Comparison of Graphics Capabilities
between Mathematica 11.3 and Maple
2018

Summary

As in many areas of functionality, apparent similarities in visualization capabilities between Maple and
Mathematica are only skin deep.

m Mathematica automates more of the graphic creation to give more accurate or more understandable
results in more cases.

= Mathematica automates more sensible aesthetic choices for professional-looking results.

= Mathematica supports a wider range of visualization routines.

m Mathematica visualizations make use of dynamic elements for richer electronic presentations.
m Mathematica visualizations support a greater range of inputs.

If you want to produce professional, publication-quality graphics that are clear and accurate with the
minimum amount of effort, then Mathematica is the obvious choice.
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Accuracy of representation

Most Mathematica routines use adaptive resampling to achieve smooth results even where functions are
rapidly changing, without the computational overhead of extra sampling where the function is not chang-
ing rapidly.

Most Maple visualizations do not. Without this capability, Maple is unable to trace the smooth circular
perimeter of this plot.

Mathematica

Plot3D[/25-x2-y? , {x, -6, 6}, {y, -6, 6}]

Maple
piot3d 25 — 2 — 2. x=-6 .6, y=-6.6)
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(Notice also that the Mathematica 3D images are rendered using perspective. Maple’s use no perspective
and appear as if viewed from an infinite distance, giving a slightly unnatural look.)

A similar accuracy problem presents itself in this simple plot of implicit functions.

Mathematica

3 1
ContourPlot[ (x* +y*-1) (x2+y2— —] (x2+y2— —) =0, {X, -1.2, 1.2}, {y, -1.2, 1.2}]
4 2

0.5 i

-05+ -

-1.0 -0.5 0.0 0.5 1.0

Maple

with(plots, impliciiplot)

= (F+y—1)(P+y¥—07) (£ +)y*—05):

implicitplot(fn, x=-1.2..1.2, y=-1.2..1.2)

08|-06 -04 -02 0

As well as failing to accurately represent smoothness in graphics, Maple does not attempt to convey impor-
tant information such as discontinuities. In this simple plot of the floor function, the Maple plot seems to
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imply that all output values can be achieved.

Mathematica
Mathematica automatically detects many kinds of discontinuity.

Plot[Floor[x], {x, 0, 10}]

Maple
Maple incorrectly implies that there is a value of floor(x) = %

plot(floor(x), x=10..10)

|
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Mathematica automatically detects many other kinds of branch cuts and discontinuities.

Plot3D[Im[Vx+Ty |, {X, -2, 2}, {y, -2, 2}]

Maple
Maple incorrectly joins up the branch cut to make the function appear continuous.

plot3d(Im(sqrt(x + £-y)), x=-2..2,y=-2.2)

Note: The output of the Maple plot has been manually rotated to match the Mathematica viewpoint.
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Clarity of presentation

Through careful choices of defaults and the application of automatic optimizations, Mathematica graphics
are designed to be easy to interpret.
Using mesh lines to enhance interpretation

Mesh lines are a very important part of conveying meaning in 3D graphics, but in Maple they are simply a
side effect of sampling.

In this simple implicit equation plot, Mathematica’s choice of mesh lines enhances our understanding of
the surface curvature.

Mathematica

ContourPlot3D[Sin[x + Sin[y]] == Sin[y +Sin[Zz]], {x, O, 4}, {y, 0, 4}, {z, 0, 4}]

Maple

However, in Maple, many unnecessary mesh lines obscure that information. Combined with the lack of
adaptive sampling, especially around the intersection of the two surfaces, this makes the plot difficult to
interpret.
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implicitplot3d(sin(x + sin(y)) =sin(y + sin(z)), x=0.4,y=0.4,z=-0.4)

Mathematica

In Mathematica, mesh lines are independent of sampling, so we can simultaneously increase the quality of
the sampling and choose a sparser set of mesh lines.

ContourPlot3D[Sin[x + Sin[y]] == Sin[y +Sin[z]],
{x, 0, 4}, {y, 0, 4}, {z, O, 4}, PlotPoints » 25, Mesh - 8]

Maple

In Maple, increasing the sampling introduces even more mesh lines until they obscure the plot itself. The
only recourse is to turn mesh lines off completely.
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implicitplot3d(sin(x + sin(y)) =sin(y + sin(z) ), x=0.4,y=0.4,2z=-0.4, grid = [25, 25, 25])

Most Mathematica 3D visualization routines give optional arbitrary control over mesh lines. For example,
here Mathematica is instructed to place meshes at isolines in distance from {0,0,0}. In Maple, only sample
point meshes and z-contour lines are available.

Mathematica

Plot3D[Sin[x +Sin[yll, {x, -4, 4}, {y, -4, 4},
MeshFunctions » (EuclideanDistance[{#1, #2, #3}, {0, 0, 0}] &)]
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Automatic plot ranges

Automatic plot range choices ensure that the maximum amount of useful information is included in the
plot. In this example, we generate a table of values for a curved surface with a single, strong outlier.

Mathematica’s automatic plot range preserves most of the interesting detail in the image at the expense of
the outlier.

Mathematica

data = Table[Sin[x + Sin[y]], {x, 06, 6, 0.1}, {y, 0, 6, 0.1}]3
data[[10, 10]] = 1000;
ListPlot3D[data]

Maple

However, all useful detail in the Maple plot is lost in order to include the single outlier.

data = [seq([seq(sm(x + sin(y)),x=0.6,01)],y=0.6,01)]:
data[ 10, 10] = 1000 ;

with(plots) :

matrixplot(data)
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Automated layout

By using more sophisticated default algorithms, Mathematica is able to produce a much clearer visualiza-
tion of this simple network graph.

Mathematica

Gr'aphP'l.ot[: : network data ]

>< J

* X o=

o o

Maple

However, when presented with identical data, Maple does not optimize the layout to prevent edges cross-
ing or vertex labels overlapping.

with(GraphTheory) . DrawGraph(network)

0 2 12 52 623 834 44 54 94 i
N\ / 25\
1084509000008 28 58 7827 8714 34 64 8445 65 85
6 46 56 967 9 .’11X311’3 73
16 36 66 8643 29 6931 7117 97
15 1I3 19 7921 8122 42 72 92
32
1
¢
35 55 9582 39 5941 6138 48 88 98
23 6324 26 33X5357
47 6774 76 37 7793

Plot region support

Often the region in which data or functions are valid is an important piece of context, and visualizations
should be able to present that information.

In Maple, the region over which visualizations can be created is always either rectangular or (for function
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plots) one in which the second independent variable is an interval that is a function of the first variable.
Mathematica visualizations can be created over any region, specified implicitly or explicitly, or by using
geometric constructs or arbitrary meshes. The following visualizations would be very hard to create in

Maple.

Mathematica

Plot3D[Sin[x +Sin[y]]l, {x, -4, 4}, {y, -4, 4}, RegionFunction » (-1 <#l #2<1¢&)]

ContourPlot[Sin[x +Sin[y]],

{x, y} € RegionSymmetricDifference[Disk[{0, 0}, 3], Disk[{0.5, 1.5}, 3]11]
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Plot3D[Sin[x + Sin[y]l],
{x, y} € DiscretizeGraphics[CountryData["UnitedKingdom", "Polygon'"]]]

Labeling

While both Maple and Mathematica can be programmed to place text on a graphic, only Mathematica
automates this process with symbolic wrappers for data points. Labels, callouts and tooltips, status area
updates, and mouseover effects are supported. Maple supports only tooltips.

ListPlot[ {1, 2, 2, 3, 2, Callout[10, "Strange outlier"],
Callout[11, "Another outlier"], 4, 4, 3, 2}]
121

Another outlier

10F °
r Strange outlier

Use of color to enhance interpretation

Simple use of shading makes it easier to understand that this contour plot represents a peak on the left and
avalley on theright.
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Mathematica

5x
ContourPlot|- > {X5 =3, 3}, {y, -3, 3}]
x2+y24+1
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Maple

In Maple, default coloring is more subtle and uses lighter shades to represent lower values.

with(plots) : comourplot[—s—x, x=-3.3,y=-3 ..3)
P4y

_3_

Equally, the unnecessary use of color can have a negative effect. In these box-and-whisker charts compar-
ing 10 datasets, Mathematica treats each of the datasets with a uniform style. Maple chooses to color each
box differently. This coloring does not represent any useful information and raises the risk of erroneous
interpretation from the user (e.g. that it represents means or ranges).
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Mathematica

BoxWhiskerChart]|
data = Table[RandomVariate[NormalDistribution[Log[i], 3], 100], {i, 10}]1]

Maple

Maple does not use tooltips in any graphics. The graduated color scheme used by Maple conveys no addi-
tional meaning and is there only for questionable aesthetic appeal.

with(Statistics)
4 = [seq(Sample(Normai(ln(i), 3), 100),i=1..10)]:
BoxPiot(4)

Mathematica

A more useful reason to color the datasets would be for identification, but the Maple colors are too subtle
for this use (and Maple’s BoxPlot function does not support the legend option). When Mathematica
chooses colors for identifcation, they are clearly distinguishable.
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BoxWhiskerChart[{data}, ChartLegends » Range[10]]
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Richness of presentation

Maple graphics cannot contain interactive elements. Individual elements in a Mathematica graphic (lines,
points, polygons, etc.) can be given mouseover effects or tooltips (containing formatted text, typeset
content or graphics). For example, the following code creates a bar chart where hovering over the bar with
the mouse reveals a tooltip containing the photograph that the bar refers to.

Mathematica

BarChart[Tooltip[ImageMeasurements[#, "MeanIntensity"], ImageResize[#, 100]] & /@
ExampleData[{"TestImage", #}] /@ {"Marruecos", "Moon", "Peppers", "RadcliffeCamera"}]

l

0.0 .

For many Mathematica graphics, this is done automatically—for example, in the box-and-whisker chart
above, mousing over reveals tooltips such as this for each box.

max | 134124
75% 4.99292
median | 3.22043
25% 0.39816
min | -4.65948

Individual elements of graphics can also be set to execute arbitrary Mathematica programs when they are
clicked, double-clicked or moused over. Mathematica graphics can also be made to update themselves
automatically (even if a program is currently being executed) in response to external data feeds, the time or
the state of other calculations.
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Maple graphics do not support such interactivity.

Robustness of application

Mathematica visualizations are designed to handle real-world problems that are not always ideally posed.
They robustly handle all kinds of potential problems in their application.

Missing data

Mathematica

Data plots in Mathematica automatically skip over unplottable points such as symbols, NaN values and
complex values in real plots.

ListLinePlot[{1, 2, 3, 2, Missing[], 4, 5, 4, 2, 4}]

5

1 n n n 1 n n n 1 n n n 1 n n n 1

2 4 6 8 10

data = Table[Sin[x + Sin[y]], {x, ©, 6, 0.4}, {y, 0, 6, 0.4}];
data[[4, 12]] = x;
ListPlot3D[data]
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Maple
In each case, a single bad value in a dataset causes Maple to abandon the entire visualization.

> listplot([1, 2,3, 2, missing( ), 4, 5,4, 2,4])

Error, (in plots:-pointplot) points cannot be converted to floating-point wvalues

data = [seg([seg(sin(x + sm(y)), x=0.6,04) | y=0.6,04)] data, 5= x:
with(plots) - matrizplot(data)

Error, {(in plots/matrixplot) cannot convert first argument to a floating-point
matrix
Units
Mathematica graphics can accept data with associated units, automatically converting to a common unit
system.
Mathematica

3D

ListLinePlot[{Quantity[3.53, "Feet"],
Quantity[2.1, "Meters"], Quantity[0.001, "Miles"]}, AxesLabel - Automatic]

ft
70

65f
6.0 w
5.55»
5.0 w
45 w

40F

35F

0.5 1.0 1.5 2.0 25 3.0

Maple

While function plots in Maple can pass units from the variable ranges to the axes labels, data plots data
points with associated units. It requires that you specify the units you wish to convert to, then strip out the
units before plotting and then specify the units back into the axes labels.

> listplot([353 [, 4.1 [w='1])

Error, {(in plots:-pointplot) points cannot bhe converted to floating-point

wvalues

printing support

Mathematica provides fully integrated capabilities to directly 3D print geometric models, using either an
online printing service or your own printer. You can algorithmically generate geometric models or import
and transform 3D models from files and immediately output physical 3D objects.
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Breadth of capability

The range of built-in visualization types is much larger in Mathematica than Maple.
Maple has no direct way to produce any of the following visualizations.

Table[SliceContourPlot3D[Sin[x] +yA2-2z/3,
sl, {x, -1, 1}, {y, -1, 1}, {z, -1, 1}, PlotLabel -» sl1],
{sl, {"CenterPlanes", "BackPlanes", "DiagonalStackedPlanes", "XStackedPlanes",
"YStackedPlanes", "ZStackedPlanes", "CenterSphere", "CenterCutSphere"}}]

CenterPlanes BackPlanes DiagonalStackedPlanes XStackedPlanes

ZStackedPlanes
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Table[SliceVectorPlot3D[{y, -Xx, z},
sl, {x, -2, 2}, {y, -2, 2}, {z, -2, 2}, PlotLabel -» s1],
{sl, {"CenterPlanes", "BackPlanes", "DiagonalStackedPlanes", "XStackedPlanes",
"YStackedPlanes'", "ZStackedPlanes", "CenterSphere", "CenterCutSphere'}}]

CenterPlanes BackPlanes DiagonalStackedPlanes XStackedPlanes
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GeoBubbleChart [, GeoRange - | & South America countries (=) /][]

dat = EarthquakeData [[ California, United States AbviNISTRATIVE DIVISION [E] s

4, {{1980, 1, 1}, {2014, 12, 31}}, "Pos-it'ion"] ["Values"];

GeoGraphics[{Polygon|[| California, United States rouvinistrarive ovision (= /],

Red, PointSize[.02], Point[dat]}, ImageSize » 350]
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. .. - Number of points: 2214
n-1- autoTheftLocations = GeoPosition [ Lat bounds: {41.7, 42.}
" Lon bounds: {-87.9, -87.5}

GeoHistogram[autoTheftLocations,
{"Rectangle", Quantity[1l, "Miles"]}, PlotLegends -» Automatic]
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n- gpsdata = (.} List (1 3

GeoGraphics[{PointSize[0.05], Point[gpsdata]}]
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ReliefPlot[Import["http://exampledata.wolfram.com/hailey.dem.gz", "Data"],
ColorFunction » "GreenBrownTerrain"]
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BubbleChart3D[RandomReal[l, {5, 10, 4}]]

1.0

data = RandomVariate[NormalDistribution[], {5, 100}];
GridePartition[Table[DistributionChart[data, ChartElementFunction -» f],
{f, {"Density", "HistogramDensity", "LineDensity", "PointDensity", "Quantile"}}], 2]

PairedBarChart[{{1, 3, 5}, {2, 4, 6}}, {{2, 3, 6}, {4, 5, 3}}]
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BarChart3D[Range[-5, 5], ChartStyle » 53, ChartElementFunction -» "ProfileCube",
ChartBaseStyle -» Directive[EdgeForm[Gray], Opacity[0.8], Specularity[White, 30]]1]
5
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WaveletScalogram|
DiscreteWaveletTransform[Table[Sin[x*], {x, -6, 6, 6.01}], Automatic, 8]]

5
7

Il

. A . . A L
200 400 600 800 1000 1200
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WaveletScalogram[ContinuousWaveletTransform[Table[Sign[Cos[x*]], {x, -6, 6, 0.05}]]]

1+

3+

4 | |
5
6
I n n n 1 n n 1 n n 1 n n n
50 100 150

200

Show[ExampleData[{"TestImage3D", "MRknee"}], ClipPlanes » {{0, 1, -1, 0}}]
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AnatomyPlot3D [ { [neurocranium ANATOMICAL STRUCTURE] ,

[sphenoid bone AnaTOMICAL STRUCTURE] ’ [nasal bone anaTOMICAL STRUCTURE] ,

maxilla anaTomicAL STRUCTURE] , [maxillary dentition AnaATOmICAL STRUCTURE] ’

[mandible ANATOMICAL STRUCTURE] , [mandibular dentition AnaTOMICAL STRUCTURE] , Red,

zygomatic bone anatomicaL STRUCTURE] } , PlotRange -» [skull ANATOMICAL STRUCTURE]]

n-1= InteractiveTradingChart[{"AAPL", {{2009, 1, 1}, {2009, 12, 31}}}, ImageSize -» 400]
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GraphPlot3D[ExampleData[ {""NetworkGraph", "CellOntology"}]]

- TimelinePlot[(["5.0" - Thu 12 Jun 2003 , "5.1" - Mon 25 Oct 2004 ,

"5.2" 5 | [ Mon 20 Jun 2005 , "6.0" - [&] Tue 1 May 2007 , "7.0" - [5] Tue 18 Nov 2008 |,
"8.0" » [] Mon15Nov2010 , "9.0" » [ Wed 28 Nov2012 , "10.0" - [ Wed 9 Jul 2014 ,
"11.0" - [] Thu4Aug2016 |, "11.1" - | [3] Day: Thu 16 Mar 2017 |,

"11.2" > Day: Fri 14 Jul 2017 |, "11.3" > Day: Tue 27 Feb 2018 |)]

—®)
@
z @
<)

Outf]=
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WOrdC'Loud[Ent'ityVa'Lue[CountryData[] s {"Name", "Population"}], ]
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Mali Taiwan Ecuador HonduPr:sl,and fuse i
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Nepal 5 ciooiin C@Meroon Gzech Republic 15ng Kong Sweden .
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Switzerland
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Uganda

StreamDensityPlot[{-1-x"2+y, 1+Xx-y*2}, {x, -3, 3}, {y, -3, 3}]
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LineIntegralConvolutionPlot[{{Cos[x*+y], 1+x-y?}, {"noise", 500, 500}},
{x, -3, 3}, {y, -3, 3}, ColorFunction - "BeachColors",
LightingAngle » 0, LineIntegralConvolutionScale -» 3, Frame-oFalse]

Dendrogram[RandomColor [30], ClusterDissimilarityFunction - "Centroid"]
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StackedListPlot[{{3,2,1,6,4,7,7, 2, 3, 1},
{7, 8,8,3,5,9, 10, 3, 10, 10}, {10, 2, 4, 8, 4, 10, 8, 4, 5, 3}}]
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ImageRestyle [

Notes

m Images were generated using Mathematica 11.3 and Maple 2018

m Images have been copied using a screen capture tool to preserve pixel-level screen rendering. Printing
this document will not represent the resolution that printing from the original application would achieve.

m Except where stated, all comparisons use default options. Both systems allow manual control over plot
details, and in some cases, with sufficient work, a user may override some of the Maple deficiencies
described in this comparison.

m Some plots have been manually rotated so they can be compared from similar viewpoints.
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