMBIA ST
TRAGEERRN: TRA A RF?

N LIRBLZAR N SN A R 3K T TR S IE? B L MRARFEET L
PEEOR, KRR, FLRIRG, sRFARIRERHIRE], E5E, Julia 2
M T gt fBEERIER 28751k, 1E Python B R FITsEILE—Y), #RAT DAE A
Julia SEBR, I BARGHEBAATERAELFL, JHAED, DIRERARE LR, FIt, Julia
B okigsz i, mHEARE B,

FTCA, QERIRBAEM SRR H AR, BATBRNSINIRYE S Julia, LEERONIR
AEE— 1 IgmAEIE & RIRUE R AHE,

2.2 BYREZRLE

X T ERWESRAEE, TRECEERL TR, RBVFRNEIN Mg, JFHE
AREDAEON A, RGBS AARIE S, FEH A DEENZ R EDR, RE4
Wb 7 —RPRU A R B 5, IF HAR SRR — . IRIT a6
gﬁﬂfﬁﬂﬁ}ﬂ numpy, ;l[]ﬁ”’j_i pandas ':F'fl?céﬁf DataFrames , u&ﬁﬂ{ﬁﬂﬁ}?ﬁ matplotlib

VA C++ 3
FORTRAN API,
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22K, XE#H, RAIGEEAEN tidyverse %> T TG HIIRIE, B tibbles,
data.frames. %>% (%ﬁ@ﬁﬁ) *H geom_x %/_i{:f

SRJE I S NBRHELE T, RICTER]— 114400 “Tulia” HIHTES . fAlIE? K
O T Python B R, FFHER TIRAREN—V], 408, 1ERA7AE—

L5,

B R IEFEE A Python B R:

1. FEORFSARREATIFRETERE? 5207 [, 2564 Julia, Python 3 R 0% o
PERIEATIN ] AT HE 24 R ER2, TR TE Section 2.4 J&T: Julia TEE AT * ANEREDR,
GIRRIE SN E IR

2. HRMEETTFE numpy /oty PRBURIRIE, (BRIURFYRIG, M AIIRE ~
>JSUBE RNDRIREL? 1E Julia P, Fl BLASE AR REIIIRES, T ELA "unoe, #5 feop X
SHTETIERER |

3. AR RS DA AN A BRI Fortran 5 C/C+ S, HEISORBAES
SEBLAEA? 16 Julia P, PROCHSERIME Julia RED, I ELRH B ) K
RIS 3 25 T (15255 Section 2.3.2), )X
FERER RIS (AR — N B TR TR B R
WiFs, BAFTE B SRR Python, WARR, MR C/CH 8
Fortran”: W GitFTub 1

° w%?%ﬁ,@?%g

4. FEAREETHE R LA B P KBRS, TR AT A 15, T Julia J g s
PIRERS ML SR TR R THIIRAS, K% 5 Julia P72 I S i 2 python 445
FUBRCED R TFARIIFINGG, — Sl B bR DL AT RELATE et REIPIEL, B2 R
KU AEAMIN . BATR1E Section 2.3.3 A —LEHITF, it

5. MEELHODE TR, BRI, R, AR T i
AR T Julia A5 4 AR F 77 R AN (LR, 5205
FIREBIRA 4 PRI 5 0 RS B, Tulia 1 6 REBRISIEIZE “BRBE”

Wb B O PR R ARCT AN, e R RO 3
S, NI E AR 1 RO PR A SR,

GIARIX BRI S BRRV IR SR 5 | 2] T RE%ER, B2RATRESAE T IR E %
SEFH Julia E SIS
LEFRAI4R ST

2.3 Julia FHSEIF 2.2

NOTE: AT R EfERe 2t 28 Julia OV — THEMHRWEIES . GERIZIRR
BRISBRYE, IR A IX 15 #i{E: Section 4 2% SJ AR pataFrames. j1 4t
BRI,
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Julia ZFEIE T (Bezanson et al., 2017) 2— [ THHHIIES, F—REMT 2012
4, HEZ B HDGE, B, BTEk{% C7, HEEIE RS Python” (Perkel,
2019), BERANREAEIRITN, BB KMEREHES TR, (E457] DA
24 w5 M AR A RS,

Julia HIBIIE NTE—F 2012 RIS Hf@Re 7T 2 B0 Julia, AT

PAMRTAE: BAMEEE 2, FAVEE T IRA E RFANERITRIES . B8
% C BYMERER Ruby RUBHARHE, BATRZE—TRIERIES, ERA Lisp A8
HIERZ, {HXHEA Matlab AR TSR AI2 BT, BMTHERXITES
ALAM Python —FEH T HHIRIE, B R —FHERZHAH TSR, 1§ Perl —F¢
B RSB AT, 5 Matlab — AR SR RIS RERSE, 4 Shell —FERERS
HRAGHEF, XIESERBS Y, HXBETRIANEIRE. BITmEER]
ZH, [RNAEEREN,

RZEH P AW Julia Y JRBREREE AR5, EE3E) Julia PAlE&E A EAERET
petaflop (. petaflop fELARTEIC BYL AR G AT 2 — Lol (HIZ FOHRE @Y T
TR RIRIES . BIERA C, C++, Fortran, Al Julia JET petaflop
BRI,

B2, EEAR Julia FI2EE, Julia F—EKpHEEEAESHITE. Unicode XHf
F1ARHS S =B REYE, AT eI ERT A IR, A B RTYEk KT Julia
AR L =R

Julia FAGAASTER IR, MU=, WMAar=R/ 8E XK
KAEL, 4N, Python HY pandas fHH B HY patetime ZERRACFEH ], RN, R
tidyverse HYJ wubridate TLHL{EH B E XH] datetine RARIMILH I, Julia A7
BB — R, RN AR S TR R H T, Xk A
WARREHLL H A, HAELFRZN Julia patetine 2Ry FEFT DIRE, RIE
SOBTBRBUEAN TR 2 SO, Julia pates BELAT DASEIRTF 22 N 1IN A DI RE,
EEANNCEAEERT, TRIEFRMPRITIE L Julia FYHAMRHE,

2.3.1 Julia VS HAhRIEES

Bl 2.1 g TAERAMER 23, ek EmAHRER A T R WRE S 2 E—iK
2x2 B, ZEIEEW D Slow-Fast (18-1) #1 Easy-Hard (R $-IK¥E) ,
FA1EM THRIES, B ARFHMR A ISTTURAGARS DS A 2 5 AR A 1 )
BRI,

PATHE C++ 1 FORTRAN JRAE M- RIR, 1ENTRE e, KA ENH
L VERERESES, ENENREES, RN hEEREE, b2
AR EH PRI TGS

R 1 Python XfE & H-18 RIR, ENRATFEGMIENENSES, EBITHHA
7o B, BMRERES, fEgPuRelEFEAE, S8, XRFBRN
Bl EATEE RN 1ES .

9

TANEERT C

8 https://julialang.org/
blog/2012/02/why-we-
created-julia/

CIEEN: XBOIENE
FZ2% 7T InfoQ X
 “F 0L Python, fREF
Julia!”,

0 https://www.hpewir
e.com/off-the-wire/jul
ia-joins-petaflop-club/

M https://www.nextpl
atform.com/2017/11/2
8/julia-language-deliv
ers-petascale-hpc-perf
ormance/


https://julialang.org/blog/2012/02/why-we-created-julia/
https://julialang.org/blog/2012/02/why-we-created-julia/
https://julialang.org/blog/2012/02/why-we-created-julia/
https://www.hpcwire.com/off-the-wire/julia-joins-petaflop-club/
https://www.hpcwire.com/off-the-wire/julia-joins-petaflop-club/
https://www.hpcwire.com/off-the-wire/julia-joins-petaflop-club/
https://www.nextplatform.com/2017/11/28/julia-language-delivers-petascale-hpc-performance/
https://www.nextplatform.com/2017/11/28/julia-language-delivers-petascale-hpc-performance/
https://www.nextplatform.com/2017/11/28/julia-language-delivers-petascale-hpc-performance/
https://www.nextplatform.com/2017/11/28/julia-language-delivers-petascale-hpc-performance/
https://www.nextplatform.com/2017/11/28/julia-language-delivers-petascale-hpc-performance/
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Julia Z2ME——T17E -k RIRAVES . BATRDEEMIHMEETESHAR
TS INAE H%18, A AR IR As,

Figure 2.1: BFEHH o
FEIE 5 [L%: FORTRAN,
C++. Python, RAl
Juliao

Fast

julia

Easy Hard

e

R |

Julia 41 FERIER CEIIRMEEMI I, OB S RIRRKI, Hk b, “LVME Low Level
SXANETEAENS A AR B R LLVMI2 fR55%, LLVM {RE9, 1859 LLVM 352, g oot LLvag [
CARR SRR, HHEH BT U TRISIRRIRSE, FTDL, AR L, Julia & (hp://llvm.org) $3)
FHURAT B MEAP RO T 5 (R 6400 LLVM HLERAS, A LLVM HLESmR T A% T8
RUURMERTEE, B THSNDRBURS B I, WRIRE T —MEleas
SHEIBREOF LR LB, A Tulia ROTEE—/ %11 vethodinstance,
?(kﬁ‘ﬁﬁ%%@k%i@%ﬁﬁi ]ulia 4%%@?&2%@”@5@ MethodInstance, #

SRR, — IR HCT5 2, AT DALE A PR RS B SR P

BN, GSRIFBRAL ¢ 1538 T RAERRIR, T ¢ SR T B, FIRMEIS4 ¢

FIRRISRER AR ELEAI, AR o TR ¢ oh| Xk

Julia 7N 6 BEAEH wethodtnstances, IHAPRFSMEIZTHIAER Pt IALEEAR » e 1 s s
WO, TEHLERII R, T T RO ethodinstances ML ATRER TRy, 5 T Julia 1AL
ARG EEEH QI EIERISM methodInstances, JH:, A0 T L FE AL B[R] T ?&EBe’zansonetal.
WRECRE S RELD, TR AAE, X HIARRE T W H 4 Julia fRESEESH —IRHETHT (2017)

S AL SN T - Julia 76155 AL RED, H hps sl org/
U5 PR BB M R A - AL, T DIE Tulia P R Julia. gp et
AL Y benchmarks'® o [ 2.2 BUA T Julia F3#H] benchmarks 17191 1600 iutialang org/
WRAl IJ_IL, Julia Y Ry, benchmarks/


http://llvm.org
https://julialang.org/benchmarks/
https://julialang.org/benchmarks/
https://julialang.org/benchmarks/
https://julialang.org/benchmarks/

AT 20EFE yjuLia ? 11

benchmark
® iteraf
s

BATAEFAELE Juliao &N, FMNAXIFTRXAS, BTN, Julia 2 BIHAITHR
BB IR, E6E5 P AT DS I 7 S A TR TR T A B ELsi RHI X
1o BTN BE H (A — i) B (E SRR TR 5 T A& RS, — ELffE AU IE
HIaT B ERR, RS TTUEH 5 BT AR ER 0y — PR EL PRI Y 2
RIS, e “WiESHEY, B RETEE.,

2.3.2 WIBESAM

“PNIE E A ERET R AR SR AL, @R TR AR R R RS
SRR SLA B o34, — Mty ARy AR BUARSHCR A A 2 AR Y
BS (& Python BUR), WSRFEREEWIER LIF, MMAMARANRAREERALS
o5 R BAPOENIES (C++ 30 FORTRAN) SEHSCH, HIt, AR E
AR R T RIE S, — MBS 5T WS FAHEHNE ST R EH (EH
T RIBRNEE), M —MiESHAS THSE EBA, [HbETAERD, bl
EAETTRE. Julia REFSBEGRILETEY, By PR (B9ifd) AT SRSl
GEEEDY) ReR ARG

548, Julia SLVFEA Unicode FAHENZEREMSHE, XBEWE AHEH signa
B signa_i, MEGBAICSIMER o 8o, » HEERIEIGEEATTEN,
REBE LR SHARE, BATRIXASEARRR R AR
R X,

BATAH, Alan Edelman, Julia 45 A2 —, f£—IX TEDx Talk!” (TEDx Talks,
2020) HO “PRIE S A" AT BRI R R B — 0 — M T A IR,

Figure 2.2: Julia VS HAth
IIRIES,

7https://youtu.be/q
GWOGT1rCvs


https://youtu.be/qGW0GT1rCvs
https://youtu.be/qGW0GT1rCvs
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233 ZEIRK

ZH#JRA (multiple dispatch) 2R KHFRHE, EEREBY RIUA RIS
BEOHRE B E R TN, RBARZEE XM struct RETRARIRIZIH:

abstract type Animal end

struct Fox <: Animal
weight::Float64

end

struct Chicken <: Animal
weight::Float64

end

IXRIHMALE T ENPEEY Fox F chickeno SRJGAEM44 Y Fiona HY Fox 144N
Big Bird Y chicken,

fiona = Fox(4.2)
big_bird = Chicken(2.9)

NTHBEMAIRVER M, 50 NHIEEL:

combined_weight(Al::Animal, A2::Animal) = Al.weight + A2.weight

combined_weight (generic function with 1 method)

RIEIEBAE ENRE SRS, RASAERISLHL:

function naive_trouble(A::Animal, B::Animal)
if A isa Fox & B isa Chicken
return true
elseif A isa Chicken && B isa Fox
return true
elseif A isa Chicken && B isa Chicken
return false
end
end

naive_trouble (generic function with 1 method)

MfE, %EF Fiona Ml Big Bird i 1E—iC2 & 27 A MM :

naive_trouble(fiona, big_bird)

true




It 23%EE yjuria 2 13

GFH, BRI, 5 naive_trouble BREICERWM A T, A, HHZE
IREGRE trouble BREGER] PATH KAV . 2R 75 a2 R %L
trouble(F::Fox, C::Chicken) = true

trouble(C::Chicken, F::Fox) = true
trouble(C1::Chicken, C2::Chicken) = false

trouble (generic function with 3 methods)

TESOXEETTIEG, trouble RIFENS naive_trouble FHEIAVEE R, Hilgn:

trouble(fiona, big_bird)

true

2 Big Bird 155 5h— /M8 Dora JRAE—iEc 72 7] AR,

dora = Chicken(2.2) |

trouble(dora, big_bird)

false

FRDAMEARBIF, ZEIRARIEHE R AT AOCEBIZER, 285 H Julia K28
BEEWRIRETTE, FHRERER B2 ERNEZLE, Julia 4%
bR B2 B EA M, BN, R

function trouble(A::Fox, B::Chicken, C::Chicken)
return trouble(A, B) || trouble(B, C) || trouble(C, A)

end

R4E BT, Julia 2 HAMLN:

function trouble(A::Fox, B::Chicken, C::Chicken)
return true || false || true

end

ﬂyéﬁi%%% ﬂ]iﬁ A JB Fox, B J& Chicken y ﬁﬁuﬁ{ﬁ%@ﬂﬂ trouble(F::Fox, C::
<>Chicken), trouble(Cl::Chicken, C2::Chicken) [F] 3, %E}‘, éﬁl%%%ﬁ—ﬁ/:ﬁﬁfft

function trouble(A::Fox, B::Chicken, C::Chicken)
return true
end

AN, ZEIRAEEE AL C A LRSI PIRHTHIZIY) Zebra SO ATRE, A PAFEH:
bt X Zebra :
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struct Zebra <: Animal
weight::Float64
end

RIEE XS HH NV H.:

trouble(F::Fox, Z::Zebra) = false
trouble(Z::Zebra, F::Fox) = false
trouble(C::Chicken, Z::Zebra) = false
trouble(Z::Zebra, F::Fox) = false

trouble (generic function with 6 methods)

MAERI &% Marty (Zebra 1%)) 275HES Big Bird FIIEAHAL:

marty = Zebra(412)
trouble(big_bird, marty)

false

IR, ATREIME UL THR Zebra AL AP H i 2 Al

combined_weight(big_bird, marty)

414.9

R, BmEz, BEERS RSN LEET rox Ml chicken, {HEWMAEHT M
AU 287 (ESLER, X ERE E A HAD Julia WHRESIEE R D .

18 https:/ /storopoli.io
USRI — R IR BB, ABATT DA T IR R KBS ABIBIFo /oyt i s
FE— T2, Storopoli (2021) 5T one-hot AR PR T HERISLELS , 5 LWhﬁJ“‘f“/ flexample
— Mgl T2, Tanmay Bakshi YouTube #J&'® % Christopher Rackauckas?® ff] ;One_ ‘(.)t_\ e
RV (FEINE 35:07) (tanmay bakshi, 2021), Chris #81, TEMFFRALE o pibew oo
Eial Di1“1’erentialEquations.jl21 @‘Hﬂ', —%ﬂqp?ﬁlﬂﬁlﬁlﬁi«% fhEF GPU *’Qﬁﬁ’\] 2 https:/ /www.chrisrac
ODE KRfR#FHFANREIEH TAE, Chris X IX/MERKBRBIHEE 1F, R AR kauckas.com/
BAAHIERER K GPU HHE SR A ERBES Sk, EEERIFHLI, * hitps://diffeqsciml.a
FIFR T — AR, B—BIIE R, IXEe RS ok B F 2 R & fngsa) /9o
FHRARS ) RAI3=

2 https:/ /youtu.be/kc9
ERREL, BATANZEBIRE R B T Julia 8148 A Stefan Karpinski HwsxE10Y
£ JuliaCon 2019 i 22,


https://storopoli.io/Bayesian-Julia/pages/1_why_Julia/#example_one-hot_vector
https://storopoli.io/Bayesian-Julia/pages/1_why_Julia/#example_one-hot_vector
https://storopoli.io/Bayesian-Julia/pages/1_why_Julia/#example_one-hot_vector
https://storopoli.io/Bayesian-Julia/pages/1_why_Julia/#example_one-hot_vector
https://youtu.be/moyPIhvw4Nk?t=2107
https://youtu.be/moyPIhvw4Nk?t=2107
https://www.chrisrackauckas.com/
https://www.chrisrackauckas.com/
https://diffeq.sciml.ai/dev/
https://diffeq.sciml.ai/dev/
https://youtu.be/kc9HwsxE1OY
https://youtu.be/kc9HwsxE1OY

P25 yuLia ?

2.4 Julia N %A

Section 2.3 R 7 N A FRATIN Julia 2T —TE —HIETES . Al
FE ETRR T 45 Julia FrAERIRIERG] T, FRAEZRA T Julia FIGER, T
T AT 2H 2 B S5 -

1. NASA ffif Julia fE@BHRITENL L2 T “125 7 1 Z B R —H#EthEk R
STHATEZ ) FHHSI T AR 1,000 fE00%E, 7 15 28N 92K T 1.88 12
MWN

2. SfREMBIEEY (Climate Modeling Alliance, CliMa)?* £ GPU fil CPU L
BIRAR, 2B EEhT 2018 4, S5AINIE TR, NASA B ML
A RIFEN AR AR EE, CliMa Ui H 415 A &I B R 7
JERFT R — A HIBR R GAERY, %R GENE DARI AT A (A R i)
B RIRAIREN

3. EEBBM=EHF (FAA) IEEME A Julia FF & —F S Pibi R 5
(ACAS-X)?, iIXMZE—A “PiBES FE” I T (AF Section 2.3), ZHil
1977 22 HH Matlab FF & B I C++ g5 mERESSEL, BITE, FAA
ffH Julia &5 SERFT A VS,

4. ] Julia 7€ GPU L 175 f50# FEHH 0252 BR126 X2 —0)58 11 JE3e
EE B2 E SR, BRI T quality award?®,

5. B TRV S 1 SHZREMPUEETHIT RS (AOCS) 100% fHH] Julia i
52 ,ERTEHE Z Ronan Arraes Jardim Chagas (https://ronanarraes.com/ )

6. EFEEZR K BHRIT (BNDES) iKFF 7 8RR, &S Julia %
RGPS 10 f5h05E, 30

QR BEAFIXLEASARGS, Julia THRMEGS! EIEG L6,

15

B https:/ /exoplanets.n
asa.gov/news/1669/se
ven-rocky-trappist-1-p
lanets-may-be-made-o
f-similar-stuff/

X https://clima.caltech.
edu/

B https://youtu.be/19z
m1Fn0SO9M

% https:/ /juliacomputi
ng.com/case-studies/pf
izer/

¥ https://chrisrackauc
kas.com/assets/Posters
/ACoP11_Poster_Abstr
acts_2020.pdf

Bhttps://web.arch
ive.org/web/2021
0121164011 /https:

/ /www.go-acop.org/ab
stract-awards

» https://discourse.juli
alang.org/t/julia-and-
the-satellite-amazonia
-1/57541

¥ https://youtu.be/N
YOHcGqHj3g

81 https://juliacomputi
ng.com/case-studies/


https://exoplanets.nasa.gov/news/1669/seven-rocky-trappist-1-planets-may-be-made-of-similar-stuff/
https://exoplanets.nasa.gov/news/1669/seven-rocky-trappist-1-planets-may-be-made-of-similar-stuff/
https://exoplanets.nasa.gov/news/1669/seven-rocky-trappist-1-planets-may-be-made-of-similar-stuff/
https://exoplanets.nasa.gov/news/1669/seven-rocky-trappist-1-planets-may-be-made-of-similar-stuff/
https://exoplanets.nasa.gov/news/1669/seven-rocky-trappist-1-planets-may-be-made-of-similar-stuff/
https://clima.caltech.edu/
https://clima.caltech.edu/
https://youtu.be/19zm1Fn0S9M
https://youtu.be/19zm1Fn0S9M
https://juliacomputing.com/case-studies/pfizer/
https://juliacomputing.com/case-studies/pfizer/
https://juliacomputing.com/case-studies/pfizer/
https://chrisrackauckas.com/assets/Posters/ACoP11_Poster_Abstracts_2020.pdf
https://chrisrackauckas.com/assets/Posters/ACoP11_Poster_Abstracts_2020.pdf
https://chrisrackauckas.com/assets/Posters/ACoP11_Poster_Abstracts_2020.pdf
https://chrisrackauckas.com/assets/Posters/ACoP11_Poster_Abstracts_2020.pdf
https://web.archive.org/web/20210121164011/https://www.go-acop.org/abstract-awards
https://web.archive.org/web/20210121164011/https://www.go-acop.org/abstract-awards
https://web.archive.org/web/20210121164011/https://www.go-acop.org/abstract-awards
https://web.archive.org/web/20210121164011/https://www.go-acop.org/abstract-awards
https://web.archive.org/web/20210121164011/https://www.go-acop.org/abstract-awards
https://discourse.julialang.org/t/julia-and-the-satellite-amazonia-1/57541
https://discourse.julialang.org/t/julia-and-the-satellite-amazonia-1/57541
https://discourse.julialang.org/t/julia-and-the-satellite-amazonia-1/57541
https://discourse.julialang.org/t/julia-and-the-satellite-amazonia-1/57541
https://youtu.be/NY0HcGqHj3g
https://youtu.be/NY0HcGqHj3g
https://juliacomputing.com/case-studies/
https://juliacomputing.com/case-studies/
https://ronanarraes.com/




3 Julia F:AH

NOTE: REN 2 Julia FWiEIES 1A, EEE, FH Julia IBS EREER 2T
HAERT I THAR R0 1, T Julia AYFERETR AT DALEIREE N A2 B
R I Julia » 1H2, WIRAEEREITE, 77 PABkELE] Section 4, £ fiEH
DataFrames.jlf%f?ﬁ%*giﬁﬂgo

AREZX Julia 1B WA ERR, MREBELAREMBRETES, Tl5RTIE
WAL Julia XA (https://docs.julialang.org/). Julia SXASRIRAFER Julia

ISR, BRE TSR RA, (B AR SN &
TIHRE 7%,

FETRKA T Julia BIEEARITR, HR—T, FH Julia EAFE—HPIREFE 7
RS, Han—WaesiriRlin, IBaAE R KA A “E3AE, 12
ENAEIER ESM . EVRIEANE 75 MEMGERE ERIATEERIMER”, AR
RENB B GR,

3.1 FFRINGE

TERANWTFIETRRT, BT E T RONa T, AN gsriaiT7r 58
ABIFICHTEE, Fitt, ARG REREN A,

B A S 75 S22 (8 H Julia REPL, XHE[HY/2 53] Julia AJHAAT XM (julia or
julia.exe) FFHAEHHIBITAI, F141, /530 REPL HHIT—2AH:

julia> x = 2
2

julia> x + 1
3

RIGEIBATIER, ERRBANMERERT IR, ZEL? FATATLOEE
HE 17 SUHRIRTERES, BN “scriptjl” , ¥ EMEE] Julia H, “script.jl”
(2

X 3
y 4

K e nEE| Julia:


https://docs.julialang.org/

18 JULIA DATA SCIENCE

julia> include("script.jl")

julia> y
4

AERIIFIREE, GAATE Julia 7E BB TARES AT BT IIERA IRIIIA,, Revisejl!
KT X —IEE, KON Julia FRAYZRIERN B IR, FTPA Revise. j1 /2 Julia JF
R TR, AREZER, 1HE Revise. jL XAYEETE Google HERA
TRH R,

BATE LI Revise. jL Fl REPL T8 B —SEFh#(E, (HXXRIFRE K IXEHRIE
FiEH, FB0E, BF Plutojl?. pluto. i1 RENE HANETRMKE, 121716,
RH I HIE RS, X FRIEEMAmFE K, Pluto. j1 BB TR,
IR AR E R T B AR ANEIE & KB H .

—LEH % IR (5 F Z22E 7 240 Julia $6#F #Y Visual Studio Code SUEHIIFR H
O IDE, 405RAR AHIE 2.2 IDE, HXEEHAKMTIH, 1Ei%£% Visual
Studio Code , GNFRAVR HIB {122 IDE, ARYRATLAfEF Vim 803 Emacs 855
REPL k457 H C.HY IDE,

&k LAniA:

o AFAAIAITHZE -> Pluto. i1
o KIUH -> Visual Studio Code

RN,

o EZHF -> Vim, Emacs and the REPL

3.2 1B

Julia 2 —F RN 4R ISR IE S, XEKE AME C++ 5 FORTRAN AR
B, FREEIBITZAIMIFERERF. MR, Julia ZBERERIRAVINY, FHEIBITHISRE
e, RN, RARFRZENG O T E LA, Julia 2TEIBTTHHE

WA

Julia SHMZENZIES (W R M Python) ZHAJEZXHIUNTR, EJE, Julia 5t
PP P TR, IRBLIZTE T 20&8%E Julia? (Section 2): — B4 M
KA, i —ERETREINES = o B2, RN e &l
BEEA, Julia HXBRIREHMERT GBI &1,

HR, Julia LM P8 2 EIRAE XARIZECERH SHIREAT N, A
RAE Section 2.3 WL EHIRA, & XAR EEAT AT 7152 6 R E R L7
MR SO EIRREL, (HRAXE R EBUR TR RIS EEAL,

Uhttps://github.com/t
imholy/Revise.jl

Zhttps://github.com/f
onsp/Pluto.jl


https://github.com/timholy/Revise.jl
https://github.com/timholy/Revise.jl
https://github.com/fonsp/Pluto.jl
https://github.com/fonsp/Pluto.jl

321 TE

L RBAE T RN A DR E A VR ER(E, DA S I e E 2t E, Julia AR
ZRAEIA, (BFEBHER A A

HHL 1ntea
;ﬁ( Float64

f/RAL: Bool

?ﬁ% String

BRFNSECERINE ] 64 (L7708, XL A ENIRRRZIRE “64” G4
W R FEE S E RS, Julia A 1nts B8IHN 101108 8B Hirf 1008 28
BTG, mis REHTERE. 2HERT, AP ATRERLEER
A, EFHEONMERTA],

QIR A RITARAEENE ZRBAFEANE HE, HEDHEFEA- WEz
BIY. filn:

name = "Julia"
age = 9

B

ER, BE 1T (age) MECITENEHERIG, ERAIAIEE X T WA
me Tl ageo HFAEAAHREN A AT EHT S 2 2L BAY(H:

na

Julia

ERENIAZRE SOFE, AIDESMEFHPE, 1§ER, Julia ER
MFHEE S IHE, &% Julia B4 T4AH, IER 10 %!

age = 10

10

FATTAT BOX name SEATRIFERYIRAE, (RIZ Julia KO IR ANRTREEIRG T — 283k 157,
%B/A, EBdI‘]EIU\EEﬁZ name E{”ﬁ

name = "Julia Rapidus"

juria FAf 19
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Julia Rapidus

AT DAX 25 B TR BRIE B E,, FF age LA 12, AT DARE Julia DAH H AN
AR -

12 = age

120

M typeof HIEAI AE B RAIHRAY:

typeof (age)

Int64

BERoRM AR “FRILRERT BRI AT 2.2 7 Julia H B — /B S &F F 1Y PR AR
methodswith , ‘BA] DA H A o] B T4 E 2R BRI AL, IEALRRHIAHS R EoR
AIAAT:

first(methodswith(Int64), 5)

[1] logmvbeta(p::Int64, a::T, b::T) where T<:Real in StatsFuns at /home/runner/.
<~ julia/packages/StatsFuns/mQJB7/src/misc.jl:22

[2] logmvbeta(p::Int64, a::Real, b::Real) in StatsFuns at /home/runner/.julia/
~—packages/StatsFuns/mQJIB7/src/misc. jl:23

[3] logmvgamma(p::Int64, a::Real) in StatsFuns at /home/runner/.julia/packages/
~—StatsFuns/mQJB7/src/misc. jl:8

[4] read(t::HTTP.ConnectionPool.Transaction, nb::Int64) in HTTP.ConnectionPool
~—at /home/runner/.julia/packages/HTTP/aTjcj/src/ConnectionPool. j1:232

[5] write(ctx::MbedTLS.MD, i::Union{Float16, Float32, Float64, Int128, Int16,
<—Int32, Int64, UInt128, UInt16, UInt32, UInt64}) in MbedTLS at /home/
< runner/. julia/packages/MbedTLS/Vaaz8/src/md. jl:140

3.2.2 HPEXEA

ANEABEAMEARER RBUZIRE A RA N Z DR B AL, 1E Julia F, AT
ATDAEA struct (BHONVE SRR RE LEEMEHE, 8 struct FHERA]
PUE X —HFB, BEMAFT Julia &S AT EEEIANE KRG (6]
ZI[I Integer F Float)o Hﬂ?jﬁgﬁ struct %BZEE)EHP%XE"J, lﬂj”liﬁﬂﬂ%&ﬁﬁﬂﬂﬂ
FE A,

fan, U struct FoRH TR RITRIZIES . 1E struct HE X4
VeSS E



struct Language
name::String
title::String
year_of_birth:: Int64
fast::Bool

end

A PUEIL R struct fENSEULIRLS fieldnamesht & T ERAFRYIF :

fieldnames(Language)

(:name, :title, :year_of_birth, :fast)

BUER struct, DAOIEBANLE] (KR, FDstroct LHINFEAEES 2
REN, ﬁﬂ—FﬁﬁT, AP SEH Julia F1 Python:

julia = Language("Julia", "Rapidus", 2012, true)
python = Language("Python", "Letargicus", 1991, false)

Language("Python", "Letargicus", 1991, false)

struct kfﬂﬁ’”ﬁf*’j 36(2%{!&65( ill]% g Tuﬁ”@ mutable structo {Ellﬁ
IR, AN RN EE HEAS MR, K, RATREMERATA 25

%KIE Tjﬁﬁgo %—F;E@JE#/I\ mutable struct:

mutable struct MutablelLanguage
name ::String
title::String
year_of_birth:: Int64
fast::Bool

end

julia_mutable = MutableLanguage("Julia", "Rapidus", 2012, true)

MutableLanguage("Julia", "Rapidus", 2012, true)

45 ,_\%E& julia_mutable bR, (R julia_ mutable J& mutable struct H’J;’Jﬂ
i OZARAE AT AT

julia_mutable.title = "Python Obliteratus"

julia_mutable

MutableLanguage("Julia", "Python Obliteratus", 2012, true)

juLia FEAd

21
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3.2.3 Ai/RIBEMEIE L
EATe TR ATHSA/RIERESIE

Julia FFA =MI/RIZELT:

e ! : NOT
e 3&: AND
e [|: OR

— LB T

[!true

false

{(false && true) || (!false)

true

{(6 isa Int64) && (6 isa Real)

true

KTBUELLRR, TJulia A =R T 2H LAY

1. M5 WERISCERN 5 A

o == “*H%”
o I=af # “NE

2. /T ERIRERN NT SONTFRET

o <UNF
o <= < UNFHEF

3. RT: MERRREN KT HARTHFT

o >“RT”
o >=f >“KTETF”

Nl

1==1




juria FEAf 23

true

1 >= 10

false

AT D AR R

1==1.0

true

AT AR AR /RIs RS B E PR

(1 '=10) || (3.14 <= 2.71)

true

3.24 K

EAEES T AR SRR AN E E A struct, ATIC BB, 1E Julia B, B
g — SRS AR BRI, EHERW NAUR:

function function_name(argl, arg2)
result = stuff with the argl and arg2
return result

end

BREE B PASCHE Y function JTAR, JEREEREARR. ARTE () HENSE, X&
SR, bR, FEELERBUIRAPNERE LA E Julia XHEASLEAITHIHRIE,
BRI I R B AR R EOR BEMIER, XRAH, FA RGN
e, TERREUANRI AT A BRIESE RS, Julia (R return KRBT IR ] R 2445
o BJa, Julia PAend REEFEEREEUE o

EE— MR ER) WA

f_name(argl, arg2) = stuff with the argl and arg2

IXAEAEMNR R, HFT A E AR, RiELk, SRENE TR
ZHH 92w, REEAEMEE, S0, AT ER function KT HIEL
K. T REATE 6T
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(EfE

N R AR AR R

function add_numbers(x, y)
return x + vy
end

add_numbers (generic function with 1 method)

%—F%Uﬁﬁﬁ add_numbers E@&z :

add_numbers (17, 29)

46

EthIEH TR

add_numbers(3.14, 2.72)

534k, 3 AT DL e 28R R 0 5w R BT N, R Al —
round_number IZI%SZ, THEEBASEEAE Floates B 1ntea B TANE HIHEIE

function round_number(x::Float64)
return round(x)
end

function round_number (x::Int64)
return x
end

round_number (generic function with 2 methods)

AIER], BREAZMITIERREL:

methods (round_number)

round_number(x::Float64) in Main at none:1

round_number (x:: Int64) in Main at none:5




juria FAl 25

(BRI WERAE 32 AL AN Floats2 B 8 A% s TEPUS AN, XE
295?

ANSRARE SR T A 17 BB HCR A R 88, AR TR 228 abstract type F
yg@@(%@, WJQD AbstractFloat ﬁ Integer:

function round_number (x::AbstractFloat)
return round(x)
end

round_number (generic function with 3 methods)

PR % PR EUE F THE M7 R B

Xx-32 = Float32(1.1)
round_number (x_32)

1.0f0

NOTE: 7] DA supertypes 1 subtypes EREE B RBIRIAIL R,

5 FORIEIE] 2 AT S Language struct, JXRLE— NS TIRAMIGIT. FHH
JE base.show BRI, IXERARHTENSEAIIRIAT struct UM,

BROANBILT, struct AEAREHAER, 1EAITE python Bl FFREZRIRTIRKE, AT
PATY Language ZRUE SCHTHY pase.show 771X, DA NGRARTE S SLHITR BRI
fintho 2T IER EIR M TENGRAR T8 5 VR, PRSMIFEY. BRI pase. show %
WHRSEL, B2 10 K81 d0, 55— 12 Language AR 1:

Base.show(io:: 10, l::lLanguage) = print(
io, l.name, ", ",
2021 - l.year_of_birth, " years old, ",

"has the following titles: ", l.title

IRLEREF python YN{ATH Y :

python

Python, 30 years old, has the following titles: Letargicus
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ZiR E

— AR POR B A PAERIE,  RIEE — BT add_nuttiply:

function add_multiply(x, y)
addition = x + y
multiplication = x = y
return addition, multiplication

end

add_multiply (generic function with 1 method)

FHEUOR[EMER, HRME X

1. SIREMERERIEEL, ROV MREHEE X — MR, EARIHNTEZEMN

=
MR

return_1, return_2 = add_multiply(1, 2)
return_2

2. WATPAE X — N EREZITERIRENE, RGBT first B 1ast JiRIED
IR[EME :

all_returns = add_multiply(1, 2)
last(all_returns)

KrSH

FEERE] DR KT S HIMAR MBS, RESHEENSECEM, R
B MAEHMEES G BER DS 5 7708, BN, &3 togarithn EREL, 1%
PRIESERIAME 5 e (2.718281828459045) 1E N CHE TS, R, A MEHMER
?’éﬁ! Real, U\@?E%}J\ Integer *ﬂ AbstractFloat {E%E@Fﬁﬁ%@ﬁi}, EWW;’@@
RYMWHEL R real (Y727

AbstractFloat <: Real && Integer <: Real




true

function logarithm(x::Real; base::Real=2.7182818284590)
return log(base, x)

end

logarithm (generic function with 1 method)

HARIEE vase ZHINHBUEH 1T, XREVEEFPIHIREE T BIASE:

logarithm(10)

2.3025850929940845

A AT DA E S5 BOAMEA AR base {H:

logarithm(10; base=2)

3.3219280948873626

P4 PR

REZIEHT, BATAKOE AR, RAERE RS, FHERIFE E
AL Julia BIERYE TERPEESHEIE, Hla0, 1E6 A patarranes. jl
(Section 4) BY makie. j1 (Section 5) I, B T8 — Ik K BCR Gk B dE s &
A EIRRES X2 F BB A PR AL, S FRAT AR QI R A R R
H, FA—DHEHE in-place IBAILEH T,

EHNEZRRIE R, JFEEH -, - NEMNEXSEELHR, - ENE X T
K IEMSEGEATIRNE, BRI T, FRIZAEIT TEE R BRI X 5%
BRE:

map(x -> 2.71828182845907x, logarithm(2))

2.0

IX B map BRI EHIEE X BREL (B— 1250 MR T logarithm(2) (5B
ZASED . Wk, BAVERI THERNET, RAREEENN a8 5
M (TEEEAE R A — 2.7182818284590 ),

juLia Al 27
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3.2.5 Z&MFFIRIN If-Elseif-Else

FERZEOES T, WP ATDHEHIRE R HATH. FRATAMRAEE DU T A LHOX
— AN H, Julia I if, elseif Al else REEFHATIAREMH, TATHE
PR ZRATERAD,

if REEFIIT DRI, | RIGHRIERIEHIZERN true IZ fatse UTAHN
I, FEE AR, AT etseir HEZAD i F. BJa, W
Rt B etseif 7 SKHITEATEBIAITN true, ABZTRATAILUE SCHAMT IS, 1X
U etse KEEFRIMEM . 52T BRI R TIBREAT 4, TATLHEIF Julia
FAFIBAILL end KEEFEEH,

TR —MIEFTE if-elseif-else KEEFHIHIT

1
2

a
b
if a<b

"a is less than b"
elseif a > b

"a is greater than b"
else

"a is equal to b"
end

a is less than b

FATE R A EE AR compare:

function compare(a, b)
if a<b
"a is less than b"

elseif a > b
"a is greater than b"
else
"a is equal to b"
end
end

compare(3.14, 3.14)

aisequaltob

3.2.6 For fEF

Julia FFAYZEEL for TEINEE S 2R AIE AR IUANTETR. B for REETITIR. 2R
JG, 1A Julia 46 —HZ “9EA" BB, 546, SHAL—F, B end X
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?é}:‘b o
EEARE AN Y for FEEMEE Julia $TEN 1-10 AYECF

for i in 1:10
println(i)
end

3.2.7 while fEIR

while TEFAZ AT B Z& PFIE AR for TRIAAUEE SR, 1 while TEFAH, & 1F
N true NP —BEHITIRIME, TEES ZAIRNEAIMR, PLunite JT4R, SR
BEERN true BL false HIZRIFRIAN, EILL end KETETH,

FlFan T

n=20
while n < 3
global n += 1

end

n

ATV, FAIASAER] global KEET, KRR, FERFERH, AN
BE X BAFAE T H AR, Xl i fERER, B2 globat
KU T EVF Julia white TEIAFHY n B2 FBERIAR 0o )5, MEIMAERIAY +-
BEAZn = n+ 1 NG5,

3.3 JRAEGELS

Julia 2 RFEABHREH, ENIHRIEMEHICEIRE IR, AHRFITie
B HRBAREEN . ENTARRERS PR A7 FIZE B A R BRIV BT RS,
Pt ARRREIEIT. for FEFREEAT MW, #2 FORANTHICEAE string, Tuple, NamedTuple,

UnitRange, Arrays, Pair, Dict, Symbolo

HAE Julia FRRRRIIIEREHRGAINT, AT DUEF nethodswith PRENEF RERZUL
ZEARESHAIEN ST, Julia 75 AR AN R, QAT e Ry AR
B, B PREC R ZRTT 5, RIEFSRE nethodswi th EREUBGREIVRA S £
B, filan, EFATEE YK string MR 2L 4

first(methodswith(String), 5)
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[1]

[2]

(3]

[4]

(5]

write(fp::FilePathsBase.SystemPath, x::Union{String, Vector{UInt8}}) in
<—FilePathsBase at /home/runner/.julia/packages/FilePathsBase/4RrDh/src/
—>system.jl:380

write(fp::FilePathsBase.SystemPath, x::Union{String, Vector{UInt8}}, mode)
“—in FilePathsBase at /home/runner/.julia/packages/FilePathsBase/4RrDh/src/
—rsystem. jl1:380

write(iod::HTTP.DebugRequest.IODebug, x::String) in HTTP.DebugRequest at /
<>home/runner/. julia/packages/HTTP/aTjcj/src/I0Debug. jl1:38
write(buffer::FilePathsBase.FileBuffer, x::String) in FilePathsBase at /home
< /runner/.julia/packages/FilePathsBase/4RrDh/src/buffer.jl:85
write(io::I0, s::Union{SubString{String}, String}) in Base at strings/io.jl:
—244

3.3.1 XIBEATMIREGEIT 1%

FERAWT S EARE AT, BANFEILT T #F (Wydioy mife) . Kisi

o

Al DM RSB #5515 « () 8. () XFERIECAIEE, flan, @ #%
E1%§*%-raﬁjb.+t

(1,

2, 3] .+ 1

[2,

3, 4]

PRt BRI IX AR E SN #E.  (BOR B, BEFsBE s Sua BT ti2 i

HIXAEE,) IC5F logarithm EEELIL?

logarithm. ([1, 2, 3])

[0.0, 0.6931471805599569, 1.0986122886681282]

3.3.2 RIS ! IEKEL

B 7 — AN e SEN, 143008 Julia 5161, NIZ/ERHRZEIE

e I Pm1§J§¢H§F'1?u§Q A, CHBA RIER. SRR BT

fEeS s EA AN, BA MIFEM B9 Julia MEBARE A M, FOVEA LR
%‘ﬁ%ﬂﬂ’]ﬁﬁﬁﬁ%ﬁo

fian, AIDAE SRR, BCRR AR v RIS ITERN 1

function add_one! (V)

for 1 in 1:length(V)



V[i] += 1
end
return nothing
end

my_data = [1, 2, 3]

add_one! (my_data)

my_data

[2, 3, 4]

3.3.3 FIrE

Julia FEEFIIG S 2 FRTFRR P47 H:

typeof ("This is a string")

String

WA] U LD 2ATFAF R

text = "

This is a big multiline string.
As you can see.

It is still a String to Julia.

This is a big multiline string.
As you can see.
It is still a String to Julia.

(L =5 =38 E

g = "mn

This is a big multiline string with a nested "quotation".
As you can see.

It is still a String to Julia.

This is a big multiline string with a nested "quotation".
As you can see.
It is still a String to Julia.

juLia FEA 31



32 JULIA DATA SCIENCE

AEMA=515N, Julia BRI KRIGEENIRAT, ZXETT 7R ATEE, Eh
TR LD, (HIXE SR AT 45 £

ERELCE A

— N IR B LR AP (R EE I NN N R
SRANEE— BT TR B IXTE Julia HR] DUELT « IBEAFEL join BRELSEIN IXPF
SEERE NS NBMRIERE, FL_ WIS 2R E, DITE, T2 Julia FAHZEES
TEFAIZNT S, K E WA B AE Julia 185 W, G0 SR IRESER, 7] DA 2015 4F
GitHub EXFTEMITIE: https://github.com/JulialLang/julia/issues/11030.

hello = "Hello"
goodbye = "Goodbye"

hello * goodbye

HelloGoodbye

nEFrR, RIS B30 hetlo Fll goodbye ZIAIAYZE S, R AT « MERZHT
SMTFAFER v o DAERIN AR, (E RN DL E TN R E, R
FUE join MR ZH, PUXTER 11 FIFIF M IRITE NS RGi#:

join([hello, goodbye], " ")

Hello Goodbye

EREL

ERE TR ATRER LR E A, BATA] DUEER] w47 HRddifr 58 B0 S
LLIRE, EEKAE: TS s EFTEPRAREBESHINE, AT
SEZ BTG, SO E R T S 4 (A

"$hello $goodbye"

Hello Goodbye

EE WS R HATERF B IGE{E, [B1F] Section 3.2.5 I test PRHEL, FH
GHIEEROSE

|

function test_interpolated(a, b)
if a<b


https://github.com/JuliaLang/julia/issues/11030
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"$a is less than $b"
elseif a > b
"$a is greater than $b"
else
"$a is equal to $b"
end
end

test_interpolated(3.14, 3.14)

3.14 is equal to 3.14

TAFHAE T

Julia FHZPMRBOEHTFIFH, & TR IEIE T HREE. HINEE,
XL R HOR 2 B S IENIRIA K (RegEx)® 1ENSHL, AHREE RegEx, Nps//docsjulialang

.org/cn/vl/nﬁanual/st

ERTPAE 3%, JTHRMRIRI R Z B A TR 2 A B SOARHRE, rings/#Regular-Express
ions

B, EN—MEESEHFRTE:

julia_string = "Julia is an amazing open source programming language"

Julia is an amazing open source programming language

1. contains, startswith Fl endswith: ZRFFERER GRIA] true 3L false) IR
SHE:

o HMSHH T

l contains(julia_string, "Julia") |

true

o BB RS

l startswith(julia_string, "Julia") 1

true



https://docs.julialang.org/en/v1/manual/strings/#Regular-Expressions
https://docs.julialang.org/en/v1/manual/strings/#Regular-Expressions
https://docs.julialang.org/en/v1/manual/strings/#Regular-Expressions
https://docs.julialang.org/en/v1/manual/strings/#Regular-Expressions
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o HIMSHN RS

endswith(julia_string, "Julia")

false

2. lowercase, uppercase, titlecase F Lowercasefirst:

lowercase(julia_string)

julia is an amazing open source programming language

uppercase(julia_string)

JULIA IS AN AMAZING OPEN SOURCE PROGRAMMING LANGUAGE

titlecase(julia_string)

Julia Is An Amazing Open Source Programming Language

lowercasefirst(julia_string)

julia is an amazing open source programming language

3. replace: SMEH—RIFRA pair HIBIETS:

replace(julia_string, "amazing" => "awesome"

Julia is an awesome open source programming language

4. split: R IRIT BRIV



split(julia_string, " ")

SubString{String}["Julia", "is", "an", "amazing", "open", "source", "

<—programming", "language"]

EZiTE 1300

BANGH FHEAE Julia H 56400 K81, ATDUEA string BRIECRHET I 074 8 -
my_number = 123

typeof (string(my_number))

String

AINTEES AR KPR T, Julia TEDNTTERIEEL parse,

typeof (parse(Int64, "123"))

Int64

I 5 7 B REAS 2 U TIX LR, N IRTR AN tryparse EL, BEHRAS
parse MHRIATIIRE, (HRZIREIEREMANERE nothing, HIRATAEE e SLHHIR
I tryparse RBAFRAEM. LR, MTEZIEFENEHIXLE nothing {H,

tryparse(Int64, "A very non-numeric string")

nothing

3.34 Tt (Tuple)

Julia A —K400 Judl FIRFREEREREL, eMNa® MERST, mEECo2
Julia AEEZ GRSy, KIME—A Julia FHFHERNIZ T o A5t

TEAHREE AR RN EE KEAS. FNTHZ AN, XEKRE
KOG AREE L, RIETTAR T RR: B/ O I kfgiE, JHER , 78
BRI 7 BT -

my_tuple = (1, 3.14, "Julia")
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(1, 3.14, "Julia")

XEOE THE =MERTTH, B MEER AR, ARSI
IR, WHAR:

my_tuple[2]

WRTAGEA for KEEFIRTTTH, ERREIERTTd, EREAFESRZETH
s —AME, ENENZ AR,

IEIE1F Section 3.2.4 FIR A Z MERI R EIL? & add_nuttiply PREGR [EERY

EStR

return_multiple = add_multiply(1, 2)
typeof (return_multiple)

Tuple{Int64, Int64}

XZRN return a, b5 return (a, b) Ay

1, 2

(1, 2)

BRLERLA] AR B e Z BB 1o

KTTCHIEAE—MAE. SRGEARBIGEZ R, FRREENTA?

map((x, y) -> x*y, 2, 3)

DL ESELC

map((x, y, z) -> x*y + 2z, 2, 3, 1)




3.3.5 % Ith

AN FELTHTHEMS, XEHEA il (named tuple) 377,
ERYREEAS TTH—8: B2 AaEN, I BRI RN,

A TTHIIIE STTHIIER A AR, RESREB/BERIES ) FES | 275
o (HIEIRT 2 R4

my_namedtuple = (i=1, f=3.14, s="Julia")

(i=1, f=3.14, s = "Julia")

AT DAACAR B RS ViR a2 TR, b, IR . 85850
Vi,

my_namedtuple.s

Julia

NT R ATTHN NS, TEAE—F Julia ARG ILE) PREE 157X, Julia
MPEEERTES ) MES , ldaad, HIFREmaE. T aEmw
fEm AL RS TR, B SR Z AT ;. HHMm A THIECEE
TRPEN, s RS KRITHR, X—EXEREH:

1
3.14
Al

i
f
s 'Julia"

my_quick_namedtuple = (5 i, f, s)

(i =1, f=23.14, s = "Julia")

3.3.6 Ranges

]ulia EF'E]"J range %‘zﬂ?—ﬁﬁﬁﬁéﬂ%%mﬁzﬂﬁ’ﬂﬁﬂo 1%(2%5' start:stop:

1:10

RA7R, range SEGIRIZRALR unitrange{T}, FHH T2 Unitrange FHTLEZAL:

typeof(1:10)
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UnitRange{Int64}

RN EES 2

[x for x in 1:10]

[1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

AT DG H 2 2R AR range:

typeof(1.0:10.0)

StepRangeLen{Float64, Base.TwicePrecision{Float64}, Base.TwicePrecision{Float64
<53}, Int64}

AINAERZFHIBIARD K, XA DUEIEFE range IEAHEII K, A
start:step:stopo BIAH, RIZAHZFEIMO0F] 1, HKN 0.2 (Y Floates range :

0.0:0.2:1.0

0.0:0.2:1.0

WRERE range LM B A, ATRAREA RIS collect:

collect(1:10)

[1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

XK R — MO FE BN e R, BRARTREIEEH, TR RN IR E,

3.3.7 ¥H

AT, BHERES 2R, fild, —4E8ArTUEE2 MG

myarray = [1, 2, 3]

[1, 2, 3]

REBAFIT, WFHEREIRRH ZH I A SO, (IR ST AT
(EEENCESAES



myarray = ["text", 1, :symbol]

Any["text", 1, :symbol]

AR ERIAETT 238, FETRRZSE IR 1 Bdiafife T
(RVIERE-31 TS

NI £ P | A SN G T

AR

B DA B TG, X AR R, (EAT T 2R R R A
B IR

® Vector{T}: —4E Bl array{T, 1} B4,
o Matrix{T}: T B, Array{T, 2} A%

HERXEP 1 2EAETERRAL, HIU, vector{intea} FIRATE LR IIRBIES
7% Int64 El/‘j Vectore %ﬁf Matrix{AbstractFloat} i"%ﬂ—?—/l\Matrix, ﬁ*ﬁﬁﬁﬁ%ﬁ"]
é‘éﬁ—{ﬁg% AbstractFloat El"]?‘?'é’_j:':{o

REBIENT, FlZETERAS IR, TAMEHIR 4 4. &
TI#RZ Julia Y array 2R7, (EIZ,  w] DA F a3 735 17 W B9 TE IR AR AR vector F

Matrixe

Belris

anfer ¥xE BeHWe? ATTRITHG, BATEERRHRE T A SR, fERLEE N
T, HE R R EXAER MR, A, ERZHIBHT, XANZLHE
(o RIS AT DAZZ e b fif Y S fRT (B Y 75 TR QIR A, AT AN e 1 TR 2 B g e )
J7i%o

T Julia BAHKRHEAIE G2 BIMIES . ERTITREREN o B5H
MIRRIBHE, FROTRRBEBEEIRE, WIEaEMREZENLEE, @

FAARE SOTRWIR A EFNHERE, B undet SEUF LB EIM G A5 HAYAY,

WRFHE—TE 10 D undef Floatea L2 AIH :

my_vector = Vector{Float64}(undef, 10)
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[0.0, 6.9091356657574e-310, 6.9091356581029e-310, 0.0, 6.9091356657574e-310, 6.9
“—0913565711005e-310, 0.0, 6.9091356657574e-310, 6.90913565711005e-310, 0.0

—1

FEMERAE T R, MESREEN MRS —MHT AT, B THT
B, 4R, BA 10 17 2 51 undef TLERAVAERE LA T 77 XS B :

my_matrix = Matrix{Float64}(undef, 10, 2)

10x2 Matrix{Float64}:

6.
.90914e-310
.90914e-310
.90914e-310
.90914e-310
.90914e-310
.90914e-310
.90914e-310
.90914e-310
.90914e-310

o O o0 OO OO0 OO0 OO O O

90914e-310

6.
.90914e-310
.90914e-310
.90914e-310
.90914e-310
.90914e-310
.90914e-310
.90907e-310
.90907e-310
.90914e-310

o OO0 OO OO0 00 OO O O

90914e-310

X TR s WO R, Julia A — &8RN

o zeros KFTHTCRVIIAMN 0, ERERINEALN Floates, WNRFEFLIHEK

ENtH

my_vector_zeros = zeros(10)

[0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0]

my_matrix_zeros = zeros(Int64, 10, 2)

10x2 Matrix{Int64}:

0

(ool ol ol ool o]
ol ol ol ol ool ool



o ones REFTHTCRAMAMLN 1o

l my_vector_ones = ones(Int64, 10)

[1, 1, 1,1, 1,1, 1, 1, 1, 1]

l my_matrix_ones = ones(10, 2)

10x2 Matrix{Float64}:
alg

[ = I SN
©O O ©® O © © © ©® O

0

il

L T
O 0O O O O O o o o

0

XTHAMATTER, ATRUEAIE R undef TLRAVEH, REMHA rivt HECKAE
ZHTTREAFEAN S~ NTR B, THE—MXT 5.1 (7) BIBIT:

my_matrix_m = Matrix{Float64}(undef, 2, 2)
fill! (my_matrix_m, 3.14)

2x2 Matrix{Float64}:
3.14 3.14
3.14 3.14

thr] DA B it G : BN, X2 2x2 RYREECEA :

[[1 2]
[3 4]]
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2x2 Matrix{Int64}:
1 2
3 4

WA T HRAETE (1 15 SRTENIEERIRAL, AL, WSRABIS 215 2 A R H £
¢, (HRBUIRCRTFREL, RN N E X

Float64[[1 2]
[3 4]]

2x2 Matrix{Float64}:
1.0 2.0
3.0 4.0

IXABRENE T :

Bool[0, 1, 0, 1]

Bool[0, 1, 0, 1]

EE R DI B S A A A IPUAC B2t v

[ones(Int, 2, 2) zeros(Int, 2, 2)]

2x4 Matrix{Int64}:
11 0 0
1 1 0 0

[zeros(Int, 2, 2)
ones(Int, 2, 2)]

4x2 Matrix{Int64}:
0]

[l N o o]

0
1
1

[ones(Int, 2, 2) [1; 2]
[3 4] 5]

3x3 Matrix{Int64}:
1 1 1

1 1 2
3 4 5
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TR A R KT 2 B HEWT (array comprehension), IXF6I[%L
HW T TR ZENEN T RELF: OV ERESERAEIN, R DALHMA S S
HIHEE, VRATLATE [1 65 NS ZHITHRVE R, Flan, REIE—ME 15
10 P TTHIA &

[xA2 for x in 1:10]

[1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

[ABTEE 2 VN

[xxy for x in 1:10 for y in 1:2]

(1, 2, 2, 4, 3, 6, 4, 8, 5, 10, 6, 12, 7, 14, 8, 16, 9, 18, 10, 20]

G INEREME I ZR IR :

[xA2 for x in 1:10 if isodd(x)]

[1, 9, 25, 49, 81]

SERAH IR, RIEA]DAE (155 Al e R 2=

Float64[x*2 for x in 1:10 if isodd(x)]

[1.0, 9.0, 25.0, 49.0, 81.0]

ﬂi!ﬁ, JERT DAE R Bk Ry Q8 . BRIBGR IT RN AR TR RIPRIERTE, B
HEFEAE—E" BN, HEFRFER "aan F1 b HREKFFIFE] maabb:

"2a" % "pb"

aabb

(Rl AT DAY A R R B 2

o cat: IVETEM dins HRIBHM A AIEEH

cat(ones(2), zeros(2), dims=1) |

[1.0, 1.0, 0.0, 0.0]
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cat(ones(2), zeros(2), dims=2)

2x2 Matrix{Float64}:
1.0 0.0
1.0 0.0

® vcat: ﬁﬁ%ﬁf, cat(...; dims=1) E"Jéﬁg

vcat(ones(2), zeros(2))

[1.0, 1.0, 0.0, 0.0]

® hcat: 7}<I|Z$E3§, cat(...; dims=2) I4EE

hcat(ones(2), zeros(2))

2x2 Matrix{Float64}:
1.0 0.0
1.0 0.0

Bk

SE AN, NP REN T AW, Julia RERME TV TR
R, IXAESH P REASAS T T,

BB AR JuRRR ZAEF A AR, XRME ettype B

eltype(my_matrix_m)

Float64

THREEERG, RIREE XN BALRIYEE 4B, Julia A 2 DA TR
HEFEHIER R

® Tlength: ﬁ%ﬂ/‘lﬁ\ﬁ
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{ length(my_matrix_m) W

4

® ndims: é’ﬁfﬁﬁ"]/l\iﬁl
{ ndims (my_matrix_m) }

2

o size: MBI G0, BNAEO NRORE (L& AT A 4L T,
{ size(my_matrix_m) J

(2, 2)

TR PAfEsizeJ 56 — D SEEEEE 4R, I, 58 = Hesl):

[ size(my_matrix_m, 2) 1
2
BARSIMYIA

AN R IEEH B —#R 7y IXMTRE R M Yl R E R &
A —&R 7y, SREEFERIE—ATEE 5, IRAIRATRERR 2 R I18HEL,

= E ol = VRl (AN T

my_example_vector = [1, 2, 3, 4, 5]

my_example_matrix = [[1 2 3]
[4 5 6]
[7 8 9]]




46 JULIA DATA SCIENCE

B EnE, BREHRERNE AITTE, RARFEE (1 755 NI
#5l:

my_example_vector[2]

KT MFERITETA RN, ERDVEFR 4, HE RN e TRl #%
TRERRMTHE AT E—40). F—5 B4 KLx:

my_example_matrix[2, 1]

Julia VAT S —A Al BRJa — A TCRE LT RIRAIRBET . begin I ends
fian, ATLAGNR 75 AR R A R EECE TR

my_example_vector[end-1]

XMIER TR, AT R e R TRE—17. 58 FINTR,

my_example_matrix[end, begin+1]

EFEBA OO BN EHTTRIEGED, IS B 78, XnTPoE 85
U S8l EMERSRSIMHRAER, EFZERNES - KEOREHY 8
Fto N, RIZAEERSHEIIE NFEEIY TR

my_example_vector[2:4]

[2, 3, 4]

AU REREAERIFER S, R, X TRERE, (R E S - winl DERTSHae 4k
JERIFTETER, BN, BERGE AT TR,

my_example_matrix[2, :]

[4! 5’ 6]




X B ARSI Ry “HRBEE —ATHIRE S,
%Eﬁiﬂﬁﬂiif% begin ﬂ] end:

my_example_matrix[begin+l:end, end]

[6, 9]

B ilE

TAVE R0 B BEHm 773 B MRS 702 B TER, R
RRINBEANRANICRE, MERHES - RE:

)

my_example_matrix[2, 2] = 42
my_example_matrix

3x3 Matrix{Int64}:

1 2 3
4 42 6
7 8 9

H4h, WA DAR(ERAR ¥, EILBIh, XTI HER - RME:

)

my_example_matrix[3, :] = [17, 16, 15]
my_example_matrix

3x3 Matrix{Int64}:

1 2 3
4 42 6
17 16 15

ER, MAfEmmRmRE, XZ2EAEEHETIA IR vector:

typeof (my_example_matrix[3, :])

Vector{Int64} (alias for Array{Int64, 1})

5B MERERE R 7T U2 BORTEIR, BRIRIRA 6 DT RMIAE, EARHAR
3x2 MIRERE, IX AT UEI reshape KM, BABRIERRFHHALELE P2,
FHoR R R TR B4 58 — N2

six_vector = [1, 2, 3, 4, 5, 6]
three_two_matrix = reshape(six_vector, (3, 2))
three_two_matrix
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3x2 Matrix{Int64}:
1 4

2 5

3 6

SR U 1 SRR T, (KA DAY SUASTE

reshape(three_two_matrix, (6, ))

(1, 2, 3, 4, 5, 6]

5= ARVERER T 02 HOTR MR, XSMBRSRT ., Hbgds
) o

logarithm. (my_example_matrix)

3x3 Matrix{Float64}:

0.0 0.693147 1.09861
1.38629 3.73767 1.79176
2.83321 2.77259 2.70805

Julia FHIFUEEATAERIEM, ATDARER B P aia B AT

my_example_matrix .+ 100

3x3 Matrix{Int64}:
101 102 103
104 142 106
117 116 115

oy —RPEA R )RR B T TR nap:

map (Llogarithm, my_example_matrix)

3x3 Matrix{Float64}:

0.0 0.693147 1.09861
1.38629 3.73767 1.79176
2.83321 2.77259 2.70805

X FEAEE, nap EH A BIEEL, B4,

map(x -> 3x, my_example_matrix)
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3x3 Matrix{Int64}:

3 6 9
12 126 18
51 48 45

ETREI AR ST, AR, R R AR LRSI BAR R D RE

(x -> 3x).(my_example_matrix)

3x3 Matrix{Int64}:

3 6 9
12 126 18
51 48 45

HiR, map HIEH THEAHY) A

map(x -> x + 100, my_example_matrix[:, 3])

[103, 106, 115]

e, EHREHET, FRGHERAS SRR, WATHE R RE R B 4EE
REHTEREL, IXA] OB napstices FEUSEEL, 5 map ML, BB —PITRZ AL
BoATLREREA, MR, TWEEA dins SEEEE R TRV
&,

4N, 5 sum BREULES mapstices, BEEBEIIHHETE AT (dins=1) FI5 (dins=2):

mapslices(sum, my_example_matrix; dims=1) |

1x3 Matrix{Int64}:
22 60 24

mapslices(sum, my_example_matrix; dims=2) 1

3x1 Matrix{Int64}:
6

52
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Bz

HOLAIRCER BB for TRPRIEACEKAL, AT REHRY for TRIAZIBAIBIIITR
LIRSS AMEIE =

simple_vector = [1, 2, 3]
empty_vector = Int64[]
for i in simple_vector

push! (empty_vector, i + 1)

end

empty_vector

[2, 3, 4]

A, RABZERBANE MR, MR2IENREMARS oM
eachindex PRIEEN G for TRM RISV EEALR ],

Ra, AR AR T

forty_twos = [42, 42, 42]

empty_vector = Int64[]

for i in eachindex(forty_twos)
push! (empty_vector, i)

end

empty_vector

[1, 2, 3]

?’:EJ:W'J':F', eachindex(forty_twos) E@ﬂli&lﬁlﬂ’ﬂ% forty_twosﬁ/‘]%gl, Eﬂ [1, 2, 3]0

U, AT DOEAERE, AR for TEIARE RN Z5eE1T. EE e
F1HWFTAITR, NBEATMERE—1T, REXE 2 S TRAERNES, '
FIETERT B,

HTAELMBREIB S GRS ERFI BRRES R, Tulia 25+ srm—se
S TEGE” B SET7 BE R 18— B 7T AE T TR 12 B O B R A AT IS, St a4
XS, 5162 IR e o bk, i

AL, &EBW NHIBIT
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column_major = [[1 3]

[2 4]]

row_major = [[1 2]

[3 4]]

SR R SIS e 7y SRR R, IRASE R — AP H:

indexes = Int64[]
for i in column_major
push!(indexes, 1)

end

indexes

[1, 2, 3, 4]

SR, AN AHAth T S BRI &, RS RIS NZ AP0

indexes = Int64[]
for i in row_major
push!(indexes, 1)

end

indexes

[1, 3, 2, 4]

W B RITRR, R TIX LA (R A R L

® cachcol: 96%%%55”fiﬁﬂﬁ§f%

l first(eachcol(column_major)) 1

[1, 2]

® ecachrow: 5‘6/&%??73 ﬁ%ft

l first(eachrow(column_major)) |
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[1, 3]

3.3.8 Pair

S5EXEANBRETHEIE, XT Pair NETTRZREN, rair R—MEEMN
MRS (—BE T o £ Julia 1, "] MER LI MRIEERAE

Pair:

my_pair = "Julia" => 42

"Julia" => 42

ﬁﬁﬁﬁ%ﬁ%u@ﬁ%ﬁ?ﬁ& first ﬂ] secondo

my_pair.first ’

Julia

my_pair.second ’

42
S AR ER first
il last HIEFH T HMLE
el e &, PR EIL R
B, (ERERIT, (0 rirst FI Last BEES: &, Fi

{first(my-pair) ’

Julia

last(my_pair) ’

42

pair | 12N T B IR E A AR rT AL, AR pataFrames. j1 (Section 4) #
Makie.jl (Section 5) B 17 ¥ = 1E F 227 BRI FH 2 & RN SRR pairg
Bl4n, 7£ patarrames. il IX—&, AJDABRE| :a = :b WHIEER :a E@HN bo
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3.3.9 FHL

WATVRBER T 202 pair, BRAFEAR vict WASHECONMAIRL, SKEhRE, pict2 N
(key) EH (values) [FILE, BRETHYEZREURDE, WIRIRA vict fRAL—LE4E, KR
J& pict REFE S IRVRITLEEJE TIXLEHE, key I value AT DUBAEAMZRAY, {H ey 1@
T,

Julia A RIS pict TR, S8 —FP 2 pict *@i%%g{:giiﬂﬂ (key, value) JC
ZH AL B T B

name2number_map = Dict([("one", 1), ("two", 2)])

Dict{String, Int64} with 2 entries:
"two" => 2
"one" => 1

A —MRRMEE NS, EET ERRIN rair 288, BIHRTPAM] Dict
*’Qiﬁ%%ﬁéii%éﬂ key => value ﬁﬁﬂ"] Pair:

name2number_map = Dict("one" => 1, "two" => 2)

Dict{String, Int64} with 2 entries:
"two" => 2
"one" => 1

FEFIARRE key PEAZR G BITATRRRE] pict BY value:

name2number_map["one"]

ARSI E, IR cey 7E9 pict INERS], FHEHABEIZERT
jﬂﬁﬂfME value ©

name2number_map["three"] = 3

ATLABER keys Fl in BB pict BEARIEH] key:

"two" in keys(name2number_map)

true
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A DA R detete! PRIEUHIBR key:

delete! (name2number_map, "three")

Dict{String, Int64} with 2 entries:
"two" => 2

one" => 1

B, AILAMER popt PRELAEIR [AIE M HHIFREE:

popped_value = pop!(name2number_map, "two")

fm?’j—:, name2number_map NE— key:

name2number_map

Dict{String, Int64} with 1 entry:
"one" => 1

DataFrames. jl (Section 4) HHYEHEIRIER] makie. j1 (Section 5) HHHELHE AT AL
WHEITRZ victe Bk, THEMHEARIDRE 2D EE,

BANEE —REAERE R vict EFE, BORER N HE,
‘:L%f_‘/l\ Dict, EH;H\:FP_“/I\{/EjE’ key, %*/I\ﬂzjﬂ valueo %B/AEJU\@H% zip IZI?SUI%

PADRR KRG 2k GRGTHBERAE) :

RIE R ENZ

A = ["one", "two", "three"]
B = [1, 2, 3]

name2number_map = Dict(zip(A, B))

Dict{String, Int64} with 3 entries:

"two" => 2
"one" => 1
"three" => 3

flan, HRSEy 3 BTN

name2number_map["three"]
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3.3.10 Symbol

synbol SEFR_b FEARE —REURLI, BB R, H B HAT HROIT 7,
55| SUESCARFRFEARR, syvol KBS (2) FF4AH BT DAEE ThlZk:

sym = :some_text

:some_text

A DAEARHIAS synbol BRARNTAFER, ZIMA:

s = string(sym) ]

some_text

sym = Symbol(s) ]

:some_text

1%)5?] Symbol H"Jﬁ%ﬁ%%’/b%)\—ﬁ\?ﬁ, EI] :some_text *HXﬂLﬂ: "some text" o
DataFrames. jl (Section 4) HHUEHEIR/ER] makie. j1 (Section 5) HHAELHE AT 4L

3{%%%&% ;ZélJ Symbole

3.3.11 Splat JBHFF

Julia A —F splatting BHEAT ..., BEHH TEREOH AN SE¥H, £
BB A BRI B, BAUE/REAE I R LE R BN AT spratting o

%éﬂﬁ”%ig splatting%%ﬁiﬁﬂ@ﬁﬁéo ﬁ[ﬂ:E/‘J add_elements @éﬁﬂ%{*’é}\ﬁ’ﬂz
NSEE:

add_elements(a, b, c) =a +b + ¢

add_elements (generic function with 1 method)

WE, WA= RMRNES, —AMEnN T RE, FRAEN="17T
R MBI EHSE, WRR:

my_collection = [1, 2, 3]

add_elements(my_collection[1], my_collection[2], my_collection[3])
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ETREMBITIZRES ..., ERFER-IRE (EFNZEE, mi, o, =
range) FRFHEM NS LT

add_elements(my_collection...)

LEEN . ATRESERENSEFI, X T L6y, Wit ASHETT
E:

—_—

add_elements(my_collection...) == add_elements(my_collection[1], my_collection
<>[2], my_collection[3])

true

EATIE, %5 Julia fERBOA AR ABL T RITIZEA, B2 e RKIzRATATH
LMD —HIESDRIBEIFI,

XMIE T range J84Y:

add_elements(1:3...)

34 XMHRSZ

TERHERI AT, RZHINEAZMERRN, TTRESHZA, BdE, &g,
K%5%E, X—VINEEHZ BERSE (0S) MXFRS, fEeEm iR,
HIBITIE AR RERGIN, MHENRER G A L. A2g,
FOFARZII, — M EUNEREAFRRGNHA A EHX, XT Windows /2
C:\Users\john\, ﬁrﬂ‘Xﬂ‘:‘F Lil’luszI%/home/johno ﬁ?jﬁ%ﬁﬁ'lé\ﬁ‘i@ i{*%gﬁfifi
gk IREZE,

Julia HAE T BEAFERERFZESR: FIDIEE, IX—HB3 LT Julia BOLE sase
El/‘] Filesystem6 *ﬁﬁ%o

Y TEA CSV, Excel XA H A Julia FIAR, 15 CILEENSIZTT A
FRERGNISUERSGE Lo XA PAE joinpath, @__FILE__ Fl pkedir EREERAR
*fj—lo

® https://docs.julialang
.org/en/vl/base/file/


https://docs.julialang.org/en/v1/base/file/
https://docs.julialang.org/en/v1/base/file/

BRI ARSI, ATCUMER prgdir IREVEAIMRE . BIAN, T HRA K
A3 Julia Data Science (JDS) fi:

/home/runner/work/JuliaDataScience /JuliaDataScience

bR, FSRA AR BEIARABIZITAE Linux N b, TECERBIAR, AT DA
FAN R 75 I IA S A T A

root = dirname(@-_FILE__)

XWE&mL MM A2 ENS G Julia B RTER, #aTEE, JTCIebL julia
—scripts/script.jl iy julia script.jl ﬁﬁﬁiﬂ$§$, Wﬁ@ﬁﬁ(ﬁﬁ@ﬁ"]%
RER 2R,

PRI root BIIASIIFRIMT 1R, RN RBIIRIERGERAARRE TS
KAHARFCERAEN B (—EERARUL /, M55 —EERRBHL ), B
ANRETAT BB IS P AT IR A root BRIR S SRR BE1R, R RR ZAE
joinpath BRIEL, ‘ECRARAERIE RIS RGUSEIN, SRR A 77 2R R AIAH
XS BRI S 4o

MBI H H &P FAE— D40 my_script. jUHIBIAR. my_script. j1 SCAFEGIRAVEE
HSRIn RRR:

joinpath(root, "my_script.jl")

/home /runner /work /JuliaDataScience/JuliaDataScience/my_script.jl

joinpath HEEALH F-HIk, £ FRZE—FEEEE, THERPE 14
N datay FIF 2R, S d G — AN my_data.csv [ CSV SXHE, [RIFREHD,
I my_script. j1 SO R O EEHSZFIAN R AR :

joinpath(root, "data", "my_data.csv")

/home /runner /work/JuliaDataScience/JuliaDataScience/data/my_data.csv

KRNI, EOVEREN IR KA R A

3.5 Julia FRUESE

Julia #16 FERGRUEE, A Julia KZATRRESR] AR L%, SEE HAHE
FIN—VIES, BIAnER, BARGFSIFE RS, 56 R IR el of 4T,
T ER AR G A BIFRBE

XA] PAEI using B import P, ARAHEAHFH using S YNAVEE

juria Al 57
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using ModuleName

Ti#tﬁiﬁiﬁ%f’ﬂﬁ, ?ﬂcﬂw\ﬁiﬁﬁ ModuleName *ﬁﬁﬁﬂ@@léﬂﬂ?@ﬁ!o

351 HI

T RO AL B H HIAN N B AE BEE R AR E E, IEAITE N AERE Julia?
(Section 2) WITICHIARFE, Python H'HY pandas i B H CLHY datetime ZEHYAE
HH, RIESH TidyVerse [ wbridate BHAHZMM, BEHEXTHIN
datetime ZRALRACIE H I, 1E Julia XA, AFREWT H K HIIZH,
N Julia bREERH — DN pates BYHHIA BRI,

BRI pates BREN TAE M-

using Dates

Date and DateTime Types

pates FREEFERRERA PIRIAEEE H U1 Y.

1. Date: R PAR N BAAL A IS AT AT
2. DateTime: ﬁ%u%@?ﬂiﬁﬁ’ﬂﬂﬂﬂo

HJ3E pate Ml pateTine HYTTTESE, MIBMTEREERTRE, H, H, NHEE
FFEEL

{Date(1987)

1987-01-01

[ Date(1987, 9)

1987-09-01

{Date(1987, 9, 13)

1987-09-13
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DateTime (1987, 9, 13, 21) l

1987-09-13T21:00:00

DateTime(1987, 9, 13, 21, 21) l

1987-09-13T21:21:00

WEHIAS K, 1987 4£9 H 13 H 21 5 21 73 IER$E—1E# Jose WE 7 HAE
Al

HR] DA BRIAAG 1E BB Period 287U, XTFIEMNIKBL, period FRBRIN ]I
FMFR, Julia B pates B U RAY period TR T

subtypes(Period)

DatePeriod

TimePeriod

EAS N N RASEE, I R e REE R A S BYI:

subtypes(DatePeriod)

Day

Month

Quarter

Week

Year

subtypes(TimePeriod)

Hour

Microsecond
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Millisecond

Minute

Nanosecond

Second

R, thEELAL 77 3 U93E Jose BB T HIZEI TH]:

DateTime(Year(1987), Month(9), Day(13), Hour(21), Minute(21))

1987-09-13T21:21:00

J7% 1k Dates
ZEIENT, BATRSNEFFIAEIGIE vate B pateTine /Ml EBR - ATREZ ¥
FHFERFHME N pate BR pateTime FHY,

Date FI DateTime A4iEi %% A] AU — DT FATEE RIS N7/ &, filtn, FoR
1987 £ 9 H 13 HIFRFE "19870913" AIHEFHIE N :

Date("19870913", "yyyymmdd")

1987-09-13

ERES AR AN FBRRTR, MUALRRE y, FRENMAE
AH n, MRERVETRRA J

ﬁ&iﬁﬁﬁﬂ: DateTime H’JE{I‘IEHEX‘

DateTime("1987-09-13T721:21:00", "yyyy-mm-ddTHH:MM:SS")

1987-09-13T21:21:00

A] PATE Julia pates” documentation” 1 #2821 H #AMZ R, A RIHEO T ER
NSO, FRATAEACEE HHAFTIN A BN 2 XA

7 https://docs.julialang
FR4E Julia pates” documentation®, 4 LTI JLIRI, i pate(date_string, -f’;%e“/_‘g/“;”ib/])ate
fornat.string) 7KL DU, AT, WIRAEABARIIMAM s |7
TR, T8 BRI 77 R SE O vateFornat K, SRIFHEHEITUTI AR ora)on /vt <rdlib/Date

i) SR e S N =1 1]: 91 R s/#Constructors


https://docs.julialang.org/en/v1/stdlib/Dates/#Dates.DateFormat
https://docs.julialang.org/en/v1/stdlib/Dates/#Dates.DateFormat
https://docs.julialang.org/en/v1/stdlib/Dates/#Dates.DateFormat
https://docs.julialang.org/en/v1/stdlib/Dates/#Constructors
https://docs.julialang.org/en/v1/stdlib/Dates/#Constructors
https://docs.julialang.org/en/v1/stdlib/Dates/#Constructors
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format = DateFormat("yyyymmdd")
Date("19870913", format)

1987-09-13

B, EABERMERERIIGOLT, MHTITE T I EATER dateformat”. .. "

Date("19870913", dateformat"yyyymmdd")

1987-09-13

RIRAWIER

R 5 M pate fil patetime M RHREAHEE R, &L, CQE— D AKBHEN
SR

my_birthday = Date("1987-09-13")

1987-09-13

RGP PAM my_birthday FHREBUEMIAEZERIE R :

year (my_birthday) }
1987

month(my_birthday) }
9

day (my_birthday) }
13

Julia f) pates BHABIRAL T IR MIETCAH I E & PAEL:

yearmonth(my_birthday)
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(1987, 9)

monthday (my_birthday) l

(9, 13)

yearmonthday (my_birthday) l

(1987, 9, 13)

AE T RZ H R — RIS T LR AN At BERT A -

dayofweek (my_birthday) l

dayname (my_birthday) l

Sunday

dayofweekofmonth(my_birthday) l

2, Jose tHATE 9 HIEE 2 MEMH,

NOTE: i1 N2 —" MM pates SERIHHEE T AE H B EREFR R AT dayofweek (your_date
<) <= 5 filtero HATLAMH BusinessDays. j1° BT T/F HAHZ9#RE, 9 https://github.com/]

uliaFinance/Business
Days.jl

HIYIAE

AT pates SEGIEATZ A0 845, 40, ATPARF—A pate B patetime SEAIHE AN
K R, Julia B pates ¥ BN DU 30 REL 31 KAYH T4
TR OXF8 B EAR).

my_birthday + Day(90)

1987-12-12



https://github.com/JuliaFinance/BusinessDays.jl
https://github.com/JuliaFinance/BusinessDays.jl
https://github.com/JuliaFinance/BusinessDays.jl
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(NI IEZUSN I IEZUP S

my_birthday + Day(90) + Month(2) + Year(1)

1989-02-11

AJREVRABRIIE . “IEREFH pates MEE T 4.2 A WRLERT YA IL? 7, WIa] DAE A
methodswith FEZRIXLE T 1%, 1% B E/RAT 20 2455 :

first(methodswith(Date), 20)

[1] show(io::10, dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
<~—rshare/julia/stdlib/v1.7/Dates/src/io.jl1:736

[2] show(io::I0, ::MIME{Symbol("text/plain")}, dt::Date) in Dates at /opt/
~—hostedtoolcache/julia/1.7.3/x64/share/julia/stdlib/v1.7/Dates/src/io. jl:7
“—34

[3] DateTime(dt::Date, t::Time) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64
—>/share/julia/stdlib/v1.7/Dates/src/types. jl1:403

[4] Day(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/share/julia/
—stdlib/v1.7/Dates/src/periods. jl:36

[5] Month(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/share/julia
—/stdlib/v1.7/Dates/src/periods. jl:36

[6] Quarter(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/share/
> julia/stdlib/v1.7/Dates/src/periods. jl:36

[7] Week(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/share/julia/
~—stdlib/v1.7/Dates/src/periods. jl:36

[8] Year(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/share/julia/
~—stdlib/v1.7/Dates/src/periods. jl:36

[9] firstdayofmonth(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
~—rshare/julia/stdlib/v1.7/Dates/src/adjusters.jl:84

[10] firstdayofquarter(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x6
<4 /share/julia/stdlib/v1.7/Dates/src/adjusters. jl:157

[11] firstdayofweek(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
~—rshare/julia/stdlib/v1.7/Dates/src/adjusters.jl:52

[12] firstdayofyear(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
<~—rshare/julia/stdlib/v1.7/Dates/src/adjusters. jl:119

[13] lastdayofmonth(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
~—rshare/julia/stdlib/v1.7/Dates/src/adjusters. jl1:100

[14] lastdayofquarter(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64
< /share/julia/stdlib/v1.7/Dates/src/adjusters. jl1:180

[15] lastdayofweek(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
<—share/julia/stdlib/v1.7/Dates/src/adjusters.jl:68

[16] lastdayofyear(dt::Date) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
~—rshare/julia/stdlib/v1.7/Dates/src/adjusters. jl:135

[17] +(dt::Date, t::Time) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/share
<~ /julia/stdlib/v1.7/Dates/src/arithmetic.j1:19

[18] +(dt::Date, y::Year) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/share
<~ /julia/stdlib/v1.7/Dates/src/arithmetic. jl:27

63
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[19] +(dt::Date, z::Month) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
~—rshare/julia/stdlib/v1.7/Dates/src/arithmetic. jl:54

[20] +(x::Date, y::Quarter) in Dates at /opt/hostedtoolcache/julia/1.7.3/x64/
<~—>share/julia/stdlib/v1.7/Dates/src/arithmetic.jl1:73

H_ERTAL, HAEEEATIN + AR - IBRAT, IEFRNTEF Jose KR, PARNEAAL:

today () - my_birthday

13414 days

ate SR BRINFEGUHIAD 2 oay S, TRIT vaterine 27, BRIAFFLAM L
Millisecond ﬁ%ﬁmo

DateTime(today()) - DateTime(my_birthday)

1158969600000 milliseconds

HIIX )

KT pates BRI —NEFALZ, 7TV IE HIPAIN B XE], Julia 20
HEAA, RN 257E XAE Section 3.3.6 HITIGIYREN X AR BUAIIRME, BEHFE
BN range & I BRERIHRIEY REE pate K8, XELRTE WA AIEEE Julia?
(Section 2) TR I Z EIRKZ,

fan, BIRABZONE — vay X[Al, IXA] URAAHIBEIL 'S 5 : 1IBBAFS:

Date("2021-01-01"):Day(1):Date("2021-01-07")

2021-01-01

2021-01-02

2021-01-03

2021-01-04

2021-01-05

2021-01-06




2021-01-07

5 pay (1) TENEIRGIR A T2 ReBI0, AT DA (LR period JEBE 1E VRIS,
tean, fEH 3 RAIEIRIRE:

Date("2021-01-01"):Day(3):Date("2021-01-07")

2021-01-01

2021-01-04

2021-01-07

XeE#HERAM:

Date("2021-01-01"):Month(1):Date("2021-03-01")

2021-01-01

2021-02-01

2021-03-01

E%, ii(ll\lz‘rﬂm%ﬂ%ﬁlﬁ Date ﬂ]ﬂﬁ; Period ;@lﬂmstepRange, ;H\:':F' Period
TR :

date_interval = Date("2021-01-01"):Month(1):Date("2021-03-01")
typeof (date_interval)

StepRange{Date, Month}

ATDABER cottect BRIECRI BRIy Mk :

collected_date_interval = collect(date_interval)

2021-01-01

2021-02-01

2021-03-01

juLia FEf 65
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HBA =R R ELTRE, BlanRs51:

collected_date_interval[end]

2021-03-01

AT PATE pate (A1 S HIPHRIER) ™ §:

collected_date_interval .+ Day(10)

2021-01-11

2021-02-11

2021-03-11

A, XL FHIEH T vatetime A,

3.5.2 FEALEL

Random R 2 55 — BB Julia ARIfEERE IR, IXMESLH IR 2 A4 BEHLEL
Randon SENREEE M, WNISRE4ER, RJDAB] A Julia’s Random documenta-

tion'0 TR 2 EE, # Nk R IHE=/1EEC rand, randn fll seed!o 0 https://docs.julialang
.org/en/vl/stdlib/Ra

ndom/

E}Fﬁﬁﬁﬁ, gf‘ﬁ%‘]\ Random *ﬁﬁ%e %*ﬁﬁﬁif@%‘]\fﬂ{ﬁﬁﬁ H"Jﬁ%

using Random: seed!

FEH WAERBEILEL A%

o rand: TERAFPEIEAFY R e HIBEHLIHEE,

o randn: TERMEIES MG CFIME 0 FIFRIEZE 1) HHBEALFE,
rand

BINER T, AT ZECIEA rand, IBAEBMESIRE—MZTIXHE [0,1)
f Floates REMLEL, ZIXHFRBENIEHEEREZ 0 (&) 21 GEER) ZM:

rand()

0.6070024145662858



https://docs.julialang.org/en/v1/stdlib/Random/
https://docs.julialang.org/en/v1/stdlib/Random/
https://docs.julialang.org/en/v1/stdlib/Random/
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AT CAGE R 2077 SUEHT rand (BHL IR, BERGZ MR

rand(3)

[0.5487241005162437, 0.2083075356176668, 0.3643483123672302]

BH,  ABTEAN A A DX TR A -

rand(1.0:10.0)

8.0

WA PAEIX R ER K, HZE ] DEARRPSEA R, XEERAT A . W
7, Al Julia K EN RN 1ntes MIASE Floates:

rand(2:2:20)

14

A IH S FITE RS 4L

rand(2:2:20, 3)

[6, 12, 10]

EIE S RTREM NI TTH

rand( (42, "Julia", 3.14))

Julia

SR :

rand([1, 2, 3])

KERT AR pict:

rand(Dict(:one => 1, :two => 2))
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tone => 1

BRJGEINEH] rand ZEOETUZ, AT THEEREVIERIL4ERE, RHTIE
BefE, M2IREIRRLG TN, BN, W2 1.0-3.0 HHY Floates AL
B T 2x2 FERE:

rand(1.0:3.0, (2, 2))

2x2 Matrix{Float64}:
3.0 2.0
3.0 3.0

randn

randn IG5 rand AHIRIAYAE AR, (HIREE FOREIM bfESMA A
BENLEL, AREIES AR FAIME 0 MIAMEZE Y 1 INIESME, HERARADY

Floates, FFH EIESZ abstractFloat BY complex HYF2H:

randn ()

0.21451483896752419

ATDAXFEE RN

randn((2, 2))

2x2 Matrix{Float64}:
-0.471473 -0.59437
0.684233 0.286052

seed!

1E Random HEIRIEE BHT 5y, FAHETRITIC EMME, FRMNEEF LI HRE
% A, XERE, BENIECE RS Z R A A RIBENLE)T 5, X AT AIE
f@b seed! IZI#(;EJ

seed! (123)
rand(3)




[0.521213795535383, 0.5868067574533484, 0.8908786980927811]

seed! (123)
rand(3)

[0.521213795535383, 0.5868067574533484, 0.8908786980927811]

TE—Le i, TEMIAT LA seed! BABIFM, N T HER rand BY randn K
PR, IRAPI DIRNE X —1 seed! MYSER], ARG EAEIEL rand B randn
HE—1NZE,

my_seed = seed!(123)

Random.TaskLocalRNG()

rand(my_seed, 3)

[0.521213795535383, 0.5868067574533484, 0.8908786980927811]

randn(my_seed, 3)

[-0.21766510678354617, 0.4922456865251828, 0.9809798121241488]

NOTE: R, MTARRKMRA, XEBTFRIRER A AR, & EERNRRRRA
PISFEMIBEHLEGR, THEH stablernGs. j1 &,

3.5.3 Downloads

Ba—NEIIEH Julia FRUEZESR Downloads B, IXERMAEY IR, [KHHE
(_‘{i/l\g@& downloado

RS AEEE INEHR b RS RIAHE, X AT DAATIE download PRIAXSEE, fRfdl
BIFOLR, UNFRE NS, IR R url, JERTDHEESE N SHEN
PE RS (AERIEXHERFNRESLER!), WRMEER NS
B, BNEGE, Julia ¥6EH tempfite BRECEIE — IR ST,

E%E‘r)\ Downloads *ﬁﬂ{

using Downloads

juria FAl 69
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B4, FE sutiapatascience GitHub B2 f project. toml XA, TER, Downloads
BRI FH download l%liﬁ, (Rl M 5 22 TR S vodule. function o BRIATE L
T, BRE—DMEE TEC A B R R F R

url = "https://raw.githubusercontent.com/JuliaDataScience/JuliaDataScience/main/
~—Project.toml"

my_file = Downloads.download(url)

/tmp/jl_sD1BE4

ATDAEH] readlines BH NECCAFRIRTIAT:

readlines(my_file)[1:4]

4-element Vector{String}:

"name = \"JDS\""

"uuid = \"6c596d62-2771-44f8-8373-3ec4b616ee9d\""

"authors = [\"Jose Storopoli\", \"Rik Huijzer\", \"Lazaro Alonso\"]"

NOTE: X T HE Z:t) HTTP % EILAE, IS web APIZSH, 1§ urre. 112 " hitps://github.com/]
f1 uliaWeb/HTTP,jl


https://github.com/JuliaWeb/HTTP.jl
https://github.com/JuliaWeb/HTTP.jl

4 DataFrames.jl

Bl 5 DARASAE N i, RS, BdRm EESTMAIRNRAR, 5
W BAMRRNSERE, M TEIEREIAR, LhRE, TRRUNE,
IR R, B, BAIE—PHEATERE, HPEESe T R EE M
RS, 03 4.1 FRo

Table 4.1: TV shows.

name country  rating
Game of Thrones  United States 8.2
The Crown England 7.3

Friends  United States 7.8

BEAL B S FORIXZ KRR KR, ERER T D8IT. EofridEl,
BANEHE R — L X T EARR AR R, X ARy B, R,
THHRMIREDS LL T T A S Pt m e A, — 2= Bmaiy mRAgf 740 h

o WEASEEALYT H PP R i?
o WRLEFLANT H B L EHIE?
o WRLEELALTT H BAHRIRE S 1E?

B2, TEANIRAR, SERRRIRAEE M Z KRS e NIRRT, B,
GUERBATHA H AN B FEALST H PR B (R 4.2):

name rating Table 4.2: Ratings.

Game of Thrones 7
Friends 6.4

PAE NI BERSHE H DA R] R -

e 77 H Game of Thrones FJ IR 2227072
o XY Friends & 1 f &Y PE5?

o WFLEYT HIRIES T, HEAMARKE?

EARZRTHRER A, BATRE RIS D) Julia KREAAHE A ZX LA, K]
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Ieit, BRI ATRE Julia £ ataFrames. j1o N 19 RF 7R AAT {8 FH I O
e R R A 2 S PRIE R AL 90D (Section 4.9),

HAEEBUW NHMSIER & 4.3
name age grade_2020
Bob 17 5.0
Sally 18 1.0
Alice 20 8.5
Hank 19 4.0

H A name FAIZEAIN string, age Bty integer, M grade bl Ei ]

floato

BEHAT, AR T Julia FUFRATR, IXLEEMREWCERZ R, [HA
REACFER, B, N 7R EE IR TR0/ FA% Bdfa 17 i

e

function grades_array()

name = ["Bob", "Sally", "Alice", "Hank"]

age = [17, 18, 20, 19]
grade_2020 = [5.0, 1.0, 8.5, 4.0]
(5 name, age, grade_2020)

end

e, BRI AL, SAEMTIREERER, XA IR R

function second_row()

name, age, grade_2020 = grades_array()

i=2

row = (name[i], age[i], grade_20206[i])

end

second_row()

("sally", 18, 1.0)

BH, WRIRTT Alice FINRST, HILHEFFHE Alice FRTERITT:

function row_alice()

names = grades_array().name

i = findfirst(names .== "Alice")
end
row_alice()

Table 4.3: Grades for
2020.
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R RS EIK S

function value_alice()
grades = grades_array().grade_2020
i = row_alice()
grades[i]

end

value_alice()

DataFrames. jl ﬂufﬁﬁ%ﬂﬂ%fﬂlﬁt%rﬂ%ﬁo ﬁf‘ﬁ@ﬂgj using 7][]7}32 DataFrames. jl :

using DataFrames

JEIT patarrames. j1, FRATATLAE X patarrame SRAZABRIGEHE :

names = ["Sally", "Bob", "Alice", "Hank"]
grades = [1, 5, 8.5, 4]
df = DataFrame(; name=names, grade_2020=grades)

name  grade_ 2020

Sally 1.0
Bob 5.0
Alice 8.5
Hank 4.0

RIEALIR I & o DAFASHE A7 B LR,

NOTE: IXZ2r1TH, (ERMNFELRZ—HE, EREF, BITE2BIEREK
TEN TAL & name, grade_2020 Fl df, XG0 AT E 17 RIFMEHBOX LA
B, MRBRMNRESUZIXET XA, BoRMNSEREENHE LG MR, B
HZ5 B name HAYEHE AN N, HBEIE T DataFrame 5[A]! ZE & name Fll grade_2020 AN
MIZFFAMARTE! BE, R —F, BRIESELRBHZIRIEK grade_2020, 1
RABHE PDF 3, LA REERETRHEENAA,

] DA FH BRECAE AN AR R L 2R R R

LEFRATME Y R E8 e AR RI R 5 A -

function grades_2020()
name = ["Sally", "Bob", "Alice", "Hank"]
grade_2020 = [1, 5, 8.5, 4]
DataFrame(; name, grade_2020)

end

grades_2020()
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name  grade_ 2020

Sally 1.0
Bob 5.0
Alice 8.5
Hank 4.0

(33%&, name ﬂ] grade_2020 éﬁ@ﬁ(ﬁ@)ﬁ%ﬁ%&, Eﬂ?ﬂ”ﬂﬁ@gﬁlﬂpﬂ}ﬂo ﬁ*i{m
EEMDAL, B, B n] UEWHE F] name M1 grade_2020 HIERTA: BT
J&T 2020 gk, HIR, RABEARPIETHITHE grades_2020() AU,
B, wTDLRBUREIRG L & of:

df = grades_2020()

name  grade_2020
Sally 1.0

Bob 5.0
Alice 8.5
Hank 4.0

oA af N :

df = DataFrame(name = ["Malice"], grade_2020 = ["10"])

name grade_ 2020

Malice 10

i BTSSR RE RS TC A1k A2 25 -

df = grades_2020()

name  grade_ 2020

Sally 1.0

Bob 5.0
Alice 8.5
Hank 4.0

SR, AR EHTE R, BAHEABHRIEAZIZAM, FHNIXZ2
FERREREIUME, Tl R B Rk, T2l — D EA U AFRETH R
e

I, [A12] patarramesiiE a5, WIRATIL, BT EER R M RIENSEULHS

Table 4.5: Grades 2020.
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DataFrame & &R, FRA] AZGTE A ETER Julia M5, FFH RERBEREHR,
FUREAIIHIIE patarrane, EEMIAIE, Unicode FFSHIEMZRAIAIE R AT LL:

DataFrame(c = ["a", "a", "a"], & = [n, n/2, n/3])

o )

a 3.141592653589793
1.5707963267948966
a  1.0471975511965976

V)

W, EEREHROERBORTUE NS NMEM T patarrane KRR H4N,
A DA B ORI — DB Z A names HYET :

function grades_2020(names::Vector{Int})
df = grades_2020()
df[names, :]

end

grades_2020([3, 4])

name  grade_2020

Alice 8.5
Hank 4.0

{5 FH PR ROR B AT RERVIZ M X, ERMREIES PRI, &AL,
RA] DA Julia A1 pataframes. j1 B FEARBAIR LS EAHEAE 7AH @H
9 R, IR A] DAE ARl b S — 42 K¢, EAriX G+ (EBIX
SRR, JRAT DA S EAR D ATIAA, Pl as ASUEMIRE A IERIZR TS,

BEHA, BTYAEARS], XL FEAEE RO, SR A
DataFrames. jl EPJJD?HM%???&?E, D{&ﬁ?—%ﬁklﬁ@%$ﬁﬁ%o

4.1  NEFRAE S

ANAE Julia B2 EGEIEF B BIRE, 8507 ZRE IR FEE,
e, AN IS UAAFAE S SIS A MR RIS B, FRATTEE R CSV
1 Excel X2 i i MEEHE A& X, 77512 UL Section 4.1.1 1 Section 4.1.2,

411 CSV

Comma-separated-values (CSV) X2 AEH ARBIRE 877, CSV 3t
MEHM SR SEAWRIES. B9, BNV RIIREE, BEHE
SRR EE, HE TR SRR R4, itk B CREA
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“esv” YRS (BN “myfile.csv”) RIFXXM. N TR CSV XA, &

I csv. 1 A

julia> ]

pkg> add CSV

HHEE AT IA:

{using Ccsv ’

PR R] i FH 2 T RS0 -

{grades_ZOZO() ’

name grade_ 2020

Sally 1.0

Bob 5.0
Alice 8.5
Hank 4.0

FAEE NG WS AR

function write_grades_csv()
path = "grades.csv"
CSV.write(path, grades_2020())

end

path = write_grades_csv()

read(path, String)

name,grade_2020
Sally,1.0
Bob,5.0
Alice,8.5
Hank,4.0

ESOEREE E CSV BlaAs A —NMFAL: BT DA i B X SCAR G B A 1R Y
B, XS TRELTHRIMFIHAMEIRARSZARE, HIN Excel,

XARARL, HRAIRBAEIE &S |, (EVEE2H? MRENTKEMA
ESHANLIE, LS RARMERAR MRS, a2, vl = Aot
A, LA NIE S, FEERE:

Lhttp://csv.juliadata.or
g/latest/


http://csv.juliadata.org/latest/
http://csv.juliadata.org/latest/
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function grades_with_commas()
df = grades_2020()
df[3, :name] = "Alice,"
df

end

grades_with_commas()

name grade_2020 Table 4.12: Grades with

commas.
Sally 1.0
Bob 5.0
Alice, 8.5
Hank 4.0

WRE A, H1RE:

function write_comma_csv()
path = "grades-commas.csv"
CSV.write(path, grades_with_commas())
end
path = write_comma_csv()
read(path, String)

name,grade_2020
Sally,1.0
Bob,5.0
"Alice,",8.5
Hank,4.0

FI, csv. i EEEESHERBERMG S "o fROULRIEE 5 —RhE L7552
KBRS A tab-separated values (TSV) SIS, 128 R EHE A 1L 1l
R, X—RERZEIEN TR,

Dy VBTERR, AT DAGE R BRSO R AR I TSV SXF, IXREESXAFRE “ tsv”
R4,

function write_comma_tsv()

path = "grades-comma.tsv"

CSV.write(path, grades_with_commas(); delim='\t")
end
read(write_comma_tsv(), String)

name grade_2020
Sally 1.0
Bob 5.0
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Alice, 8.5
Hank 4.0

{8 CSV I TSV IXFERISCAS AL AT DA FH HLM ) JITE, flansrs -«

&, BERE T REATEIT.

53

function write_space_separated()
path = "grades-space-separated.csv"
CSV.write(path, grades_2020(); delim=' ")
end
read(write_space_separated(), String)

name grade_2020
Sally 1.0

Bob 5.0

Alice 8.5

Hank 4.0

ZIRIEH, BRI NEE R R 2B, Blan «7, “.csv” ¥ B4,
R csv. 31 nEE CSV St 7 G IR, AT DA A csv.read HfEE &S

H"J%‘ﬁﬂﬂ%ﬁo ﬁ%ﬂaﬁ%?ﬂ%taﬁameo

FHEE

path = write_grades_csv()
CSV.read(path, DataFrame)

name  grade_2020

Sally 1.0

Bob 5.0
Alice 8.5
Hank 4.0

JEM, csv. jURF E BhHERT SIS

path = write_grades_csv()
df = CSV.read(path, DataFrame)

4x2 DataFrame
Row | name grade_2020

| String7 Float64

|
[

1| sally 1.0
2 | Bob 5.0
3 | Alice 8.5

4 | Hank 4.0
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CEEEEN T EE A

my_data =
a,b,c,d,e
Kim,2018-02-03,3,4.0,2018-02-03T10:00
W

path = "my_data.csv"

write(path, my_data)

df = CSV.read(path, DataFrame)

1x5 DataFrame

Row | a b c d e
| String3 Date Int64 Float64 DateTime
|
|
1 | Kim 2018-02-03 3 4.0 2018-02-03T10:00:00

NS ‘s v N ) N N NN IS 2 https://csv.juliadata.
X8 CSV IERMNIZ M KL HMB. XTFELER, WS PR L2
fcsv.File dOCString3° 8 https://csv.juliadata.
org/stable/#CSV File

4.1.2 Excel

£ Julia AT LB Bxcel SCfF, ATERNE wsx. 01, EONER Julia & et
S RGIHALIE Excel BUBRYRRIRAET I, HOb— LR, xusx. i RIS
ulia 519, XA AT DUEHAMDR B RIS & 15 5 & 2L 1,

Jn#ER xusx. 1 7T 2

using XLSX:
eachtablerow,
readxlsx,
writetable

NTHNX, BB L B R ELC:

function write_x1lsx(name, df::DataFrame)
path = "$name.xLsx"
data = collect(eachcol(df))
cols = names(df)
writetable(path, data, cols)
end

BRTE, AT DARRAAHIRE RS E A Excel SCHF:

function write_grades_xlsx()
path = "grades"
write_x1lsx(path, grades_2020())


https://csv.juliadata.org/stable
https://csv.juliadata.org/stable
https://csv.juliadata.org/stable/#CSV.File
https://csv.juliadata.org/stable/#CSV.File
https://github.com/felipenoris/XLSX.jl
https://github.com/felipenoris/XLSX.jl
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"$path.xTsx"
end

PRGBSI, BATRE E xusx. 31 R BURAE xusxrite 8, FF HA]
PUBVIIA] pict —FEVIRIFTTRHY sheet:

path = write_grades_x1lsx()
xf = readxlsx(path)

XLSXFile("grades.xlsx") containing 1 Worksheet
sheetname size range

Sheetl 5x2 A1:B5

xf = readxlsx(write_grades_x1sx())
sheet = xf["Sheet1"]
eachtablerow(sheet) |> DataFrame

name  grade_ 2020

Sally 1.0
Bob 5.0
Alice 8.5
Hank 4.0

THER, ATHEAG T s UERTATR, EEICR 4t 7 KRR H LM B E

v Thak N e > N N 1 L5 > https://felipenoris.gi
SUfE, HXE BRI, 5 sx. U SR, ohpsi feliponrios)

4.2 Index F1 Summarize

B B 78 MY grades_2020() BB :

grades_2020()

name  grade_ 2020

Sally 1.0
Bob 5.0
Alice 8.5
Hank 4.0

A] DA . 1BIERE patarrame HHHY name Fl A&, 1E4NZ AT Section 3 H struct
AR AR -



https://felipenoris.github.io/XLSX.jl/stable/
https://felipenoris.github.io/XLSX.jl/stable/
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function names_grades1()
df = grades_2020()
df.name

end

names_grades1 ()

["Sally", "BOb", "Alice", "Hank"]

B, ATLUB array IRFEIEIS synbol BRAFFRFIFR S| Datarrane o A2
(LR
function names_grades2()

df = grades_2020()
df[!, :name]

end
names_grades2()

["Sally", "BOb", "AliCE", "Hank"]

&%’ df.name 5 df[!, :name] ;—Eé*ﬁﬁ, XA PABATIRIE

julia> df = DataFrame(id=[1]);

julia> @edit df.name

XM TFEBE15E] names Ejﬁ, WIFLE daf[:, :name]ﬁﬁﬁf‘ﬁg%, AEEE
il 7 iname F, j(%iﬁ‘l%?ﬂ?, df[!, :name] %%fiﬂ@fm%, ?Q'EE@H?, i}
HEENEHI, NHEATAERERZ in-place Y,

MNFAERAT, I =47, FILAER B ARIMERTTRS]:

df = grades_2020()
df[2, :]

name grade_2020
Bob 5.0

B O PR RO IR IR —17 1

function grade_2020(i::Int)
df = grades_2020()
df[i, :]

end
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grade_2020(2)

name  grade_2020

Bob 5.0

AT AER Y1 (5 array 280D SRAOGREL names FIHIATIAT :

grades_indexing(df) = df[1:2, :name]
grades_indexing(grades_2020())

["Sally" s llBobll]

RBIRRP DT RME—H), IR20] PGS — DR EORIE nane ZREXE
MNHIEGT, ERPLEARE, FTh EREHON—H Julia BAKHRS Y, BRI
SCEMREEY Dict:

function grade_2020(name::String)
df = grades_2020()
dic = Dict(zip(df.name, df.grade_2020))
dic[name]

end

grade_2020("Bob")

B0

ﬁ%ﬂ?‘j‘ﬂg, KN zip X[FRETT df .name K df.grade_2020, TG “HiEE” ABKE:

df = grades_2020()
collect(zip(df.name, df.grade_2020))

("sally", 1.0)

("Bob", 5.0)

("Alice", 8.5)

("Hank", 4.0)

JRIM, DataFrame %% pict FRAF(AETCRME—AIE AT, — MG, BiR%
ﬁ:#ﬁﬁkﬁ, Fﬁuéﬁ'ﬁ?%iﬂﬁﬂﬁﬁ DataFrame i&fﬁ filter ﬁéﬂfo
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4.3 Filter 1 Subset

A PR AT AZEEY pataFrane FIAYIELEST, —RIZ filter (Section 4.3.1) MM
—RJE subset (Section 4.3.2),

DataFrames. jl iﬁ?ﬁﬂﬁﬁibﬂT filter Eli&, 'E'Egﬁjiﬂ'—? ]ulia Base ﬁﬂ@lﬁ(ﬁﬁ%iﬁ
—2, RIFRAETHE fittero subset BESHTHIBREL, (HEIEH H M,

4.3.1 Filter

HHIETFAE, % FRIGITIC patarranes. j1 HAEESRARIVRRE, TEITIOHHE, B
LR, BN select M filtero (HIGAZAHN! ATV —OR, FH — )
DataFrames. j1 FRUEPRBE T B BRSRR L P 2 ST R B PR E S (KBRS, F*Bogumil

Kaminski (DataFrames
- <. UK REIF R R
S5ZH1—FE, M grades_2020 JT4: #e4'%) 7E Discourse
(https://discourse.julial
ang.org/t/pull-datafra
mes-columns-to-the-f
ront/60327/5) iin LHY
Y=

o

grades_2020()

name grade_2020

Sally 1.0
Bob 5.0
Alice 8.5
Hank 4.0

A] DAfE A filter(source => f::Function, df) e To Ef‘%‘;\, XNRES Julia Base
FRHLR Y filter(f::Function, V::Vector) FREARE ML, X2 RN pataFrames. jl
EHZHEIRK (see Section 2.3.3) ¥ JEfitlter, DAFFHRENEEE U DataFrane fENZ

ME—ENGRE, KA E SN R« Al REA LR ME, (HIERES], &
MK FBERER, Ky ER R BIRTGIE L. W21
BRIBIF, OIS equats_atlice REGEIMAREET “Alice”:

equals_alice(name::String) = name == "Alice"
equals_alice("Bob")

false

[equals_alice("Alice") J

true

AR, A DAMER] £ THEHFTA name F T “Alice” 91T :


https://discourse.julialang.org/t/pull-dataframes-columns-to-the-front/60327/5
https://discourse.julialang.org/t/pull-dataframes-columns-to-the-front/60327/5
https://discourse.julialang.org/t/pull-dataframes-columns-to-the-front/60327/5
https://discourse.julialang.org/t/pull-dataframes-columns-to-the-front/60327/5
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filter(:name => equals_alice, grades_2020())

name grade_2020

Alice 8.5

FEEXAMUERT DataFrame, WiE AT AE:

filter(equals_alice, ["Alice", "Bob", "Dave"])

["Alice"]

ERTDARE A A4 PR 45 AR EE (1B Section 3.2.4) :

filter(n -> n == "Alice", ["Alice", "Bob", "Dave"])

["Alice"]

E’mﬁﬂﬂﬂ: grades_2020:

filter(:name => n -> n == "Alice", grades_2020())

name  grade_2020
Alice 8.5

AT ok WL, IR BRECAT ABRMAEN “M 7 :name FIHIFTE LR, MNEB—1ITE n,
KA n BEET Alice”, AIREX THLEENKU, XFEMRIGLEF TR, #i8i
52, Julia CEY R T == KIWMEAEINM A (partial function application) (F{F:
FRE RS ZHIIRED . AT RE S - HFRAIERE G H A R 8 — AL A

filter(:name => ==("Alice"), grades_2020())

name grade_2020

Alice 8.5
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4.3.2 Subset

subset FREXIIIN AEISAEEE missing (B (Section 4.5) FINAES. 5 filter *E}i,
subset X REFIFATHAE, AR TEE B ME, R Z AL, 7]
Lﬂ%,ﬁ:@%?’f ByRow %2

subset (grades_2020(), :name => ByRow(equals_alice))

name  grade_2020
Alice 8.5

%1%3@%:, DataFrame JE subset(df, args...) H"Jﬁ%‘_‘/l\zjﬁ, MR T fitter KI5
EEZANSEL, B fitter(f, df)o IXBEN, Julia & X fitter BTN filter(
—f, V:i:Vector), [T DataFrames. jl E{ﬁﬁﬁ%@{)ﬁ?‘iv{%ﬁ?f@?” DataFrame %E':JEH‘,
W5 A REBUE AR — 2

NOTE: subset FlTJ& I A Z EURA: DataFrames. j1 BB REE — BN RS 4,
Bl 4% pataFrame fERE —NSEL

5 filter —1‘$, E“;LTT: subset EF'{%HEHE%IZ@SZ

subset(grades_2020(), :name => ByRow(name -> name == "Alice"))

name  grade_2020
Alice 8.5

B == A fiwt R 2SO -

subset(grades_2020(), :name => ByRow(==("Alice")))

name  grade_2020

Alice 8.5

G R7R subset HYELIE FHAD, _é‘flﬁ, lE—NEAE missing {EB’J?&*E;%

function salaries()
names = ["John", "Hank", "Karen", "Zed"]
salary = [1_.900, 2_800, 2_800, missing]
DataFrame(; names, salary)

end
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salaries()

names salary Table 4.25: Salaries.
John 1900
Hank 2800
Karen 2800

Zed  missing

XR—REERE O RAEE RS TE, HIERHE Zed N, REBATA
NIX 2, X2 —DNEEBEIE T, BT TARRIE R T3S T 2000,
WRER fitter, (HARFZE nissinglB, M=K

filter(:salary => >(2_000), salaries())

TypeError: non-boolean (Missing) used in boolean context
Stacktrace:
[1] (::DataFrames.var"#103#104"{Base.Fix2{typeof(>), Int64}})(x::Missing)
@ DataFrames ~/.julia/packages/DataFrames/58MUJ/src/abstractdataframe/
<~—abstractdataframe. jl:1216

subset [AIREZRIN, (ESEIBHYSR, HREEHEH — IR S AR OR 7T 58

subset(salaries(), :salary => ByRow(>(2-000)))

ArgumentError: missing was returned in condition number 1 but only true or false
— are allowed; pass skipmissing=true to skip missing values
Stacktrace:
[1] —and(x::Missing)
@ DataFrames ~/.julia/packages/DataFrames/58MUJ/src/abstractdataframe/subset
—.jl:11

Fﬁ U\W%E%ﬁ%%'?’éﬁl skipmissing=true:

subset(salaries(), :salary => ByRow(>(2_-000)); skipmissing=true)

names  salary

Hank 2800
Karen 2800
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4.4 Select

Ve T MATIEEUY fitter, MATIEIT I FEHEBUT) setect, SRTM, select
ARIFRER FHAIEE, RPYTIESTHEE M 22, Bk, tlEEA 251
e

function responses()

id = [1, 2]

ql = [28, 61]

q2 = [:us, :fr]

q3 = ["F", "B"]

g4 = ["B", "C"]

g5 = ["A", "E"]

DataFrame(; id, q1, 92, 93, g4, g5)
end

responses ()

id ql g2 g3 q¢ & Table 4.27: Responses.

28 us F B A
2 61 fr B C E

[uy

ERBEEFRREFER RN (01, o, .., ) NER. BH, EREE
L —25, JRBIEERT symoo FEES:

select(responses(), :id, :q1)

id ql
1 28
2 61

AT DA 717 A -

select(responses(), "id", "q1", "qg2")

id ql q2
1 28 us
2 61 fr

QNSREOEIER 7 LB SMNOFT A S, TEE not:

select(responses(), Not(:95))
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id ql q2 q3 g4

1 28 us F B
2 61 fr B C

Not WIEH T251:

select(responses(), Not([:q4, :qg5]))

id ql q2 g3

1 28 us F
2 61 fr B

SR AT DL EAR B A SISEN A (RIS SR

select(responses(), :95, Not(:id))

Pp ql q2 g3 g4
A 28 us F B
E 61 ff B C

TERE, 5 /2 select JR[EI patarrame AUSE—5, SESCINAN_EAHRAE, SEHEAAAIMY
B o BS : ALONZ BRFIFMAR R EIIAS, flan:

select(responses(), :95, :)

g6 id q1 q2 g3 g4
A 1 28 us F B
E 2 61 fr B C

g s %
EZ%, ?HEq5 ﬁkﬁﬁg/[\1iﬁ7 7 & i Sudete T£

Discourse £ 1%
(https://discourse.
julialang.org/t/pull-dat
aframes-columns-to-t
he-front/60327/4) k44

select(responses(), 1, :q5, :)

id g6 ql Q2 q3 q4 TR,
1 A 28 us F B
2 E 61 fr B C
NOTE: EAVWRFTESINIIRKE, B 2RI, ARy SIEss, " https:/ /bkamins gith

ub.io/julialang/2021/0
A DAM#EF 2/06/colsel.html


https://discourse.julialang.org/t/pull-dataframes-columns-to-the-front/60327/4
https://discourse.julialang.org/t/pull-dataframes-columns-to-the-front/60327/4
https://discourse.julialang.org/t/pull-dataframes-columns-to-the-front/60327/4
https://discourse.julialang.org/t/pull-dataframes-columns-to-the-front/60327/4
https://bkamins.github.io/julialang/2021/02/06/colsel.html
https://bkamins.github.io/julialang/2021/02/06/colsel.html
https://bkamins.github.io/julialang/2021/02/06/colsel.html
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e Symbol: select(df, :col)
e String: select(df, "col")

e Integer: select(df, 1)

FERTPAEA setect %ﬁ%ﬁ”, TBIESE source => target:

select(responses(), 1 => "participant", :q1 => "age", :q92 => "nationality")

participant age  nationality

1 28 us
2 61 fr

54b, AT DAER “splat” HAF ... (JEER Section 3.3.11) BN R E:

renames = (1 => "participant", :q1 => "age", :q2 => "nationality")

select(responses(), renames...)

participant age nationality

1 28 us
2 61 fr

4.5 FRMIBRIIAE

IEUNTE Section 4.1 TFIERTARKE, csv. i1 2R AT REHEIT &5 EURE R ZAE RS,
R, XFHFAERRETEELI, AR 2 GENRBZEER, DKk
B R R REERAL, T IR R RER, BT RIGLA ) patarrane HYSX
AR, TAZSITEIRR, AR TR RS :

function wrong_types()
id = 1:4
date = ["28-01-2018", "03-04-2019", "01-08-2018", "22-11-2020"]
age = ["adolescent", "adult", "infant", "adult"]

DataFrame(; id, date, age)

end
wrong_types()

L J

4x3 DataFrame

Row | id date age
| Int64 String String
|
[
1| 1 28-01-2018 adolescent
2 | 2 03-04-2019 adult
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3 01-08-2018 infant
4 22-11-2020 adult

Ko BB EBUHANIER, FTRA sort FHANREIEH LAE:

sort(wrong_types(), :date)

4x3 DataFrame
Row | id date age
| Int64 String String

01-08-2018 infant
03-04-2019 adult
22-11-2020 adult
28-01-2018 adolescent

A N N P
= A N W

KN TBE A, 7] FLE Section 3.5.1 FREEZI Julia ARIEZE pate FHR:

function fix_date_column(df::DataFrame)
strings2dates(dates::Vector) = Date.(dates, dateformat"dd-mm-yyyy")
dates = strings2dates(df[!, :date])
df[!, :date] = dates
df
end
fix_date_column(wrong_types())

4x3 DataFrame
Row | id date age

| Int64 Date String
|

2018-01-28 adolescent
2019-04-03 adult
2018-08-01 infant
2020-11-22 adult

A W N P
A NN e

BUTE, HERHOSE RS WUHARTT :

df = fix_date_column(wrong_types())
sort(df, :date)

4x3 DataFrame
Row | id date age
| Int64 Date String
|
1| 1 2018-01-28 adolescent
2 | 3 2018-08-01 infant




2 2019-04-03 adult
4 2020-11-22 adult
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RIS HAFAE R AR ] 7 -

sort(wrong_types(), :age)

4x3 DataFrame

Row | id date age
| Int64 String String
|
1| 1 28-01-2018 adolescent
2 | 2 03-04-2019 adult
3| 4 22-11-2020 adult
4 | 3 01-08-2018 infant

IXEARANIER, OV LELBAE ARIE /DA EAERR, X T I Rl Eoth 7y 244
TEE"J%H%%%Z% CategoricalArrays.jl:

using CategoricalArrays

] DA categoricalarrays. j1 957 328 BRI N E LT :

function fix_age_column(df)
levels = ["infant", "adolescent", "adult"]

ages = categorical(df[!, :age]; levels, ordered=true)

df[!, :age] = ages

df
end

fix_age_column(wrong_types())

4x3 DataFrame
Row | id
| Inte4

date
String

age
Cat--

|
1
|
I
I
I

N ON I R
FNOVER SN

28-01-2018
03-04-2019
01-08-2018
22-11-2020

adolescent
adult
infant
adult

NOTE: RS ordered=true ¥4 157F CategoricalArrays. j1 B categorical
L, REAREHEE T, R E NS, AN AN ESE I,

BRAE AT DAIE R4 AR08 HE 7 -
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df = fix_age_column(wrong_types())

sort(df, :age)

4x3 DataFrame
Row | id
| Int64
|

date
String

age
Cat--

A W N P
A~ N P

01-08-2018
28-01-2018
03-04-2019
22-11-2020

infant
adolescent
adult
adult

RONELE T —¢4HREL,  [Rlin] DO I I R EORE B I B2

function correct_types()
df = wrong_types()
df = fix_date_column(df)
df = fix_age_column(df)
end

correct_types()

4x3 DataFrame
Row | id
| Inte4
|

date
Date

age
Cat:--

AW N R
BN N R

2018-01-28
2019-04-03
2018-08-01
2020-11-22

adolescent
adult
infant
adult

BARPER 2 G PN (ordered=true), [KUILAT PAIERH LA AR :

df = correct_types()
a = df[1, :age]

b = df[2, :age]
a<b

true

NFTTRIBDNFIFER, IR AR IR A FeA:

"infant" < "adult"

false




DATAFRAMES.JL 93

4.6 Join

A EERRANIC R T LRI, Bk, AR T #ikRM
B, BRI AT AT 2K, vatarranes. 7B join MK AH ZHE,
join BURCIERIRA, (HITHEFRIALLEI A4 RERRAR, AT, (RAFREICH R |
B join BIRL, TR batarranes. jUSCREY RIABRRTIMEAN L, (B2, 2 [0/ /Daimes)

FHNETAAE join BE, QRZEAERLTK patarrane HUEIATATTH S5 HMEBAEIT n/joins/
EE#R, R ATRETRZUN RIXLE join BREK,

Section 4 Z5H T 2020 FAY ST grades_2020:

grades_2020()

name grade_ 2020

Sally 1.0

Bob 5.0
Alice 8.5
Hank 4.0

IMEFREN grades_2020 5 2021 MG E I

grades_2021()

name grade_2021

Bob 2 9.5
Sally 9.5
Hank 6.0

HEDIRER) LI TR ZE FA 2 joino DataFrames. jU B TAD T LAY join BREL, X
B NAER, HIERE, ROVEERGH, FEHRZ N IHEHTH .

4.6.1 innerjoin

BHETHERYRZ innerjoin, RISFFIEM MNEHEL A fll e, 2AIEEH a1, a2, ...,
< Anflle.1, B2, ..., b_m, FFH HAW—FEEMHERNLT: a1 fMe_1 &
B tido SRJENT :id fEH innerjoin, WPRREDT a1 FHIFTE LRI HS s Y
TLRMTHR, MRITE MR, AR A2, ..., anfle2, ..., B
HIAE RS B INE] :id F5,

aPng, AnRRAEWE ERRE, EAZEEL, EERWN SRR GTEE
EEIFER:

innerjoin(grades_2020(), grades_2021(); on=:name)



https://DataFrames.juliadata.org/stable/man/joins/
https://DataFrames.juliadata.org/stable/man/joins/
https://DataFrames.juliadata.org/stable/man/joins/
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name grade 2020 grade 2021

Sally 1.0 9.5
Hank 4.0 6.0

EEAA “Sally” #l “Hank” [N ZET N DNEHEES . innerjoin (44 FR B
THCEERR) 2%, W FET AR, MEET B, SERGET BRIT
%, WEET 47,

4.6.2  outerjoin

BYFRIERE, “aha, WIHARATHimer, TERATTREDAE ovter”. R, IRF
X!

outerjoin I innerjoin ﬁﬁ/éx?z*%, HETE 2D —ANBEREP LI ST name,
PR F &I RIS R A

outerjoin(grades_2020(), grades_2021(); on=:name)

name grade_2020 grade 2021

Sally 1.0 9.5
Hank 4.0 6.0

Bob 5.0 missing
Alice 8.5 missing
Bob 2 missing 9.5

Kitt, HHEAP—DEEBIREAN N NAER, 2T ER A nissing {H,

4.6.3 crossjoin

RAEF crossjoin K HBUTE 2 1 missing o ZATESSA T FTMH IR,
WRRITHIRIE, BT - D55 —kEH R EITIHES:

crossjoin(grades_2020(), grades_2021(); on=:id)

MethodError: no method matching crossjoin(::DataFrame, ::DataFrame; on=:id)
Closest candidates are:
crossjoin(::DataFrames.AbstractDataFrame, ::DataFrames.AbstractDataFrame;
<—makeunique, renamecols) at ~/.julia/packages/DataFrames/58MUJ/src/join/

—rcomposer.jl:1567 got unsupported keyword argument "on"
crossjoin(::DataFrames.AbstractDataFrame, ::DataFrames.AbstractDataFrame, !
<>Matched::DataFrames.AbstractDataFrame...; makeunique) at ~/.julia/
~—rpackages/DataFrames/58MUJ/src/join/composer. jl:1592 got unsupported

~—keyword argument "on
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[UE, HEET., RN crossjoin #K@ﬁ%fﬁﬁ%, Ft AARTRE on SEEETEN
HEG IS

crossjoin(grades_2020(), grades_2021())

ArgumentError: Duplicate variable names: :name. Pass makeunique=true to make
<—>them unique using a suffix automatically.
Stacktrace:
[1] make_unique! (names::Vector{Symbol}, src::Vector{Symbol}; makeunique::Bool)
@ DataFrames ~/.julia/packages/DataFrames/58MUJ/src/other/utils.jl1:99
[2] #make_unique#4
@ ~/.julia/packages/DataFrames/58MUJ/src/other/utils.jl:121 [inlined]
[3] #Index#7

WE, XHEE T, XJE—1 patarrame Al join IR WLAYESIR, 2020 F11 2021 A%
%ﬁﬁgﬁ\EEE/‘J@J%, Eﬂ tnameo ’—?‘Zﬁﬁ*ﬁ, DataFrames. jl E"Hﬁ%ﬁﬁﬁﬁj?ﬁtﬂ
T AIREBE R I, 22 URIE nakeunique=true RO AR :

crossjoin(grades_2020(), grades_2021(); makeunique=true)

name grade_2020 name_1 grade 2021

Sally 1.0 Bob 2 9.5
Sally 1.0 Sally 9.5
Sally 1.0 Hank 6.0

Bob 5.0 Bob 2 9.5

Bob 5.0 Sally 9.5

Bob 5.0 Hank 6.0
Alice 8.5 Bob 2 9.5
Alice 8.5 Sally 9.5
Alice 8.5 Hank 6.0
Hank 4.0 Bob 2 9.5
Hank 4.0 Sally 9.5
Hank 4.0 Hank 6.0

P DABRAE, X 2020 £ 2021 FERSERFIED N, FrREFEERRHEG
—1T, NTEZBRER, HlIN ERRSEE? 7, B R/REEESIEE A KA]
17, BT “giit2E” Bk EE —EE X,

4.6.4 leftjoin F rightjoin

XEHE A H A IR teftjoin Pl rightjoin, Lleftjoin R 5 [EE I AN
DataFrame ':F'E]/‘]ﬁﬁﬁﬁ%

leftjoin(grades_2020(), grades_2021(); on=:name)
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name grade 2020 grade 2021

Sally 1.0 9.5
Hank 4.0 6.0

Bob 5.0 missing
Alice 8.5 missing

AL, “Bob” fl “Alice” FURRSRTE 2021 GRS H 2 Ak 1, X2 N
H_‘/A\Xﬂ‘BZH/"J'fE%IEEI missing fﬁo rightjoin ifmT*ﬁ}iE"Jﬁéf’E

rightjoin(grades_2020(), grades_2021(); on=:name)

name grade_2020 grade 2021

Sally 1.0 9.5
Hank 4.0 6.0
Bob 2 missing 9.5

TMELLE 2020 HIER 73 B G2 B 2 1Y,

E%%U, leftjoin(A, B) != rightjoin(B, A), ﬁEﬂJE"WUHlﬁF‘%T\IﬁJO WIJZIH, 'I%
N 5 2 AR T R

leftjoin(grades_2021(), grades_2020(); on=:name)

name grade_2021 grade_ 2020

Sally 9.5 1.0
Hank 6.0 4.0
Bob 2 9.5 missing

4.6.5 semijoin 1 antijoin

HE'i'E'\FJ‘l@ semijoin *H antijoine

semijoin [b innerjoin HEGREIM, EOCRME fFLETF /M patarrame FF RIS 1F
E:J:Wiiﬂﬁ DataFrame B(Jﬁ:%o Bﬁj@ﬂ%{%% innerjoin ﬂ] leftjoin E"]?ﬂéo

semijoin(grades_2020(), grades_2021(); on=:name)

name grade_ 2020

Sally 1.0
Hank 4.0
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5 semijoin MHXTHISE antijoino ‘BEAIRIE FALET LM patarrane HAELET A M
DataFrame mﬁ%o

antijoin(grades_2020(), grades_2021(); on=:name)

name  grade_2020

Bob 5.0
Alice 8.5

4.7 ZEA

1E Section 4.3.1 H1, FRAEH fitter BREL G IL — 2l 2 5 ¥ dE, B2 —T,
filter FREUHF A source => f::Function IXFERYIBTE: filter(:name => name -> name
== "Alice", df)o

1E Section 4.4 H1, FAHEH setect REOEZE—FIS 2 HIEHHE, HEA—T
K Z PN EIRY source =» targeto Iﬁli‘iiﬁﬁfﬁﬂ?ﬁ“ﬂblﬁl‘lz select(df, :name => :

“—>people_names)o

Zliﬁﬂyrﬁléﬁﬂﬁ ﬁ*ﬁ ﬁ%, Eﬂﬁﬂﬁ[ E&ﬁ%o DataFrames. jl FPXH‘}EE’\J%&E%

source => transformation => targeto

52 8i—#E, {#H grades_2020 FHELE:

function grades_2020()
name = ["Sally", "Bob", "Alice", "Hank"]
grade_2020 = [1, 5, 8.5, 4]
DataFrame(; name, grade_2020)

end

grades_2020()

name grade_2020

Sally 1.0
Bob 5.0
Alice 8.5
Hank 4.0

BRIZAEEL grades_2020 HIVFTE RGN 1. B8, TEE X — MM EHEEHF
fERTA TR 1 KA, S5 pataFrames. j1 1A transform BRER, 5 HAhR
e DataFrames. jl @ﬁ**i, ﬁﬁﬁﬁlﬁ{f, E%”& DataFrame ﬂfjﬂ%—‘/l\ijﬁl

plus_one(grades) = grades .+ 1
transform(grades_2020(), :grade_2020 => plus_one)
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name grade 2020 grade_2020_plus_one
Sally 1.0 2.0
Bob 5.0 6.0
Alice 8.5 9.5
Hank 4.0 5.0

L, plus_one BREHEIL T :grade_2020 BEH|, IXFUR N A ZAEN + IBELFHE
I . T RRIZELAT, A LAZE Section 3.3.1 [BIEA O B HIHERIE,

ZID‘ZﬁﬁFﬁi}E, DataFrames. jl E\IEI%EZEF# source => transformation => target iXﬁH’\J%E

Bk, FrLA, anFAEAER P ORE target HIRYATA, ROEUIH:

transform(grades_2020(), :grade_2020 => plus_one => :grade_2020)

name  grade_2020
Sally 2.0
Bob 6.0
Alice 9.5
Hank 5.0

mﬁ Wﬁﬁﬁ %%?%ﬁ renamecols=false.

transform(grades_2020(), :grade_2020 => plus_one; renamecols=false)

AT DAGEF setect SEBIAHFIRYHEH#E,

name  grade_ 2020
Sally 2.0
Bob 6.0
Alice 9.5
Hank 5.0
BRGNS

select(grades_2020(), :, :grade_2020

=> plus_one => :grade_2020)

name grade_ 2020
Sally 2.0
Bob 6.0
Alice 9.5
Hank 5.0

HoA . KRB ERATES” , IEUIAE Section 4.4 HIEHIIRFE, AN, ER] DA
FH Julia | #E B X grade_2020 Fl|, BIERZVIIA] df .grade_2020:
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df = grades_2020()
df.grade_2020 = plus_one. (df.grade_2020)
df

name  grade_2020

Sally 2.0

Bob 6.0
Alice 9.5
Hank 5.0

B2, RERAEZME Julia RAERFEESHIG T, BAMARMRIEIE
HER Z B 7P HREIH vatarranes. j1 FEL, BEIMENTSEMSERIFHERS S
AR

4.7.1 5B

WY Rl R B RA, FATIER] Section 4.6 G FHEE:

leftjoined = leftjoin(grades_2020(), grades_2021(); on=:name)

name grade_2020 grade 2021

Sally 1.0 9.5
Hank 4.0 6.0

Bob 5.0 missing
Alice 8.5 missing

SEA RS, BAIGI—FIRHW B[R 2R A — T TR STR T 5.5:

pass(A, B) = [5.5 < a || 5.5 < b for (a, b) in zip(A, B)]
transform(leftjoined, [:grade_2020, :grade_2021] => pass; renamecols=false)

name grade 2020 grade 2021  grade_2020_grade_2021

Sally 1.0 9.5 true
Hank 4.0 6.0 true

Bob 5.0 missing missing
Alice 8.5 missing true

AIDUEEE REER, R BB EESE PR, REREAREFEIRES
EINEZE h

function only_pass()
leftjoined = leftjoin(grades_2020(), grades_2021(); on=:name)
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pass(A, B) = [5.5 < a || 5.5 < b for

leftjoined = transform(leftjoined, [:

<>pass)

(a, b) in zip(A, B)]
grade_2020, :grade_2021] => pass => :

passed = subset(leftjoined, :pass; skipmissing=true)

return passed.name
end
only_pass()

["sally", "Hank", "Alice"]

4.8  Groupby 1 Combine

TE R ifEIE S 1, Wickham (2011) 47 7 H T EHRFEAHH) split-apply-combine
B, TR, BATEREIRE split BOARFH, RENE—H apply — 1
HEZ N KEL, /5 combine HFHMLEE R, patarrames. j1 FTER2CE split-apply-
combine B, AT EH Z R EERSEIR R, RIRERGEN 24

AT s -

-

L

function all_grades()
df1 = grades_2020()

df1 = select(df1, :name, :grade_2020
df2 = grades_2021()
df2 = select(df2, :name, :grade_2021

=> :grade)

=> :grade)

rename_bob2(data_col) = replace.(data_col, "Bob 2" => "Bob")

df2 = transform(df2, :name => rename_

return vcat(df1, df2)
end
all_grades()

bob2 => :name)

name

Sally
Bob
Alice
Hank
Bob
Sally
Hank

grade

1.0
5.0
8.5
4.0
9.5
9.5
6.0

FIRZR, SO BUR BRI A FR split AAFIH, HOONSHEYE apply

PIEEEE, BJ5 combine LR,

T split ZERAE B BRECN grouppy, FHRIREEIEHE ZANSEB ID f5E NEUE

L EIRIEF

groupby(all_grades(), :name)
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-

GroupedDataFrame with 4 groups based on key: name
Group 1 (2 rows): name = "Sally"
Row | name grade

| String Float64

1 | Ssally 1.0

2 | sally 9.5
Group 2 (2 rows): name = "Bob"
Row | name grade

| String Float64

1 | Bob 5.0

2 | Bob 9.5
Group 3 (1 row): name = "Alice"
Row | name grade

| String Float64

1 | Alice 8.5
Group 4 (2 rows): name = "Hank"
Row | name grade

| String Float64

1 | Hank 4.0
2 | Hank

mean PRIECR B Julia bRiEFEHRY statistics fHL:

using Statistics

7 I BREEIS, FEVEFH combine BRIEL:

gdf = groupby(all_grades(), :name)
combine(gdf, :grade => mean)

name grade_mean

Sally 5.25
Bob 7.25
Alice 8.5
Hank 5.0

fﬁ%g?, ﬁn%/ﬁ;ﬁ groupby *ﬂ combine g@ﬁ, }”\'Jﬁ%ﬁz’ﬁﬁ?iizﬁﬁﬁo &ﬂ]%‘@i
TEIR I 78R DOR Ly BN 240, ARG TGP I B2 DAR F eR R, BABC 1B 3Rk
i DUKEE ks B2, I, split-apply-combine Bz BRI A,

101
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4.8.1 Multiple Source Columns

EANSRPATVAER: — D RN 2 2258, XA faliR 12

group = [:A, :A, :B, :B]

X =1:4

Yo =158

df = DataFrame(; group, X, Y)

group X

W W > >
BN =
o a | =<

(S PAES PR

gdf = groupby(df, :group)
combine(gdf, [:X, :Y] .=> mean; renamecols=false)

group X Y

A 15 55
B 35 75

EEE, BAMELAHK - BT . FIBERF, XFRRN nean FRECRE N H EZ 4
5” [:X, :Y]o

P combine A G REL, —E sRAY 7T IR QI — D ERECR P TIUARY 4H
/El\irx\@o WIJZZ[], X{I‘ﬂ:~éﬂ§5@;§, E?ﬁﬁjﬁ% meanfaﬁ]% round XTHQEX%I (Eﬂ Int )o
gdf = groupby(df, :group)

rounded_mean(data_col) = round(Int, mean(data_col))

combine(gdf, [:X, :Y] .=> rounded_mean; renamecols=false)

group X Y
A 2 6
B 4 8
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4.9 e

%Z:IZ: Eﬁﬁ, ?‘Zﬁ]ﬁ/&ﬁ%iﬁiﬁ DataFrames. jl 1&6@@?‘%‘ 'B%‘“::bo Ejﬂ% ]ulia ':F'B/‘Jg
VI, pataFrames. i1 SEPR B AT LRI ARH bR, ATRE4S H— L2 PEREE AN ELTT

4.9.1 In-place HIHAE

YHTE Section 3.3.2 TVIRHIAREE, WIRMEERHAIS 1, ARAIXRTIZEE
REBUEANZ L, AL Julia EPEREURD RGBS, KR A WK R
# (in-place) BEHRINUEANNISEHR,

fﬂzﬁﬁﬁlﬁ‘] DataFrames. jl IZI?JZ%‘B%*/I\% ! H"Jﬁ)izko WJQD, filter ﬁ in-place E"J
filter!, select H select!, subset A subset! FEH, (EE%:\, X L R AR IQﬁ R
@%ﬁﬂ"] DataFrame, ﬁ%ﬁ% E%ﬁ 1‘5]\5"] DataFrame o %9%, DataFrames. jl (}\}\Hﬁ
A 1.3 FFh) ZFF in-place [ leftjoin, Bl leftjoint PRIER, 1% ERIELZ s A AN
DataFrame E’Jéﬂ(i‘%ﬁﬂ%%ﬁiﬁﬁlﬂ DataFrame o %%E%E"J%, E%E"J—fﬁ Hai‘g H
REPCACA R —1T,

WRABTEARS RS S = IR AT PERE, RN DX + RURREL, A2
’.%“%)'EEI’\J DataFrames. jl IZ@QO

LEFATTEIZFIAE Section 4.4 JHIAER D RN KK T setect BEHIBI 7, 412

responses E]/‘J DataFrame:

responses ()

id ql g2 g3 g4 g5
1 28 us F B A
E

BLEREA setect PREORMEITIRRE, WU ZBIFTISATAREE:

select(responses(), :id, :q1)

id ql
1 28
2 61

fil in-place AT :

select!(responses(), :id, :q1)
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id ql
1 28
2 61

@allocated 2 = & IR A NBATIEAEH D ECHINAFE RN, HA)IET, THRPER
RN RAENE P2 DR R IERTERIBIT4R:

df = responses()
@allocated select(df, :id, :q1)

6976

df = responses()
@allocated select!(df, :id, :q1)

6752

AR BIRIIRE, setect! DECAINTE/NT setect (9, FTLL, HITIHAEED
INTE, ERIZEDR,

4.9.2 BHISNEARLHIL

A PIRN Vil DataFrame 51H9753 EMNRIARRZAAET: —M77 2815
H “view”, FHEAHEIL Mm% MU MRS S H— D 2HHI31,

R NEEEHRSER . + FIBHNEE, B df.cole XM AU F
colo EFr L, df.cot AIE THEHERIRBHIN “view” , HIRATECEMANE 5
§7|‘, df.col i%(i%ﬁ?%ﬁ i H’Jﬁ”iﬁ*%%% df[!, :col] o

5B Rif7 0] pataFrame FHY T IR df[:, :col], B - fERFE R, IXRTT
A UL A co1, PR DAFE R A AETUAR N AZ 7B

52%*&, itﬁ{f]%iﬁﬁﬁﬂﬁ?zt%iﬁl‘ﬂ DataFrame responses EF‘E"J?'J:

df = responses()
@allocated col = df[:, :id]

572174

df = responses()
@allocated col = df[!, :id]
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LYIREAIMAEREN, ASBATEANESE, RENIZER, B,
%K%%E%U, JEHEIEM df.col 5L df[!, :col] 7 [A] pataFrame El"]?”, A

df[:, :col]o

4.9.3 CSV.read 1 CSV.File

WREBI csv.read FIEEBIHIH, IRESEI— D51 KETREE 0 E R R
B csv.rile, ENHEMRPZEETSEL, csv.read Ml csv.File AT DA SRISEN
CSV XHHINE, HENEIMTARE, TEBRIMERT, csv.read AE
HNEEE, BUMRZHZ, csv.read SIEFTEEBIRIE NE N8 (Fh “FE7),

RN R

df = CSV.read("file.csv", DataFrame)

iX’{%%\E file.csv EPE]"J?SZEFEF\%)\ DataFrame @, %E‘TE DataFrame Zr‘éﬁgﬁlﬁlé{ﬁ\ df
£ csv.rite FUBI A, NEOCHIR : BOAMBOL T, ERZEH CSv Xk

—H, HAh, 1B LA ARE, BATTRER csv.Fite IREIR AT KIBERIETE
DataFrame *@ﬁ%&@@z

Ldf = DataFrame(CSV.File("file.csv")) J

s, WAIDMEM |- BEsRAT:

Ldf = CSV.File("file.csv") |> DataFrame J

W ZmIATE, csv.rite =EHI CSV XSG, [Kitk, nREZREMS
fiE, ARAH EMNIZEH csv.read MIASE CSV.Fileo JXHEE N4 1E Section 4.1.1
*Rﬁiﬁ CSV.reado

4.9.4 CSVjl 5%3fF

BAELEFRATISRTE csv.ilo FFRIERIER 2D CSV SUAFIEIE]— 1 patarrame HY
BlFo M csv.iu B9 0.9 iiATHG, BATTAT DRSS 7 AT ERRIAI R, fEtbz
i, AP REF IR D, TR e EEEREEI A atarrane FH, 25
MM, SEERRR IR Z D CSV XfF, FHEE veat i reduce PREICREEA]
ﬁﬁj@%%uﬁﬂ\ DataFrame ':F‘Z
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files = filter(endswith(".csv"), readdir())
df = reduce(vcat, CSV.read(file, DataFrame) for file in files)

—HIMERE AR, reduce AREFFTIL, EINERIUEMES fites[A1EA R AN
o

FTE csv. U HEHIZDIEE, WIA] DATAT BRI csv.read PBREUER A files [AIHE:

{files = filter(endswith(".csv"), readdir()) l

df = CSV.read(files, DataFrame)

csv. U RN RIREE — MRV SRR, AER N ESREN
%t AE IR RZ 2 pataFrame H, JHZ, TEAMEH reduce E@mﬁ, ARG T B
HME B ERFEILAL

4.9.5 Categorical Arrays.jl FE4f

WRFZE R ER7RME, Bl 2 REARFEE IR ARSIz, A4
AIBEFEEH ] categoricalarrays. j1 JREAERACFR I ZRIE I,

Ej(l}\'lﬁ(ﬂ—l:, CategoricalArrays. il ¥EEiH 32 i TEfF S uint32 JBFRILnT
1SR

{typeof(categorical(["A", "B", "C"1)) ’

CategoricalVector{String, UInt32, String, CategoricalValue{String, UInt32},
<—Union{}}

ﬁ%%%, CategoricalArrays. j1 12 A] ATE—¥I|HH R 232 ':F'T\IEJEI"B’@%U, X
N EE KRBT (i 43 12), TEACBEHE MRS, PIREKIZER AN TR 2

llmtl:é&%ﬂﬁ"]ﬁ%mo iz?icz%jyﬁz categorical ﬁg/l\ compress 72%%(, 'E'E“/\)\ﬁ 0[5 2
TEHZUL true BY false SRIVERB G EAEEAR T REIE, WRIE AT compress=true, (£% 10000 17) FEA
Categoricalarrays. j1 FF & S IR SEA S J B i B I5/MK) urne R, i, 2 G 100 000 139
2RI categorical IAHLAT DIFR Y 8 RIETFEREH rnis (RAXRENL, Fvix o GELELIN
52 Julia HE/NYTCRFSEA) - 218,

{typeof(categorical(["A", "B", "C"]; compress=true)) ’

{CategoricalVector{String, UInt8, String, CategoricalValue{String, UInt8}, Union
—{1}

IXEEARTERE T 20E? REIRE —MEIRIAE, Fi, 1 5 ATRAE,
EMEEREEARA: A, B, C, 8D, WMRAMEEFHAKKIDERE, A2
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TR 1 B0 vines2 RBURGTTER, 5B— 77 H, WREHE, BaKkSEE
1 B 7 vinte RBIRYTTE, ATRAEH Base.summarysize PRIEIRIS 45 E N AR
KN (N0 . B, IEBRATERMA—T, EAESF—B T 2K RN,
RKFREZDEZHING:

using Random

one_mi_vec = rand(["A", "B", "C", "D"], 1_000_000)
Base.summarysize(categorical(one_mi_vec))

4000612

A EHTTN, KMEZE 3.8 MB, ANEGSHRNEE T, XENRIGTRT A RIR
Rkt

L Base.summarysize(one_mi_vec) J

{ 8000076 J

JEIS M categoricalArrays. U EHER RN uints2 , BATTHE T 50% BIJRIEEL
FERN,

IRAE S R4 I T X L

L Base.summarysize(categorical(one_mi_vec; compress=true)) J

{ 1000564 J

EARERBERIENT, BATERNED BRI E G M AN 25% (P95
Z—)o BAEZE >R mEIAER 100 57T, K252 1.0 MB,

Rk, HEHERESERERRIEE, EH RIS REIETFEH compress=true,






5 R Makie.jl (BRI ALY

Maki-e RIET HIE, EIEHR—RI7ERE EMEMAHRRIER, BR8]
XAMHRRIERIR,  EBATIE R R Ll 1S5 N A e !

Simon Danisch, Makie. j1 BlI#EA

Lo . N RN NI 1 http://makie.juliaplots
Makiejl' 2EEAE, 9 R ELEF AN Julia BELERG. BATAN, B2 ) able/inde himl
BB R RE P 22 E

HHEAMZE TR, ZENRE D NZ N, vakie. jUBRIEIFI, BE X THT
HOTRRENRRENEL, BRXENRME TRERNEMER, HE
REEHE . Et, FAIFE— Makie G0, BOMBR T, B— /50
R wakie. j1 HPH) APTAREEHT S 17, Al TR B A= AN AT i e v £ BT AT

HATEZA =R T Makie HE XHIFTA MG ARITE R I RE, 55—
MNEIHRER LR 2D L A RV B R RE: cairomakie. jlo H—F
uiE AR B 2D 1 3D 2 E E ciru. j1 (GZ8RF GPU), GLmMakie. jlo 28 = DE¥iE
T WebGL ({22 53 2D 1 3D LRI weimakie. 1, EIBITIENIEAR e BB o) e

X uliaplots
Makie K*ﬁ?%%%zo .org/stable/documentat
ion/backends_and_out

AR R e —Lk CairoMakie. jl F GLMakie. jt Ao put/

ERE—REERATTER using KEIMIFIAM activate! BREL 7RBIUNTH:

using GLMakie
GLMakie.activate!()

BAE ] UG R R PE R A&, B2, EREZAT, NATEAIRE, save
EIH“ fig E@H‘%ﬁiﬁ(i% save("filename.png", fig)o CairoMakie.jl mfij%ﬁ%ﬁﬂﬂ
HABME I, U0 svg M paf, MBI L HAEE RIS EA] DUERAR M B A 70 R
MNTREMI, FEEHIZECN pt_per_unit, HIAN:

(save("filename.pdf", fig; pt_per_unit=2) l

&)

l % https:/ /makie juliaplo
ts.org/stable/document
ation/backends_and_o

KT png, THETE px_per_unito ZEBH S5 & Hi > ATERIS B 2 PEA(E B utput/

(save(”filename.pdf", fig; pt_per_unit=0.5)



http://makie.juliaplots.org/stable/index.html
http://makie.juliaplots.org/stable/index.html
http://makie.juliaplots.org/stable/documentation/backends_and_output/
http://makie.juliaplots.org/stable/documentation/backends_and_output/
http://makie.juliaplots.org/stable/documentation/backends_and_output/
http://makie.juliaplots.org/stable/documentation/backends_and_output/
https://makie.juliaplots.org/stable/documentation/backends_and_output/
https://makie.juliaplots.org/stable/documentation/backends_and_output/
https://makie.juliaplots.org/stable/documentation/backends_and_output/
https://makie.juliaplots.org/stable/documentation/backends_and_output/
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5 — B E | FR A AT I AR, TEM A cairomakie. jU N, Julia REPL
AXFRRE R, ARG E IDE (Integrated Development Environment,
ERTFEINGL) , BIANSZHF png 8L svg 1E MY VSCode, Jupyter B¢ Pluto,
lj:lj_“/l\@ GLMakie. jl UlUﬁE@%ﬁ'J@ifLﬁﬁD, S AE VA Makie.inline! (true) HAE
TSRO,

5.1 CairoMakie.jl

BADTFIRLRHINI S — K ER R E TR EL:

|

using CairoMakie
CairoMakie.activate! ()

|

fig = scatterlines(1:10, 1:10)

ERCHT A SR B RS, DR L 7 S {68 PR 44 AR R el b st — 2D A

IEJEYI‘E%—/I\{% scatterlines iXﬁEl‘Jé’z;\I’EIIZ@&Z%KﬁIJ@T—/I\ FigureAxisPlot ﬁ”
%, HPEE rigure, axis fl plot MR, XLEREAHFRN non-mutating 751,
H—JH, mutating i (BIA0 scatterlinest, JFEZ T 1) UREI—A plot X
%, A ARSI RN ZAE 1 axis BY current_figure() H,

NN AR AN R B AR ISP ? JX AT DA attributes SEE, RETE
T E,

52 @t

i attributes A DAGIEE B E XHIE, 1R E R M AT DAUEH 2 725
A plot MR attributes FIFRATDUER L R AEE:

Figure 5.1: First plot.
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fig, ax, pltobj = scatterlines(1:10)
pltobj.attributes

Attributes with 15 entries:
color => RGBA{Float32}(0.0,0.447059,0.698039,1.0)
colormap => viridis
colorrange => Automatic()
cycle => [:color]
inspectable => true
linestyle => nothing
linewidth => 1.5
marker => Circle
markercolor => Automatic()
markercolormap => viridis
markercolorrange => Automatic()
markersize => 9
model => Float32[1.0 0.0 0.0 0.0; 0.0 1.0 0.0 0.0; 0.0 0.0 1.0 0.0; 0.0 0.0 O.
<0 1.0]
strokecolor => black
strokewidth => 0

ﬁ%ﬁﬁﬁ pltobject.attributes.attributes i&@ﬁ%)@'lﬁﬂgmct °

Xﬂ‘?1£~éﬁ%ﬁ‘]é§l¥l§k, HBHELE rRepL A DA 2lines BY help(lines) I AIREHS
Bljo Julia Rt IZ R EAMHE N 8 1, FHF TSR G A IR, KT Lines
B4

help(lines)

lines(positions)
lines(x, y)
lines(x, y, z)

Creates a connected line plot for each element in (x, y, z), (x, y) or
positions.

| Tip
I
| You can separate segments by inserting NaNs.
lines has the following function signatures:
(Vector, Vector)
(Vector, Vector, Vector)

(Matrix)

Available attributes for Lines are:
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color
colormap
colorrange
cycle
depth_shift
diffuse
inspectable
linestyle
linewidth
nan_color
overdraw
shininess
specular
ssao
transparency
visible

A plot N REJEME, axis il Figure NRWHBE M, HIAN, Figure HEMHH
backgroundcolor,resolution,fontﬂ{]fontsize EL]Q,figure_paddingoiitF‘figure_padding

— BT EGABREA X, WE (E5.2) PR GXKEUR, EfEH -1

B iR IrAIAITEE, sUE R M TARR BN e,

Axis ﬁ*iﬁ*%ﬁ”)ﬁ’ﬁ, HA A backgroundcolor, xgridcolor M title, fHH
help(Axis) AIEEME RN,

TER TORIXGRIE, SR I E — SR

L

lines(1:10, (1:10).72; color=:black, linewidth=2, linestyle=:dash,

figure=(; figure_padding=5, resolution=(600, 400), font="sans",

backgroundcolor=:grey90, fontsize=16),

axis=(; xlabel="x", ylabel="x2",

title="title",

xgridstyle=:dash, ygridstyle=:dash))

current_figure()

title

1004

% 50+

et E T RZHEMALE IR SOFEER EM— legend &

Figure 5.2: Custom plot.



R maxie.gu EFERT ML 113

Eig, ﬁﬁﬁ%%ﬁé&ﬁjjﬁjﬂﬁ%%o FﬁL)(, r':lﬂle: append %#/I\ plot object
Jf Bt e A axislegend IR RZE E B, B ERFTE plot PRIECHRY labels,
H B BB T B B ABIEM T position=:ct 28, HM :ct TRE
BT centerfll top, wE & 5.3 fis:

lines(1:10, (1:10).72; label="x2", linewidth=2, linestyle=nothing,
figure=(; figure_padding=5, resolution=(600, 400), font="sans",
backgroundcolor=:grey90, fontsize=16),
axis=(; xlabel="x", title="title", xgridstyle=:dash,
ygridstyle=:dash))
scatterlines!(1:10, (10:-1:1).72; label="Reverse(x)2")
axislegend("legend"; position=:ct)
current_figure()

title Figure 5.3: Custom plot

legend.

100
legend

— XZ
-e- Reverse(x)?

504

GiBUR2= left(l), center(c), right(r) g bottom(b), center(c), top(t) R DL
feE H A E, B, (EH v« fEE e B,

SR, AN PSRRI LRGN 51X 2 2 A2 LU E 21, FTDA, 4 SR AR Y
FERAHI— LR, MamIrfaE — P8, set_themet () FISEILIZIRIE,
RAITRG

i set_theme! (kwargs) B X HTBLE, EHratlz miAvE:

set_theme! (5 resolution=(600, 400),
backgroundcolor=(:orange, 0.5), fontsize=16, font="sans",
Axis=(backgroundcolor=:grey90, xgridstyle=:dash, ygridstyle=:dash),
Legend=(bgcolor=(:red, 0.2), framecolor=:dodgerblue))

lines(1:10, (1:10).42; label="x2", linewidth=2, linestyle=nothing,
axis=(; xlabel="x", title="title"))

scatterlines!(1:10, (10:-1:1).72; label="Reverse(x)2")

axislegend("legend"; position=:ct)

current_figure()

set_theme! ()

caption = "Set theme example."




114 jULIA DATA SCIENCE

title Figure 5.4: Set theme
example.

100+
legend

—x2

-®- Reverse(x)?

50+

BIEEE —ATHY set_theme! () ¥4 F W EH B | Makie FIERINIZ B, B K themes Y
B2 NZ1E 2] Section 5.3,

EMEN TR, EFEE —MOIF: B2 DSEOTHERN array RBLH2EN
HORBLE M. Hlan, H scatter REREATHITHEL,

ABIFEHLA A 100 17 3 FUAY array , IXLEBIER R IES D, HAPE SRR
i BRI E, B AEOR y B R E, B=ARRE 8 RO B M E,
A mT AR SKRAEE AR cotor BEE ARIBIBRIER/N IR E AT DAL TR]
SES (O

using Random: seed!
seed!(28)

xyvals = randn(100, 3)
xyvals[1:5, :]

5x3 Matrix{Float64}:

0.550992 1.27614 -0.659886
-1.06587 -0.0287242 0.175126
-0.721591 -1.84423 0.121052

0.801169 0.862781  -0.221599
-0.340826 0.0589894 -1.76359

Xt B 5.5 40 N FR:

fig, ax, pltobj = scatter(xyvals[:, 1], xyvals[:, 2]; color=xyvals[:, 3],
label="Bubbles", colormap=:plasma, markersize=15 * abs.(xyvals[:, 3]),
figure=(; resolution=(600, 400)), axis=(; aspect=DataAspect()))

limits!(-3, 3, -3, 3)

Legend(fig[1, 2], ax, valign=:top)

Colorbar(fig[1, 2], pltobj, height=Relative(3 / 4))

fig

caption = "Bubble plot."
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[ J ® Bubbles
o
2 . ® .Q
. ° 2
8
1 - o,

o e |

%TEJ:{{-?}J[] Legend *ﬂ Colorbar, %5«[% FigureAxisPlot T—Egﬂﬁﬁﬁjg fig, ax,
<spltobjo FRATIEAE Section 5.6 1 I0H F A0 Ja & I 8 2417,

JEIT — e EOR HAE BRG], BATER T Fwakie. j1, BUFEIRATREAEA]
JE: IEREMT A2 makie. 1 AR IS MRLLLAR RE? N T RIZ IR, B THI1E
T— cheat sheet U1 & 5.6 Fl7o #H cairomMakie. j1 JG ¥ A PAFRAALRHIIX LE ],

5.7 FB7R T GLMakie. i1 B _cheat sheet_ , IXELpRETFATHIRZE 3D E, X
YIS S TEIY 6Lmakie. 1 T iHF—H 1118,

e, FMNELREK T IRBIREM T 20 1 TR IZAIT RIS SR AT,
B 155 STUAT AL E BRSNS T o

53 FH

2 Fiys AT AR B B RSN, PR AT AR e i s B e SR 3
W'JZZIJ, j@ﬁ with_theme(your_plot_function, theme_dark()) @ﬁ%ﬁ‘ii)‘{ﬁ@ﬁ%@}_%ﬂo
%M‘, J@EI uﬁﬁﬁ Theme (kwargs) *@@{hﬁ aﬂ@jﬁ@ﬁﬁiﬁﬁ update_theme! (kwargs)
B4 A O A 3

ﬁﬂu{%ﬂ% set_theme! (theme; kwargs...) 3{%%%3\3@_&&% theme, #Hﬁﬁ kwargs
BB M EM, ERAAT SR set_thene! () RIATIKE 2 2 i 32 AT 1%
B fE MHEIBITH, BAIHES T RAEARFERIMILAEE S, DET IS
B TR 2B

using Random: seed!
seed! (123)
y = cumsum(randn(6, 6), dims=2)

6x6 Matrix{Float64}:

0.808288 0.386519 0.355371 0.0365011 -0.0911358 1.8115
-1.12207 -2.47766  -2.16183 -2.49928 -2.02981 -1.37017
-1.10464 -1.03518 -3.19756 -1.18944 -2.71633 -3.80455

Figure 5.5: Bubble plot.

4 http://makie juliaplots
.org/stable/documentat
ion/theming/predefin
ed_themes/index.html


http://makie.juliaplots.org/stable/documentation/theming/predefined_themes/index.html
http://makie.juliaplots.org/stable/documentation/theming/predefined_themes/index.html
http://makie.juliaplots.org/stable/documentation/theming/predefined_themes/index.html
http://makie.juliaplots.org/stable/documentation/theming/predefined_themes/index.html
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. . . . Figure 5.6: Plotting
(x. Plotting Functions with Makie :: CHEAT SHEET functions: Cheat

Sheet. Output given by

lines(x.y) lines(x.y.z) scatter(x,y) scatter(x,y.z) meshscatter(x,y) Cairomakie.
. . ' 1]
| .o .o ! 1
. « ° |
.« ° - . | |
. . . ]
. . . o ] [}
. .t '
L. . P , | |
o "
scatterlines(x,y) scatterlines(x,y,z) arrows(x,y,u,v) streamplotf 14, ) stem(x,y)
IR AP S,
LI B R I, / %v
A -
NN a
AR PR
Ny
T vy / R \
ey \n\ \S
senes(curves stairs(x,y linesegments(x.y) rangebars(vals,lo,hi) errorbars(x,y,lo,hi)
It I
-
~ It
~ I T I
—
—~ I Lz
N
~ I
crossbar(x,y,lo.hi) boxplot xy) barplot(x,y) hist(x) density(x)
violin(x,y) band (x,10,hi) pie(fracs) poly(points) text(s)
S
N
&
@ﬁ@
A
heatmap(x,y,vals) contour(x,y,vals) contourf(x,y,vals) mesh(v,f)

o

Learn more in Julia Data Science. https://juli i io - http://makiejuliaplots.org - Makie v0.15.0 - CairoMakie v0.6.3 - Updated: 2021-08-03
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!. Figure 5.7: Plotting

Plotting Functions with Makie :: CHEAT SHEET functions: Cheat
heatmap(x,y,vals, Sheet. Output given by
wireframe(x,y.z) surface(x,y,z) contour3d(x,y,z) volume(x,y,z,vals) transformation— (:xy,0.5) GLMakie.

=

arrows(x,y,u,v, streamplot (f-i..i,-j..J,

v-1))  streamplot(friisj.j-k..k)

meshscatter(x,y,z) transformati

L g '.
@

wy2,-2))  arrows(points,directions)  transformation—(:

stem (x,y,2) linesegments(x,y,z) band(lo,hi) contour(x,y,z,vals) mesh(obj)
~

~

\ /

Learn more in Julia Data Science. https://juliadatascience.io « http://makic.juliaplots.org - Makie v0.15.0 - GLMakie v0.4.4 - Updated: 2021-08-03

-0.416993 -0.534315 -1.42439 -0.659362 -0.0592298 0.644529
0.287588  1.50687 2.36111 2.54137 0.48751 0.630836
0.229819 0.522733  0.864515  2.89343 2.06537 2.21375

ABIBEHAERL T — KN (20,20) BIFERE, DLEE T2 — 5K &l (heatmap),
[FIRABIEIEE T o F1 y BVEHL

using Random: seed!
seed! (13)

XV

= yv = LinRange(-3, 0.5, 20)

matrix = randn(20, 20)
matrix[1:6, 1:6]

Matrix{Float64}:

.271257 0.894952 0.728865 -0.293849 -0.449277 -0.0948871
.193033 -0.421286 -0.455905 -0.0576092 -0.756621 -1.47419
.123177 0.762254 0.773921 -0.38526 -0.0659695 -0.599284
47327 0.770122 1.20725 0.257913 0.111979 0.875439
.82913 -0.603888 0.164083 -0.118504 1.46723 0.0948876
.09769 0.178207 0.110243 -0.543203 0.592245 0.328993

Kt Hrea B R AR
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function demo_themes(y, xv, yv, matrix)
fig, - = series(y; labels=["$i" for i = 1:6], markersize=10,
color=:Set1, figure=(; resolution=(600, 300)),
axis=(; xlabel="time (s)", ylabel="Amplitude",
title="Measurements"))
hmap = heatmap!(xv, yv, matrix; colormap=:plasma)
limits!(-3.1, 8.5, -6, 5.1)
axislegend("legend"; merge=true)
Colorbar(fig[1, 2], hmap)
fig
end

ERE, series BARHO (RTINS APV ES 0 AR RTUAIE, 53 5ME2
3 7B colorbar 1 heatmap. 1T, M (181, —FHE thene_dark ()
, H—FIE theme_black()o

-

with_theme (theme_dark()) do
demo_themes(y, xv, yv, matrix)

end

with_theme(theme_black()) do
demo_themes(y, xv, yv, matrix)

end

L

Figure 5.8: Theme dark.

Figure 5.9: Theme
black.

Measurements

Amplitude

tirﬁe (s)

BANE =RE TR, theme_ggplot2(), theme_minimal() F1 theme_light()o IXZEF
FRION T BEARIEE R HY iR B AR A o

with_theme(theme_ggplot2()) do
demo_themes(y, xv, yv, matrix)
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end

with_theme(theme_minimal()) do
demo_themes(y, xv, yv, matrix)

end

with_theme(theme_light()) do
demo_themes(y, xv, yv, matrix)

end

5 Measurements Figure 5.10: Theme
legend 5 ggplot2.
-1
3 /.’ -2
20 -3 0
£ A
< -5
6 -2
-5-
25 0.0 25 5.0 7.5
time (s)
5 Measurements Figure 5.11: Theme
legend , minimal.
o1
% .}/” -2
g -3 0
Q
£ -4
< -5
6 -2
-5
-2.5 0.0 2.5 5.0 7.5
time (s)
5 Measurements Figure 5.12: Theme
legend 2 llght.
-1
3 -2
g -3 0
o
€ -4
< -5
6 -2
-5
-2.5 0.0 2.5 5.0 7.5

time (s)

H—fr R EE with_theme(your_plot, your_theme()) BIEE B %E M Theme o
fign,  BAUS =@ AT PAVE D H R o 2 P A )RS -

publication_theme() = Theme(

fontsize=16, font="CMU Serif",

Axis=(xlabelsize=20, xgridstyle=:dash, ygridstyle=:dash,
xtickalign=1, ytickalign=1, yticksize=10, xticksize=10,
xlabelpadding=-5, xlabel="x", ylabel="y"),

Legend=(framecolor=(:black, 0.5), bgcolor=(:white, 0.5)),

Colorbar=(ticksize=16, tickalign=1, spinewidth=0.5),
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ﬁﬁi@%, E%?%H"JWJ%*@%E?@%’J scatterlines *H heatmapo

function plot_with_legend_and_colorbar()
fig, ax, — = scatterlines(1:10; label="line")
hm = heatmap!(ax, LinRange(6, 9, 15), LinRange(2, 5, 15), randn(15, 15);
colormap=:Spectral_11)
axislegend("legend"; position=:1t)
Colorbar(fig[1, 2], hm, label="values")
ax.title = "my custom theme"
fig
end

SRV AT 2 S Theme, HAHHAD (& 5.13) Fimo

with_theme(plot_with_legend_and_colorbar, publication_theme())

my custom theme

legend
9 -e-line

.
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g
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WNRFZELE set_theme! (yountheme))ﬁ%ﬂf{*%iﬁﬁ, AR 2 0] PAf#F F update_theme!
> (resolution=(500, 400), fontsize=18), B—H 12248 with_theme PREUEIEBAT
SN BEL:

fig = (resolution=(600, 400), figure_padding=1, backgroundcolor=:grey90)

ax = (; aspect=DataAspect(), xlabel=L"x", ylabel=L"y")

cbar = (; height=Relative(4 / 5))

with_theme(publication_theme(); fig..., Axis=ax, Colorbar=cbhar) do
plot_with_legend_and_colorbar()

end

BE, # FREINCUAER LaTeX T4 B H & X F @B TR,

5.4 f#H LaTeXStrings.jl

TV LaTexstrings. j1, Makie.jl SEFL T X LaTeX HYSZHE:

Figure 5.13: Themed
plot with Legend and
Colorbar.
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10 my custom theme Figure 5.14: Theme
ol legend with extra args.
- line
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using LaTeXStrings

—/ME BB AR F A0 N AR (B 5.15), HFEZEEEHT x-y bR E
H) LaTeX F TR,

function LaTeX_Strings()
X = 0:0.05:4n
lines(x, x -> sin(3x) / (cos(x) + 2) / x; label=L"\frac{\sin(3x)3}{x(\cos(x)
—+2)}",
figure=(; resolution=(600, 400)), axis=(; xlabel=L"x"))
lines!(x, x -> cos(x) / x; label=L"\cos(x)/x")
lines!(x, x -> exp(-x); label=L"er{-x}")
limits!(-0.5, 13, -0.6, 1.05)
axislegend(L"f(x)")
current_figure()
end

with_theme(LaTeX_Strings, publication_theme())

Figure 5.15: Plot with

1.0
flz) LaTeX strings.
_ sin(3z)
\ a(cos(z) +2)
0.5 — cos()/x
>
0.0
-0.5r
1 1 I

0 5 10

THEHZ2ESRNGIT, B2 —%ER, I BRI SHEE thSEBegm:
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function multiple_lines()
x = collect(0:10)
fig = Figure(resolution=(600, 400), font="CMU Serif")
ax = Axis(fig[1, 1], xlabel=L"x", ylabel=L"f(x,a)")
for i = 0:10

lines!(ax, x, 1 .* x; label=latexstring("$(i) x"))

end
axislegend(L"f(x)"; position=:1t, nbanks=2, labelsize=14)
text!(L"f(x,a) = ax", position=(4, 80))
fig

end

multiple_lines()

Figure 5.16: Multiple
lines.

100

504

fla,a)

IRKUFIOR, —Selh R ma . RS a N e
I"ﬂ@o ﬁﬁulﬁﬁﬂjﬁﬁq Cycles5 %ﬁbﬂﬁlﬂ%ﬂ%é&%’é?éo ey covary=true, {%ﬁﬁ ts.org/stable/document
HILE LGN ation/theming/index.ht

ml#cycles

function multiple_scatters_and_lines()
x = collect(0:10)
cycle = Cycle([:color, :linestyle, :marker], covary=true)
set_theme! (Lines=(cycle=cycle,), Scatter=(cycle=cycle,))
fig = Figure(resolution=(600, 400), font="CMU Serif")
ax = Axis(fig[1, 1], xlabel=L"x", ylabel=L"f(x,a)")
for i in x
lines!(ax, x, 1 .* x; label=latexstring("$(i) x"))
scatter!(ax, x, i .x x; markersize=13, strokewidth=0.25,
label=latexstring("$(i) x"))
end
axislegend(L"f(x)"; merge=true, position=:1t, nbanks=2, labelsize=14)
text!(L"f(x,a) = ax", position=(4, 80))
set_theme! ()
fig
end
multiple_scatters_and_lines()
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Figure 5.17: Multiple
Scatters and Lines.

100+
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— kR R LR, RITEREMEE 2 B SRRBEATLNEE o
SORFIRBRIABSI R L, 16 R, AU T AT cyeresd DL (1107 /makiellionlo

NARENEZER, RREEAIEING SR T S L0 ] SRR AR E.  ation/theming/index.ht

ml#cycles

5.5 PREFZEE (Colormap)

TERORGE RN, HAEBEZEN—H BRIk —HEE N L colorbar, Makie
<. i1 ZFHE Colorsjl” , FHARA] LA#FH named colors® MiA 2 £ 1% res 5%
reeA fHo HAh, tA] BUFE ] ColorSchemes.jl° il PerceptualColourMaps.jll0 H S https://juliagraphics.
H"J%ﬁi@o {Ef%"?ﬁ@ﬁ@%, ﬁu1ﬁﬁﬁ Reverse(:colormap_name) }i%%’y’ié@, &m github.io/Colors.jl/late

DA color=(:red,0.5) and colormap=(:viridis, 0.5) RIS R B 0 e s 2 £ 1] st/namedcolors/
® https://github.com/]J

RSN BARRTIGL. HE FRAEAFHIERBER (Colorbar) WEADRE |1 TP/ oo
B ST

7 https://github.com/]
uliaGraphics/Colors.jl

0 https://github.com/p
eterkovesi/PerceptualC

Ej(i}\l[ljflg?E‘F, Makie.jl E%ﬁ%}(*éﬁﬁé, A DATEPAME A iz B, Z HiTRY olourMaps.jl
BRI BAEMRE S, B RIXEROAICNT AR, ERE R
H cotor KEEFH M symbot B string FEEHHIH G, ZIRIFW FHR:

function set_colors_and_cycle()

x(r, ky, 8) =71 % (k .+ 1.0) .* cos.(8) .- 1t x cos.((k .+ 1.0) .* 8)
y(r, k, 8) =1 % (k .+ 1.0) .* sin.(8) .- v x sin.((k .+ 1.0) .* ©)
6 = LinRange(0, 6.2m, 1000)
axis = (; xlabel=L"x(\theta)", ylabel=L"y(\theta)",
title="Epicycloid", aspect=DataAspect())
figure = (; resolution=(600, 400), font="CMU Serif")
fig, ax, - = lines(x(1, 1, 8), y(1, 1, 8); color="firebrick1",
label=L"1.0", axis=axis, figure=figure)
lines!(ax, x(4, 2, 8), y(4, 2, 8); color=:royalbluel,
label=L"2.0")
for k = 2.5:0.5:5.5
lines!(ax, x(2k, k, 8), y(2k, k, ©); label=latexstring("$(k)"))
end



http://makie.juliaplots.org/stable/documentation/theming/index.html#cycles
http://makie.juliaplots.org/stable/documentation/theming/index.html#cycles
http://makie.juliaplots.org/stable/documentation/theming/index.html#cycles
http://makie.juliaplots.org/stable/documentation/theming/index.html#cycles
https://github.com/JuliaGraphics/Colors.jl
https://github.com/JuliaGraphics/Colors.jl
https://juliagraphics.github.io/Colors.jl/latest/namedcolors/
https://juliagraphics.github.io/Colors.jl/latest/namedcolors/
https://juliagraphics.github.io/Colors.jl/latest/namedcolors/
https://github.com/JuliaGraphics/ColorSchemes.jl
https://github.com/JuliaGraphics/ColorSchemes.jl
https://github.com/JuliaGraphics/ColorSchemes.jl
https://github.com/peterkovesi/PerceptualColourMaps.jl
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https://github.com/peterkovesi/PerceptualColourMaps.jl
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Legend(fig[1, 2], ax, latexstring("k, v = 2k"), merge=true)
fig

end

set_colors_and_cycle()

Epicycloid

kr=2k
— 1.0
— 2.0
— 2.5

3.0
— 3.5
—4.0
— 45
— 5.0

5.5

50

-50-

XEE cotor KHEFHEE T _EHIRTMSRHILRAIB O, HAREMBIARE S,
e 22 ST i 2 S EA

KTBE, RMNELAEFE B TR EMBURER cotornap, NI RRAY
2, PR e] DUREEARREEIS synbol B string MEATHERE, AN, HATDARE
rep BUEIHIE R, NHEZH —MIF, I symbol, string M FMER] cgrad K
fREBEE, N 2cgrad BEELZER,

figure = (5 resolution=(600, 400), font="CMU Serif")

axis = (; xlabel=L"x", ylabel=L"y", aspect=DataAspect())

fig, ax, pltobj = heatmap(rand(20, 20); colorrange=(0, 1),
colormap=Reverse(:viridis), axis=axis, figure=figure)

Colorbar(fig[1, 2], pltobj, label = "Reverse colormap Sequential")

fig

I colorrange i, &AM T I AN B EE (S 450 7 3t 18 B Dy A 2 PR ) 25 —
Mg —fgifE, H2, ANRTBITHEEMmNEE, XA PUE highclip
*ﬂ Tlowclip ifﬂ]:

using ColorSchemes

Figure 5.18: Set colors
and cycle.
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1.0 Figure 5.19: Reverse
colormap sequential
and colorrange.

0.5

Reverse colormap Sequential

0.0

figure = (5 resolution=(600, 400), font="CMU Serif")

axis = (; xlabel=L"x", ylabel=L"y", aspect=DataAspect())

fig, ax, pltobj=heatmap(randn(20, 20); colorrange=(-2, 2),
colormap="diverging_rainbow_bgymr_45_85_c67_n256",
highclip=:black, lowclip=:white, axis=axis, figure=figure)

Colorbar(fig[1, 2], pltobj, label = "Diverging colormap")

fig

5 Figure 5.20: Diverging
Colormap with low and
high clip.

o
Diverging colormap

5 10 15 20

AN res MIEMEESERNETL, £ NEMEIFF, fRe] DUEE—EE X BT
perse BEF cgrad RO KA/ cotorbar,

using Colors, ColorSchemes

figure = (5 resolution=(600, 400), font="CMU Serif")

axis = (; xlabel=L"x", ylabel=L"y", aspect=DataAspect())

cmap = ColorScheme(range(colorant"red", colorant"green", length=3))

mygrays = ColorScheme([RGB{Float64}(i, i, i) for i in [0.0, 0.5, 1.0]])

fig, ax, pltobj = heatmap(rand(-1:1, 20, 20);
colormap=cgrad(mygrays, 3, categorical=true, rev=true), # cgrad and Symbol,
—rmygrays,
axis=axis, figure=figure)

cbar = Colorbar(fig[1, 2], pltobj, label="Categories")
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cbar.ticks = ([-0.66, 0, 0.66], ["-1", "@", "1"])
fig

Figure 5.21: Categorical
Colormap.

o
Categories

5 10 15 20

G, ARENBEORPRERNAESMEERES, RI0EE XREEE
Jl:l:l‘tﬂ%ﬂ, Bl cbar.ticks = (positions, ticks)o %E#@'lﬁfﬂ%1§i§§ﬁéﬂ/‘JT—Egﬂgﬁ
colormap, HABREA DU synbot, string BUEMHRGHEE. AR E
1K A A R ) B A

SN, MR NEHIGRE B O R BIE T, TR ERIE
LCE N EEPRTARIC,

figure = (5 resolution=(600, 400), font="CMU Serif")

axis = (; xlabel=L"x", ylabel=L"y", aspect=DataAspect())

fig, ax, pltobj = heatmap(rand(20, 20); colorrange=(0, 1),
colormap=(:red, "black"), axis=axis, figure=figure)

scatter!(ax, [11], [11], color=("#COCOCO", 0.5), markersize=150)

Colorbar(fig[1, 2], pltobj, label="2 colors")

fig

1.0 Figure 5.22: Colormap
from two colors.
£
0573
o

0.0
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551 HIENFEIER

AT DAEIE BB EAEIAE AR Theme , (HIEH AHEL IXFEM, HIFIIIEZ
TESCHIN FER-OHG L AR e, @A :color, :linestyle, :marker &M
H‘J%ﬁ cycle *H%{U\E"J colormap o ?E%Zﬁﬁﬂ"] publication_theme iﬁbﬂ—%ﬁfﬁﬂ’ﬂ)ﬁ
T,

function new_cycle_theme()

my_colors = ["#D43F3AFF", "#EEA236FF", "#5CB85CFF", "#46B8DAFF",
"#357EBDFF", "#9632B8FF", "#BSBSBSFF"]
cycle = Cycle([:color, :linestyle, :marker], covary=true)
my_markers = [:circle, :rect, :utriangle, :dtriangle, :diamond,
:pentagon, :cross, :xcross]
my_linestyle = [nothing, :dash, :dot, :dashdot, :dashdotdot]
Theme (
fontsize=16, font="CMU Serif",
colormap=:linear_bmy_10_95_c78_n256,
palette=(color=my_colors, marker=my_markers, linestyle=my_linestyle),
Lines=(cycle=cycle,), Scatter=(cycle=cycle,),
Axis=(xlabelsize=20, xgridstyle=:dash, ygridstyle=:dash,
xtickalign=1, ytickalign=1, yticksize=10, xticksize=10,
xlabelpadding=-5, xlabel="x", ylabel="y"),
Legend=(framecolor=(:black, 0.5), bgcolor=(:white, 0.5)),
Colorbar=(ticksize=16, tickalign=1, spinewidth=0.5),

end

RIE RN AR E RS, R EoR:

function scatters_and_lines()
x = collect(0:10)
xh = LinRange(4, 6, 25)
yh = LinRange(70, 95, 25)
h = randn(25, 25)
fig = Figure(resolution=(600, 400), font="CMU Serif")
ax = Axis(fig[1, 1], xlabel=L"x", ylabel=L"f(x,a)")
for i in x
lines!(ax, x, 1 .x x; label=latexstring("$(i) x"))
scatter!(ax, x, i .x x; markersize=13, strokewidth=0.25,
label=latexstring("$(i) x"))
end
hm = heatmap!(xh, yh, h)
axislegend(L"f(x)"; merge=true, position=:1t, nbanks=2, labelsize=14)
Colorbar(fig[1, 2], hm, label="new default colormap")
limits!(ax, -0.5, 10.5, -5, 105)
colgap!(fig.layout, 5)
fig
end

127
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with_theme(scatters_and_lines, new_cycle_theme())

fz,a)
new default colormap

B, @A, dhZrEsX, PRICNIBEE, IRELEET seafiml 2 E4EHR,

N R e A E BRI A5 R

5.6 film

— SRR Wi /AR 2 Figure & XY, QIEERERPHEFLIMAR, T
A A= MU E axis, Legend I colorbar FYTET BB FIF4R, TEXTESH, #iE
Array/Matrix ﬁfﬁﬁ, A] DA rows T columns 5| Figureo Axis LT 8 1 fi’, 1
?IJ, BIH fig[1, 110 Colorbar LT %lf—j‘, %2?“, BN figl1, 21o %9[‘, Legend

NT 24T M 1-2%5), BN figle, 1:21,

function first_layout()
seed! (123)
X, ¥, z = randn(6), randn(6), randn(6)
fig = Figure(resolution=(600, 400), backgroundcolor=:grey90)
ax = Axis(fig[1, 1], backgroundcolor=:white)
pltobj = scatter!(ax, x, y; color=z, label="scatters")
lines!(ax, x, 1.1y; label="line")
Legend(fig[2, 1:2], ax, "labels", orientation=:horizontal)
Colorbar(fig[1, 2], pltobj, label="colorbar")
fig

end

first_layout()

B KCEAH T, HELGHEL . AT DA DU KRB 77 R R R E Y

TF L [

e figure_padding=(left, right, bottom, top)
® padding=(left, right, bottom, top)

Figure 5.23: Custom
theme with new cycle
and colormap.
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Figure 5.24: First
0.5 Layout.
1_
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2
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o
-0.5
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labels
® scatters —line

ZZE Legend BY Colorbar SEFR AN B0

o tellheight=true or false
e tellwidth=true or false

FHXEEBEEN true JAMITFTH LB Legend B Colorbar YRR/ (RIZREE), ZRJHIX
LL AR AR IR RN

A DAE A DA 75 SRR e A TR TR B

e colgap!(fig.layout, col, separation)

e rowgap!(fig.layout, row, separation)

HIMEE (colgap!) , WIERLAE T col, HABLIRIFEIG N FHTESEE I, 17 M
(rowgap!), WIRHAET row, ABAIAIFER RN AHIEHEERTT.

FRR S N A RIER ST (protrusion) , RIDY bl « #ly, B8
ticks PABZ tabel fREAAYZZ ], SEITTIER KA E RGN figli, J, protrusion],
HH protrusion A] PAJE Left(), Right(), Bottom() | Top(), BE 2N TopLeft(),
TopRight(), BottomRight(), BottomLeft()o IXEETCREAE AN N A+ -

function first_layout_fixed()

seed! (123)

X, ¥, z = randn(6), randn(6), randn(6)

fig = Figure(figure_padding=(0, 3, 5, 2), resolution=(600, 400),
backgroundcolor=:grey90, font="CMU Serif")

ax = Axis(fig[1, 1], xlabel=L"x", ylabel=L"y",
title="Layout example", backgroundcolor=:white)

pltobj = scatter!(ax, x, y; color=z, label="scatters")

lines!(ax, x, 1.1y, label="1line")

Legend(fig[2, 1:2], ax, "Labels", orientation=:horizontal,
tellheight=true, titleposition=:left)

Colorbar(fig[1, 2], pltobj, label="colorbar")

Box(fig[1, 1, Right()], color=(:slatebluel, 0.35))
Label(fig[1, 1, Right()], "protrusion", textsize=18,
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rotation=pi / 2, padding=(3, 3, 3, 3))
Label(fig[1, 1, TopLeft()], "(a)", textsize=18, padding=(0, 3, 8, 0))
colgap!(fig.layout, 5)
rowgap! (fig.layout, 5)
fig
end
first_layout_fixed()

(@) Layout example Figure 5.25: First
05 Layout Fixed.
1-
§ 5
42 0.0
- sl £
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-1 0 1
T
| Labels ® scatters — line |

IXHAE TopLeft VUNIINREE (a) FIRER D ER, FIOMARZEER MDA ERIE
AT R PRIBIFH, BATRAESHER AT CRM—2&H LA, 3
O PEEE, HBERNE,

AT DA FH AT B 5 P 1 2R s 7 k.-
hidedecorations!(ax; kwargs...)

hidexdecorations!(ax; kwargs...)
hideydecorations!(ax; kwargs...)

hidespines!(ax; kwargs...)

RECAEEZ AT LAEH nelp BBRREWILHIISEL, HlAN:

help(hidespines!)

hidespines!(la::Axis, spines::Symbol... = (:1, :r, :b, :t)...)

Hide all specified axis spines. Hides all spines by default, otherwise
choose with the symbols :1, :r, :b and :t.

hidespines! has the following function signatures:
(Vector, Vector)
(Vector, Vector, Vector)

(Matrix)

Available attributes for Combined{Makie.MakielLayout.hidespines!} are:
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%9[‘, Xﬂ‘ﬂ: hidedecorations! ﬁ:

help(hidedecorations!)

hidedecorations!(la::Axis)
Hide decorations of both x and y-axis: label, ticklabels, ticks and grid.
hidedecorations! has the following function signatures:

(Vector, Vector)

(Vector, Vector, Vector)

(Matrix)

Available attributes for Combined{Makie.MakielLayout.hidedecorations!} are:

Xﬂ‘ﬂ: Z:EEE ﬁﬂ’] E% 12’3535'{ HZﬁ]H"J{EIQEjﬂ false, il hideydecorations!(

<ax; ticks=false, grid=false)o

[ axis HI77 0G0

o linkaxes!, linkyaxes! F linkxaxes!

XAEFREH RN ZZHRAEH, H— MRS AT AR R E linits!,

R PAR 75 A — IR imits, S IRRRE BN BN T3 TET AR BRI -

o limits!(ax; 1, v, b, t), HH VRHEM, r M, b JFKEE, 1t 6K,

EHEM A ylims! (low, hlgh)fi xlims!(low, high), H2Ea] DUE I ylims! (low=0)
5% xlims! (high=1) Ri&E—,

Bls-an ke

function complex_layout_double_axis()
seed! (123)
x = LinRange(0, 1, 10)
y = LinRange(0, 1, 10)
z = rand(10, 10)
fig = Figure(resolution=(600, 400), font="CMU Serif", backgroundcolor=:
<—>grey90)
axl = Axis(fig, xlabel=L"x", ylabel=L"y")
ax2 = Axis(fig, xlabel=L"x")
heatmap! (ax1, x, y, z; colorrange=(0, 1))
series!(ax2, abs.(z[1:4, :]); labels=["lab $i" for i = 1:4], color=:Set1_4)
hm = scatter!(10x, y; color=z[1, :], label="dots", colorrange=(0, 1))
hideydecorations!(ax2, ticks=false, grid=false)

linkyaxes!(ax1, ax2)
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fig[1, 1] = ax1
fig[1, 2] = ax2
Label(fig[1, 1, TopLeft()], "(a)", textsize=18, padding=(0, 6, 8, 0))
Label(fig[1, 2, TopLeft()], "(b)", textsize=18, padding=(0, 6, 8, 0))
Colorbar(fig[2, 1:2], hm, label="colorbar", vertical=false, flipaxis=false)
Legend(fig[1, 3], ax2, "Legend")
colgap!(fig.layout, 5)
rowgap! (fig.layout, 5)
fig

end

complex_layout_double_axis()

(b) Figure 5.26: Complex

J layout double axis.
Legend
—lab 1

| —1lab 2
—1lab 3
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colorbar

W _EPTR, colorbar BT M EAZNKE HE MRS WAL 77, XZRN
BIET vertical=false flipaxis=falseo %5’[‘, WAT DU B 22 1Y axis BRINE] fig
E, %%‘Eﬂu% Colorbar *ﬂ Legend, %Eﬁ*@ﬁ?ﬁ}%o

5 — R WA R 2T 2 R TE 75 RS -

function squares_layout()
seed! (123)
letters = reshape(collect('a':'d"), (2, 2))
fig = Figure(resolution=(600, 400), fontsize=14, font="CMU Serif",
backgroundcolor=:grey90)
[Axis(fig[i, j], aspect=DataAspect()) for i = 1:2, j = 1:2]
hms = [heatmap!(axs[i, j], randn(10, 10), colorrange=(-2, 2))
for i = 1:2, j = 1:2]
Colorbar(fig[1:2, 3], hms[1], label="colorbar")
[Label(fig[i, j, TopLeft()], "($(letters[i, j]))", textsize=16,
padding=(-2, 0, -20, 0)) for i = 1:2, j = 1:2]
colgap!(fig.layout, 5)

axs

rowgap! (fig.layout, 5)
fig

end

squares_layout()
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2 Figure 5.27: Squares
layout.
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using Dates

function mixed_mode_layout()
seed! (123)
longlabels = ["$(today() - Day(1))", "$(today())", "$(today() + Day(1))"]
fig = Figure(resolution=(600, 400), fontsize=12,
backgroundcolor=:grey90, font="CMU Serif")
ax1l = Axis(fig[1, 1])
ax2 = Axis(fig[1, 2], xticklabelrotation=pi / 2, alignmode=Mixed(bottom=0),
xticks=([1, 5, 10], longlabels))
ax3 = Axis(fig[2, 1:2])
ax4 = Axis(fig[3, 1:2])
axs = [ax1, ax2, ax3, ax4]
[lines!(ax, 1:10, rand(10)) for ax in axs]
hidexdecorations!(ax3; ticks=false, grid=false)
Box(fig[2:3, 1:2, Right()], color=(:slatebluel, 0.35))
Label(fig[2:3, 1:2, Right()], "protrusion", rotation=pi / 2, textsize=14,
padding=(3, 3, 3, 3))
Label(fig[1, 1:2, Top()], "Mixed alignmode", textsize=16,
padding=(0, 0, 15, 0))
colsize!(fig.layout, 1, Auto(2))
rowsize!(fig.layout, 2, Auto(0.5))
rowsize!(fig.layout, 3, Auto(0.5))
rowgap! (fig.layout, 1, 15)
rowgap! (fig.layout, 2, 0)
colgap!(fig.layout, 5)
fig
end
mixed_mode_layout ()
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Mixed alignmode
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N\Lﬂjﬂuﬁﬁiﬂ colsize! *H rowsize! Zl[lﬁﬁfﬁ%?ﬁﬁﬁ"]ﬁ%ﬂﬁﬂo EJUJ’FHIZI?&
BE— M FMAE avto(), HIRSEEFTARNILE. BN, FEEX axis N
AJPAE height BY width, B0 Axis(fig, heigth=50) FFEx[E R EE,

5.6.1 HxE Axis (subplots)

FEEE SL—2 axis (subplots) H2RIATHY, RIDMERH—4H axis WIERBFZITZ
FIRIE, Flan, TR T —HBRE 2 axis:

function nested_sub_plot!(fig)

color = rand(RGBf)

ax1l = Axis(fig[1, 1], backgroundcolor=(color, 0.25))
Axis(fig[1, 2], backgroundcolor=(color, 0.25))
ax3 = Axis(fig[2, 1:2], backgroundcolor=(color, 0.25))
ax4 = Axis(fig[1:2, 3], backgroundcolor=(color, 0.25))
return (ax1, ax2, ax3, ax4)

ax2

end

I 2 R e R B R Y, AT DA 2

function main_figure()
fig = Figure()
Axis(fig[1, 1])
nested_sub_plot!(fig[1, 2])
nested_sub_plot!(fig[1, 3])
nested_sub_plot!(fig[2, 1:3])
fig

end

main_figure()

EE, XETDIARARNTEES, 556, 8 axis A2 Figure BIHRIZHER

Figure 5.28: Mixed
mode layout.
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o JH:, MIERAT rowgap!ﬁ% colsize! iZﬁEI"J%W’EEﬂ‘, REEZERNE—
AN B SR RN A B B — 2 E

XN TFHE axis (subplots) AT DA eridLayout (), BREF RAGIE T E 241 Figures

5.6.2 HREMMAR)E

ATLMER eridiayout () HEFIE, IXATTIARENS B B M E E SRR, 1X
EE@J@%Z%H@ nested_sub_plot!, E%XTE?H?*D#/I\%.‘@H@ Axis:

function nested_Grid_Layouts()
fig = Figure(backgroundcolor=RGBf(0.96, 0.96, 0.96))
ga = fig[1, 1] = GridLayout()
gb = fig[1, 2] = GridLayout()
gc = fig[1, 3] = GridLayout()
gd = fig[2, 1:3] = GridLayout()
gA = Axis(ga[1, 1])
nested_sub_plot!(gb)
axsc = nested_sub_plot!(gc)
nested_sub_plot!(gd)
[hidedecorations! (axsc[i], grid=false, ticks=false) for i = 1:length(axsc)]
colgap!(gc, 5)
rowgap!(gc, 5)
rowsize!(fig.layout, 2, Auto(0.5))
colsize!(fig.layout, 1, Auto(0.5))
fig
end
nested_Grid_Layouts()

f'jﬂf, ﬁ#éﬂ{é}ﬂ Towgap! @ colsize! 3{%%mfﬁ‘ﬂ@, #E_ rowsize!, colsize! H_j,
REE N T GridLayout()o

Figure 5.29: Main
figure.
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5.6.3 1K

HRl, 22 inset B —IWURTHILAE, AT /R MARIER)4a I8 2 S Bl F

B MR HIHREI T %, HB—MEE X seox, BEFIETEN Figure (A

function add_box_inset(fig; left=100, right=250, bottom=200, top=300,
bgcolor=:grey90)
inset_box = Axis(fig, bbox=BBox(left, right, bottom, top),
xticklabelsize=12, yticklabelsize=12, backgroundcolor=bgcolor)

translate! (inset_box.scene, 0, 0, 10)
elements = keys(inset_box.elements)
filtered = filter(ele -> ele != :xaxis && ele != :yaxis, elements)
foreach(ele -> translate!(inset_box.elements[ele], 0, 0, 9), filtered)
return inset_box

end

SRJE P DAZIRAN T 77 SR A 2R il 1) -

function figure_box_inset()
fig = Figure(resolution=(600, 400))
ax = Axis(fig[1, 1], backgroundcolor=:white)
inset_ax1 = add_box_inset(fig; left=100, right=250, bottom=200, top=300,
bgcolor=:grey90)
inset_ax2 = add_box_inset(fig; left=500, right=600, bottom=100, top=200,
bgcolor=(:white, 0.65))
lines!(ax, 1:10)
lines!(inset_ax1, 1:10)
scatter!(inset_ax2, 1:10, color=:black)
fig
end

figure_box_inset()

Hrox IR~ 32E Figureqj resolution ZEMZIH, 1 f%'r?, WA PATE axis IME

Figure 5.30: Nested
Grid Layouts.
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104

Figure 5.31: Figure box
inset.

HilidEE, B—RaflREN R, B, j10E X — DY axis, I
HABSE width, height, halign Ml valign, M NTHIAYREEHIT-FiR:

function add_axis_inset(; pos=fig[1, 1], halign=0.1, valign=0.5,
width=Relative(0.5), height=Relative(0.35), bgcolor=:lightgray)
inset_box = Axis(pos, width=width, height=height,
halign=halign, valign=valign, xticklabelsize=12, yticklabelsize=12,
backgroundcolor=bgcolor)

translate! (inset_box.scene, 0, 0, 10)
elements = keys(inset_box.elements)
filtered = filter(ele -> ele != :xaxis && ele != :yaxis, elements)
foreach(ele -> translate!(inset_box.elements[ele], 0, 0, 9), filtered)
return inset_box

end

1E NHEAIFIF R, SRR RN B, B 2R BT R s 5 axiso
(IS il 525 axis (7 BRIZIH,

function figure_axis_inset()
fig = Figure(resolution=(600, 400))
ax = Axis(fig[1, 1], backgroundcolor=:white)
inset_ax1 = add_axis_inset(; pos=fig[1, 1], halign=0.1, valign=0.65,
width=Relative(0.3), height=Relative(0.3), bgcolor=:grey90)
inset_ax2 = add_axis_inset(; pos=fig[1, 1], halign=1, valign=0.25,
width=Relative(0.25), height=Relative(0.3), bgcolor=(:white, 0.65))
lines!(ax, 1:10)
lines!(inset_ax1, 1:10)
scatter!(inset_ax2, 1:10, color=:black)
fig
end
figure_axis_inset()

PAEBE T Makie AR R T R 280 WHB, BRFE, TEFRATEE TR H
GLMakie. j1 ZATHI—2EES Y 3D R flIE]
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104 Figure 5.32: Figure axis
inset.
84
6
44
24

5.7  GLMakie.jl

Cairomakie. LTI T FVE X T4 2D EIITR, (RIS, AMEIHE

RN, R (EALTE 3D PRI, G 3D FIRTALAC SRR WS¢ SR

WA, SOMIE curkie. it IR ZH, EHEM OpenGLI (EIRMIZ HAIN "1t/ /wwvopenlo
RIRERIRIE R, 52 AI—RE, —IER R AR, R, BTk

S5 MNETAIETFE, E MDA RAITRERR, T DA L I T-ri I — L4

5.7.1 HUSEFIHTLE

ﬁﬂlﬁﬁﬂﬁﬁ#éﬁﬂ%ﬂiﬁlﬁ, %_‘ﬁ]% scatter(x, y, z), 'j:'j*ﬂ:'%z' meshscatter(x, y
5, 2)o AERAE—M, FRICNIASIEE LA, (B ZAhIARIC
SHEI, X EON IR EAT TR = 4E R U SR, Bl R

using GLMakie
GLMakie.activate!()

L

-

function scatters_in_3D()
seed! (123)
xyz = randn(10, 3)
X, ¥, z = xyz[:, 1], xyz[:, 2], xyz[:, 3]
fig = Figure(resolution=(1600, 400))
ax1l = Axis3(fig[1, 1]; aspect=(1, 1, 1), perspectiveness=0.5)
ax2 = Axis3(fig[1, 2]; aspect=(1, 1, 1), perspectiveness=0.5)
ax3 = Axis3(fig[1, 3]; aspect=:data, perspectiveness=0.5)
scatter!(axl, x, y, z; markersize=50)
meshscatter!(ax2, x, y, z; markersize=0.25)
hm = meshscatter!(ax3, x, y, z; markersize=0.25,
marker=FRect3D(Vec3f(0), Vec3f(1)), color=1:size(xyz)[2],
colormap=:plasma, transparency=false)
Colorbar(fig[1, 4], hm, label="values", height=Relative(0.5))
fig
end

scatters_in_3D()

L



http://www.opengl.org/
http://www.opengl.org/
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Figure 5.33: Scatters in
3D.

SIHER, tRCA] LB AR UTSER, HUNETTTRsER, 55, el bloy
PRICIZE cotormap, X T _LEIN.THIAAY 3D &, WIRAERZEIRIGEEM BRI,
A2 X T a4 U E AR AR N aspect = :data S8, 451 lines B scatterlines {1
Ry .

function lines_in_3D()
seed! (123)
xyz = randn(10, 3)
X, ¥, z = xyz[:, 1], xyz[:, 2], xyz[:, 3]
fig = Figure(resolution=(1600, 400))
ax1l = Axis3(fig[1, 1]; aspect=(1, 1, 1), perspectiveness=0.5)
ax2 = Axis3(fig[1, 2]; aspect=(1, 1, 1), perspectiveness=0.5)
ax3 = Axis3(fig[1, 3]; aspect=:data, perspectiveness=0.5)
lines!(ax1, x, y, z; color=1:size(xyz)[2], linewidth=3)
scatterlines!(ax2, x, y, z; markersize=50)
hm = meshscatter!(ax3, x, y, z; markersize=0.2, color=1:size(xyz)[2])
lines!(ax3, x, y, z; color=1:size(xyz)[2])
Colorbar(fig[2, 1], hm; label="values", height=15, vertical=false,
flipaxis=false, ticksize=15, tickalign=1, width=Relative(3.55 / 4))
fig
end
lines_in_3D()

Figure 5.34: Lines in
3D

Tf: 3D [E]EPé%fﬁlJ surface, wireframe *H contour %—Dﬁﬁ%ﬁ’ﬂl{’ﬁo

5.7.2 surface, wireframe, contour, contourf #l contour3d

REAAN TR peaks PRERTRIZLERIF:
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function peaks(; n=49)
x = LinRange(-3, 3, n)

y = LinRange(-3, 3, n)

a=34%* (1 .-x") A2 xexp.(-(x'" .A2) .- (y .+1) .~2)

b =10 %« (x" /5 .- x" A3 .-y .A5) .xexp.(-x" A2 .-y .r2)
c=1/3*exp.(-(x" .+ 1) A2 .-y .A2)

return (x, y, a .- b .- c)

end

ENGESS GGl

function plot_peaks_function()

X, ¥, z = peaks()

X2, y2, z2 = peaks(; n=15)

fig = Figure(resolution=(1600, 400), fontsize=26)
[Axis3(fig[1, i]; aspect=(1, 1, 1)) for i = 1:3]
hm = surface!(axs[1], x, y, Z)
wireframe! (axs[2], x2, y2, z2)

axs

contour3d! (axs[3], x, y, z; levels=20)
Colorbar(fig[1, 4], hm, height=Relative(0.5))
fig

end

plot_peaks_function()

Figure 5.35: Plot peaks
function.

@%Hjﬁjuﬁﬁﬁ heatmap(x, y, z), contour(x, y, z) ﬁcontourf(x, Y, z)é’i\r&—li

function heatmap_contour_and_contourf()
X, Y, z = peaks()
Figure(resolution=(1600, 400), fontsize=26)
axs = [Axis(fig[1, i]; aspect=DataAspect()) for i = 1:3]

fig

hm = heatmap!(axs[1], x, y, z)
contour!(axs[2], x, y, z; levels=20)
contourf! (axs[3], x, vy, 2)
Colorbar(fig[1, 4], hm, height=Relative(0.5))
fig

end

heatmap_contour_and_contourf ()
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Figure 5.36: Heatmap
contour and contourf.
5
0
-5
FAh, RERiaxis BN axiss, XEEEBHENNT x-y “FH:
function heatmap_contour_and_contourf_in_a_3d_plane()
X, ¥, z = peaks()
fig = Figure(resolution=(1600, 400), fontsize=26)
axs = [Axis3(fig[1, i]) for 1 = 1:3]
hm = heatmap!(axs[1], x, y, z)
contour!(axs[2], x, y, z; levels=20)
contourf!(axs[3], x, y, z)
Colorbar(fig[1, 4], hm, height=Relative(0.5))
fig
end
heatmap_contour_and_contourf_in_a_3d_plane()
Figure 5.37: Heatmap
contour and contourf in
a 3d plane.
0
5

Rix xR BIR A £ — R LR AFH R R, aFFR:

using TestImages

function mixing_surface_contour3d_contour_and_contourf()
img = testimage("coffee.png")
X, ¥, z = peaks()
cmap = :Spectral_11
fig = Figure(resolution=(1200, 800), fontsize=26)
ax1l

Axis3(fig[1, 1]; aspect=(1, 1, 1), elevation=pi / 6, xzpanelcolor=(:
<—black, 0.75),
perspectiveness=0.5, yzpanelcolor=:black, zgridcolor=:grey70,
ygridcolor=:grey70, xgridcolor=:grey70)
ax2 = Axis3(fig[1, 3]; aspect=(1, 1, 1), elevation=pi / 6, perspectiveness
<+=0.5)
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hm = surface!(ax1, x, y, z; colormap=(cmap, 0.95), shading=true)

contour3d! (axl, x, y, z .+ 0.02; colormap=cmap, levels=20, linewidth=2)
xmin, ymin, zmin = minimum(ax1.finallimits[])

Xxmax, ymax, zmax = maximum(axl.finallimits[])

contour! (axl, x, y, z; colormap=cmap, levels=20, transformation=(:xy, zmax))
contourf!(axl, x, y, z; colormap=cmap, transformation=(:xy, zmin))
Colorbar(fig[1, 2], hm, width=15, ticksize=15, tickalign=1, height=Relative
“~(0.35))

heatmap! (ax2, x, y, z; colormap=:viridis, transformation=(:yz, 3.5))
contourf!(ax2, x, y, z; colormap=:CMRmap, transformation=(:xy, -3.5))
contourf!(ax2, x, y, z; colormap=:bone_1, transformation=(:xz, 3.5))
image!(ax2, -3 .. 3, -3 .. 2, rotr90(img); transformation=(:xy, 3.8))
xlims!(ax2, -3.8, 3.8)
ylims!(ax2, -3.8, 3.8)
zlims! (ax2, -3.8, 3.8)
fig

end

mixing_surface_contour3d_contour_and_contourf()

Figure 5.38: Mixing
surface, contour3d,
contour and contourf.

ﬁﬁi%, XFIE? }\Aﬁ%&ﬂuﬁﬂj, AT heatmap, contour, contourf | image
AR AT AR I EAE i

5.7.3 arrows fl streamplot

MAEEHNELS E LRI TN, arrows Fl streamplot XBIEFEEHo SUWAR 2 fhb A Julia FrifZe
A 12 FRIf LinearAlgebra,

using LinearAlgebra

function arrows_and_streamplot_in_3d()
ps [Point3f(x, y, z) for x = -3:1:3 for y = -3:1:3 for z = -3:1:3]
ns = map(p -> 0.1 * rand() * Vec3f(p[2], p[3], p[1]), ps)
lengths = norm.(ns)
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flowField(x, y, z) = Point(-y + X * (-1 + x"2 + y*2)A2, x +y * (-1 + x"2 +

Hyr2)A2,
z + x * (y - zr2))

fig = Figure(resolution=(1200, 800), fontsize=26)

axs = [Axis3(fig[1, i]; aspect=(1, 1, 1), perspectiveness=0.5) for i = 1:2]

arrows!(axs[1], ps, ns, color=lengths, arrowsize=Vec3f0(0.2, 0.2, 0.3),
linewidth=0.1)

streamplot! (axs[2], flowField, -4 .. 4, -4 .. 4, -4 .. 4, colormap=:plasma,
gridsize=(7, 7), arrow_size=0.25, linewidth=1)

fig
end

arrows_and_streamplot_in_3d()

Figure 5.39: Arrows
and streamplot in 3d.

I —

5’75"‘*%7@@5"”@]?%mesh(obj),volume(x, Y, Z, vals)*ﬂ contour(x, y, z, vals)o

5.7.4 mesh 1 volume

2R A A AR ] ) LA SCARINR A, BIAN sphere SRR TZIXFERY LRI SEAA,

Bl FrectsD, 5 —R7E 3D 2RI AL 75 T2 VA volume FT contour BRIER, & . o
(THES I LB ER R SR FRCR, B TU T PR —
_(graphics)

using GeometryBasics

function mesh_volume_contour()
rectMesh = FRect3D(Vec3f(-0.5), Vec3f(1))
recmesh = GeometryBasics.mesh(rectMesh)
sphere = Sphere(Point3f(0), 1)
spheremesh = GeometryBasics.mesh(Tesselation(sphere, 64))

colors = [rand() for v in recmesh.position]

XD =y =nz =110
vals = randn(10, 10, 10)



https://en.wikipedia.org/wiki/Ray_tracing_(graphics)
https://en.wikipedia.org/wiki/Ray_tracing_(graphics)
https://en.wikipedia.org/wiki/Ray_tracing_(graphics)
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fig = Figure(resolution=(1600, 400))

[Axis3(fig[1, i]; aspect=(1, 1, 1), perspectiveness=0.5) for i = 1:3]
mesh! (axs[1], recmesh; color=colors, colormap=:rainbow, shading=false)
mesh! (axs[1], spheremesh; color=(:white, 0.25), transparency=true)

volume! (axs[2], x, Yy, z, vals; colormap=Reverse(:plasma))

axs

contour! (axs[3], x, y, z, vals; colormap=Reverse(:plasma))
fig

end

mesh_volume_contour()

Figure 5.40: Mesh
volume contour.

ERFEHBRFINL  RETHIFE R — MR R, B HET, TRMNELEE T 3D
SEBRZEAG, 55— FIE 2linesegnents,

2% AT, AT DAGE FBRORFIRETE - A1 — 2 B A

using GeometryBasics, Colors

EENERIATE C—ME MRS, T HLAEDERE SRR, 55, mTR
ERAFIFIIR S —KEE, NHEAEDE X T FTH S Z R R,

seed! (123)

spheresGrid = [Point3f(i,j,k) for i in 1:2:10 for j in 1:2:10 for k in 1:2:10]

colorSphere = [RGBA(i = 0.1, j % 0.1, k % 0.1, 0.75) for i in 1:2:10 for j in
<$1:2:10 for k in 1:2:10]

spheresPlane = [Point3f(i,j,k) for i in 1:2.5:20 for j in 1:2.5:10 for k in
<$1:2.5:4]

cmap = get(colorschemes[:plasma], LinRange(0, 1, 50))

colorsPlane = cmap[rand(1:50,50)]

rectMesh = FRect3D(Vec3f(-1, -1, 2.1), Vec3f(22, 11, 0.5))

recmesh = GeometryBasics.mesh(rectMesh)

colors = [RGBA(rand(4)...) for v in recmesh.position]

SRJE R REFANR 75 ey SR ] -

function grid_spheres_and_rectangle_as_plate()
fig = with_theme(theme_dark()) do
fig = Figure(resolution=(1200, 800))
axl = Axis3(fig[1, 1]; aspect=:data, perspectiveness=0.5, azimuth=0.72)
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ax2 = Axis3(fig[1, 2]; aspect=:data, perspectiveness=0.5)
meshscatter!(ax1l, spheresGrid; color = colorSphere, markersize = 1,
shading=false)
meshscatter!(ax2, spheresPlane; color=colorsPlane, markersize = 0.75,
lightposition=Vec3f (10, 5, 2), ambient=Vec3f(0.95, 0.95, 0.95),
backlight=1.0f0)
mesh! (recmesh; color=colors, colormap=:rainbow, shading=false)
limits!(ax1, 0, 10, 0, 10, 0, 10)
fig
end
fig
end

grid_spheres_and_rectangle_as_plate()

L

FRE, ANEFRER- P2 ER, X2 RE R rea() FEX T
alpha Z8L, JEZRECZEMAY, FIREZ AR 3D 778k, e XREHT

221 3D E75 B, AR T, BATEFHR R peaks BEGFHIAN—L£5E X

-

X, Y, z = peaks(; n=15)

5x = (x[2] - x[1]) / 2

8y = (y[2] - y[1]) / 2

cbarPal = :Spectral_11

ztmp = (z .- minimum(z)) ./ (maximum(z .- minimum(z)))
cmap = get(colorschemes[cbarPal], ztmp)

cmap2 = reshape(cmap, size(z))

ztmp2 = abs.(z) ./ maximum(abs.(z)) .+ 0.15

L

HA7TREI RS 6, 6y 485, cmap2 FI T2 BN 7T BB AT 2tmp2 FI T-45
EBDNTTRIENE, W NEFTR.

function histogram_or_bars_in_3d()
fig = Figure(resolution=(1200, 800), fontsize=26)
ax1l = Axis3(fig[1, 1]; aspect=(1, 1, 1), elevation=m/6,
perspectiveness=0.5)
ax2 = Axis3(fig[1, 2]; aspect=(1, 1, 1), perspectiveness=0.5)
rectMesh = FRect3D(Vec3f0(-0.5, -0.5, 0), Vec3fo(1, 1, 1))

Figure 5.41: Grid
spheres and rectangle
as plate.
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meshscatter!(axl, x, y, 0%z, marker = rectMesh, color = z[:],
markersize = Vec3f.(26x, 28y, z[:]), colormap = :Spectral_11,
shading=false)
limits!(ax1, -3.5, 3.5, -3.5, 3.5, -7.45, 7.45)
meshscatter!(ax2, x, y, 0%z, marker = rectMesh, color = z[:],
markersize = Vec3f.(28x, 28y, z[:]), colormap = (:Spectral_11, 0.25),
shading=false, transparency=true)
for (idx, i) in enumerate(x), (idy, Jj) in enumerate(y)
rectMesh = FRect3D(Vec3f(i - &x, j - 8y, 0), Vec3f(26x, 26y, z[idx, idy
—1))
recmesh = GeometryBasics.mesh(rectMesh)
lines!(ax2, recmesh; color=(cmap2[idx, idy], ztmp2[idx, idy]))
end
fig
end
histogram_or_bars_in_3d()

Figure 5.42: Histogram
or bars in 3d.

EZE%:@J, HJEJL)\E mesh Xﬂ‘%klﬁ]}-ﬂ lines ﬁ wireframeo

5.7.5 HFWE&ATH

EE‘%?@E"JWH?‘EP, BA T sl A bandfl—LE linesegments HFE 3D BHHY
HIEEH

function filled_line_and_linesegments_in_3D()
xs = LinRange(-3, 3, 10)
lower = [Point3f(i, -i, @) for i in LinRange(0, 3, 100)]
upper = [Point3f(i, -i, sin(i) * exp(-(i + i))) for i in range(0, 3, length
<$=100)]
fig = Figure(resolution=(1200, 800))
axs = [Axis3(fig[1, i]; elevation=pi/6, perspectiveness=0.5) for i = 1:2]
band! (axs[1], lower, upper, color=repeat(norm.(upper), outer=2), colormap=:
<>CMRmap)
lines!(axs[1], upper, color=:black)
linesegments! (axs[2], cos.(xs), xs, sin.(xs), linewidth=5, color=1:length(xs
—))
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fig
end
filled_line_and_linesegments_in_3D()

Figure 5.43: Filled line
and linesegments in 3D.

e, A 3D REZIRENE R, Ra] UK X B oR i —DIg5 Gittk,
RONEL NI 3D [&!
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° *ﬁi}%%ﬂ%%ﬂééﬁ%{i module JuliaDataScience, struct MyPointo (Zﬁﬁqu’gm%
ik, BRERNRFENEFRRE, @ “iPad” 8( “CamelCase”, XfHi{5FH
ABRKGIE,)

o REHEH/NG, A TXIL I RERIE, Aid-th e VEAE an 4 e EUN & 18 70 b8
o Blan, XUEREEZEITEL)E: ny_function, myfunction Fll string2int,

AN, BRIEFIFEATERES, SN if a == b MAR if (a == b), HH
BRAFHERE 4 DK,

6.2.2 Blue NF&1EFS
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AJREMTRCRA st (HERATABUXAERERE S RS A AT 3524

IRPE SRR, BATHRMA LR

o FHTHIIRZ 92 FFF (Markdown X AVFE KT,
o ] using MIEMEER, HEATRZIME 1

o (TR, TRINTHESMEMMEREEMENE, FARRENAZME
BARWEATH, BRXERNEX,

o HWRIEENMZRENE, HIt, BEHN string(1, 2) MARE string( 1, 2 )o
o NEHAJRAD R

o UK R R 4HZE — BN
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o BERFEHIZDERRNTFTNGR, LA, MiZE

a=1
lorem = 2
mAZ

a =1
lorem = 2

o MHEIEMN, BAINAENEIBERFMMIEINAS, BIA, 1 == 28y = x + 1o
o FHH=5I5M=x55:


https://github.com/invenia/BlueStyle
https://github.com/invenia/BlueStyle

S =5 nmn
my long text:

[...]
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isdefined(Main, :m)

true
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Python WANEENIEI from <modules import « A NIEFFS (van Rossum et al.,
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