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THFELTW L.

iRy LT,

e Sagemath & DIB{EHZ E L Sage 7 7 .

o HEAGHE, M7 & OBEUILEZ1TS Algebra 7 7 X.
o H§D T 1y b E1TS Plot 7 7 X.
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B1E A

1.1 HROE=

PRI E TR, 2 OW%EZ2B—FHEREO R RED DDy 7 + v =7 VASP,
FOBbLWEXUAIRIDHEINIA T 27 MEARZ Y 7 FFEE Ruby, #EULE
BUEETE, 79 7B %2175 Y 7 b v =7 Maple Z FHWTH#ED TWS. Z4UX, Ruby
WK EBAHRUWEDFHED T4 77 VRS TORNZ s, TREIOREEEN L7
HEHEST27-0TH5. K1.11Z, FERHFEETORNLO—HlEZ/RL 7.

XL ®IZ, Ruby 227V 7 ML 5 VASP 2O L, FHEEEIEHI LT 741
8%, O 77 A4M%, Wt EWED, X5 Ruby A2 ) 7 M5 2T, BAH
LRTWVWEIILT 5. 20 LENAERZHWT, Maple 27V 7 b ZHWT, 2
RIL7 40T 47 % LT, TALX—DREEEERD .

DI RIMNTIHEZHED 555, Mapleld, Ruby Ltk KEL B b/720, 5
a2 FHE L, Maple DEICHZED Y Y —ZADEHNTLE S WO BHHEIHZ L RS
nrzz.

Rubyx o U7k VASPO#ER7 7 1)L
com ="mpirun -np #{cpu} vasp" —> VASP —> twist.0123456
Rubyz 7 YU 7k
files = “twist.0123456" _> Maple —> Fitting DfERAR &
R Dtablez
Maplelc A

X 1.1: BAEDOHIF DD —HI.



1.2 MEOEE

M 120N 2 EET 2. 56K Maple Z W T TWEHRLHE, 7570 7ay b
% Ruby DR 7 U F AN LD FBICHKS 28T, HEDV Y —ADErNE L EIE,
DTN 2 B o8 2 IR OMEZ RO HIE L 3 5.

RubyXZ Y 7~ VASPOSER 7 7 1L
com ="mpirun -np #{cpu} vasp" # VASP # twist.0123456
Rubyx 7 YU 7~
files = “twist.0123456" P FittingDERHE

ERDtablex Z DX FRuby THW3

X 1.2: HE L 3 30K THRIAD—H.



F£28 F&

RELTFITC20D0FELEE R .

2.1 FEDLER
e Maple Z i\ % J574.

o BHFEDIELRNEEZIKS YV 7 b7 =7 TH % Sagemath ZHWB HIETH 5.

FEER Y U CTAIZETlX, Sagemath ZFHWVWA Z ¥ & L7z, DITDFR 2.11Z, Maple & Sage-
math O LR Z/R3.

7% 2.1: Maple & Sagemath D LL#R.

Maple Sagemath
74X R AE R, =7 —2
1 D B A TRDNE FAIHATRE
g7 > A VOWMS #HMira~<wrF HELSTVWavY R

Sagemath Z W AROF LR o72DIF, HETHETHHATZZ2L VWO HTHS. B
PAEBEDANX, Maple DT A4 €Y ZAZ WS Z N TE B0, REINIC, RIFFLHHE A
RGHTHHAEINE Z e kol &, BRTIEEEIE.

RIZHBE L =D&, HAOOBEMANTH 5. 5T, HERO®EEHWT, #H-kit
BETr0wokleddsd. 207D, K210 K5 7% Maple DT, tIT2H
DENZ s, HEEERWS, HAAEMENE EX 5. 2L T, K2.2T
X, BUTRZEALLL, BAALRTWETHS VWA 5.

¥/, BHEO—DOTH3EBEDTay MIEBWT, Maple TlZ CLI THEMRa~< > R
ERAWZREND D720, BRENPHEHL-. ZHUIH LT, Sagemath ik, CLI»5AES
WCHRD 3T & 7.



> solve(2*y-(x-1)"2=2,y);

2
1/2 x - x + 3/2

2.1: Maple THIEERZ M BT

sage: solve([2*y-(x-1)"2==2],y)
[y == 1/2%x"2 - x + 3/2]

2.2: Sagemath THIER % BT

e DM 5 AL TIE, Sagemath ZHHIT 2 & L.

2.2 REDOAEH

Maple,Sagemath ¥ HIZFAFEDHFEHIF R DT, HFITRT.

2.2.1 Ruby ® PTY £Za—Jl

Ruby 121%, BELUfAR (Pseudo tTY) /S EP 2 —LTH% PTY LFHINZEY 2—
NBHB. ZO PTY IZH LT, Maple* Sagemath DFEIT7 7y f L a~vy RZ2ETZ
£ T, Maple=° Sagemath 25 DH NI Z5ZIFHS Z NPT 5.

getpty(command) -> [IO0, IO, Integer]

Z 2T, command ¥, # tty ETETT2a~r FE2RT. BKOEIE, 3 O0EZE),
LRBEHNTH 2. RAIDBERIIEM tty 2 oitAHTLOD 10 A7V =27, 2%H
DERIFFXZZIOLDDOI0 A7V 27 b, IFHOERIF ot 0 7utX ID T
»H2[1].

COPIYEY2—nZHHAL, BHEZEDTVL.

2.3 Maple TORH

LUTIZ Maple 2 W7 BZ DR 2K T [2].



require '"pty"
require "expect"
require "timeout"
class Maple
def initialize(command)
@maple = "/Library/Frameworks/Maple.framework/Versions/Current/bin/maple"
@command = command
@num = Q@command.count(";")
end
def get_res
PTY.getpty(@maple) do |i, o
begin
Timeout.timeout (1) do
loop { i.getc }
end
rescue Timeout::Error
end
o.puts O@command
res = []
finished = false
while !finished
i.expect(/>](.*)\n/) do |m|
if m[1].nil?
finished = true
end
res << m[0].gsub! (/\e\[;*\d*m\s*x/, "")
# p res << m[0]
end

end



return res[-3].gsub(/\"/, "") unless res[-3].nil?
end
end

end

T DIZ, BREERDEY 2—I/L% require L TWA. Maple 27 7 A D initialize T,
Maple DFEIT7 7 A VEEEL, FEITT2a~r 258 LTRIFRD, f VARV A
ZROHENT 5.

a< > K% Maple TERITLUTHIRZRD 5, get_res BIEITIX, tty 22 HitAHT 20D
0A4AT7P27 b i, BEXZOLDDIOATI2I bro LT, 7y 5[kt >T
W5, Maple # CLITEF T2, UTOK23 DL R T7AF—7— MDEHINS.

~/M/g/h/g/m/repl (master 42-=)
»») maple
INA/ Maple 2019 (APPLE UNIVERSAL 0SX)
LN |/1_. Copyright (c) Maplesoft, a division of Waterloo Maple Inc. 2019

\ MAPLE / All rights reserved. Maple is a trademark of
Waterloo Maple Inc.
Type ? for help.

X 2.3: Maple @EIFFD 7 2 ¥ —7 — b.

RN LTRIES W E 512, Timeout Y 2 — L2 HWT, 1M, 10 4+
727 FDRXYy R TH5, gete TLIXFFTOHAED TV 4], mERIZ, ol LT
FITT2a~vr REELTHEREES. 7272, ZofERIE, K240 X512 ANSI T2
=T = VAREREENTWT, AEEMEL, MROBAHANTER.

["\e[ml+1;\r\n", "\e[m 2\e[m\r\n", "\r\n", "\r\e[;32m>"]

X 2.4: HIIZ ANSI =R — 7> — 7 U ADEFENBHET

ZZT, gsubXY v FERAWT, RORIRATF—T> =7V RAERELT, BET5.
I EAY, Ruby 26 Maple 2PN SBRICHEBR L 72 257 DBFETH 5.

10



FE3E HE

3.1 Sagemath TODRH

AR D F 8% JTIT Sagemath # WA Z 1T o7z, SEIOBHETIX, Ruby D7 7 X
OBERE ALz, 77281, 7Y =2 MEAIZBI 23ETRIOBE ZH S B
DTHY, VIADPHA VARV AZER L TEDA VAR Y AT ZITS.

XYy b2 LT,

e A VAR VRAIIZENEFNDA VAR Y AT E WS ERBFEET 3720, —BME
PEFEN, ZRNEFNOHNEFHIENTES.

o MDPVNR=ITTTF B Z T, RTFREIMOEERFEDEE, NIDBEEDHW.

Vol Z e NFEIFLNS.
3.1.1 Sagemath DU T ARk

ITFo, K313 7% Sage 77 &, 7avy MIET28HE%2FF>7-Plot 7 7 X,
BILFR DERE % F5 - 72 Algebra 7 5 2 DREKBERZ £ 5

11



BasicObject

?

Object h Kernel

T Include

Sage

T

Algebra Plot

3.1: SageClass D kK BE .
3.1D & 2 i ARBIRZ RO /=8, Plot 7 7 &, Algebra 7 7 A5 5%, Sage 7 7 R

DHFORXY y FeRHTHIENTES.

3.1.2 Sage?Z 72X

Sage 7 7 A%, KI320DX Yy FZfifoTWb. ZRENDX Y v RIZOWTIHIT 5.

Sage

add_command

define_symbol
exec_command |

3.2: Sage 7 7 A DEL,

12



1. initialize

def initialize
Odefine_command = Array.new
Ocommand_list = Array.new
@command = ""
@res = Array.new
@flag = true

end

Ruby @27 2 ZIZBWT, initialize E WO ZRETD X Y v FiX, 4 VA X2 ZADHERE
Nz ZWCHETHRIEINS. 22T, OSHBELZ2EBIIA VARV RAERTH 5.
B VAR AERE, UTOR3IDRTEE L Y, Zhzho&dl ez -7

7 3.1: Sage 7 7 ADEH.

@define_command  FC| symbol & U TR T 2 XFOWIHILZ &M T %

@command_list il BXY y ROMEEN S 72BN s %

@command XFF|  @command_list % ; TEUW/Z Sagemath 123X 2 F& N R fn B 21803 %
@res [Tl Sagemath 20 53R o> T X 7AH R 28N 5
@flag BEE Ko TEMRZ return T2 022180 %

2. define_symbol
define_symbol XV v FTIE, XFZZEHMTIIR S YARLE LTS DDFRER
115.
V—Z2a—=RFEUTOEDTH 5. 5IBICAIERIIBEHRHT ST, —EIIE
BEOS YRV EERT 2 EDAREL Ko7z, AIZRGIEIEYIOETE NS
72, join XY v FEHWT, "XYID THESETHEHLTWS.

# Y —Ra—F
def define_symbol (*symbol)

symbol = symbol.join(",")

13



@define_command << "#{symboll}=var (’#{symbol}’)"

end

FEAFNILTOED THS. ATy z2dYRLE LTRSS N TES.

# fEABGI
sage = Sage.new()

sage.define_symbol("y", "z")

. add_command

add_command X Vv R TlX, 518% %D % FQcommand_ list IZf1Z 5. SEEZEL
TWRW Sagemath D X Y v Fd add_command Z W2 Z & THIHT 2 Z &M T
x5.

# Y/ —ZXa—F
def add_command(com)
Qcommand_list << com

end

# fERH
sage = Sage.new()

sage.add_command("fit = find_fit(data, model, solution_dict=True)")

. exec_command

exec_.command X Y v RIZFEFEIZ Sagemath L EET A TH 5. FEAWITY —
Aa— R, 2.3 T L Maple TOFFECFRLTHS. BirHHE LT, MR
2R 2 2 Qres DO LTTAH 2. T T, "\el"t WS —F Y RITHE
HLT, split XY v FTHEIL, match XV v FEEHRHEZ B WTE ¥ IF %
L7z

# V—Xa—F

14



if @flag
@res[-1].split("\e[") [-1] .match(/Om(.*)\r\n/)
return $1

else
return 0

end

3.1.3 AlgebraZ 3> X

Algebra 7 5 RIEK 33D XY v RZ2HoTWS. RN X Y v RIZOWTHHT 5
[5].

Algebra

gral

add
factor
expand
solve
diff
integral

partical_fraction

indefinite_inte

X 3.3: Algebra 7 7 X D,

1. solve

solve 3T Z XY v FTHE. ANzeTRT2ZeTHETERGMI L
HTZX 5. Sagemath TlE, HEXOEL e HGill% '=="TEIH, —MHYZFHEK
CTEEL TWBDT, gsub XYy FEHAWR I T'="ODANERIFT2 e
TEZE5.

15



# Y —RXa—F
def solve(f, target)
f.gsub! ("=", "==")
Qcommand_list << "solve([#{f}],#{target})"

end

# {5
algebra = Algebra.new()
algebra.define_symbol("y")

algebra.solve("x+y=6, x-y=4","x,y")

- diff

diff X Vv R3O OEEITS. SIBUCEREIEE LT, B ISR L 7.
S e otz 6—[Er 725 X512, Ruby DF 7 + L bR LTV,

# VY —Ra—F
def diff(f, target, num = 1)
Qcommand_list << "diff (#{f},#{target},#{num})"

end

# {EHB

algebra = Algebra.new()
algebra.define_symbol("y")

algebra.diff("x"2 + 17xy~2", "x", 2)

. integral, indefinite_integral

integral X ¥V v FIXEFES), indefinite_integral X ¥V v NI FNEBEDTZFE T 5.

# Y —Ra—F
def integral(f, target)

Qcommand_list << "integral (#{f},#{target})"

16



end
def indefinite_integral(f, target, from, to)
Qcommand_list << "integral (#{f},#{target},#{from},#{to})"

end

# fEABHI

algebra = Algebra.new()

algebra.indefinite_integral("x/(x~2+1)", "x", 0, 1)

. partial_fraction

partial fraction \ZEBD T EBITEZITOI R Y v R TH 5.

# Y —Ra—F
def partial_fraction(f, x)
@command_list << "f=#{f}"
Q@Qcommand_list << "f.partial_fraction(#{x})"

end

# B
algebra = Algebra.new()

algebra.partial_fraction("1/((1+x)*(x-1))", "x")

. Algebra 7 7 2 DfHHH

T ITiE, VASPERIRETRONLED S, RIEMERDTVL.

# Y/ —ZXa—F

require "./Algebra.rb"

class FindEq < Algebra
def initialize

super

17



end

def fit(data)
define_symbol("a0,al,a2")
add_command ("data=#{data}")
add_command ("model (x) = alO+al*x+a2%x~2")
add_command ("fit = find_fit(data, model)")
add_command ("f_fit(x) = model.subs(fit)")
add_command ("f_fit(x)")
return exec_command ()

end

def find(data)
diff (fit(data), "x")
diff = exec_command ()
solve(diff, "x")
exec_command () .match (/== \((.*)\)\1/)
add_command ("n(#{$1})")
exec_command ()

end

end

data = [[-0.04, -117.2680211429], [-0.02, -118.9324825714],
[0, -119.4657688571], [0.02, -119.0653597143],
[0.04, -117.9490060000], [0.06, -116.2624700000]]

algebra = FindEq.new()

algebra.find(data)
g,
(a) VASPFtEODFER%E data & LT, ZHUTT7 4y b T 2HIiRERD 5.

18



(b) diff XY v FZHWT, Wi LHfROEZ Z2RD 5.
(c) solve XV v FEHWT, HZ=0, §RbLR/IMEZKDTVS.

FERE LT, x=0.00425965100073602 72 h, ZOMET, RMEZES. i, X
TOR3APSHBIEL W DHARNS.

-0.04 -0.02 0 0.02 0.04 0.06
I . . . . .

-116.5 A

-117 A

-119.5 7

3.4: Algebra 27 7 2 DAd Ff.

3.1.4 PlotV3X

Plot 7 5 ZIIX 35D XY v REHF->TW3., BN XY v FIZOWTHEHT 5. £
7z, Plot 7 2 XTI,

e JIBUCA T a v RIBEL T uy bOEEZHIHE Lz,
o FIBMEIELRNVWILDHTES.
o SIBDNEFEEEEL I,

CWVoHEASLXF— T — FEIBEZLFEHL TV AS.

19



Plot

fit

save_plot
animate_plot |me——

set_plot
set_point_plot

3.5: Plot 7 7 A D,
1. save_plot

D, IR

save_plot XV v KTIX, uav s LEBEIREZIRIFST 5. HidL 7@
5. &R dD set_plot %,

FMRTX 2 Zeh, Sagemath ZHH L -HEHIZH 2> TV
set_point_plot & GHETHHT 5.

# VY —ZXa—F
def save_plot(function, plotname: "plot", extension: "png")

Qcommand_list << "#{function}.save(’#{plotname}.#{extension}’)"

@flag = false

end

2. set_plot

set_plot XV v FTIX, uv b2 32-00%FH23 5. F—U— 5L LT,
Zay b OHFHEIEET 5, xmin,xmax ZH 5.

# V—Za—F
def set_plot(function, xmin: -5, xmax: 5)

Q@command_list << "plot=plot(#{function}, (x,#{xmin},#{xmax}))"

end

20



# B

plot = Plot.new()
plot.set_plot("3*x"2 + -7xx + 23")
plot.save_plot()

plot.exec_command

T DX 3.61%, BiiRD saveplot XY v ReEbETH- 7RO - HET
H5.

3.6: plot D,

3. set_point_plot

set_point_plot X ¥ v FiZ, 518 & U TEEOES DA - 72H5 2 E 3 Z LT, "D
HiE 7z 5 5.

# VY —ZXa—F
def set_point_plot(array, color: "red", size: 30)
Qcommand_list << "point=list_plot (#{arrayl},color="#{color}’,pointsize=#{size})’

end

21



# fE I

array = [[1, 2], [2, 5], [6, 3], [7, -11]
plot = Plot.new()
plot.set_point_plot(array)
plot.save_plot(function: "point")

plot.exec_command

54 L]

4_

31 o

21 @

1

O_ T T T T T T T
1 2 3 4 5 6 1

-1 L]

3.7: point plot D).

. fit

fit XY v NZ, G2oNZLRICT7 4y b5 28R 2 HEE T 2 [6]. FEFERICPEAH
TRET, VI 2 BUEMNT I THEBICHER TV 3 fitting & FEIEN 2 1EE%
XYy MM U7z, SEFEEL TRV Sagemath D X Y v REWLS OMEHL T
% 7=, add_.command XYV v REHWT, EfEiihTs 2 THELTWS, /-
72, SOV —pEHI - FE2E L @RV OT, FHaX oEnzE
Fivtcuns.

TavT 4 YITDFEHEE LT,

22



o EFNEERTS. FHDHER, 3KREHEzETLELTWVS.
e Sagemath O find_fit ZfFHL, ETMI 7 4v bT 5, wl,wl,w2,w3 ZK 3.

o EFINICHIEL wO w3 BIRAT 3.

# Y —Aa—7F

def fit(array, xmin: -1, xmax: 1, plotname: "plot",

point_color: "red", curve_color: "blue")
set_point_plot(array, color: point_color)
define_symbol("wO", "wil", "w2", "w3")
add_command ("model(x) = w0 + wl*x + w2*x"2 + w3*x~3")
add_command ("data = #{array}")

add_command("fit = find_fit(data, model, solution_dict=True)")

add_command ("f_fit(x) model.subs(fit)")

add_command ("fit_plot = plot(f_fit, [x, #{xmin}, #{xmax}],
rgbcolor = ’#{curve_color}’)")
add_command("p = fit_plot + point")

save_plot (function: "p", plotname: plotname)

end

# fEAH 1

array = [[1, 2], [2, 5], [6, 31, [7, -1]]
plot = Plot.new()

plot.fit(array, xmin: O, xmax: 10)

plot.exec_command
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.10 o

_15 o

_20_

3.8: 74w T4 ¥ 7OH1.

# (A2

array = [[0.0, -119.95449], [-0.2, -119.94399], [-0.1, -119.95251],
[0.1, -119.95253], [0.2, -119.94389]]

plot = Plot.new()

plot.fit(array, xmin: -0.2, xmax: 0.2)

plot.exec_command

M 3.8 3.9, EBRICT7 4y T4y I72EHLHITHS. K38TIE, 4R28T
274y P ABBERHETETWS. K39TWE, PLA»BThTLE-TWVS
D, RN d X R EHE L TWS. ChEHWS Z 2T, K3.9Tl,
x=0 DI, y=-119.955 THR/MEZHL 5 Z L DR TZ 5.
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0.2 0.15 0.1 -0.05 0 0.05 0.1 0.15 0.2

-119.944 4

-119.946 -
-119.948 -

-119.95 —
-119.952 -

-119.954 4

3.9: 74w T4 7 OH|2.
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BAE EER

SEDBF T, Sagemath Z Ruby D PTY £ 2 — L %2EHT 3 2T, ¥ HIE
YL TCWEERIEYE 75 707 ny s ERBT 22N TER. 27, BROBHT,
Maple 2> 5 Sagemath NDHFFHIFAL 722 DD, HZ DEERHET 5 2 13T
o7z, Ruby DEFE$ 2 06D %Z Ruby 227V 7 AR LHUHSTZ & T, %
HaXbDEW Maple 2282 A ¥ v LT, HRZHEIREDZ e TE5 X
212 o 7.

4.1 SEDERE
4.1.1 RITFTDOHE

REDOFATH DFEEZ, a~vy FeXoThro—EDKMFOZick-T, Hih%
HLYID, ZARBUSLTW5. 22 TAL 28D, WHIZ X > Thrh 2R S
ZETH5. RFHEGEOHINUIRER DD 5 729, EROHIICE b8 TER oL
%ﬁ5t,ﬁ§ﬁm@tﬁofbio.%:T,ﬂﬁﬂ@ﬁ@#,@@@&ﬁﬁ@#%%
AL, FERREZAZ L 5 MAZEML TS

4.1.2 EEOHMETOEH

KEDWHFEDH T, SageRuby ZHEH L TWE/-WEEZX S, £25352LI12&koT,
FREREIN TRV DE R EAESCEE DD E R AESTE X D12 D, SageRuby %
o LRI TV I TEDZLERS. £, HOLIZESRETHAT I
FoT, PHILIROWAZOFREFICEDSD, ZELIMREZIETEZ2EZ 5.
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4.1.3 TRAMDIER

TAMEER, AFRLLT0 7S A0EED OEZ 2T 50502l T 57003
DTH5. 5%, BIMOKKRELHIEL TV IZHoT, BEFOHREICHELEZTLE
DIV EIERT S, Ruby O3 %, UnitTest ZFHWT, 52X 7=ANHLT, IEL
WHHEBZ e TETWE 0% HEICHERE S 5.

4.1.4 gem & L TOREMH

FIRICHIFE TS 212H 72> T, SageRuby ZALHi 3 2 FB Y LT, RubyGems %
WTWZHEeEZS. XAy b LT,

o Ul ADMMNEZDTHS.
o N—a VEMMNWNRETHS.
o Xy — REMNEFNR—a VIZBqNS.

EWVWoltlenEFoNS.
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BT

AEXDIEUIC DT D, ZLOFT A TN EE L. )
Hed BELIIEEY %m%%bibtﬁﬁﬁkﬂ&ku XD ELEH L E T
RO TIREBEDOB?IFT, AT LDOMAEEEDMEERITO BN TEFE LS. ZLT,

FLDBETICE, BEA RBIHRHE, ﬂﬁ@ﬁ%%@%ibt@‘m% DIFER, it
EHICEL BN LET. AL HOAE S X NE L.
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[1] module PTY - https://docs.ruby-lang.org/ja/latest/class/PTY.html (accessd on 25
Jan 2021).

2] (Ruby) PTY.spawn(”bash -i”) Ta< > FF(TLTF B> 7 % expect LODOBRTOHIT bl
Rf3R’R3 % - https://memo88.hatenablog.com/entry/20180218/1518907742 (accessd on
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require "pty"
require "timeout"

$sage = "/Applications/SageMath/sage"

class Sage

def initialize
@define_command
Qcommand_list =
@command = ""
@res = Array.new
@flag = true

end

= Array.new
Array.new

def add_command (com)
@command_list << com
end

def define_symbol (*symbol)

symbol = symbol.join(",")

@define_command << "#{symboll}=var (’#{symbol}’)"
end

def exec_command
PTY.getpty($sage) do |i, o
begin
Timeout.timeout (0.7) do
loop { i.getc }
end
rescue Timeout::Error
end
if @define_command != []
@command_list.unshift (@define_command)
end
p Q@command = Qcommand_list.join(";")
o.puts @command
time = 5
begin
Timeout.timeout (time) do
loop do
Ores << i.gets
end
end
rescue Timeout: :Error
end
Q@command_list = []
if @flag
Q@res[-1] .split("\e[") [-1] .match(/Om(.*)\r\n/)
return $1
else
return O
end
end
end
end
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require "./SageMath.rb"

class Algebra < Sage
def add(a, b)
@command_list << "#{a}+#{b}"
end

def sub(a, b)
@command_list << "#{a}-#{b}"
end

def mult(a, b)
@command_list << "#{a}*#{b}"
end

def div(a, b)
Qcommand_list << "#{a}/#{b}"
end

def rem(a, b)
Q@command_list << "#{a})#{b}"
end

def factor(f)
@command_list << "factor(#{f})"
end

def expand(f)
@command_list << "expand (#{f})"
end

def solve(f, target)

f .gS'le! (":" s n==||)

@command_list << "solve([#{f}],#{target})"
end

def diff(f, target, num = 1)
Q@command_list << "diff (#{f},#{targetl},#{num})"
end

def integral(f, target)
Qcommand_list << "integral (#{f},#{target})"
end

def indefinite_integral(f, target, from, to)
@command_list << "integral (#{f},#{target},#{from},#{to})"
end

def partial_fraction(f, x)
@command_list << "f=#{f}"
Q@command_list << "f.partial_fraction(#{x})"
end
end
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require "./SageMath.rb"

class Plot < Sage
def save_plot(function: "plot", plotname: "plot", extension: "png")
Q@command_list << "#{function}.save(’#{plotname}.#{extension}’)"
@flag = false
end

def set_plot(function, xmin: -5, xmax: 5)

Qcommand_list << "plot=plot (#{function}, (x,#{xmin},#{xmax}))"
end

def set_point_plot(array, color: "red", size: 30)
@command_list << "point=list_plot (#{array},color="#{color}’,pointsize=#{size})"
end

def fit(array, xmin: -1, xmax: 1, plotname: "plot",

point_color: "red", curve_color: "blue")
set_point_plot(array, color: point_color)
define_symbol("wO", "wi", "w2", "w3")
add_command ("model (x) = w0 + wlk*x + w2%x"2 + w3*x"3")
add_command ("data=#{array}")
add_command("fit = find_fit(data, model, solution_dict=True)")
add_command ("f_fit(x) = model.subs(fit)")
add_command ("fit_plot = plot(f_fit, [x, #{xmin}, #{xmax}],
rgbcolor="#{curve_color}’)")
add_command ("p=fit_plot+point")
save_plot(function: "p", plotname: plotname)

end

def animate_plot(type)
add_command ("array=[plot (c*x#{type}(x), (-2*pi,2*pi), color=Color(c,0,0),
ymin=-1, ymax=1) for c in sxrange(0,1,.2)]1")
add_command ("a = animate(array)")
add_command("a.save(’plot.gif’)")
end
end
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