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I wasn’t sure if I was ever going to write another book. My last book—A New Kind of
Science—took me more than a decade of intensely focused work, and is the largest

personal project I've ever done.

But a little while ago, I realized there was another book I had to write: a book that
would introduce people with no knowledge of programming to the Wolfram Language

and the kind of computational thinking it allows.

The result is An Elementary Introduction to the Wolfram Language, published today

in print, free on the web, etc.
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The goal of the book is to take people from zero to the point where they know enough
about the Wolfram Language that they can routinely use it to create programs for
things they want to do. And when I say “zero”, I really mean “zero”. This is a book for
everyone. It doesn’t assume any knowledge of programming, or math (beyond basic
arithmetic), or anything else. It just starts from scratch and explains things. I've tried to
make it appropriate for both adults and kids. I think it’ll work for typical kids aged

about 12 and up.

In the past, a book like this would have been inconceivable. The necessary underlying
technology just didn’t exist. Serious programming was always difficult, and there
wasn’t a good way to connect with real-world concepts. But now we have the Wolfram
Language. It’s taken three decades. But now we’ve built in enough knowledge and
automated enough of the process of programming that it’s actually realistic to take

almost anyone from zero to the frontiers of what can be achieved with computation.

http://blog.stephenwolfram.com/2015/12/i-wrote-a-book-to-teach-the-wolfram-language/ 2/32


http://www.wolfram.com/language/elementary-introduction/

3/18/2018 | Wrote a Book—To Teach the Wolfram Language—Stephen Wolfram Blog

2 m

22 | Machine Learning

i bosok, when we've wanted the W

Language to do something, we've
Wolfmem Language is abio set up ta be

o tell i exactly what to do. Bt the

vt s dhs st by Booliing it excnmnpbes, il the e of sackive drmning,

ot how to train the Binguage voursell, Bug firss lets kook at some built-in
functicns thar have already been trained on huge nunmabe rs of examgles,

Languagektentity takes pirces of test, and idemtifics what hiaman nguage they're in,
lentiey the lanpuage each phrase is i
Lanpeageidentifyl( “thask you™, “merci™, “dar las gracias™, "B 8", “Gnarogapan))
{ English |, [French |, [Spanisn| . [Ghinese |, [Russian }

The Welfim Languagr can also do the considerabiy mare diffic “artificial imelligenes™
teudk of iebervify g whaat 5

e i ol

identify what an image ls.of:

chetah

There’

One cxam

Upbeat text ks classified a5 having positive sentiment:
Elassity[Sentiment™, “Tem 5o ancited to be programming”]
Poaitive

Downbeat beot |5 classified as having negative sentiment:
Clasaity[Sentiment”, “math can be mally hard”]
Megative

But how should one actually do it? What should one explain, in what order? Those
were challenges I had to address to write this book. I'd written a Fast Introduction for
Programmers that in 30 pages or so introduces people who already know about
modern programming to the core concepts of the Wolfram Language. But what about

people who don’t start off knowing anything about programming?

For many years I've found various opportunities to show what’s now the Wolfram
Language to people like that. And now I've used my experience to figure out what to do
in the book.

It’s a Conversation In essence, the book brings the reader into a conversation with
the computer. There are two great things about the Wolfram Language that make this
really work. First, that the language is symbolic, so that anything one’s dealing with—a
color, an image, a graph, whatever—can be right there in the dialog. And second, that
the language can be purely functional, so that everything is stateless, and every input

can be self contained.

Make a list of colors:
{Red, Green, Blue, Purple, Orange, Black}
[ N NN
You can do operations on colors, ColorNegate “negates™ a color, giving the complemen-
tary color, Blend blends a list of colors wgether,
Negating the color yellow gives blue:
ColorMegate[Yellow]

Here’s the result of blending yellow, pink and green:
Blend[{Yellow, Pink, Green}]
[ ]
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It’s also very important that the Wolfram Language has built-in knowledge that lets

one immediately compute with real-world things.

Find countries that border Switzerland:

o B switzerland | ["BorderingCountries”]

- {;Austria;, (France |, (Germany ), (ltaly ], :Lischlenslﬁin;}
Find their flags:

v EntityValue[S switzerland ["BorderingCountries"], "Flag"]

=1 =] .

Generate atable of maps, with disks whose sizes go up as powers of 10:

v Table[GeoGraphics[GeoDisk[D eiffel tower , 5 1 mile +104n]], {n, 0, 4}]

Oh, and visualization is really important too—so it’s easy to see what one’s computing.

Make a word cloud from the first letters of all the words:
WordCloud]StringTakeWardList]), 1]]

Serings doa't hawe ta contain iext, In a jisapasition of anent and moder,

we cans foe examiple genere Ko rals s yrrings,
Generate the Roman numeral string for 1588:
© Remanhumessl[1953)
ML

Make o table of the Boman numserals for nusbert up ta 20:
Tableffomantivmerain]. {n, 201
L 10, 10, 1V, VW, VL VO, 5, O, 30, X, 0, DV, 0, 060, T, 0600, 3, 300
As with everything, we can da compuatations on these strings. For example, we can
plot the lengths of successive Roman numerals.
Plat thi lengths of the Roman numsrals for numbens up 12 100

ListL AfnilL, {n, 10231

LT Jl”'u'll |
4o |y
",".'I'.'l' Hn'-"'llllijuulh . 'ul

integesName gives the English name of an integer,

o 3 string ghving th
< Integertiame]sE]
= fifty-six

Where to Start? OK, but where should one start? The very first page is about
arithmetic—just because that’s a place where everyone can see that a computation is

actually happening:
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1 | Starting Out: Elementary Arithmetic

As a first example of how the Wallram Language operates, let's look at clementary

aith

12344 5678

[2TH)

Hultiply numbers:

1234+5678

There’s a section called Vocabulary because that’s what it is: one’s learning some

“words” in the Wolfram Language. Then there are exercises, which I'll talk about soon.

OK, but once one’s done arithmetic, where should one go next? What I decided to do
was to go immediately to the idea of functions—and to first introduce them in terms of
arithmetic. The advantage of this is that while the concept of a function may be new,

the operation it’s doing (namely arithmetic) is familiar.
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2 | Introducing Functions

When vou type 2+ 2, the W aguage understands it as Mus[2, ). Plus s a

Language.

Compute 1#2+3 using Plux
Phadl, 2,3]
[3

The function Tames does muitiplication:
Times[2, 3]
[

Wi €360 Pt TIPS inide ot funetions:

Times(z, Pls(z, 31

Volfians Language e square limeckets, and have names thar

i Max finds the maximum. or largest, of a collection of numbers.

F theie numben 15 7

Max(2, 7,3

The funcison Randeminteger picks a rncdom imeger (whole maber] berween O and

whatever size ya

Eah timse yoss sk, you get assotber random eumber

Randaminteper{100)

And once one’s understood the function Plus, one can immediately go to functions like
Max that don’t have special input forms. What Max does isn’t that exciting, though. So
as a slightly more exciting function, what I introduce next is RandomInteger—which

people often like to run over and over again, to see what it produces.

OK, so what next? The obvious answer is that we have to introduce lists. But what
should one do with lists? Doing something like picking elements out of them isn’t
terribly exciting, and it’s hard immediately to see why it’s important. So instead what I
decided was to make the very first function I show for lists be ListPlot. It’s nice to start
getting in the idea of visualization—and it’s also a good example of how one can type in

a tiny piece of code, and get something bigger and more interesting out.
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3 | First Look at Lists

{1,2,%,4,a,b,¢}
L2348 b

e it ik

1.1.2,2.0.4,4)
istPloaf{y, 12,23, 4,41

4

Mot the liss of mambers (10,9,8, 7,3, 2, 1)

ListPlot[{L0, 9, 3, 7, 3, 2, 1]

st ol uembeers.

Generate 3 list of numibers up ta 10
Eange]10]
10,2,2,4,5,6,7,8,9.10)

Actually, the best extremely simple example of that is Range, which I also show at this
point. Range is a great way to show the computer actually computing something, with

a result that’s easy to understand.

But OK, so now we want to reinforce the idea of functions, and functions working
together. The function Reverse isn’t incredibly common in practice, but it’s very easy

to understand, so I introduce it next, followed by Join.
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Generate 31t of numbens, then plos it

ListPlot[Ramge(20])

=

Sy

Rirverse reverses the elements ina list

s what Range has generated:
Reverse{Rangei1a]]
{10,9,8.T.6.54.3,2,1}

Plat the peersed list:

ListPlotReserse(Range]12]]]

]

Jeins joins Kists togeiber, making & single list 2 the resul.

Jei o thar
Joinfi1, 2,3}, {8, 5h, {6, TH
L53,4567

Joinf{1. 2, 35,11, 2, 3,4, 5}
iL43,1,2,3,45

Joiny bars st Made by Raspe:

Join{Rangefd], Rangs{5])
(1.2,3,1,2.3,45

What’s nice then is that between Reverse, Range and Join we have a little

microlanguage that’s completely self-contained, but lets us do a variety of

computations. And, of course, whatever computations one does, one can immediately

see the results, either symbolically or visually.

Plat thies lsts jained togathi:

ListPlot Join[Range{ 20], Range{20], Range]32]]]

Rirviersi thi (192 = the middle

ListPloa,

{Lrxe 51 of ehements

UhaPtoafis, 3,3, 4

ot rumbeny

Range[1c) range ol o
Reversel (1, 2, 1 E—yT
Jein[{a, 5, €), 2. 3, 2] i 1S Lot

5 UseRangetocorate the 2 {3, 2, 3,41

3 Uake o st of numbbers up e 150,

eate {83, 2 1f

110 S inreverse crder

Use Range, Reverse and Jsin o create [1,3,3,4,4, 5,3, 1]
Pt 8 lint that counts uptrom L be 100, Baan down 8o 1.

7 UseRange and Randossineger ta sk e 8 1 with 4 randem length up1o 10
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The next couple of sections talk about displaying and operating on lists, reinforcing
what’s already been said, and introducing a variety of functions that are useful in
practice. Then it’s on to Table—a very common and powerful function, that in effect

packages up a lot of what might otherwise need explicit loops and so on.

I start with trivial versions of Table, without any iteration variable. I take it for granted
(as people who don’t know “better” do!) that Table can produce a list of graphics just
like it can produce a list of numbers. (Of course, the fact that it can do this is a

consequence of the fundamentally symbolic character of the Wolfram Language.)

6 | Making Tables

5005 repeated 10 times:

Tablefs, 10]
{5.5.5,5,5,5,5,5,5.5)

This makes a list with x repeated 10 times:
Tablels, 18]

5L,

a1 Bt 1o

Table{{2, 2}, 18]
L 2D 1300 2R AL B 08 AL 3 (2R T TR L L 2N

O, actually, anything: here’s alistof 3 identical phe charts:

Table{PieChartf{1, 1, 1}]. 3]

Bt what if we want to make a able where the clements aren't densical? We can do
hiat by i

ariobile, arxl then itenatigg over that vasiable,

erate o

st wivtre A goes up to

Tables[n. {n, 5}]
o8], alz]. of1]. al4]. of5l}

and chement, n s taken 10 be 2, soafn] isaf2], and 20 a0 nis

v ke e different elemenes of the Ba,

tgives the vatue of 0+ Lwhen n poes from 1 %o 10:
Tablefn+1, {n, 161]
12.3,4,5,6,7,0,9,10, 11}

The next big step is to introduce a variable into Table. I thought a lot about how to do
this, and decided that the best thing to show first is the purely symbolic version. After
all, we've already introduced functions, and with the symbolic version, one can
immediately see where the variable goes. But now that we’ve got Table with variables,
we can really go to town and start doing what people will think of as “real

computations”.
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2 ko bemerkary Inkrochec tizn to the Wetam Langsage

Make a table of the firss 30 squares:
Tablefn*2, {n, 10}]
11,4,9, 16,35, 36,49, 64, &1, 100}

Wil Table, you can make tables of anything.
Here's a table of successively longer lists produced by Range:
Table[Ranga[n], {~, 5}
1 (0,2 00 2,3 {2,840, {1, 2, .45}

Here each of the llsts produced Is shown as.a column:

TablafcolumaRangs{nl, in, £

3
rt
'S5
3
T
&

1
b

e

'
1
25
5
va
ts
6

Here's 5 Lable of plals of tusceidbvly bonger lists of vakues:
Table{ListPiot|Range{ 10+ a). {n, 3}

|

B T s e ey

Here are ple charts with successively mone segments:

Table{PieChart[Table{1. nl], {n, 1]

rYYry)

Sa far we've ahwans usedd m as our variable. That's 3 pretty comman choice. But we

AN ikt enamces §s that wherever the varable ippears, it name b i same,

The Arc of the Book 1In the first few sections of the book, the raw material for our
computations is basically numbers and lists. What I wanted to do next was to show that
there are other things to compute with. I chose colors as the first example. Colors are

good because (a) everyone knows what they are, (b) you can actually compute with

them and (c) they make colorful output (!).

7 | Colors and Styles
The Wollfram Language docsn’t just handle things like numbers. 18 also for example
handles things Tike coars. It lets you refir to common coloss by their names.
Red represents the color red:
Red
|}

Make a st of colors:
{Red, Green, Blue, Purpls, Orange, Black)
[T Y
Wom cam sl operatiom on colors, ColerNegate “nogmscs” a colar, gving the complemen-
tary cobor. Blend blerxds a list off colors wogether.
Kegating the cator yellow gives blise:

Colorhegate[elion]

eault of blending yellow, pick and

Elend[{Vellow, Fink, Green)]

This gives masimim red, with ne g
RGRColae1, 5, 5]
u

Masimum ned and green gives yetiow:
RGBCodar 1, 1,9]

This gives a table of enlors with maximum red and vasying levels of green:
Table{RiGBColorl, g. 0. {g. 0, 1, 0.051
L }
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After colors we’re ready for some graphics. I haven’t talked about coordinates yet, so I

can only show individual graphical objects, without placement information.

§ | Basic Graphics Objects

In the Wolirams Language, Cirele]] represer

T dhisplay the cirele as graphics,

] iz

Graphics{Circle] J]

Disk repeesents a filled in disk:

Graphics{Ciak{ 1)

RegulaPolygon gives

ar podygan with however many sides vou speeify

Here's a pentagon (S-sided

Graphica|RegularPolygen[3]]

I potygD

Hake 3 aphics of regulas polygens with between S and 10 sides:

Table{Geaphies[RegularPotygonin]], {n, 5, 19)]

c0o000

There’s absolutely no reason not to go to 3D, and I do.

»

Stybe il

ke Graphics, o yoa can wee 5 oo give colors

Here's an orange pentagon:

Graghical Style{RegslarPalygun[3). Orange]]

{Graphics3DfCane] [}, Graphies30{Cylindar [}

vl 4

Ayl sp

Graphics3E{Stle{spherel L. Vellaw]]

Now we're all set up for something “advanced”: interactive manipulation. It’s pretty

much like Table, except that one gets out a complete interactive user interface. And

http://blog.stephenwolfram.com/2015/12/i-wrote-a-book-to-teach-the-wolfram-language/ 11/32


http://www.wolfram.com/language/elementary-introduction/08-basic-graphics-objects.html
http://www.wolfram.com/language/elementary-introduction/08-basic-graphics-objects.html
http://www.wolfram.com/language/elementary-introduction/08-basic-graphics-objects.html
http://www.wolfram.com/language/elementary-introduction/09-interactive-manipulation.html
http://reference.wolfram.com/language/ref/Table.html

3/18/2018 | Wrote a Book—To Teach the Wolfram Language—Stephen Wolfram Blog

since we've introduced graphics, those can be part of the interface. People have seen
interactive interfaces in lots of consumer software. My experience is that they’re pretty

excited to be able to create them from scratch themselves.

9 | Interactive Manipulation

Hete's the whole se pe o
Tabla{Table{Orange, n], {m. L5, 1}
U, . . O, O, O, . . . ). O, I

Here's & similar interface foe acol

Masipulate{Cotumni(n, n*2,n"3H, dn, 1. 10, 11

et of A ramber

Table{Column[{n, n* 2, n*3}).{n, 1, 10, 1}]

123 4 5 & T & % W
1.4.9 16,25 , 3% . 49 .64 .51 . 100
18 27 64 135 X6 M3 52 T 000

Uilike Table, Manigetate s
o in M,

W liwnibee] b Fisied st of possible values. I you

ulite, il asume you want any possible value in the rnge.

o whale nuanshers.

The next, perhaps surprising thing I introduce in the book is image processing. Yes,
there’s a lot of sophisticated computation behind image processing. But in the Wolfram
Language that’s all internal. And what people see are just functions—like Blur and

ColorNegate—whose purposes are easy to understand.

It’s also nice that people—especially kids—can compute with images they take, or drag
in. And this is actually the first example in the book where there’s rich data coming into
a computation from outside. (I needed a sample image for the section, so, yes, I just

snapped one right there—of me working on the book.)
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10 | Images

Many functions in the Wolfram Language work on inages. s casy tn ges an image
into the Wolfrm Language, Sor example by copying or dmgging it from the web
. .

s phe e 50 Jusn caeprurs i e dincetdy from your

camer wsang the function Cusrentimage,

G ENE CUTTENE IMAge o YOur COMBRIter's Camera (e, me working on this book):

Comentimage{]

Vo can appaly fianctions to fmiages just like you apply fanctions to numbers or lists
ar amything elie. The funciion Colortegate that we saw in connection with colars also
warks o inges, giving a “negative inage”,

Negate the colars in the image (making me Ik pretty weird):

Next I talk about strings and text. String operations on their own are pretty dry. But in
the Wolfram Language there’s lots of interesting stuff that’s easy to do with them—like

visualizing word clouds from Wikipedia, or looking at common words in different

languages.

TeatSentences breaks a test string info  lst of sentences:
TaxtSentence“Thizis a sentence. Sentences are made of words.”]
{This. is. sertence., Serfences. are made of words.}

There are bots of ways to get vext into the Wollmm Language, Cne examgple ks the
WikipediaDaga fanction, which gres the currens texe of Wikipedia articles,
et the first 100 characters.of the Wikipedia asticle abeut “com puters™

SaringTakaWikipeciaData]"computers”), 100]

Acomputes i a penersl-purpase diice

thuat ean b programmed to earmy out st of seithmetic o¢ I

A convenict way to get  sonse ol what's i a ploce of 108 is o create a word dloud,
The function WordCloud docs this. T avoid seeing “uninteresting™ wonds like “the”
and "and” (ofien called mgmoends), we use the fundtion DeleteStopwords,
Create a word cloud for the Wikipedia article on "computers™s

WiordC eomputers™]])

Not surprisingly, “computer” and “compaters” are the mast commen (non-stopward

words im ¢
The We e b bots i bulls-in Keowledige sbont words it nppess in
Ensglish Tangguages. WordLisn gives lists of wosels,

‘Get the first 20 words from 3 list of common English words:
Take{WaedLing ], 20]
{a. anh, aardvark, aback, sbucu, sbalt. sbalone,
abandon, abandoned, standonment, abase, sbaiement, abaih,
abaihed, sbashiment, shite, sbaternent, shattoi, sble, abbaid)
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Next I cover sound, and talk about how to generate sequences of musical notes. In the
printed book you can’t hear them, of course, though the little score icons give some

sense of what’s there.

12 | Sound

In the Walfam Language. sound works a bot ke graphics. except that instead of

sound as if they were played on a piana,
Generate a middle C note:

Seund[Seundate"€"])

You can specify 2 sequence of notes by giving them in a st

Play thie

it in edguende;

e, e, ["5"TH

o T
Inatead of giving names of notes, vou cn give 8 number w0 spocify their pisch, Micdic
©is L Each seritone above miiddle C by 1. Mickdle rones above

nddle G, 50 in's specified by the sumber 7, (Am octave b5 12 semisones,

Specify the notes by nusmbers

]

Utsi Table 10 perstrabe & pequence of 5 note
SoundfTable[Soundhete{n], in, 511

i

One might wonder, “Why not talk about sound right after graphics?” Well, first of all, I

thought it wasn’t bad to mix things up a bit, to help keep the flow interesting. But more
than that, there’s a certain chain of dependencies between different areas. For example,
the names of musical notes are specified as strings—so one has to have talked about

strings before musical notes.

Next it’s “Arrays, or Lists of Lists”. Then it’s “Coordinates and Graphics”. At first, I
worried that coordinates were too “mathy”. But particularly after one’s seen arrays, it’s
not so difficult to understand coordinates. And once one’s got the idea of 2D

coordinates, it’s easy to go to 3D.
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A0 array of cirches, ararged 5o 1has they just Teueh;

Graphics{TablefCircle{{x, y}], {, 0, 10, 2}, {y, 0, 10, 2}

Circleffr, 1] means a ciecle centered a1 position

I yom don't say ctherwise, the

cirele is ghven radius 1, You can ke a circle of any sadivs using Circle(gr, 1), 7,

s difberent i i different gingles:

Graphics{(Circke({1, 1), 2.5]. Circlef{1, 2}, 1.2). Circlef(3, 1}, 0811

Hake L0 concentric girles:

Graphics{Table[Cinche({0, 0}, rl. {r, 26011

Z o

Dvarwy Larger cirches with € enters that shift progresshvely o the right

Graphics{TablefCirclel{x, 0}, =], {x, 10H]]

By this point in the book, people already know how to do some useful and real things
with the Wolfram Language. So I made the next section a kind of interlude—a meta-
section that gives a sense of the overall scope of the Wolfram Language, and also shows

how to find information on specific topics and functions.

T4 ko Ebemertary Introdection o the Wotiem Langsege

Let's pick Geometry ag an exnmple.

Open the Geometry tile:
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Now that people have seen a bit about abstract computation, it’s time to talk about

real-world data, and to show how to access the vast amount of data that the Wolfram

Language shares with Wolfram|Alpha.

16 | Real-World Data

A central feature af the Wolfram Language & that it’s got immense amounts of realworkd
aaitn bt in. 1t's got doas on counaries and
thi Frcizn the W

ok digebase, wh

powers Wollra e serders based o it

(R
you talk sbout a country in the Wallir
b, ¥

sh by pressing <t -« (hold down the Control ey and press the

But heow es

Just o e pla
iving b plain B
= ey, o on a sowdh device, by pressing the @ bustan.

L]

Enter the plain English “united states™

B united states

Wolfram Langumgr iy,
United States -~

Prews the check mark to confiom that's what you want:
United States

Now you can ask for lats of prsperties of this entity. Like you could ack for the US llag.

sk Par the TIag pre

ety el States:

United States g
]

The result you et s somethisg vou can goon dolng computation with—ike in this

e procesing,

egate (e LIS it

Ealisehagata] United States [FlsgT)

L=

Lots of real-world data involves units—so the next section is devoted to working with

units. Once that’s done, we can talk about geocomputation: things like finding

distances on the Earth, and drawing maps.
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12 | Geocomputation

The Wolfam Language has exviensive built-in knowledge of geography. For example,
it knows where New York City &, and it can conapute how far it is from chere o
Lass Anggeles,

Comgute the distance Detween the centers of New York and Los Angeles:

GeoDistanced new york , 0 los angeles |

Yot can abio plot Bocarions om a map, usdong GeolistPlot,
Plot New Vork and Los Angeles on a map:

GeoListPlot[{m new york |, los angeles 1

Plat countries.on a map:

GesListPIBA(E icelind 2 france |, 8 italy )

Limse

After that I talk about dates and times. One might think this wouldn’t be an interesting
or useful topic. But it’s actually a really good example of real-world computation, and

it’s also something one uses all over the place.

DatedistPiot is the snaleg of UstPlot for tme series, where esch valise oceiss 510
particular date.,

Plot the list of alr temperature measurements:
BatalissPlot]AirTamperstureDatafiere, 0 | week ago , New]]

f o
I\
o W N
5 U
- | -
»
The phot ihows thar, not surpeisingly, the temperatiene i high g the day than
t migha,
How sl date andtime
Today dute shject bee Loy
Tomarrom date object dor tomomom

e objectdof yesleeday

3 froen dlase 1o datry

cary ol the week of dare
moon phasecn datr
T of wunrive DA dhike 34 foearion

ima ef sunset an datr 8t facation

v et Eime 3t kation

AlrTemperatureOata[;

it barrzarabure 42 fime 3t

RirTemperanueDatal ] tima aries of 47 Lemperattes fram

im0 time; at lovation

DateListPotfimesrrie] ot & time series

The Wolfram Language is big. But it’s based on a small number of ideas that are

consistently used over and over again. One of the important objectives in the book is to
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cover these ideas. And the next section—on options—covers one such simple idea that’s

widely used in practice.

20 | Options

the Wallram L

A plot with the PlatTheme option given as "Web®
ListLinePlot{Randomintager[10, 1], PlotTheme <+ “Web"]

A piat with the PlotTheme option ghen a5 "Detailed”:

ListiinePlot{Randominteger{10, 18], FletTheme —+ “Dutailed”]

Apiat with the PlatTheme option given as "Marketing™:
ListLinePlot{Rundominteger{10, 10], PhoaTheme — “Marketing™]

After covering options, we're set to talk about something that’s often viewed as a quite
advanced topic: graphs and networks. But my experience is that in modern times,
people have seen enough graphs and networks in their everyday life that they don’t
have much trouble understanding them in the Wolfram Language. Of course, it helps a
lot that the language can manipulate them directly, as just another example of symbolic

objects.
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21 | Graphs and Networks
A groph s a vy of showing connections between things—say, bow web pages are
linked, ar how people farms 3 social nerwark.
Let's start with a very snple graph, in which | connects o 2, 3 to 3, and 3 e 4, Each
af the connections is represemicd by -+ ( yped as -],
Avery simple graph of connections:

Graphf{s—+ 3,243, 3+ 4]]

Automaticalty label all the “wertices™:
Graphf{s = 2,2 =+ 3, 3+ 4}, Vertantabals —+ Allj

3 '
- - - -

Let's ndd ome moee comnection: i connect 4 ta 1, Kow we have a loap.
A anothes ansction, laming & laog:

Graph{f =+ 2,2+ 3, 3 4,4 = 1, VortuaLabals = All]

N

Add two mone cannections, including ane conneciing  right back i 2

o Graphf{l=+2,2=+3, 3o d, 4= 1, 3ot 3, 3 o), Vertasabels = AlI]

ilace the vertices or modes

g, however, i how the

e comnected, And if vou don't specily atherwise, 1he Wallram Langusge
will try to by thie graph out 5o it's as untangled and easy to understand as possible.

After graphs and networks, we're ready for another seemingly very advanced topic:
machine learning. But even though the internal algorithms for machine learning are
complicated, the actual functions that do it in the Wolfram Language are perfectly easy

to understand. And what’s nice is that by doing a bunch of examples with them, one

can start to get pretty good high-level intuition about the core ideas of machine

learning.

ehar's again redated] b recogniziig text (sptival dbasari rageitiss ar OCR),

Let's make a poece of test thar's blirved,
Create an image of the ward “hello”, then blusa:

B Rarterive[Stybe]"helic™, J0]1. 3]
hello

TextRecognize can recogmiee the origiad text string in this,
Recagrize test in the image:

toahesopriseihell o
helie:
Ome more example involves iaking a collection of things—say cobors—and finding
elusters of sinsilar ones. This can be achieved using FindClusters.
Collect “clusters” of simitar colors into separate
FindClusters[{m, M, NN N AN RN N N N )
. L, L, )

Vet e get a dilferest view b comecting cach color ta the theee nsast sanflar calor

I the pasticular example

in the B, then making a graph out of the connections.
here, there end up being three discormecied sibgrs

Create a graph of connections based on nearness in "color space™;

Mearestilsighbarteaphi{m,
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Throughout the book, I try to keep things as simple as possible. But sometimes that
means I have to go back for a deeper view of a topic I've already covered. “More about
Numbers” and “More Forms of Visualization” are two examples of doing this—covering
things that would have gotten in the way when numbers and visualization were first

introduced, but that need to be said to get a full understanding of these areas.

Functional Programming The next few sections tackle the important and
incredibly powerful topic of functional programming. In the past, functional
programming tended to be viewed as a sophisticated topic—and certainly not
something to teach people who are first learning about programming. But I think in the
Wolfram Language the picture has changed—and it’s now possible to explain functional
programming in a way that people will find easy to understand. I start by just talking

more abstractly about the process of applying a function.

25 | Ways to Apply Functions

When you write fs] # means “apply the Rinction | 1o 37, An alicrnasive way to write

the san s Fi
1@ = the same as fuf
s
Lol]
115 alten canvensent 1o wiite out ehadns of functions using @
I@pEhgE
el
Aveicding the beackets can male code eatier 10 type, and read
wh-u@(mmngﬁ
There's a thind way towrite §x] in the Wollmm Language: as an “afierthought™,

in the: fore

Apply =25 an afterthought” tax:
alf
Lo]

Wiowu can have a sequence of "afterthoughts®:
2Tl
el

The big thing this does is set me up to talk about pure anonymous functions. In
principle I could have talked about these much sooner, but I think it’s important for
people to have seen many different kinds of examples of how functions are used in

general—because that’s what’s needed to motivate pure functions.
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The next section is where some of the real power of functional programming starts to
shine through. In the abstract, functions like NestList and NestGraph sound pretty
complicated and abstract. But by this point in the book, we’ve covered enough of the

Wolfram Language that there are plenty of concrete examples to give—that are quite
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26 | Pure Anonymous Functions

After all she examples we've seen of the Waolfmm Language, we're now ready 10 go

shily higher level of absimetion, and tsckle the very important concept of

prare fanctiones (ko known s pure anongmssy oo,

Usimg prare functions will ket us umbock a new level of power in the Wolfraan Language,
and als len us redo some of the things we've done before in a simpler and mose

elegant way,

Let's start with a simgple cxample. Say we've got a list of images, and we want 1o apply
Blur ta cach of them. That's casy to dowith (@ .

Apply Blur ta each image in the list
Bud@ . .}

But now lei’s say we want io inclede the parameter 5 in Blur. How can we do thai®

The answer is 1o wse o puare functicn,

Include a parameter by intreducing a pure function:

Bl 5 L@ . . '
{0

The original blur written 25 a pure function:

Lo b L |
The 8 s 2 “shor™ inte which cach clement s pus, The & s that what comes befoare it

is a pare fianctian.
Heve's the eguivalent of Bluirn, 51&.'@ expanded cut:

{etur] 5], Blur] + ), Blur] ]

- -

easy to understand.

27 | Applying Functions Repeatedly

110 appeies f oo . ] applics f o e, o clfecivedy nests the application of .

I e Functon

5 of the results of nesting fup to 4 times:

Mestiistf, x, 4]
o, fed. Ll A1, LRI

Using Frasned as the fusetion makies it 3 little sore

Mesthist{Framed, =, 5]

I youn wanng 1o see 2 Bt of the pesulis of ssccesive nesiags, e Mestlis, 1 vow only

want to see the final resull, wee Hess,
This gives the final result of § lewels of nesting:

MestfFramed, . 5]

iy oy EdgeDetect wo an imuge, (e nding edges, then edges of edges,

Kestedly do edge detection oo an image:

MestListEdgeDatect, ..s]

cegeeee

ot b0 Bt ed ge-debect and colasagate at each sbin:

U a

MestListiColoregate{EdpeDetect[F1]] 5. . L]

{. L)
L
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The next several sections cover areas of the language that are unlocked as soon as one
understands pure functions. There are lots of powerful programming techniques that

emerge from a smaller number of ideas.

Wvik caiy ibse Sebect 1o fined

i that are palisdress, e

y ihat they are

e i you reverse |
Select[WordList[ ], SeringReverse{St] =2 11 &]

. aha, bib, bk, bk, chic, dad, deed, dhud. ere, eve, ewe, eye. Fag. Gig. Pub, kayak,
Enok, level, ma'sm, madam, minim, mom, mum, nan, non, noon, fan, oho, PP,
DeeR. P, DD, POOR, PO, PUP, radar, refes, rotor sis, Lat, tenet, toot, tot, hut, wow)

Memberg tests whether sameehing appears as an demens, or member, of a list.

§ appearsin the list {1, 3,5, 7):
Membardf(1,3, 5, Th.5)

Troe

Select numbsers in the range 110 100 whose digit sequences contain 2

0] i 4]

{2,102, 30, 31, £, 25, 34, 25, 30, 3T, B0, 29, 32, 43,52, 62, TE, 02,93}

smageinatanced ko e bine-le

instance of a particular

sl fisetion that 1ests whethes an image is an

Tewt i am image ivol a cat
m:mmd}lj 28 cat
Troe

Sedectimages of cats:

~{We_ BT

imageinstancedft, o cat ]£]

o B

After functional programming, the next big topics are patterns and pattern-based
programming. I could have chosen to talk about patterns earlier in the book, but they

weren’t really needed until now.
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32 | Patterns

Find all cases of sublists of fwe elements, where § cansach be anything:
Cases[{{1. M} {1 00 {1 00, {20 ) (2L K
L (2

Find cates of a It consisting of the slemsent 1 Tollowed by angthing:
Cames[{{1, b, (1. M0 {1 0 0, (2, 0 £ 0 {31
L. L

Canesl{{L, W) {100 {1 00, (2. 0 £ 0 (1) 2,0
L (2

The moation __ (“doubile Mask™) indicates any sequenoe of things.

Find cases of any sequence

{things, followed by bloe:
Casaa[{{1, i} (. 00 {2 0 {2, 0 0 (20 {00
00 0, 2, 2

Find cases Ehat starf with 1 or 2, then have any sequence, Ehen end with blue:

Canmaf{{1, ), {30 {2, L, (2, 2, 1) 2. )

L, {2 )

Cases can pick out anything from a list, no just lists that appear
Cases[{Fm], glm, W), {3, 2, 3}, €], 3, 1 AL__0)
L T ]2, 45

1. (ash dhot”*) performes

Replace bwith Red in s list:

{a,ba,a,b,b,a,b) L bes Red

(O8N ¥ N

What makes patterns so powerful in the Wolfram Language is something much more
fundamental: the uniform structure of everything in the language, based on symbolic
expressions. If I were writing a formal specification of the Wolfram Language, I would
start with symbolic expressions. And I might do the same if I were writing a book for

theoretical computer scientists or pure mathematicians.

It’s not that symbolic expressions are a difficult concept to understand. It’s just that
without seeing how things actually work in practice in the Wolfram Language, it’s
difficult to motivate abstractly studying them. But now it makes sense to talk about

them, not least because they let one see the full power of what’s possible with patterns.

The Whole Stack At this point in the book, we're getting ready to see how to actually
deploy things like web apps. There are a few more pieces to put in place to get there. I
talk about associations—and then I talk about natural language understanding.
Internally, the way natural language understanding works is complex. But at the level
of the Wolfram Language, it’s easy to use—though to see how to connect it into things,

it’s helpful to know about pure functions.
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OK, so now everything is ready to talk about deploying things to the web. And at this
point, people will be able to start creating useful, practical pieces of software that they

can share with the world.

36 | Creating Websites and Apps

The Wolliram Language makes it easy to pat anything you create
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It’s taken 220 pages or so. But to me that’s an amazingly small number of pages to go

from zero to what are essentially professional-grade web apps. If we’d just been talking
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about some very specific kind of app, it wouldn’t be so impressive. But we're talking

about extremely general kinds of apps, that do pretty much any kind of computation.

a mmap el a sity
= "City"}, lesfereity) &1

CloudObgect]htzzn:lbww wotk amcioud comobjeccu 1106588 Thc—43be-3d 11 3b Te 10455434
0w can change the field and submit againto
Y i
CloutDeploylerpr]

Deluyed fegp]

Assigning Values to Variables 1If you open a book about a traditional

programming language like C++ or Java, one of the first things you're likely to see is a

discussion of assigning values to variables. But in my book I don’t do this until Section

38. At some level, this might seem bizarre—but it really isn’t. Because in the Wolfram

Language you can do an amazing amount—including for example deploying a complete

web app—without ever needing to assign a value to a variable.

And this is actually one of the reasons why it’s so easy to learn the Wolfram Language.

Because if you don’t assign values to variables, every piece of code in the language

stands alone, and will do the same thing whenever it’s run. But as soon as you're

assigning values to variables, there’s hidden state, and your code will do different

things depending on what values variables happen to have.

Still, having talked about assigning values to variables—as well as about patterns—

we're ready to talk about defining your own functions, which is the way to build up

more and more sophisticated functionality in the Wolfram Language.
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40 | Defining Your Own Functions

Lt's start with a typical, simple o
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This defines a function pinks that takes any ar
pinks[e_] = Tuble{Pink, 0]
This wses the function definiticn:
pinks(s]
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pinks[10]
[ TTTRTARRN

How dloes this finction definition work? The idea s that the 7= defines a vaue for the
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pent

At this point, you're pretty much set in terms of the basic concepts of the Wolfram
Language. But the last few sections of the book cover some important practical
extensions. There’s a section on string patterns and templates. There’s a section on
storing things, locally and in the cloud. There’s a section on importing and exporting.
And there’s a section on datasets. Not everyone who uses the Wolfram Language will
ever need datasets, but when you're dealing with large amounts of structured data
they’re very useful. And they provide an interesting example that makes use of many

different ideas from the Wolfram Language.

Essay Sections At the end of the book, I have what are basically essay sections:
about writing good code, about debugging and about being a programmer. My goal in
these sections is to build on the way of thinking that I hope people have developed from

reading the rest of the book, and then to communicate some more abstract principles.
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46 | Writing Good Code
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Structuring the Presentation 1 said at the beginning of this post that the book is
essentially written as a conversation. In almost every section, I found it convenient to
add two additional parts: Q&A and Tech Notes. The goal of Q&A is to have a place to

answer obvious questions people might have, without distracting from the main

narrative.
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There are several different types of questions. Some are about extensions to the

functionality that’s been discussed. Some are about the background to it. And some are

questions (“What does ‘raised to the power’ mean?”) that will be trivial to some readers

but not to others.

In addition to Q&A, I found it useful to include what I call Tech Notes. Their goal is to

add technical information—and to help people who already have sophisticated

technical knowledge in some particular area to connect it to what they’re reading in this

book.

Exercises Another part of most sections is a collection of exercises. The vast majority

are basically of the form “write a piece of code to do X”—though a few are instead “find

a simpler version of this piece of code”.

B Jein two o wtring “Helia”

e alphabet, in upper cate.

g habsetin rewerse ider
Jein 100 enpins o the string "AGCT”
StringTake, String boin and Alphabet 10 pet "ssertel”

b string B I aboust paringy

e Wikipedia articke about computers

from WardList{]

115 UneStringhoin and Chacacten tomake s

1118 Vs StringRiverse o ke & word clowd of

117 Wil tha Raman ruma

There are answers to all the exercises in the printed book at the back—and in the web

version there are additional exercises. Of course, the answers that are given are just

possible answers—and they’re almost never the only possible answers.
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Writing the exercises was an interesting experience for me, that was actually quite
important in my thinking about topics like how to talk to Als. Because what most of the
exercises effectively say is, “Take this description that’s written in English, and turn it
into Wolfram Language code.” If what one’s doing is simple enough, then English
works quite well as a description language. But when what one’s doing gets more
complicated, English doesn’t do so well. And by later in the book, I was often finding it
much easier to write the Wolfram Language answer for an exercise than to create the

actual exercise in English.

In a sense this is very satisfying, because it means we really need the Wolfram
Language to be able to express ideas. Some things we can express easily in English—
and eventually expect Wolfram|Alpha to be able to understand. But there’s plenty that

requires the greater structure and precision of the Wolfram Language.

A Book? At some level it might seem odd in this day and age to be writing a book that
can actually be printed on paper, rather than creating some more flexible online
structure. But what I've found is that the concept of a book is very useful. Yes, one can
have a website where one can reach lots of information by following links. But when
people are trying to systematically learn a subject, I think it’s good to have a definite,
finite container of information, where there’s an expectation of digesting it

sequentially, and where one can readily see the overall structure.

That’s not to say that it’s not useful to have the book online. Right now the book is
available as a website, and for many purposes this web version works very well. But
somewhat to my surprise, I still find the physical book, with its definite pagination and

browsable pages, better for many things.

Of course, if you're going to learn the Wolfram Language, you actually need to run it.
So even if you're using a physical book, it’s best to to have a computer (or tablet) by

your side—so you can try the examples, do the exercises, etc. You can do this

http://blog.stephenwolfram.com/2015/12/i-wrote-a-book-to-teach-the-wolfram-language/ 29/32


http://www.wolfram.com/language/elementary-introduction/answers-to-exercises.html
http://blog.stephenwolfram.com/2015/11/how-should-we-talk-to-ais/
http://www.wolfram.com/language/elementary-introduction/

3/18/2018 | Wrote a Book—To Teach the Wolfram Language—Stephen Wolfram Blog

immediately if you're reading the book on the web or in the cloud. But some people
have told me that they actually find it helpful to retype the examples: they internalize
them better that way, and with all the autocompletion and other features in the

Wolfram Language, it’s very fast to type in code.

What’s Not in the Book 1 call the book an “elementary introduction”. And that’s
what it is. It’s not a complete book about the Wolfram Language—far from it. It’s
intended to be a basic introduction that gets people to the point where they can start
writing useful programs. It covers a lot of the core principles of the language—but only

a small fraction of the very large number of specific areas of functionality.

Generally I tried to include areas that are either very commonly encountered in
practice, or easy for people to understand without external knowledge—and good for
illuminating principles. I'm very happy with the sequence of areas I was able to cover—

but another book could certainly pick quite different ones.

Of course, I was a little disappointed to have to leave out all sorts of amazing things
that the Wolfram Language can do. And at the end of the book I decided to include a

short section that gives a taste of what I wasn’t able to talk about.

What We Haven't Discussed

B

User interfaces are just anather type of symbalic sxpression; make a grid of shders:

GridTable{Stidert], 4, 3]

Function Visualization
Piot a function

Plot[Sinfx) » Sin[Sqrt{z] o], {x. 0, 20}

ComtourPlotdOfx » ey =272, fx, =2, 3}, fr, -2 2}, {2, -2 3

Some Backstory 1 see my new book as part of the effort to launch the Wolfram
Language. And back in 1988, when we first launched Mathematica, I wrote a book for
that, too. But it was a different kind of book: it was a book that was intended to provide
a complete tutorial introduction and reference guide to the whole system. The first
edition was 767 pages. But by the 5th edition a decade later, the book had grown to
1488 pages. And at that point we decided a book just wasn'’t the correct way to deliver

the information—and we built a whole online system instead.
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It’s just as well we did that, because it allowed us to greatly expand the depth of
coverage, particularly in terms of examples. And of course the actual software system
grew a lot—with the result that today the full Documentation Center contains more

than 50,000 pages of content.

Many people have told me that they liked the original Mathematica book—and
particularly the fact that it was short enough to realistically read from cover to cover.
My goal with An Elementary Introduction to the Wolfram Language was again to have
a book that’s short enough that people can actually read all of it.

Looking at the book, it’s interesting to see how much of it is about things that simply
didn’t exist in the Wolfram Language—or Mathematica—until very recently. Of course
it’s satisfying to me to see that things we’re adding now are important enough to make
it into an elementary introduction. But it also means that even people who’ve known
parts of the Wolfram Language through Mathematica for many years should find the

book interesting to read.

Why Me? T've thought for a while that there should be a book like the one I've now
written. And obviously there are plenty of people who know the Wolfram Language
well and could in principle have written an introduction to it. But I'm happy that I've
been the one to write this book. It’s reduced my productivity on other things—like

writing blogs—for a little while. But it’s been a fascinating experience.

It’s been a bit like being back hundreds of years and asking, “How should one approach
explaining math to people?” And working out that first one should talk about
arithmetic, then algebra, and so on. Well, now we have to do the same kind of thing for
computational thinking. And I see the book as a first effort at communicating the tools

of computational thinking to a broad range of people.

It’s been fun to write. I hope people find it fun to read—and that they use what they

learn from it to create amazing things with the Wolfram Language.
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