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Brief introduction to

gnuplot
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Starting gnuplot

@ gnuplot is available for almost every platform (operating system): Linux, MacOS X,
Windows, ...

e download, e.g, from http://gnuplot.info/‘

@ under Linux: start interactive session in termial via
gnuplot

@ quit gnuplot by command
exit
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http://gnuplot.info/

Plotting functions

@ gnuplot can plot basic functions (independent variable / dummy variable is x) and
combinations of them, default plot symbol for functions: solid line
@ examples
e plot sin(x)
e plot x*x*3 + 0.5*sqrt(2)
@ plotting more than one function by using comma separated list:
plot sin(x), cos(1/x), tanh(x+2)
@ plotting only over a specific x-range (also for fitting):
plot [-2.5:+3] cos(x)
@ plotting only over a specific y-range:
plot [1 [-1:+1] sin(x)
@ plotting only over a specific x- and y-range:
plot [-2.5:+3] [-1:1] cos(2*x)
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@ x- and y-axis labels:
set xlabel "d in pc"
set ylabel "t in Ga"
o key (legend): is automatically generated, can be written by option title:
plot "data.txt" title "observation (1998)" \
, £(x) t "model 17-04"
— requires execution of previous plot command or just type replot
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Plotting data

gnuplot plots data from files in ascii table format, i.e.

# this is a comment

4.5 91 -0.5
5.6 70 0.8
19 200 1.1

@ Columns are separated by blanks. Can be changed before plotting, e.g.,
set datafile separator "," # (comma seprated)
set datafile separator "\t" # (separated by tabs)
@ plot "file.txt"
— default: plots 2nd column over 1st column
e plot 'filexyz.txt' using ($2):($3)
— plots 3rd column over 2nd column
@ plot 'data.txt' u (logl0($1)):(logl0($2))
— plots the decadic logarithm of the data in columns 1 and 2 (double-logarithmic plot)
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Creating a histogram |

Histogram

is the graphical representation of the frequency distribution of some quantity x.

— requires the division of the data (quantity) into bins of a width Ax (can be constant or

variable)

— representation usually by rectangles of width Ax and height corresponding to frequency of
occurrence

— can be used to estimate the probability density function p(x) of a continuous random
variable x
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Creating a histogram ||

Example: normal distribution / Gaussian distribution

A data set of 103 random variables drawn from a Gaussian distribution with

N(x; p,0) =

where the mean value was set to 1« = 0 and the variance to o = 1, hence the distribution is
N(x,0,1) = exp( - x?) — so-called standard normal distribution

in some file gauss.dat (embedded).

GN4480100S8 |-

ZEHN DEUTSCHE MARK

10-DM banknote with a Gaussian distribution
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  0.7757849    
  9.6412346E-02
  0.3083076    
 -0.4121127    
  0.9296880    
   2.425250    
  0.4400073    
 -0.4745676    
  0.4645386    
  -3.440850    
 -0.7681912    
 -0.6961365    
  0.2362190    
  0.9765241    
 -0.8794656    
 -1.2827534E-02
 -0.9543049    
 -0.8804002    
   2.070693    
  0.3290057    
 -0.8724935    
   1.036487    
 -0.1824150    
   1.058849    
  -1.118799    
  -1.230741    
 -0.4911938    
 -0.5538669    
  -1.389256    
   1.250663    
 -0.9617155    
  0.2718574    
  0.9619988    
   1.400604    
  0.6788415    
 -0.8622795    
 -0.3280857    
  -1.109535    
 -0.5838371    
  0.4030787    
  0.4871542    
  -1.351744    
 -0.2090209    
  0.9063063    
 -0.9535008    
  0.8820602    
  0.7141435    
  0.6114401    
 -0.4054602    
 -2.6448792E-02
  -2.080858    
 -0.4991176    
 -0.2857187    
  0.6661142    
 -0.3333771    
  0.5410187    
   2.578495    
 -0.3090425    
  0.1797924    
 -0.3209836    
  0.6755835    
 -7.4454598E-02
 -0.5612420    
 -0.7136326    
 -0.3207075    
   1.463315    
 -0.8532578    
  5.8396459E-02
  -1.168421    
 -0.9479159    
 -0.1663459    
  0.8976251    
  0.2799492    
   1.287406    
 -0.2612612    
 -0.9990359    
   1.095729    
  0.4931715    
  0.2401406    
 -0.6307586    
  0.7074175    
 -0.2499144    
  0.2237038    
  0.5670409    
  0.1867950    
  -1.608781    
  -1.426317    
  0.4226249    
   1.322318    
 -0.7262513    
   1.720141    
 -0.4054750    
   1.656713    
 -7.6311745E-02
 -0.7105250    
  3.5368297E-02
  -1.102314    
  0.2115748    
  -1.279219    
   1.802633    
 -0.8332563    
  7.6890059E-02
   1.809651    
  0.8577708    
 -0.8171467    
 -0.7269971    
  0.3159725    
  -1.165308    
   1.121968    
  0.1022189    
  0.8301424    
  -1.128408    
 -0.4376723    
 -9.8213509E-02
   1.327313    
  0.8489726    
   1.831044    
   1.566028    
 -0.1978915    
 -9.1981523E-02
 -0.9206387    
  0.5773888    
  4.5593005E-02
   1.209055    
   1.722517    
 -8.8688828E-02
  -1.597162    
   1.286455    
  8.2371950E-02
 -0.1761107    
 -0.1203027    
  0.3007801    
 -0.4771736    
  -1.232238    
  0.5991605    
  -1.850409    
  0.6296839    
 -0.9440453    
  0.2242775    
 -0.6417800    
  0.4791800    
   1.364254    
  -1.156549    
  -1.504291    
 -0.3817519    
 -3.3289317E-02
  0.2252177    
   2.442384    
   1.049164    
 -6.6005737E-02
   2.042011    



Creating a histogram Il

Graphical representation with gnuplot:
@ Define the (constant) width of the bins (“bin width”, Ax):

bw=0.2
set boxwidth bw J

. and a so-called "binning” function:

bin(x,s)=s*ceil(x/s) J

The function ceil(x) rounds up the value of x to next larger integer

@ The number of data points (for normalization):

N=1000 J

one can also use

stats '"gauss.dat" ; N = STATS_records J
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Creating a histogram [V

© The histogram is then created via:

plot "gauss.dat" u (bin($1,bw)-0.5%bw): (1./(N*xbw)) \
smooth frequency with boxes 1lc rgb "blue" J

@ Plot together with the underlying probabilty density function

gauss(x) = 1./sqrt(2*pi) * exp(-0.5*x**2) )

in the same diagram:

replot gauss(x) with lines linewidth 3 linecolor rgb "red" J
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Creating a histogram V
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With help of the Levenberg-Marquardt algorithm gnuplot can fit any function with free
parameters to data:

@ define function:

f(x) =axx+b
@ fitting examples:

fit f(x) "data.txt" via a, b

fit f£(x) "data.txt" u (logl0($1)):(logl0($2)) via a, b
© plotting data and function:

plot "data.txt", f(x)

If the fit should be done only for a specific x-range:
fit [100:300] f(x) "data.txt" via a, b
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Creating PDFs for output

gnuplot supports many different output formats (see — help terminal)

o

2]

o

set terminal pdf enhanced color
— sets terminal (output format) to colorized pdf with special characters

set output "myplot.pdf"

— name of the file for output (don't forget it!)

plot "data.txt", f(x)

or: replot

either: set term qt (resetting terminal to previous output format)

or: quit

— this assures that the plot is written to the file (otherwise: empty or incomplete PDF file)
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Special characters

If output is written to PDF or PS file, via option enhanced:

Input Output in PDF/PS
T_0 To (subscript)
e {-x} e ™ (superscript)

{/Symbol Qp} O

H. Todt (UP) Computational Astrophysics SoSe 2025, 3.4.2025 14 /17



Scripts in gnuplot

In addition to the interactive mode, gnuplot supports also non-interactive script mode

e write all instructions into an ASCII text file (e.g., “myplot.gplt”)
comments begin with a # (like in makefile and shell)
line continuation via backslash \

@ execute gnuplot script from shell:
gnuplot myplot.gplt

— useful for automated PDF creation
— easy re-use of formatting and plot instructions (labels, sizes, ...)
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Example for fitting and pdf output |

# embedded file : enthalpie.dat

set terminal pdf enhanced color

set xlabel "1/T [100/K]"

set ylabel "ln(p/p_0)"

In_p(x) = b + a*x

set fit errorvariables

R=8.314

p_0=1.019

fit [*:*] ln_p(x) "enthalpie.dat" \

using (1./(($2)+273.15)):(log((1.019+($1))/1.019)) via a,b
set output "enthalpy.pdf"

plot "enthalpie.dat" \
using (1e2/(($2)+273.15)):(log((p_0+($1))/p_0)) \
with points ps 1 linewidth 3 title "data" \
, In_p(le-2%x) with lines linecolor "black" \
t sprintf("enthalpy [kJ/mol]l=%5.3f +/- ¥5.3f",a*R*le-3,R*a_errxle-3)
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 0    100



Example for fitting and pdf output Il

0.5 T T T T T T T T

T T
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