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General News

Kernel & FrontEnd changes
New Help

New Palettes

New Functions and Options

Lengt h[ Nanes[ " System *"] ]

3432

In Mathematica 6.0.3: 2959
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Mathematics and Algorithm News

Product
? Product
Tmax
Product [f, {i, imx}] evaluates the product H f.
i=1
Product [f, {i, imin Imax}] Starts with i =i, |

Product [f, {i, iyin imax, di}] uses steps di.
Product [f, {i, {ij, iy, ...}}] uses successive values i, iy
Imax  Jmax
Product [f, {i, imin imaxts {Js Jmine Jmex), ---] evaluates the multiple product l—[ l—[ ... f.
i:imnj:jm’n
Product [f, i] gives the indefinite product nf. >

Product [g[i ], i1

[ foti]
Di scr et eRat i o istheinverse for indefinite products:

DiscreteRatio[Product [f[i], i], i]
fli]
Product [Di screteRatio[f[i], i1, i]

fli]

? Sum

imax
Sum[f, {i, imax}] €eval uates the sum Zf.
i=1
sum(f, {i, imn imex}] Starts with i =i,
sum(f, {i, imn imx, di}] uses steps di.
Sum(f, {i, {iq, ip ...}}] uses successive values i, iz, ...
irmx jrmx
sumif, {i, imn imex}s {Js Jmin» Jmax}, -..] evaluates the nultiple sum Z Z .
i:in'inj:jmn
Sum(f, i] gives the indefinite sum Zf. >

I
Sumli *3, i1]

(-1+i)2%i2

Eo
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=

r
|=1I

Har moni cNunber [n, r]
Sum[n? Har moni cNurber [n], {n, m}]
1
— (-5m-9nf -4 n? + 6 mHar noni cNuntber [1 +m] +
36
18 nf Har noni cNunber [1 +m] + 12 n? Har moni cNunber [1 +m] )

fm]j= Sum[n'2 Har moni cNunber [n], {n, m}]

Di fferenceRoot [Function[{y, h},
{-n? (L+n)y[h]+ (L+n) (3+5Nn+3n%)y[l+n]+ (-11-20n-18n*-3h3)y[2+N]+

11
(2+m)3y[3+n] =0, y[1] =0, y[2] =1, y[3] = ;}H[hm}
f [3]
341
216

DifferenceRoot

? Di fferenceRoot

Di ff erenceRoot [Ide] represents a function that
solves the linear difference equation specified by lde[a, n]. >

Define Pall numbers:

Pel | Nunmber =

Di fferenceRoot [Function[{y, n}, {-y[n]-2y[1l+n]+y[2+n] =0, y[0] =0, y[1] ==1}11;

Tabl e [Pel | Nunber [n], {n, 0, 10}]
{0, 1, 2, 5, 12, 29, 70, 169, 408, 985, 2378}

DifferenceDelta, DiscreteShift,DiscreteRatio

?DifferencebDelta

DifferenceDelta[f, i] gives the discrete difference A f =f (i +1) -f (i ).
DifferenceDelta[f, {i, n}] gives the multiple difference Ai“ (f)y.
f

[
[
DifferenceDelta(f, {i, n, h}] gives the nultiple difference with step h.
DifferenceDeltal(f, i, j, ...]

conputes the partial difference with respect to i, j, .... >

? Di screteShift

Di screteShift [f, i] gives the discrete shift & (f()) =f(@{ +1).

Di screteShift [f, {i, n}] gives the nultiple shift E!f.

Discreteshift [f, {i, n, hy] gives the nultiple shift of step h

Di screteshift [f, i, j, ...] conmputes partial shifts with respect to i, j, .... >

|5
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?Di screteRatio

f@a+1)
fay
Di screteRatio[f, {i, n}] gives the nultiple discrete ratio.
DiscreteRatio[f, {i, n, h}] gives the nultiple discrete ratio with step h.
DiscreteRatio[f, i, j, ...] conputes
the partial difference ratio with respect to i, j, ... >

DiscreteRatio[f, i] gives the discrete ratio

GeneratingFunction

? Generati ngFuncti on

GeneratingFunction[expr, n, X] gives the generating function in x for the
sequence whose n'" series coefficient is given by the expression expr.
GeneratingFunctionfexpr, {ng, Ny, ...}, {X, X, ...}] gives the nultidinensional
generating function in x;, X, .. whose n;,, n, .. coefficient is given by expr. >

The generating function for the sequence whose n term is 1:

Gener ati ngFunction[1, n, x]

1
1-x

All coefficientsin the series are 1;

Series[%, {X, 0, 10}]

Lax+x2+x3ax?+x%+x8+x7+x8+x%+x100[x

Univariate generating function:
Gener at i ngFunct i on[%, n, x]

Bessel | [0, 2+/x |
Multivariate:

1
Gener at i ngFuncti on[ ————, (n, m}, {x, y}]
(n+1) ! m!

e (-1+¢e*)

X
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SumConvergence

? SunConver gence

SuntConvergence[f, n] gives conditions for the sum Zf to be convergent.
n

SumConver gence [f, {n;, ny,, ...}] gives

conditions for the nultiple sum ZZf to be convergent. >

Ny N2

Opt i ons @SunConver gence

{Met hod - Aut onmatic, Assunptions :»> $Assunptions, Direction - 1}
Basic Examples (2)

Test for convergence of the sum > ? %

SuntConver gence[l /n, n]

Fal se

00 3”n2.

Test the convergence of > =

SunConvergence[3*nn"*2/n!, n]

True

Find the condition for convergence of >’ n%:

SunConvergence[l /n"a, n]
Re[a] > 1
Casoratian

? Casorati an

Casoratian[{y;, Y, ...}, Nn] gives the

Casoratian determ nant for the sequences y;, Yy, ... depending on n.
Casoratianfegn, y, n] gives the Casoratian determ nant for the basis of the

solutions of the linear difference equation egn involving y[n+mj.
Casoratian[egns, {Yy;, Yo, ...}, n] gives the Casoratian determ nant

for the systemof linear difference equations egns. >

The Casoratian determinant is defined as: Det [Tabl e [Di screteShift [y, {n, j}], {i, m}, {j, O, m-1}]].

Linear independence of the functions y;, Y,, ... is equivalent to the vanishing of the Casoratian.

The following sequences are linearly dependent:
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Casoratian[{2”n, 2" (n+3)}, n]
0

ZTransform

? ZTransf orm

ZTransformfexpr, n, z] gives the Z transform of expr.
ZTransformiexpr, {ny, Ny, ...}, {Z, 2, ...}]
gives the nultidinmensional Z transform of expr. >

FindSequenceFunction

? Fi ndSequenceFuncti on

Fi ndSequenceFunction[{a;, a, as, ...}] attenpts to find a sinple function
that yields the sequence a, when given successive integer argunents.
Fi ndSequenceFunction[{{n;, a;}, {n, a}, ...}] attenpts to find a
sinple function that yields a when given argunent n.

Fi ndSequenceFunction(list, n] gives the function applied to n. >

Fi ndSequenceFunction[
{1, 2, 3, 5, 17, 305, 34865, 24918065, 125436246065, 5056 710181206065}, n]

-1+n
1+ Z Bar nesG[1 + K[1] ]
K[1]=1

New Special Functions »
Angerd = WeberkE = DawsonF = BarnesG = LogBarnesG

HurwitzZeta =  HurwitzLerchPhi = Haversine =
InverseHaversine
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Core News

Gather
? Gat her

Gat her [list] gathers the el ements of list into sublists of identical elenents.

Gat her [list, test] applies test to pairs of
elements to determne if they should be considered identical. >

Gat her [{a, b, a, c, d, c}]
{{a, a}, (b}, {c, c}, {d}}

Gather elements that have equal integer parts:

Gat her [Range [0, 3, 1/ 3], Floor [#1] == Fl oor [#2] &]

0 1 2 1 4 5 5 7 8 3
oo gh v g gh 25 5h ®)
GatherBy
? Gat her By

Gat her By [list, f] gathers into sublists each set
of elenents in list that gives the sane value when f is applied.

Gat her By [list, {f;, f,, ...}] gathers list into nested sublists using f at level i. >
Gat herBy [{1, 2, 3, 4, 5}, OddQ]
{{1, 3, 5}, {2, 4}}
GatherBy[{a, b, ¢, d, e, d, a}]
{{a, a}, {b}, {c}, {d, d}, {e}}
dat a = Transpose [ {RandonReal [5, 10], RandontChoice[{a, b, c}, 10], RandonReal [10, 10]}]
({3.006, c, 4.20132), {1.02151, b, 1.86177}, {4.60925, a, 1.24528}), {1.93872, a, 4.66082},

(2.54989, b, 7.28555}, (4.15773, b, 8.55556}, {4.7963, c, 1.09682},
(4.37411, b, 5.60706), {0.468551, c, 7.62877}, {1.52394, a, 4.66188})

Group elements based on the value of the second el ement:

gat hered = Gat herBy [data, #[[2]] &]

({({3.006, c, 4.20132}, (4.7963, c, 1.09682}, {0.468551, c, 7.62877}}, {{1.02151, b, 1.86177},
(2.54989, b, 7.28555), (4.15773, b, 8.55556}, {4.37411, b, 5.60706}),
({4.60925, a, 1.24528)}, {1.93872, a, 4.66082}, {1.52394, a, 4.66188)})

SplitBy

Tupl es[{1, 2}, 3]
({1, 1, 13, {1, 1, 2}, {1, 2, 13}, {1, 2, 2}, {2, 1, 1}, {2, 1, 2}, {2, 2, 1}, {2, 2, 2}}
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SplitBy[%, First]
({1, 1, 13, {1, 1, 23, {1, 2, 13}, {1, 2, 2}}, ({2, 1, 1}, (2, 1, 2}, {2, 2, 1}, {2, 2, 2}}}
DeleteDuplicates

? Del et eDuplicates

Del et eDupl i cates[list] del etes all duplicates from list.
Del et eDupl i cat es [list, test] applies test to pairs of
el ements to determ ne whether they should be considered duplicates. >

Del eteDuplicates[{1, 7, 8, 4, 3, 4, 1, 9, 9, 2}]

{1, 7, 8, 4, 3, 9, 2}

ArrayPad

? ArrayPad

ArrayPad [array, m] gives an array with m Os of padding on every side.
ArrayPad [array, m, padding] uses the specified padding.

ArrayPad [array, {m, n}, ...] pads
with m el ements at the beginning and n el enents at the end.
ArrayPad [array, {{my, n;}, {M,, Ny}, ...}, ...] pads with m, n elements at level i in aray. >

ArrayPad[{a, b, c, d}, 1]
{0, a, b, c, d, 0}

ArrayPad[{{1, 2}, {3, 4}}, 2] // MatrixForm

000O0O0O
000O0O0DO
001200
003400
000O0O0DO
000O0OO0DO
Ratios
? Rati os

Rati os[list] gives the successive ratios of elenments in list.
Rati os [list, n] gives the n" iterated ratios of list.
Rati os [list, {ny, n, ...}] gives

the successive n!M ratios at level kin a nested list.

Ratios[{a, b, c, d, e}]
a b c E}
Second ratios:

Ratios[{a, b, c, d, e}, 2]

{ J

ac bd ce

2 2 @
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Quiet

Quiet [1/0]

Conpl exInfinity

|11

Qui et [expr, "name" ]
quietens only the named group of messages.

$M essageGroups

$MessageG oups

{Conpi |l er > {Conpile::cif, Conpile::cpapot, Conpile::cpbool, Conpile::cpdsts,
Conpi | e::cpint, Conpile::cpintlt, Conpile::cpintlt2, Conpile::cpiter,
Conpi | e::cplist, Conpile::cpout, Conpile::cppat, Conpile::cprank, Conpile::cpts,
Conpi | e: : cptype, Conpile::cret, Conpile::noconp, Conpile::part, Conpile::cxcoerce,
Conpi | e: : real coerce, Conpil edFunction:: cfex, ConpiledFunction::cflist,
Conpi | edFunction::cfn, Conpil edFunction::cfnlts, Conpil edFunction:: orank,
Conpi | edFunction:: cfsa, Conpil edFunction::cfse, Conpil edFunction::cfta,
Conpi | edFunction::cfte, Conpil edFunction::cfsec, Conpil edFunction::cftec},
Graphics = {General ::plnr, General ::pp3tr, General ::pptr, General::pwfailed,
General ::nfunfail, Conpiled::deprec, ContourPlot3D::njnum
Paranetri cPl ot 3D: : nj num Pl ot 3D: : nj num Regi onPl ot 3D: : nj num
Ceneral :: acchend, ContourPlot::acchend, ContourPl ot 3D: : acchend,
Densi tyPl ot :: accbend, LogLi nearPlot::accbend, LogLogPl ot:: acchend,
LogPl ot: : acchend, ParametricPlot::accbend, ParametricPl ot3D:: acchend,
Pl ot::acchend, Pl ot3D:: acchend, Pol arPl ot:: acchend, Regi onPl ot 3D: : acchend},
bsol ete > {General :: obs, General ::obspkg, General::newpkg},
Packi ng > {General : : unpack, Ceneral::unpackl, General::punpack, CGeneral::punpackl},
Spelling = {General::spell, General::spelll},
Synbolics - {I ntegrate::gener, Maxi m ze:: nopnet, Mnim ze::nopnet, Series::esss}}

$MessageG oups[[AI ], 11]

{Conpi |l er, Graphics, Obsol ete, Packi ng, Spelling, Synbolics}

Applications:
Check for unpacking of arrays:

On[" Packi ng" ]

This produces rational numbers and has to unpack:

Range[5] /2

Devel oper * FronPackedArray: : unpackl: Unpacking array with di nensions {5}. >

1 3 5
PPy
Using inexact numbers leaves the array packed:
Range[5] / 2.

(0.5, 1., 1.5, 2., 2.5}

O f [ Packi ng" ]



12 | CAPPNewFeaturesOfMathematica7.nb

Quiet the compiler warnings that allow the evaluation to pro-
ceed:

Qui et [Conpi | e[{x}, Log[10., x]]1[1.*71000], "Conpiler"]

1000.
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Parallel Computing with Mathematica

Mathematica 7 features built-in parallel computing
capabilities.

Parallelize

Parallelize will automatically parallelize a computation, if
possible.

250

Parallelize[Zi 1]

i=1

3245839829646 932305706781334085387423045886707102864239947155598639623741978145 -
433246772997970167 407 723040950499976939221384174708291790681731284266065051411 -
141491719683469842975613108179345674527330409620311188916439014240407034202858 -
900618509602850024516214062716639508513531377860650846620316252734419111128139 -
999992301626150519817601422193407122960285162792537296857 574089 249 364 533084 506 -
365165064 392031273304659518229406508273079478684738621107994804323593105039052 -
556442 336528920420940313

Otherwise, it will perform a serial computation.

_ 1+x74
Paral | el i ze[j— dx ]
X"9 +3X

Paral | el i ze: : nopar1:

1+x4
J dx cannot be parallelized; proceeding with sequential evaluation. >

x% +3x
1 s XCSC[H s XCSC[g}
” [zﬁNcTan{mt 5]~ P ] -2+/3 ArcTan[Cot (5] +T] -
x Sec [ -] " x Sec [ 7] "
ZﬁNcTan[T—Tan[gH+2\/3—ArcTan[3lT+Tan[gH+8Log[x}-Log[3+x8]
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Parallel Computing with Mathematica
Scalable parallelization

Parallel computing scales across your available local
cores or remote cores. Let's take six really large
numbers.

nuns = {2949139351597575118259944 040385088406471149304313950803916170,
2745201680660241417682118990009429336956428174177 365148868001,
2233795066652699 157538868 797967 201925661196 164476818038296 004,
1811407300094 750906313647 154418422327 145787739 155366439445521,
2945655125896 943 888 734 546 306 600095101 787 359 723357 126 960 817 429,
1993289517437145602616895020850006297 493179390622 764 388547 884};

And now we'll ask Mathematica to factor them using two
different methods:

1. Serial processing.
2. Parallel processing.

Map [Fact or I nt eger, nuns] // Absol ut eTi m ng

(11.962311, (({2, 1}, {5, 1}, {19, 1}, (31, 1}, (3461, 1}, (16993, 1}, (57641, 1}, (69911, 1},
(339527, 1}, {1521293, 1}, {2765123, 1}, {6660396343, 1}, {222090310009, 1}},
({7, 1}, {10889738124169, 1}, {23140659239483475743, 1},
(1556263217511405712375840129, 1}}, ({2, 2}, {311, 1}, {14923, 1}, {20129, 1},
(2834297671, 1}, {2109109599418 258809392 701205440382828563, 1}}, ({3, 1}, {467, 1},
(3274151, 1}, {60982081317767, 1}, (6475555514 768899 485570 247 647000461513, 1}},
({3, 3}, (19, 1}, {15727, 1}, {34897, 1}, {1863413972883765097, 1},
(5614630825010234162074522774931, 1}}, ({2, 2}, {31, 1}, ({443, 1},
(16037301773, 1}, {2262630671992589783347826982337592338627672619, 1}}})

Paral | eli ze[Map[Factor| nteger, nuns]] // Absol ut eTi m ng

(30.088362, (({2, 1}, {5, 1}, {19, 1}, (31, 1}, (3461, 1}, (16993, 1}, (57641, 1}, (69911, 1},
(339527, 1}, {1521293, 1}, {2765123, 1}, {6660396343, 1}, {222090310009, 1}},
({7, 1}, {10889738124169, 1}, {23140659239483475743, 1},
(1556263217511405712375840129, 1}}, ({2, 2}, {311, 1}, {14923, 1}, {20129, 1},
(2834297671, 1}, {2109109599418 258809392 701205440382828563, 1}}, ({3, 1}, {467, 1},
(3274151, 1}, {60982081317767, 1}, (6475555514 768899 485570 247 647000461513, 1}},
({3, 3}, (19, 1}, {15727, 1}, {34897, 1}, {1863413972883765097, 1},
(5614 630825010234 162074522774931, 1}}, ({2, 2}, {31, 1}, {443, 1},
(16037301773, 1}, {2262630671992589783347826982337592338627672619, 1}}})
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Gid[{
{Style["# of cores", FontFamly -» "Arial", Bold],
Style["Time el apsed", FontFamly - "Arial", Bold]},

{Style["1", FontFam |y » "Arial"], Style["17.9487 sec", FontFamily - "Arial"1},
{Style["2", FontFam|ly - "Arial"], Style["14. 1600 sec", FontFam |y - "Arial"]},
{Style["4", FontFam |y » "Arial"], Style["xx.xxxx sec", FontFamly - "Arial"]},
{Style["8", FontFam |y - "Arial"], Style["xXx.xxxx sec", FontFamly - "Arial"]},
{Style["16", FontFam |y - "Arial"], Style["xX.xxxx sec", FontFamly - "Arial"]1}

}
Di vi ders » {None, {2 - Bl ack}}, Frame -» {{11, 2} - True},
Ali gnnent - {{Left, Right}}]

# of cores Time elapsed

1 17.9487 sec
2 14.1600 sec
4 XX.XXXX Sec
8 XX.XXXX Sec

16 XX.XXXX Sec



16 | CAPPNewFeaturesOfMathematica7.nb

Parallel Computing with Mathematica
ParallelTry

We can use ParallelTry to send multiple evaluations

to kernels; this is useful when you want to pick a particu-
lar type of method,

for example, but don't know which is the most efficient.

Absol uteTi mi ng[Paral l el Try|[
{#, FindM ni num[e® "*°*] + Sin[60 '] +Sin[70Sin[x]] +

1
Sin[Sin[80y]]-Sin[10 (x +y)]+— (x*+y?), {x, y}, Method - #]} &
4
{"Gradient", "ConjugateGradient", "I nteriorPoint", "Quasi Newton", "Newt on"}]]

{0. 090967, {Gradient, {-0.618508, {x - 0.994175, y —» 0.993418}}}}
Distributing function definitions

We can also define a function, distribute its
definitions to the worker kernels, and then parallelize a
computation.

factorsLength[n_] : = Length[Factorl|nteger [n]];
Di stri buteDefinitions[factorsLength]

Tabl e[Wth[{n =n}, Parallel Submt [Length[Factorlnteger [(10"n-1) /791111,
{n, Range[45, 64]1}]

Viai t AL [%]

{9, 6, 2, 13, 4, 10, 8, 9, 4, 12, 8, 12, 6, 8, 2, 20, 7, 5, 13, 15}
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Mathematica as a Programming Language

Wolfram Workbench

The Wolfram Workbench provides a powerful integrated
development environment (IDE) that

allows you to debug Mathematica code. Additionally,
you can debug and work with mixed platform
environments, such as Java, JLink, and gridMathemat-
ica.
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Working with Data

Physical and chemical data:
elements, isotopes,
chemicals, particles

Row [ {
Styl e[l sotopeData[" U ani un235", "Ful | Synbol "1,
FontFamly - "Arial", FontSize » "Large"],
Text [" "1,
Chemi cal Dat a[" Hexane" ],
Cheni cal Dat a[" Caf f ei ne", "Ml ecul ePlot"1],

Text [" 1,
Style[ParticleData["BStarZeroBar", "Synbol "], FontFanmly -» "Arial", FontSize » "Large"]
1]
H\ /H H\ /H H\ H
235U H\ /C\ /C\ /C/
\
C C C
92143 LS N €. H

H H H H H

*k

@
o

¥

Financial, economic, and sociological data



CAPPNewFeaturesOfMathematica7.nb | 19

Rowl[ {
Dat eLi st Pl ot [Fi nanci al Dat a[" GOOG', "2004"1,
Filling - Bottom Joined - True, PlotLabel » "Stock ticker: GOOG'],
Text [ "1,
Dat eLi st Pl ot [
CountryDat a["France", {{"GDP"}, {1970, 2005}}], Pl ot Label - "GDP of France"]

% & @@

8 8édg

2.0x 102
1.5x 10%%
1.0x 10%% .
50x10t e

Life sciences;
genomes, proteins



20 | CAPPNewFeaturesOfMathematica7.nb

Row[ {
Prot ei nData["A2M', "Ml ecul ePl ot "1,
Pr ot ei nDat a[" SERPI NA3", "Ml ecul ePl ot" ]
1

Mathematics:
finite groups, graphs, knots,
lattices, polyhedra

Row[{Styl e[Gid[Fi niteGoupData["Quaternion", "MultiplicationTable"]],
FontFam |y » "Arial", FontSize » Medi um],
Knot Data[{6, 1}1,
Latti ceDat a[" FaceCent er edCubi c", "I mage"1],
Pol yhedr onDat a[" Pent agonal Hexecont ahedr on" ]
11
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12345678

25476183

38527416

43658721

56781234

6 1832547
7416 3852
872143625
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Geographical, meteorological, and astronomical data:

weather, geodesy, cities, countries, astronomi-
cal objects
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Row [ {
CountryDatal["UnitedStates", "Shape"],
Astronom cal Data["Earth", "I mage" ]

}
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Working with Data

Chemical and Physical Data Sour ces

ChemicalData

Get information about chemicals.

Chenmi cal Dat a[" Hexane" ]

H H H H H
N\ _/ N/ N\ _H

H C C C
Pie c c H
H™ \ /N /N
H H H H H

Row[ {
Styl e[l sot opeDat a[" Urani un235", "Ful | Synbol "1,
FontFamly -» "Arial", FontSize » "Large"],

Cheni cal Dat a[" Hexane"1],
Chemi cal Dat a[" Caf f ei ne", " Mol ecul ePl ot"],
Style[ParticleData["BStarZeroBar", "Synbol "], FontFanmily » "Arial", FontSize » "Large"]

}1]

H\ /H H\ /H H\ H
235 H c c c”
92U \C/ \C/ \C/ \H

143 P
VAERN VAR
H™ W W OH

%0

o

¥

Look up all information about a specific chemical.



CAPPNewFeaturesOfMathematica7.nb

Chemi cal Dat a[" Caf fei ne", "Properties"]

{Aci di tyConst ant, AcidityConstants, AdjacencyMatrix, Al ternateNanmes, AtonPositions,
Aut oi gni ti onPoi nt, Beil stei nNunber, BoilingPoint, BondTal | y, CASNunber,

CHCol or St ruct ur eDi agram CHSt ruct ureDi agram Cl DNunber, Codons, Col or Struct ureDi agram
Conbust i onHeat , ConpoundFor mul abi spl ay, ConpoundFormul aString, Critical Pressure,
Critical Tenperature, Density, DensityG ansPer CC, Diel ectricConstant,

DOTHazar dC ass, DOTNunbers, EdgeRul es, EdgeTypes, EGECNunber, El ement MassFracti on,
El ement Tal | y, El enent Types, EUNunber, Fl ashPoi nt, Fl ashPoi nt Fahrenheit,

For mal Char ges, FormattedNane, Grel i nNunber, HBondAccept or Count, HBondDonor Count,
HenryLawConst ant, Hi | debrandSol ubility, Hil debrandSol ubilitySl, InChl,

I onEqui val ents, lons, lonTally, IsoelectricPoint, |sonericSM LES, | UPACNane,

LogAci di t yConst ant, Lower Expl osi veLi m t, MDLNunmber, MeltingBehavi or, MeltingPoint,
Menber shi ps, Ml ar Vol une, Mol ecul ar For mul abi spl ay, Mol ecul ar For mul aStri ng,

Mol ecul ar Wi ght, Mol ecul ePl ot, Nane, NFPAFi reRati ng, NFPAHazards, NFPAHeal t hRati ng,
NFPALabel , NFPAReacti vityRati ng, NonHydrogenCount, NonStandar dl sot opeCount,

NonSt andar dl sot opeNunber s, NonSt andar dl sot opeTal | y, NSCNumber, Odor Thr eshol d,

Qdor Type, PartitionCoefficient, pH Phase, Refractivel ndex, Resistivity,

Rot at abl eBondCount, RTECSC asses, RTECSNunber, Si deChai nAci dityConstant, SM LES,
Sol ubility, Sol ubilityType, SpaceFillingMl ecul ePl ot, StandardNanme, StructureDi agram
Sur f aceTensi on, Taut oner Count, Ther mal Conductivity, Topol ogi cal Pol ar Sur f aceAr ea,
Upper Expl osi veLi m t, VanDer Waal sConst ants, VaporDensity, Vapori zationHeat,

Vapor Pressure, Vapor PressureTorr, VertexCoordi nates, VertexTypes, Viscosity}

A more advanced example...a decay network for
Uranium- 235.

Daught er Nucl i des[s_List] : = Del et eCases[Uni on[
Joi nee (I sot opeDat a[#1, "DaughterNuclides"] &) /e@Del eteCases[s, _M ssing]], _M ssing]

Reachabl eNucl i des[s_Li st ] : = Fi xedPoi nt [Uni on[Joi n[#1, DaughterNuclides[#1]]] & S]

DecayNetwork [iso_List] : =
Joi nee (Thread[#1 -» Daught er Nucl i des[{#1}]] &) /@ Reachabl eNucl i des[i so]

U235Decay = Map [l sot opeDat a[#1, "Synbol "] & DecayNetwork[{"Urani un235"}], {2}]

{227AC N 223Fr , 227AC N 227Th, 215At N 21lBi , 219At N ZISBi , ZlQAt N Zlan, ZOQBi BN 205T| , ZlOBi N ZlOPO,
ZlOBi N 206T| , leBi N lePO’ ZIIBi N 207T| , 21SBi BN 215P0, 223Fr N 219At , 223Fr BN 223Ra, 209Pb N ZOQBi ,
210Pb N 21OBi , ZlOPb N 206|_b’ 211Pb N leBi , 215Pb N ZlSBi , 206|-b N 206T| , 207|_g N 207T| , 210P0 N 206Pb,
lepo N 207Pb, 215P0 N 215At , 215P0 N lePb, 231Pa N 227AC, 231Pa N 208Pb, 231Pa N 207T| ,
223Ra N ZOQPb7 223Ra N Zlan, 227Ra N 227AC, 219Rn N 215PO, 206T| N ZOGPb, 207T| N 207Pb,
227Th N 223Ra, 231Th N 231Pa, 231Th N 227Ra, 235U N 210Pb, 235U N 215Pb, 235U N 207|_g’ 235U N 231Th}

Draw the graph.

|25
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Layer edG aphPl ot [U235Decay, VertexLabeling -» True]
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Working with Data

Financial, Economic, and Sociological Data

FinancialData

Get current information about a particular stock or
financial instrument.

Fi nanci al Dat a[" GOOG' ]

354. 09

Data is delivered in a way that allows you to immedi-
ately feed it
into other parts of Mathematica.

G aphi csRow[ {

Dat eLi st Pl ot [Fi nanci al Data["| BM', "2008"],
Filling - Bottom Joined - True, Pl otLabel -» "Stock: |BM 2008-today"],

Dat eLi st Pl ot [CountryDat a["Pol and", {{"GDP"}, {1990, 2008}}1,
Pl ot Label - "GP of Pol and"],

Dat eLi st Pl ot [CountryDataf[" Ger many", {{"CGDP"}, {1990, 2008}}1,
Pl ot Label - "CGDP of Gernmany"]

}, I mageSi ze » 1000]

& B B -@ ® ¢ B

XDl’

xD 1!
xD 1!
xD1: I
xD1l ..

mh b @ m p » 5 B

SOy
SENRSE
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Dat eLi st Pl ot [Fi nanci al Dat a[" GOOG', "2005"1,
Filling -» Bottom Joi ned » True, FraneLabel - "Google stock"]

BEeseg &8

CountryData
Get information about a particular country.

CountryDat a[" G eece", "Shape"]

An incredible amount of properties are available.
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CountryDat a[" G eece", "Properties"]

{Adul t Popul ati on, Agricul tural Products, Agricul tural Val ueAdded, Airports,

Al t er nat eNanmes, AlternateStandardNanes, AVRadi oSt ati ons, Annual Births, Annual Deat hs,
Annual H VAI DSDeat hs, Arabl eLandArea, Arabl eLandFraction, Area, BirthRateFraction,

Bor deri ngCountri es, BorderslLengths, BoundarylLength, CallingCode, Capital Cty,

Capi tal Location, Capital LocationLi nk, Cell ul ar Phones, Cent er Coordi nat es,

Cent er Locat i onLi nk, Chi |l dPopul ation, Cl asses, CimateTypes, CoastlineLength,

Const ructi onVal ueAdded, Conti nent, Coordi nates, Countries, CountryCode, CropsLandArea,
CropsLandFracti on, CurrencyCode, CurrencyNane, CurrencyShortNanme, CurrencyUnit,
Current Account Bal ance, Deat hRat eFracti on, Dependenci es, DependencyParent,

Econoni cAi d, El derl yPopul ation, El ectrical GidFrequency, El ectrical Gi dPl ugl mages,

El ectrical GidPlugs, El ectrical GidSocket| mages, El ectrical Gi dSockets,

El ectrical GidVol tages, El ectricityConsunption, ElectricityExports, Electricitylnports,
El ectricityProduction, Environnmental Agreenents, Environnental | ssues, Ethni cG oups,

Et hni cG oupsFracti ons, ExchangeRat e, ExpenditureFractions, ExportConmodities,

Export Partners, ExportPartnersFractions, ExportVal ue, External Debt,

Feral eAdul t Popul ati on, Feral eChi | dPopul ati on, Fenal eEl der| yPopul ati on,

Feral el nfant Mortal i tyFracti on, Fenal eLi f eExpect ancy, Fenal eLiteracyFraction,

Feral eMedi anAge, Fenml ePopul ati on, Fi scal Year Date, Fi xedl nvest ment, Fl ag,

Fl agDescri pti on, FMRadi oSt ati ons, Forei gnExchangeReserves, Forei gnOmedShi ps,

For ei gnRegi st er edShi ps, Ful | Coordi nat es, Ful | Name, Ful | NativeNane, Ful | Pol ygon,

GDP, GDPAt Parity, GDPPer Capita, GDPReal G owt h, GDPSect or Fracti ons, G ni |l ndex,

Gover nrent Consunpt i on, Gover nnent Debt, Gover nment Expendi t ures, Gover nnent Recei pt s,
Gover nrent Sur pl us, Grossl nvest nent, G oups, Hi ghest El evati on, Hi ghest Poi nt,

HI VAI DSDeat hRat eFract i on, H VAI DSFracti on, H VAl DSPopul ati on, Househol dConsunpti on,

I mport Cormodi ties, | mportPartners, | nportPartnersFractions, |nportVal ue,

| ndependenceDat e, | ndependenceYear, | ndustrial Producti onG owth, I ndustri al Val ueAdded,
InfantMrtalityFraction, InfectiousD seases, InflationRate, International Organizations,
I nt ernati onal Organi zati onsCoserver, | nternetCode, | nternetHosts, |InternetUsers,

I nvent oryChange, IrrigatedLandArea, |rrigatedLandFraction, | SOName, Labor Force,
LandArea, Languages, LanguagesDi al ects, LanguagesFractions, LargestCities,

Li f eExpect ancy, LiteracyFracti on, Lowest El evati on, Lowest Poi nt, Maj orl ndustri es,

Maj or Ports, Mal eAdul t Popul ati on, Mal eChi | dPopul ati on, Mal eEl der | yPopul ati on,

Mal el nfant Mortal i tyFraction, Mal eLi f eExpectancy, Mal eLiteracyFracti on, Mal eMedi anAge,
Mal ePopul ati on, Manufact uri ngVal ueAdded, Maritined ai ns, Medi anAge, Menber shi ps,

Mer chant Shi ps, Mer chant Shi psDeadWei ght, Mer chant Shi psG oss, Mer chant Shi pTypes,

M grati onRat eFraction, MIlitaryAgeFenmal es, MIlitaryAgeMal es, M |itaryAgePopul ati on,
MlitaryAgeRate, MIlitaryExpenditureFraction, MlitaryExpenditures, MlitaryFitFenales,
MlitaryFitMales, MlitaryFitPopul ation, M scel |l aneousVal ueAdded, Nane,

Nat i onal I ncorme, National ityName, NativeNane, Natural GasConsunpti on, Natural GasExports,
Nat ur al Gasl nports, Natural GasProduction, Natural GasReserves, Natural Hazards,

Nat ur al Resources, QO | Consunption, G | Exports, Gl lnmports, O Producti on,

O | Reserves, PavedAi rportLengt hs, PavedAi rports, PavedRoadLength, Phone, PhonelLi nes,

Pi pel i nes, Pol ygon, Popul ati on, Popul ati onGrowt h, PovertyFraction, Pricel ndex,

Radi oSt ati ons, Rail wayGaugelLengt hs, RailwayGaugeRul es, Rail wayLengt h, Regi onNanes,
Regi ons, Religions, ReligionsFractions, RoadLength, Schemati cCoordi nat es,

Schemat i cPol ygon, Sect or Labor Fracti ons, Shape, ShortWveRadi oSt ati ons,

Si gnedEnvi ronnent al Agr eenent s, St andar dName, SuffrageType, Tel evi si onStati ons,

Terrai nTypes, Ti meZones, Total Consunption, Total FertilityRate, TradeVal ueAdded,
Transport ationVal ueAdded, UNCode, Unenpl oynment Fracti on, UNNunber, UnpavedAi r port Lengt hs,
UnpavedAi rports, UnpavedRoadlLengt h, Val ueAdded, Wat er Area, WAt erwaylLengt h}

A more advanced example...plotting GDP vs.
population.

Cl ear [l p, data]

data = (Tool ti p[{CountryData[#l, "Popul ati on"], CountryData[#l, "GDP"]},
CountryDat a[#1, "Nane"]1] &) /@CountryDatal];
dat a = Del et eCases[data, Tooltip[{___ , Mssing, ___ 3}, _11;

Fit the logarithms to a line and show on the graph.
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fit =Fit[Log[data[Al |, 111, {1, | p}, Ip]
11.1024 + 0. 8097051 p

11. 1024 + 0. 809705 | p

Show the data and fit.

pl ot = Li stLogLogPl ot [data, AxesLabel - {"Popul ation", "CDP"}];
Show[plot, Plot [fit, {Ip, Log[10°], Log[10°]}], I nageSi ze » 800]

®
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Working with Data

Life Sciences Data Sour ces

ProteinData

Get information about proteins.

Prot ei nData[]

A very large output was generated. Here is a sanple of it:

{A1BG, A2M NAT1, NAT2, SERPI NA3, AADAC, AAMP, AANAT, AARS, ABAT, <<27460>>,
LOC100133313, LOC100133315, LOC100133319, LOC100133322, LOC100133327,
LOC100133332, LOC100133333, LOC100133337I1 sof orml, LOC100133337I sof ornR}

Show Less

Show Mbr e

Show Ful |

Cut put

Set Size Limt...

(*Pr ot ei nDat a[" SERPI NA3", " Mol ecul ePl ot " ]*)

Prot ei nDat a[" NAT1", " Mbl ecul ar Wi ght" ]

33768

Pr ot ei nDat a[" NAT1", "Nane" ]

N-acetyl transferase 1

Prot ei nDat a[" NAT1", "Bi ol ogi cal Processes" ]

{Met abol i cProcess}

GenomeData
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Get a list of genes Mathematica knows about.

GenoneDat a[]

A very |l arge output was generated. Here is a sanple of it:

{381, 3812, 3813, 3814, 3815, 5HT3c2, 7A5, ALBG AlCF, A26Al, A26B1,
A26B2, A26B3, A26ClA, A26Cl1B, <«<39890>>, ZSW M/, ZUFSP, ZW10, ZW LCH,
ZW NT, ZW NTAS, ZWB1, ZXDA, ZXDB, ZXDC, ZYGL1A, ZYGL1B, ZYX, ZZEFl, ZZ7Z3)

Show Less || Show More || Show Ful | Qutput ||Set Size Limt...

We can choose a particular gene and look up
properties about it.

GenoneDat a[" ZXDB", " Chr onbsone" ]

Chr onobsonmeX
GenoneDat a[" ZXDB", "Nane" ]

zinc finger, X-linked, duplicated B

Find the positions of a DNA sequence fragment:

(xGenomeLookup [ CTCTCTAACTAAACT" ] %)

{{{Chronpsonel, 1}, {108939073, 108939087}},
{{Chronosonel, -1}, {138309610, 138309624},
{{Chronpbsone5, -1}, {139640264, 139640278},
{{Chronpsone8, 1}, {72019948, 72019962}}, {{Chronosone9, 1}, {110092060, 110092074}}}



CAPPNewFeaturesOfMathematica7.nb | 33

Working with Data

Mathematical Data Sour ces

GraphData
Get information about graphs.

G aphDat a[" Pet er senG aph" ]

Now we can look at some properties...

GraphDat a[" Pet er senGr aph", " Cubic"]

True

GraphDat a[" Pet er senG aph", "Spectruni]

{-2, -2, -2, -2, 1,1, 1,1, 1, 3}

G aphDat a[" Pet er senG aph", "Cycl eCount" ]

114

GraphDat a[" Pet er senGraph", "Al | | mages" ]
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Working with Data

Geographical, Meteorological, and Astronomical Data
Sources

WeatherData

Get weather information for a particular weather
station.

(wd = Weat herData[]) // Length
17168

(» Weat herData[{{"Buenos Aires","Argentina"}, 10}] x)
{SABE, SABA, AS890, SAEZ, SUCA, SADL, WMB7596, SUME, WMB7563, SAAG}

(» Weat herData["SABE", "Properties"] =)

{Al t er nat eSt andar dNanes, C oudCover Fracti on, C oudHei ght, C oudTypes, Conditions,
Coor di nat es, DewPoi nt, El evation, Hum dity, Latitude, Longitude, MaxTenperature,
MaxW ndSpeed, MeanDewPoi nt, MeanHum dity, MeanPressure, MeanSt ati onPressure,
MeanTenperature, MeanVisibility, MeanWndChill, MeanW ndSpeed, Menber shi ps,

M nTenper at ure, NCDCI D, Preci pitationAnount, PrecipitationRate, PrecipitationTypes,
Pressure, PressureTendency, SnowAccumnul ati on, SnowAccurul ati onRat e,

SnowDept h, Stati onNane, StationPressure, Tenperature, Total Precipitation,
Visibility, WBANID, WndChill, WndDi recti on, WndCQusts, W ndSpeed, WO D}

(» Weat her Dat a[" SABE", " Coordi nates" ] =)

(-34.559, -58.416}

(* FindGeoLocation[] =*)

(~34.48, -58.5)

Graph the mean temperature between 1990 and 2009

(xDat eLi st Pl ot [Weat her Dat a[" SABE", " MeanTenper at ure", {{1990, 1, 1}, {2009, 2, 19}, "Day" }1,
Joi ned-»True, Fi | I i ng-»Bottom] %)

o o B e
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CityData
Search for information of acity.

CtyData[{"Buenos Aires", "Argentina"}, "Properties"]

(Al t er nat eNanes, Coordi nates, Country, El evation, Full Name, Latitude,
Locati onLi nk, Longi tude, Name, Popul ation, Regi on, Regi onNanme, Ti neZone}

Tabl eFor m[
({#1, CityData[{"Buenos Aires", "Argentina"}, #1]1} & /eCi tyData[All, "Properties"]]

Al t er nat eNanes

. -34.61
Coor di nat es _58 37
Country Argentina
El evati on 26
Ful | Name Buenos Aires, Buenos Aires, Argentina
Latitude -34.61
Locat i onLi nk http: //maps. googl e. convmaps?q=-34. 61-58. 37&z=12&t =h
Longi t ude -58. 37
Nane Buenos Aires
Popul ati on 11574205
Regi on BuenosAires
Regi onNane Buenos Aires
BuenosAi res
St andar dName BuenosAires
Argentina
Ti meZone -3

A more advanced example...illustrating Kepler's Third
Law.

Log-log plot of orbital period vs. distance for the
planets.
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Li st LogLogPl ot [
Tool ti p[{Astronom cal Data[#, "OrbitPeriod"], Astronom cal Dataf[#, "Sem nmgj or Axis"1},
#] & /@ Astronomni cal Data["Pl anet"], PlotStyle -» Poi ntSi ze[Large], | mageSi ze » 700]

5xD |
2xD ¥
lXDEj

5xD 1

2xD 1+

IxD1- °
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Working with Data

Importing, Exporting, and Connecting to Other
Programs

Mathematica's expressions allow anything to be repre-
sented in some way. A

broad variety of file formats can be imported from or
exported to a file.

Importing & Exporting »
$!l npor t For mat s

{3DS, ACO, Al FF, ApachelLog, AU, AVlI, Base64, Binary, Bit, BWP, Byte, BYU, BZl P2, CDED,
CDF, Character16, Character8, Conpl ex128, Conpl ex256, Conpl ex64, CSV, CUR, DBF,
DICOM DI F, Directory, DXF, EDF, Expressi onM., FASTA, FI TS, FLAC, GenBank, GeoTI FF,
G F, Graph6, GTOPQ30, GZI P, Harwel | Boei ng, HDF, HDF5, HTM., | CO, | nteger 128,

I nt eger 16, | nteger24, | nteger32, I nteger64, |nteger8, JPEG JPE&000, JVX,

LaTeX, List, LWO, MAT, MathM., MBOX, MDB, M3, MMCI F, MOL, MOL2, MPS, MIP, MTX,

MX, NB, Net CDF, NOFF, OBJ, ODS, OFF, Package, PBM PCX, PDB, PDF, PGV PLY, PNG

PNM PPM PXR, QuickTi nme, RawBitmap, Real 128, Real 32, Real 64, RI B, RSS, RTF, SCT,

SDF, SDTS, SDTSDEM SHP, SM LES, SND, SP3, Sparse6, STL, String, SXC, Table, TAR
Term natedString, Text, TGA, TIFF, TIGER, TSV, Unsi gnedl nt eger 128, Unsi gnedl nt eger 16,
Unsi gnedl nt eger 24, Unsi gnedl nt eger 32, Unsi gnedl nt eger 64, Unsi gnedl nt eger 8, USGSDEM
UUE, VCF, WAV, Wave64, WDX, XBM XHTM., XHTM_Mat hM_., XLS, XM., XPORT, XYZ, ZI P}

I mport [ToFi | eNane [Not ebookDirectory[], "chentest.xls"]]

({{0., 0.3, {1., 0.}, (2., 0.}, (3., 0.}, (4., 0.3}, (5., 0.}, (6., 0.3}, {7., 0.7}, {8., 1.1},
(9., 1.7}, {10., 2.8}, {11., 4.1}, (12., 5.9}, {13., 8.1}, {14., 11.3), (15., 13.6},
(16., 15.1}, {17., 16.3, (18., 16.6}, {19., 17.}, {20., 17.3), {21., 17.5}, {22., 17.6},
(23., 17.7}, (24., 17.7), (25., 17.7}, {26., 17.7}, (27., 17.7}, {28., 17.7}, (29., 17.7}}}

$Expor t For mat s

{3DS, ACO, Al FF, AU, AVI, Baseb64, Binary, Bit, BMP, Byte, BYU, BZI P2, CDF, Character16,
Char act er 8, Conpl ex128, Conpl ex256, Conpl ex64, CSV, DI COM DI F, DXF, EMF, EPS,

Expressi onM., FASTA, FI TS, FLAC, FLV, G F, Graph6, GZI P, Harwel | Boei ng, HDF, HDF5, HTM_,
I nt eger 128, I nteger 16, I nteger24, |Integer32, |Integer64, |nteger8, JPEG JPEG2000,

JVX, List, LMD, MAT, Mat hM.,, Maya, MGF, M DI, MOL, MOL2, MTX, MX, NB, Net CDF, NOFF, OBJ,
OFF, Package, PBM PCX, PDB, PDF, PGM PLY, PNG PNM POV, PPM PXR, RawBitmap, Real 128,
Real 32, Real 64, RI B, RTF, SCT, SDF, SND, Sparse6, STL, String, SVG SW, Table, TAR
Term natedString, TeX, Text, TGA, TIFF, TSV, Unsi gnedl nt eger 128, Unsi gnedl nt eger 16,
Unsi gnedl nt eger 24, Unsi gnedl nt eger 32, Unsi gnedl nt eger 64, Unsi gnedl nt eger 8, UUE,

VRML, VWAV, Wave64, WDX, WMF, X3D, XBM XHTM., XHTMLMat hM., XLS, XM., XYZ, ZI P, ZPR}

MathLink provides a general interface for connecting
Mathematica to other programs. Links to Java (J/Link)
and .NET (.NET/Link) have been built on top of Math-
Link to provide easy interactive connectivity to these
runtimes.

External Programs »
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Working with Data

Mathematica for | mage Processing

Images can be imported, copied and pasted, or even
dragged and

dropped into Mathematica.

brai n = I nport [ToFi | eNane [Not ebookDi rectory[], "brain.jpg"1]

We can sharpen the image for inspection.
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Mani pul at e [Shar pen[brain, n], {n, 1, 5}, SaveDefinitions » True]

Or we can extract the edges to determine contours.

Mani pul at e[l mageAdj ust [G adi entFilter [brain, n]], {n, Range[5]}, SaveDefinitions -» True]

o [¥ 23]

We can even apply several effects to different parts
of the image at the same time.
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s = Sharpenf[brain, 47;
g=GadientFilter [brain, 2] // | mageAdj ust;
ds = Upper Tri angul ari ze[#, 59] &/@| mageDataf[s, | nterleaving - Fal seJ;
dg = Lower Tri angul ari ze[#, -60] & /@l mageData[g, I nterl eaving » Fal se];
dh = Nornal eSparseArray [{i _, j_} /; Abs[i -j]1 <60 =>#[[i, 11,
Rever seel mageDi nensi onsebrai n] & /el nageDat a[brain, | nterl eaving -» Fal se];
I mge[ds +dg +dh, Interleaving » Fal se]

Many other effects are possible.
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| ena = Exanpl eData[{" Test| nage", "Lena"}];
Gid[{
{Col or Negat e[l ena],
| mageTake [l ena, 3001,
| mgePad [l ena, 15, Red]},
{l mage [G aphi csGid[l magePartition[l ena, 25]], | mageSi ze » 1807,
I mage [| mageRot at e[| ena, 45 Degree]],
| mgeEf f ect [l ena, "Charcoal "]},
{Dilation[lena, 3],
| mgeAppl y [Rot at eRi ght, | ena],
| mgeAdj ust [l ena, 6]}
1]
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Working with Data

Statistics

Charting
Create a bar chart.

Bar Chart [{{1, 3, 2}, {1, 6, 3}},
Chart El enent Function -» "d assRectangl e", ChartStyle » "Pastel "]

L B R LN Y

Add customizations, such as legends:

Bar Chart [{{1, 3, 2}, {1, 6, 3}}, ChartlLegends » {"Set 1", "Set 2", "Set 3"}]

6: )
5
4
[ [] Set1
3 ] Set2
[ [] Set3
2
1

Or use your own graphics.

Bar Chart [Range[10], ChartEl ements - spi key]

Pie charts are interactive.

Pi eChart [Range[5]]
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Bubble charts allow you to visualize data sets with
varying magnitudes.

Bubbl eChart [Randoml nt eger [{10, 80}, {10, 10, 3}1]

There are also 3D analogues of the above functions.

Bar Chart 3D[{{1, 3, 2}, {1, 6, 3}}, ChartLegends » {"Set 1", "Set 2", "Set 3"}]
Pi eChart 3D[Range[5], ChartStyl e » "Rai nbow']

Bubbl eChart 3D[Random nt eger [{10, 80}, {10, 10, 4}1]

There is also a new palette to help with charting.

Open up Chart Element Schemes palette to show an
example of this.

Bar Chart [Range[10]]
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Final Thoughts

Mathematica as a Teaching and Resear ch Environment

Can collect all relevant research information in Mathe-
matica notebooks:

e General notes

e Typeset formulas for publication

e Graphics

e Code implementation

e Direct conversion to HTML, TeX, PDF, etc.

e Field-specific application packages

In Conclusion

e A lot of new features in Mathematica 7
e All components of Mathematica are integrated.

e Instant interactivity makes exploring fast and fun.

Resour ces Available

e Learning Center
e Library

e MathWorld

e Blog

e Forums


http://www.wolfram.com/learningcenter/

