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Abstract

Mathematical geology is an elective but very important course for most of Geoscience majors in
China. The goal of the course is to improve the ability of students to use mathematical thinking in
solving geological problems. Python is one of the most widely used programming languages for
scientific computing and visualization. Therefore, the combination of Python and mathematical
geology teaching can enrich the content of the subject, help students better understand the ma-
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thematical geology algorithm, and improve their interest in learning the subject. The key features
of Python are briefly described in the paper, and some similar courses in foreign universities that
use Python for geoscience data processing are presented. Finally, the practical application of Py-
thon in mathematical geology teaching is introduced.
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1. 5|15

B b R (B ER L (mathematical geoscience))fE AT [ #2222 A TR I — 1 TR AB R, X
PR AR ARF Z IR VOREUC (0 5 B DL AE M 50 1) 2 AR 5T 5 T A A L 1] [2]. (HJ2
TECEE R B2 B N, AP — R 2, ABuE. AR EES T .
SRR AN EARAEAFF VR SR Ao A TAE . 2= I I 7R R . W1 Excel 22EIAME., A3
s AT Excel 22 il i — 8 1) B4 Cant [0 JA 43 v 900 28) R BR IE AR B AR, KT~ Excel PFAS & FIES R (10
— GRS, A REC R < 0 (B RASR) B BRI . I L ) U0 B 5 2 2 A X T
G R ) R AN ARG 2, R AR X TR S 1R B OE & SR e A R . T CE R
2, BUFReIRAbNX — R, AEFE A IR AR ECE A RS LRI G IPEE R L, I B8 G bk % 4
FERIR.

T SR A T B RS S, ORI AL R, TR R B AR T, SRR
— U BCEIA T . AR PR B AR SR A RS AR A A R R TR

SR I E RIS A B 2 S0 G A S BRI EAT AL ER AN A0 AT . 38 FHAS R B SR SRR
BAR AT AR, AMERT DALE 22 A g — D AR S A S SR B, R AR AR B 2 e S R A
s WIS EA T 4R . X TR0 B S K ) 2 o 8e i Tk, Excel + SPSS B Excel +
Minitab FEASF] DA 2 SEEG IR ZF oK . Excel PR HE 7 IEH FE R EE, T L@ RrisH,
WA HE. BEETE. HXRBEGHKEREERE. o Z 57 ZHE. BRI Ea. —nS
Z TGRS N BENUE = AR S5 mT LSRR, 254 R E T RE, ATRAsE R — bR i ARIE 5.
i H Excel 0384 T EE K TIRE, I L Excel A 7z, T Excel AT ALEE . 4307 5T diAL 2
KA DL R 1) — TS A H, g - SPSS Al Minitab & ¥ FH Gt HT3#F - SPSS F1 Minitab FH1H 5 Excel
FEALL, AR LRI, RN ThRE LUK, B — M B AL BE DI REAh, PRI E AR T 2
JLG T, AFEENESIEE EASHT. JERIRERS Komeans RIS, A SIZES B0 2R 4t
AR T8 . AERX PR S kv, BOEDIReEES, MBI Z oaqit Jiiksh, —seippLas
SIOERAE At i X AN A A B A, W RO

TR FE R TR, U R SE 0 T S AR AN 4 SR AT AT AR Ak 2k, AT AT DA SE LA ) R B
EEE RN SRR, s VAR E AR . IX T, Excel. SPSS. Minitab DA 2 BoR, TEH AL
HoRHNFE. 1M Python 15 5 M 2 LLHGE A 1R
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1T Python 1 5 S AR H A, AIRZ LS . & 5E Python EITIR. #5-F G55, 1M HeRAUE
JEHEE K, B85 Python i 5 (M V2 N H, Python -1 2 i B4 43 i C & okl i [3]; T4
HIXT CiEF, Python &5 LT o N TREZA, —#RAd C IS . CIRE RITAHRIEE S KA,
XFT A% BERNGR LB SRR, 2 CIEFIEMY, Bl lE, RAEEE
TR sEpria) @, REA D 220N C S, THS T MEAR . Python NItGtaH. 5 C ik
FAALL, Python iEFARH R Y LT, DULHE S M2 AT AU, I INIL A 3 208 . 211X 7 H K%
&, R AT, SIS Python SIAKC AR H . BELSEAAIL T % Python i 5 I4F i L 42
Jiik, FIRR R AR ST BB R R . RIS, AR 223, 30 ArcGIS. ENVI Z5#R S Python
JIARIE S . Bk, F4REF Python W] LA 5% 22 A4 da FITHSEALR RS2 B ] ) g

FXS T Matlab FEECTF SAREE . w8y b RAEEA R I Z B, Python B T4 Bh#

M D
2. Python IBE R HEFH

Python 15 & I H ILZLE A F] 20 80 44X, 1989 FETFURE M. HETCA K 3.7 hit

% 1 4 TIOBE Siit (Wit 20 4k LMHE 5 HFEA GO, 38 1 ATAL Python JFERR A 5 4F )5, HH
FUEHECAHA R T 20 6, WNAHLYITFG, KA — B EF, dENGRFE S AT 10 A2, 2 2019 4,
BRI C+, EFARIE 3 AL, HRBEAAFS . M HAE 2007 45, 2010 4EPAK 2018 4F 3 IR ECHAF EEIE
= (Hall of Fame),

Table 1. Annual rankings of Python language in recent 20 years (Data source: www.tiobe.com)

%% 1. Python IBE 1K 20 SR FEEHRFR(EIERIE: www.tiobe.com)

‘ ) RIS
IFEIE S
2019 4 2014 4F 2009 4F 2004 4 1999 4= 1994 4 1989 4F
Java 1 2 1 1 3
C 2 1 2 2 1 1 1
C++ 4 4 3 3 2 2 2
Python 3 7 6 6 22 20

Z T AR 22 1) 4% Python 1B S /E NIRRT, FEZA LU L7 I 5 A

1) Python 1 & & JFRIE T, IR IRE. FINWMREFE1ES.

2) AR TAEEE MR T2 B I Matlab 155, Python 5 B 5455, mlMEsE SR, P41, 58K
[6]—AMES, Python i 5 tb Matlab & 5 /UL 5D 10%~20%.

3) Python WG S AN TV 2 HEMWiEE S, AL F IMESE.

4) Python 15 5 A 3EH F & EUE /- HT e Suvt FEANECR nT WAL e

5) YENJTURIE S, Python MZEBHYRARH £'5, EAFHAMAEE 2.

T UL EER, ENAMEZ AR S AT 7N AR E 1 Python VAT K- G BT RIES .
GEOS-Chem AR S R HAIRAFE T Python HF & T GCPy TR, F-EAALLHTHE T IDL (Interactive Data Language)
THRHINH] GAMAP [4]. T HAADIET Python 5 T A M =5 FE AT DL 28 3R LR T 7
Python F: Geopandas. EarthPy . eo-learn. PVGeo [5]. N T & 5259 Python N, ©F %
[T I PR 28 AR 2218 G 1 1 ) b 2 45085 Python B FH ) I R R 2318 GeoPython (http://www.geopython.net),
M 2016 TR Tr, S NIRFREN, 2018 FFAKH 30 MEXKMS2RE.
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3. BASMERHFRXE L Python S MAFER

WA K E BAT I ARG DL SR R B ROARSCTE . 2 USSR B E . 5EG2 ugiit Ty
P L EE R LA AR ORI IX 5o Python 1 5 HBLAGIS [A] IR AN, T2 MBI 10 24 . T
Python 1 5 /ERERALEE . N TR BE. WESEERSRIEE TN I N, 4 7 IE R Python PRUZA Jié 122
K, RZ E RS TN ESIF B T AR SO e . [ A A5G Python HU4 SC& LEA WK, —KR
Python A B IEATNEDITL, 5135 Python HHBVEAI AW L. K 1 REIM AT RRKIR T H L
Python+# A E A SR RAF BIG M SCEH . 1 w50, 3T 3 EAH G SC R PRI . (H 2 X B H A
5K Python 15 5 4l Bt 27 L HUE IR SCREA H0E . M HIERIE B 5T, 2L/ LA Python 15 5 4
JiiE N . Python i H M T B2 # H AR MRIERED, T Bh Bt ot e R A 48
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Figure 1. Number of articles on Python teaching collected by CNKI in recent 10 years
1. i 10 S5 % R A E % Python HF A HMXEHE

41 Pythony 15 5 BN H ELE Y B o 3 Python F T-H 2= 25048 20 A L [RIAE USSR o [EIIS, SR 17 3 2
SRR G o i 5 N R R A BN FR 2L, AN 2 mAR K 2 2R Tk By 4 T Python 22 250408 7 4 U7
TR . 22 2 ZI T 655 Bl A s b 27 A0 5% Ll 115 Python 5 5 T 22 50808 70 b 07 Th B PRAE . x4
AR LI Python 18 & Y AR, /2 Python 18 & 40 T Hu~A B dE b HE . SR IRFE B AR WA
fE “Python” , {HRIHF G482 LA Python N,

Table 2. Python courses open to students of geoscience major from some universities

% 2. ESMEFXBXF AW IIRS Python IS HXRIZIFR

Frs 23 TR AR
1 University de Montpellier Introduction to basic data analysis and statistics in Earth sciences (using python 3)
2 University of Maryland Python for Remote Sensing Applications in Earth Science
3 University of Edinburgh Python for Earth Science Modelling
4 University of California San Diego Python Programming for Earth Science Students
5 University of California San Diego Introduction to Computational Earth Science
6 The University of Melbourne Python for Earth Sciences
7 University of Colorado Boulder Python Programming Tutorials for Earth Data Science
8 University of Alberta Python for geoscientists
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Continued
9 The University of lowa Scientific Computing with Python
10 Royal School of Mine, Imperial College Introduction to programming for geoscientists
11 Rice University Machine Learning in Geoscience
12 The University of Wyoming Introduction to GeoModeling
13 Brown University Mathematical and Computational Earth Sciences
14 University of Texas at Austin Python for Geoscience Research
15 Columbia University Research Computing in Earth Sciences
16 The University of Oklahoma Machine Learning for Petroleum Engineers, Engineers and Geoscientists
17 Texas A&M University Python for Geosciences
18 Utrecht University Python in Earth Science

4. Python HENEUF 1D RS MR

Python FH T-HUFH I Z, WM 203N, RWEEFEME S H%, HIEWH. £
MR HEEH 5] Python 155, HHEHMIEMA, —&@id5 AN Python 15, L% Python 15 5 A XA
)7, SIERSPARIGER . IR, i R i R i) B [ 45 32 H Python @47 FIRRAL, k%A B
BT AR EE I SE T, RN I80R 57 A2 5% 2] Python B HR . ik 40TE £k H1T Python T 22 H T4 Bh#
%, Python 15 F PIZAMNER, K Python M2 IEANRAE N F BN . LT UL E#E, Python H T
Bep o 0 FE LR LT AT

4.1. Python RESH A MERIEEE

Python W E/EN—TTHIEIES, A &MEFER 2R, ibye#EELlgs, [Ff, % >JizH Python
BE, BT Y a8 58 T K PR 85 (IDE, Integrated Development Environment). K, 567 E4A
R R 4A Python 15 5 %225 7575 ) IDE. AR¥E/EF Python ZmfEih <y, #1223 KA Anaconda %356
e Pl PURINTE. KT Python MIZmFE3AEE, H AT HKA £ /D Python IDE, IF¥&%H — M4
1F, 1 B IDE i EA MR . (H i I IDE &2 A R0, #8501, H i H I Python 1 &3
FEEA: Jupyter. PyCharm. Spyder. visual studio code. IDLE. Sublime Text Z5[6]. 1M Anaconda %¢%%
HEESL T Jupyter Al Spyder WM F R BT DL B, 7€ Python 20K H T Anaconda DL K $2 (1)
Spyder JF &I .

4.2. Python ERENA

£ E VR R BUFE /& Python F)— K52 45, t1/2 Python i 5 IEFRPE R AFTENH K ESH—IF
B Python PEELFEFIE: bRt PEANEE =J7 &, pom e Bgi Fl U7 20% —FE . JRATUFK Python 155 F
BREE, SEPREEIRRIEE S =5 E, BIHE Python B BWHIE, WENRHEFEEMH. BT
Anaconda ZHAEER T 2IL 1500 MPE, XEEFEAHE | BUEI T EUE N BT R AT s, Rt a2
If Anaconda &, —MIEOL, AFTER R EE, XWX 4R Anaconda B — M EZEJFEH .
RE AT 2, B M, B, AR ) E 3294 LT JLA: Numpy. Scipy .« Pandas . Matplotlib.
Scikit-learn. H:H" Numpy. Scipy. Pandas NF}F1HE 5835 0 Hr#4H6, Matplotlib N ETE AT AL L.
Numpy. Scipy. Pandas. Matplotlib 4 MEEEM K I Python Bl it E 5T MALE)SCAE . 17 Scikit-learn
PR MU U2 £ 52 4F Numpy. Scipy. Matplotlib E LA > TR, 3246 7 AR% & LR I 5HA (7]
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ARG T R 2] SRR 5 o) L BB (@ i/ Ak IR B, Lasso [RIJAEAY),
AR RPN M SCRFmI BN DI 28, Bl Al 28, M 4338, MEm o35, BENL
RIS Z5(Random forest) 5 5 HEFH 5772 (Gradient Tree Boosting)  H i& W 3 51 572 (Adaboost), JZIRKE
7. K-means K., T HENIAE(DBSCAN). #E5EF(Spectral Clustering)%5. AR, XLLHLAEY ] H
BB R NA LB/ 2. oI E R ROZai & Bk Tk, midsg], &8 9K B 2 i) ff
M7

4.3. ETF Python HITIHEERK T

SR PTRAL, $EHIZIZ A Python R /n—Le okl as #fE LB Excel. SPSS. Minitab #4fE7s )
BIfE. TEBCE IR R T ) B R A DU R LS IR (R 0 A R B0 A0 4k &5 P 1 v
Y IXIRIIETT ) s BRE R (2 A0 rh P AR R S B R RS ) AR R ITE (5] 2) AR5
BRAOOTEE . K-Means SRS RR(1E] 3) FEASIR) e 4 BAG (RI FH A% bR 25030 — 470 B i 381 = AR AIE 23 ) 56
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Figure 2. Heatmap of correlation matrix
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Figure 3. The change of clustering center in K-means clustering
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