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OBZORY MATEMATIKY, FYZIKY A INFORMATIKY 4/2003 (32)
gnuplot — graficky software (aj) pre matematikov

Jozef Dobos

Abstract: gnuplot is a free command-line driven interactive function and data plotting
program. It can be run under Windows, Macintosh OS, VMS, Linux, and many others.
gnuplot can send the result to a wide range of graphic devices (terminals, printers, or
plotters). The aim of the paper is to present this interesting program.

Uvod
Tento program moZno ziskat' na adrese
http://www.gnuplot.info/
K dispozicii je interaktivny help, ako aj 120 stranovy manudl.
TIhned’ po spusteni programu mdzeme kreslit. Zaéneme grafom exponenciélne;
funkcie y = ¢*. Do prikazového riadku napiSeme

plot exp(x)
a stlatime [ Enter]. Vysledok vidime na obrazku 1.
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Obrdzok 1
gnuplot kresli obrazok rozmerov 5 inx3 in.



Podme si tento graf vylepSovat. Najskor nakreslime osi a zvolime vhodnejSie
intervaly pre premenné x a y. Graf je na obrazku 2.

set zeroaxis
plot [-1:5] [-1:5] exp(x)
5 T T

exp(x)

-1 L L Il

Obrdzok 2

Stvorcovy format dosiahneme prikazom (pozri obrazok 3)
set size square
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Obrdzok 3



Teraz odstranime r6zne zbyto€nosti pomocou prikazov

set nokey
set noborder
set noxtics
set noytics

Vysledok vidime na obrazku 4.

S A

Obrdzok 4 Obrdzok 5

Osi1 mdzeme narysovat ako orientované iseCky pomocou prikazov

set arrow 1 from -1,0 to 5,0
set arrow 2 from O0,-1 to 0,5

Pozri obrézok 5.
Casto sa opakujiice nastavenia si mbZeme uloZit’ do siboru
gnuplot.ini.
Skuste si vytvorit’ sibor gnuplot.ini, ktory obsahuje nasledujice riadky:

set nokey

set noborder

set noxtics

set noytics

set noztics
Skor ako prejdeme k dalSej ukdzke, vyskidsajte si uZitocny prikaz reset.
V nasledujicej dlohe si nakreslime graf funkcie tangens. PouZijeme prikaz

plot tan(x)



Ako vidime na obrazku 6, vysledok nie je najlepsi.
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Obrdzok 6

Prikazmi

set sample 600
plot [-10:10] [-30:30] tan(x)

docielime prijateInejsi graf (pozri obrdzok 7).
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Obrdzok 7
VylepSime ho pridanim osi a asymptot prikazmi

set arrow 1 from -10,0 to 10.7,0
set arrow 2 from 0,-30 to 0,33

set arrow 3 from pi/2,-30 to pi/2,30 nohead linetype O
set arrow 4 from 3*pi/2,-30 to 3%pi/2,30 nohead linetype O
set arrow 5 from 5%pi/2,-30 to 5%pi/2,30 nohead linetype O



set arrow 6 from -pi/2,-30 to -pi/2,30 nohead linetype O
set arrow 7 from -3*pi/2,-30 to -3*pi/2,30 nohead linetype O
set arrow 8 from -5%pi/2,-30 to -5*%pi/2,30 nohead linetype O

Na obrizku 8 vidime vysledok.
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Obrdzok 8

Svoju pracu st mdéZeme uloZit' do siboru prikazom
save ’nazov.plt’
Existujici sibor méZeme zavolat prikazom
load ’nazov.plt’
Otvorit existujuci sibor na editovanie mozno prikazom
! edit nazov.plt
Do stiboru nazov . p1t si mdZeme pisat aj svoje poznamky. Cast riadku, ktora za¢ina

symbolom #, je komentar.

Pre zvySenie pohodlia si v gnuplote méZeme vybrat’ iny typ pisma. Po stlaceni
pravého tlacitka mysi sa otvori nasledujica ponuka:

Copy to Clipboard
Paste

Choose Font ...
System Colors
Update wgnuplot.ini

V ponuke prejdeme mySou na

Choose Font ...




a vyberieme si vyhovujici typ pisma (vyskuSajte Courier, prip. Fixedsys).
Svoj vyber uloZime pomocou

Update wgnuplot.ini

Grafy funkcii danych explicitne

Do jedného obrazku méZeme nakreslit’ aj niekol’ko grafov funkcii. UkaZeme si to na
priklade. (Pozri obrdzok 9.)

set size square

set arrow 1 from -2.5, 0 to 2.5, 0 linetype 1

set arrow 2 from 0, -2.5 to 0, 2.5 linetype 1

set arrow 3 from pi/2, -2.5 to pi/2, 2.5 nohead linetype O
set arrow 4 from -pi/2, -2.5 to -pi/2, 2.5 nohead linetype 0O
plot[-2.5:2.5] [-2.5:2.5] exp(x), tan(x)

Obrdzok 9

Dal$ia uk4Zka sa bude tykat funkcie

ktorej graf nakreslime pomocou nasledujicich prikazov:

set zeroaxis
f(x)= -1<=x && x<1 ? x**2 : 1<=x ? 2-x : 1/0
plot [-3:3] [-3:3] f(x)

Vyraz 1/0 pouzivame tam, kde funkcia nie je definovand. Pozri obrazok 10.
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Obrdzok 10 Obrdzok 11

Ten isty vysledok dosiahneme prikazmi:

set zeroaxis

fl1(x)= x>=-1 7 x**x2 : 1/0
f(x)= x<1 7 f1(x) : 2-x
plot [-3:3] [-3:3] £(x)

Nespojité funkcie je vhodné rozdelit' na niekolko Casti. Napriklad graf funkcie

f(x):{ 3 () xS1

3—x x>1

mdZeme nakreslit pomocou prikazov (pozri obrazok 11)

set arrow 1 from -1,0 to 2,0

set arrow 2 from 0,-1 to 0,2

set arrow 3 from 1, 0 to 1, 2 nohead linetype O
set samples 500

f1(x)=x<=1 ? (x+abs(x))/2 : 1/0

f2(x)= x>1 ? 3-x : 1/0

plot [-1:2] [-1:2] fi1(x), f2(x) 1t 1

UkdZeme si, ako mdZeme zndzornit’ polygondlne aproximdicie Cantorovej funkcie
(pozri obrazok 12). Vytvorime si stibor pomocny cantor.plt obsahujici prikazy

set samples 2000; set size square 0.5, 0.5

set zeroaxis 1t 1; set xrange [0:1]; set yrange [0:1]

start (x)=x<=070:0<=x&&x<=17x:1

f(a,x)=a==07start(x) :x<=1/3.7f(a-1,3#*x) /2:f(a-1,3*x-2)/2+0.5



plot f(a,x)
a=a+l; pause -1
load ’cantor.plt’
a potom v gnuplote napiSeme prikazy
a=0
load ’cantor.plt’

Obrdzok 12

Teraz si ukdZeme, ako méZeme vySrafovat’ elementarnu oblast’

Najskor si vytvorime pomocny sdibor (napr. s ndzvom re.plt), ktory obsahuje
nasledujuice prikazy:
i= i+1
x(i)=a+i*(b-a)*n**(-1)
set arrow i from x(i), f(x(i)) to x(i), g(x(i)) nohead 1t O
if (i<n) reread

a potom v gnuplote napiSeme prikazy (pozri obrazok 13).



set nokey

set size square

a=0; b=1

f(x)=x**3; g(x)=x**2

n=25; i=0

load ’re.plt’

plot [0:1] [0:1] f(x), g(x) 1t 1

1 T

0.8

06

04}

0.2

Obrdzok 13

Teraz si ukdZeme mald modifikéciu tohto prikladu. Staci zmenit

1t 0 na 1t 1 (vsuborere.plt) a n=25 na n=500. (Pozri obrizok 14.)
1 T T T T

0.8 -

0.6

0.4

0.2

Obrdzok 14

Ako sme uZ videli v ukdzkach, typ ¢iary moZno volit pomocou linetype n, kde
n je vhodné &islo (najCastejSie pouzivame ne {0,1,2,3,4,5,6,7,8}). PouZiva sa aj
skratend verzia 1t n. MozZnosti nastavenia zistime v gnuplote prikazom test.
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Pre dand funkciu y = f(x) mdZeme nakreslit jej integral (ako funkciu horne;j
hranice), t. j. graf funkcie

s = [ fyar.

V ukéazke pouzijeme funkciu y = cosx. (Pozri obrdzok 15.)

set border 31 1t O

set xzeroaxis 1t 4

f (x)=cos(x)

delta=0.02; a=0

integral(x,y)= x>y ? O : integral(x+delta,y)+delta*f (x)
g(x)= a<x 7 integral(a,x) : -integral(x,a)

plot [0:2*pi] [-1:1] f(x), g(x)

1

05

-0.5

ot

Obrdzok 15

Krivky dané parametricky
Nasledujuce prikazy ndm posliZia na nakreslenie asteroidy (pozri obrdzok 16)

set parametric
set size square 0.5, 0.5
set zeroaxis

plot sin(t)**3,cos(t)**3
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Obrdzok 16 Obrazok 17
Lemniskatu nakreslime pomocou prikazov (pozri obrazok 17)

set zeroaxis

set size square

set parametric

set samples 250

f(E)=tx (1+t%%2) / (1+t**4)
g(t)=t*(1-t**2)/(1+t**4)
h(t)= t<1 7 g(t) : g(t-2)
k(t)= t<1 7 £(t) : -£(t-2)
set trange [-1:3]

plot k(t),h(t)

Klotoida

set samples 1000

set size square

set xzeroaxis

set yzeroaxis

fO(x)=cos(0.5*pi*kx**2)

f1(x)=sin(0.5*pi*x**2)
integralO(x,y)=x>y?0:integralO(x+delta,y)+delta*f0(x)
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integrall(x,y)=x>y?70:integrall(x+delta,y)+delta*f1(x)
g0(x)=a<x?integralO(a,x):-integralO(x,a)
gl(x)=a<x?integrall(a,x):-integrall(x,a)

delta=0.005; a=0

set param; set trange [0:4.9]

plot gO(t),g1(t),-g0o(t),-g1(t) 1t 1

Obrdzok 18

Polarne suradnice

Nakreslime si Spiralu v polarnych
sdradniciach:

set polar
set function style impulses
plot t 1t 2

Vysledok je na obrazku 19.

Obrdzok 19



Krivka dana implicitne

Nakreslime si kardioidu, ktora je dand implicitnou rovnicou
(%42 —x)2 = 22 4y,

set isosamples 200

set xrange [-0.5:2.1]

set yrange [-1.3:1.3]

set contour base

set cntrparam levels discrete 0.0

set nosurface

set term table

set size square )

set output ’krivka.dat’ Obrdzok 20

splot (x**2+yx*2-x)**2-xk*2—y**2

13

set output; set term windows; set nokey; set nogrid; set noborder

set noxtics; set noytics; plot ’krivka.dat’ with lines

Plochy

Dvojdielny hyperboloid
2oy o2 _1=0

nakreslime pomocou prikazov (pozri obrazok 21):

set parametric

set view 70, 165, 1, 1
set isosamples 70

set hidden3d

set xrange [ -3 : 3 ]
set yrange [ -3 : 3 ]
set zrange [ -3 : 3 ] Obrdzok 21

set arrow 1 from -3,0,0 to 3,0,0

set arrow 2 from 0,-3,0 to 0,3,0

set arrow 3 from 0,0,-3 to 0,0,3
f(u,v)=sqrt(1/v**2-1)*cos(u)
g(u,v)=sqrt(1/vx*2-1)*sin(u)

splot [0:2*pi] [-1:1] 1/v, f(u,v), g(u,v) 1t O
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Jednodielny hyperboloid

nakreslime pomocou prikazov (pozri obrdzok 22)

set
set
set
set
set
set
set
set
set
set
set
set

P4yt —72-1=0

parametric

view 50, 135, 1, 1
isosamples 90, 46
hidden3d

urange [0:2*pi]

vrange [-1:1]

xrange [-2:2]

yrange [-2:2]

zrange [-1.2:1.2]
arrow 1 from -2.5,0,0 to 2.5,0,0 Obrdzok 22
arrow 2 from 0,-2.5,0 to 0,2.5,0
arrow 3 from 0,0,-2.5 to 0,0,2.5

splot sqrt(1+vx*2)*cos(u),sqrt(1+v**2)*sin(u),v 1t -1

Valcova a gulova plocha v jednom obradzku (Vivianiho krivka, pozri obrazok 23):

set
set
set
set
set
set
set
set
set

gx (u,v)=cos (u)*cos(v)

parametric
hidden3d _
view 45, 130, 1, 1 Eggv

isosamples 90, 44

urange [0:2*pi]

T

INEREN]
NS RN

vrange [0:pi/2]

xrange [-1:1]

IEREESANNY 97

IRENI 1]

yrange [-1:1]

zrange [0:1]

gy (u,v)=sin(u) *cos(v) Obraizok 23
gz(u,v)=sin(v)

vx(x)=0.5%(1+cos(x))

vy (x)=0.5*sin(x)

splot gx(u,v),gy(u,v),gz(u,v), vx(u),vy(w),v 1t 1



15

Teraz si ukaZeme, ako moZno nakreslit' graf funkcie z= f(x,y), ktora je definovana
na elementarne;j oblasti

HAHIA

X
y

A A

a b
o(x) y(x)

Pre funkciu z = sinx+ cosy + 1 definovani na elementérnej oblasti

3
0Sx=< =
1-(1-x)?sysé

(nakreslime si aj jej defini¢ny obor) pouzijeme prikazy (pozri obrazok 24):

set parametric

set arrow 1 to 3,0,0

set arrow 2 to 0,3,0

set arrow 3 to 0,0,3

set isosamples 11,6

set view 45,320
dolna(x)=sqrt(1-(1-x)**2)
horna(x)=exp(x)

a=0; b=3./2.
f(x,y)=sin(x)+cos(y)+1 Obrdzok 24
mix(x,y)=dolna(x)+(horna(x)-dolna(x))*y

set xrange [0:5]; set yrange [0:5]; set zrange [0:5]
set urange [a:b]; set vrange [0:1]

splot u,mix(u,v),0 1t 0, u,mix(u,v),f(u,mix(u,v)) 1t 1

Hyperbolicky paraboloid
xt—y?—z=0

nakreslime pomocou prikazov
(pozri obrazok 25)

set view 60, 30, 1, 1

set isosamples 75

set hidden3d

a=-1; b=1

set urange [a:Db]

i
i
¢
i

0
U
\

Obrdzok 25
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set
set
set
set

vrange [0:1]

xrange [-1.5:1.5]
yrange [-1.5:1.5]
zrange [-1.2:1.2]

dolna(x)=-sqrt (x*x+1)

horna(x)=sqrt (x*x+1)

f(x,y)=x*x-y*y

mix (x,y)=dolna(x)+(horna(x)-dolna(x))*y
splot u,mix(u,v),f(u,mix(u,v)) 1t 1

Cast roviny x —y+z—1 = 0 leZiacu vo §tvrtom oktante nakreslime pomocou
prikazov (pozri obr. 26)

set
set
set
set
set
set
set
set
set
set
set

arrow 1 to 1.3,0,0 A
arrow 2 to 0,1,0

arrow 3 to 0,0,1.2

arrow 4 from 1,0,0 to 0,-1,0 nohead
arrow 5 to 0,-1,0 nohead 1t O
parametric; set view 60, 105

urange [0:1]
vrange [-1:0]

xrange [-1.2:1.2]
yrange [-1.2:1.2]
zrange [0:1.2]

splot u,v,1-ut+v 1t 1

Obrdzok 26

Nakreslime si graf funkcie

kde

e = (maxten).0 (52 )



Staci pouZit prikazy (pozri obrdzok 27)

set
set
set

border
view 60,340
isosamples 70

fi(x)= x<=0.5 7 2%x :

f2(x)= x<=1 7 f1(x)

1

. X

g(x,y)=max (max(x,y),£2((x+y)/2.))
max(x,y)= x<=y 7 y : x
splot [0:2] [0:2] [0:2] g(x,y)

Krivky v priestore
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Obrdzok 27

Skrutkovicu nakreslime pomocou prikazov (pozri obrdzok 28)

set
set
set
set
set
set
set
set

arrow 1 to 2,0,0
arrow 2 to 0,1.2,0
arrow 3 to 0,0,8
view 60, 105
isosamples 35
param

urange [0:2%*pi]
vrange [0:2%pi]

splot cos(u),sin(u),u 1t 1

]

Obrdzok 28

Na domécu tlohu si vyskiSajte nasledujice prikazy:

set parametric; set samples 250; set isosamples 60, 30
f(t)=tx(1+t**x2)/(1+t**4)
g(t)=t* (1-t**2)/ (1+t**4)
h(t)=t<1?7g(t) :g(t-2)
k(t)=t<1?2f () :-f(t-2)
fx(u,v)=(u+l)/4.*cos(2xpi*v)
fy(u,v)=(ut+1)/4.*sin(2*pi*v)
fz(u)=(u+l) /4.
set hidden3d; set view 45,0
splot [-1:3] [0:1] k(u),h(w),v, fx(u,v),fy(u,v),fz(u)
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Odporidcam tieZ navStivit nasledujicu adresu

http://t16web.lanl.gov/Kawano/gnuplot/index-e.html

Adresa autora:

Jozef Dobos, Katedra aplikovanej matematiky, SjF TU KoSice
e-mail: Jozef .Dobos@tuke. sk, URL: http://www.tuke.sk/dobos
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