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THE LAST MAMMora 
CHAPTERONE 

M ammoth stood in the stream stuffing clumps of 
swamp grass into his mouth. As the tender juices 

trickled down ~is th~oat, he contemplated the pros and 
cons of the solztary life. On the one hand, he didn't 
have to share the dwindling harvest with any other 
mammoths- because there were no other mammoths. 
But, on the other hand, he was terribly lonely. He 
wondered how he had came to be the last mammoth and 
where the rest of his proud species had gone. A large oil 
slick Jloated by. He marveled at its iridescence before 
ambling off in search of more food. 

The trail of dwindling swamp grass led to an 
imposing wall and an entrance presided over by a 
character who introduced himself as Bill. Bill announced 
that this was his "digital domain " and that it was fu ll of 
wonderful and amazing things, all of which were 
intended to improve the quality of life but none of which 
had been Jully tested. Wh ile Bill spoke with enthusiasm 
about the future, Mammoth could only dwell on the 
past. Lonely thoughts fill ed his tiny brain, releasing a 
single tear that inadvertently saturated Bifü tennis 
shoes. Recognizing the mammoths distress, Bill 
suggested they work together. He and his digital staff 
needed someone (or sorne thing) to process. And the 
mammoth was obviously desperate f or companionship. 
So it came to pass that Mammoth, who generally 
distrusted high walls, warily entered Bills gates. 
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ije was immediately surrounded by enthusiastic white
his coa~ed workers who began recording every aspect of 
comcons_zclerable being. This was not exact/y the kind of 
hün j::anship he'd been hopingfor. One group measured 
tail A h' top to bottom while another tackled him head to 
lVei~h t 1rd group was assigned to gauge his considerable 
1neas t. Jven those things that could not be so easily 

ure , such as voice and smell, were meticulously noted. 

Within hours, everything about the last mammoth 
had been reduced to numbers, which Bill copied on 
large white cards. He informed Mammoth that 
although they were very good numbers indeed th 
w_eren't actualiy the right kind of numbers Jor'theey 
d1g1tal domam. If they were going to be usej l · 
hl

. r·d um e pmg J m true companionship, these numbers 
would first have to be changed. 
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THE DIGITAL DOMAIN 

A long 011c side of a11 enonnous pumpkin patch, eig11t 
mws of crates liad been laid out. Each row was half 

as 1011g as tlie 011c that p1-eceded it. The first and longest 
rmv co11tai11ed 011e hu11d,-ed and twenty -eight crates, the 
second co11tai11cd sixty -Jou r, and so 011. When Bill held 
up the canl insoibed with t11e number 237 (the 
ma1111110tli '.s liciglit in cc11timeters) , a team of Jarm 
lw 11ds quicl?ly l1arvcsted exactly 23 7 pumphins. 

[314) 

Then, moving row by row Jrom longest to shortest, lhey 
placed one of these pumpkins in each crate. If they 
couldn 't Jill an en tire row co~pletely, they simply skipped 
it. As soon as ail the pumpkms had been appropriately 
crated, Bill drew Mammoth'.s attention to the pattern of 
pumphins along the bottom of ail eight rows. 

1 ' 



lained that in the language of the digital 
' He etP ·n the relatively simple number 237 was domat , . . . now , . pumpkm, pumpkm, no-pumpkm, pumpk· 

iphtn, k. k. " "Th ' in, ·p~" . no-pump m, pump m. ats prouress " h 
Pk111, h ha . l o"' ' e f "' roudly. Mammot was. vmg a ittle trouble with 

0~ed ~cept but really" shook hts ~e'!'1 when Bill sugges~ed 
~JS c~ umphin" and no-pu_mpkm . were equally . , 
,hot P t Ta Mammoth this was hke saying swamp . orta» · 

Bill superv · d h 
h 

ise as t e pumpkins 'rom the first crate of ~ eac row w h J' was t k ere ung on a long clothesline. Special care , 
each ~ en ta keep them in exactly the same order. For 
h no-pumpkin," a space was left. However, since this 

~PP
1
ened ta be a Tuesday, these spaces were 'illed with 

smg e pie ,r J' · . ces oJ wet laundry. When pumpkin, pumpkin, 

iJ!1P d 110 swamp grass W.f!e equally.Jilling. ~ross an ..,,- , .., 
/) 

h~;1;m, sock, pumpkin,_ pumpkin, underpants, pumpkin 
en secured ta the lme, the whole thing began to 

. Bm_0
11
Y~}10~,ly. 0~.t of.view. "Come on~Mammoth," shouted 
~~e ve got work ta do." ... · . 

---.: .· .. 
. r.., ,•..;v.r 
,.,......,.......:..>. ·..l.l 
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MAKING BITS 

rhemammoth found the à igi.tal domain unfamiliar 
and confusing. While we are familiar with the 

computers and other devices the digital domain 
mak_es possible, the way these things work is 
be~ldering to many of us. The thing that all digital 
deVJces share is that they work with numbers. 
The mammoth finds its dimensions, image, and 
~u~d changed into numbers as it goes digital. 
nrularly, all digital machines begin a task by 

, converf h' d of h in~ t mgs like these into numbers. lnstea 
nut ~ de~1mal form that uses the ten digits 0 to 9, 
IVh~\ers lil the digital domain are binary numbers, 
lllu~~ use only two digits, 0 and 1, and which_ ~re 
are 

11
more convenient for machines. These d1g1ts 

ca ed b1·ts h f b. d ' . " îh -s ort or " mary 1g1ts. 
inde ~ammoth observes that its height, measured 
~gi:~~mal ~entimeters as 23 7, becomes, i~ ~he 
a Pu omain, a set of eight crates some contammg 
aJld tnpkin and others empty. Th~ sequence of full 
. empt · · e1ght . Y crates is a binary number contammg 
fun.eilgits or bits: 23 7 is full-full-full-empty-full
Use th PlY-full. When writing binary numbers, we 
lliean· e two numerals 1 and 0 to represent bits, 1 
lhélt thng full or yes and 0 meaning empty or no, so 

ln the decimal number 23 7 becomes 1110110 ~ · 
e decimal system that we are all familiar Wlth• 

each place value is ten limes the value of the place 
to its right-a decimal number may be made up of 
thousands, hundreds, tens, and ones. The decimal 
number 237 is made up of two 100s, three 10s, and 
seven ls. In the binary system, each place value is 
twice the one to its right-that's why the rows of 
pumpkin crates can hold 128, 64, 32, 16 pumpkins, 
and so on. As Mammoth discovered, 23 7 in binary 
is 11101101: this tells us that the number is reached 
by adding one 128, one 64, one 32, one 8, one 4, 
and one 1. 

ln a digital machine, bits take a form just as 
physical as pumpkins. They manifest themselves 
primarily as electric charges in which the electricity 
is switched either on or off. Here, 23 7 becomes 
on-on-on-off-on-on-off-on. Numbers represented by 
on-off electrical signals and on-off light signals flash 
to and fro along the pathways of digital machines in 
huge quantities at great speed. Digital machines can 
handle vast amounts of numbers arranged in 
countless ways, allowing them t_o carry out a huge 
variety of complex tasks very qu~ckly. Furthermore, 
bits are rugged: _t~ey do n~t eas1_ly degrade as they 
rush about the digital domam. Bemg born survivors 
bits enable digital machines to work at superio; 
levels of quality and reliability. 

lii.i....._ [315 J 
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THE DIGITAL DOMAIN 

FINGERTIP INPUT 
Every digital device , from computers and 

smartphones to digital cameras and Blu-ray 
p~ayers, needs input in the form of bits (binary 
digus , ls and Os) . The input might be a command, to 
make the device do what we want, or it might be 
data, such as text for a document or a digitized 
sound or image (see pp. 324-25) . Many devices allow 

CASH MACHINE AND 
ELECTRONIC LOCK 
Getting cash out of a machine is simply a 
matter of inserting your card, then typing your 
PIN number and the amount required on the 
keypad . You also type in a code number on a 
similar keyboard to open an electronic Iock. 
Like the number keys on the computer 
keyboard opposite, the keys actas switches to 
generate a sequence of on-off electric pulses 
fonning the bits in the numbers. From a cash 
machine, these bits go to the bank's central 
computer, which checks the PIN number and 
debits your account before instructing the 
machine to pay out. In the Iock, the bits go to 
a chip that checks the number. If it is correct, 
the chip produces an electric signal that frees 
the boit so that the door can be opened. 

ELECTRIC KEYBOARD 
Electronic music equipment conforms to a standard called 
MIDI (Musical Instrument Digital Interface) . When you 
play a note on a MIDI keyboard, it sends out a digital code 
number, made of three bytes (three groups of eight bits). 
The first byte is a command, such as "turn this note on." 
The second is the actual note-middle C is 00111100 
(decimal 60), for example. The third byte represents 
the force with which the key is pressed. The bytes 
go_ to a synthesizer in the keyboard, to software in a 
computer, or to a separate synthesizer, 
and you hear the note played 
loudly or softly. 

the user to input commands or d a ta by pressing on 
keys or buttons-on a keypad, computer keyboarct 
or musical keyboard, for example. Each key on ' 
keypad or keyboard produce_s. a unique group of bi~ 
when it is pressed. A speohc combination of ke 
presses might represent a code, such as a PIN numb/ 
(see p . 336) for a cash machine. r 

l<EYPAD 
Th e CANCEL button enables you 
to delete any wrong key presses 
and start again. 

INSTANT MUSICAL SCRIBE 
The MIDI bits can go to a 
computer, which displays 
the music in written f orm 
on the screen as you play. 

CONTROLS 
You can .operate the 
sound contrais with 
one hand as you play 
with the 
other. ~-;: 
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...... MAKINGBITS 
r ~------::::-=:--:=--=~------
~ COMPUTER KEYBOARD 
~t half of the hundred or so keys on a 

0111}' a u~er keyboard produce characters-letters, 
cornP d signs. Pressing the other keys makes the 

11111ber5, an ke action, and more options become 
[1 cer ta h 

1 
con1pu b pressing two or even t ree keys at once. 

· a,,ailable Y_lity is possible because pressing a key 
' . versan 1 · · ,1i1s h keybôard to generate an e ectnc signal 
causes t e ode number that identifies the key. The 

· g a C f 
, form1n ber is in the fo~~ o b~ts made up of on-off 
1 code ~urn ulses. This digital signal passes to the 

electnC ~ processor, along a USB cable (see p. 369) 
.,.,pu cers . Th . co1". • eless connect10n. e processor mterprets 

orviada wir mber or combination of numbers either to 
h co e nu k . 
t e haracter or to ta e act10n. 
display a c 

" ' 
' ,p,..,,_ 
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3 l<EYBOARD CHIP 
The chip is an integrated 
circuit that sends out a regular 
signal through its connecting 
pins along pairs of lines to ail 
the key contacts. When the 
signal in one pair changes, 
the chip generates a code 
for the key connected to 
that pair of lines. 

--=-~ . :··:~~rr--'./, . -_,~,~'b,._ .. .,~:\ 
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4 LETTER b APPEARS 
ONSCREEN 
The key code is sent wirelessly 
via Bluetooth (or; in some 
keyboards, along a wire) 
to the computer's processor. 
There, the code is converted to 
a binary number: 01100010 
(98), the code number for 
the lowercase letter b. 

ER D OME 
sl<EYTO 

INAL POSITION 

~ BER SJiEET ÜNDER 

~ 5PROTECTS 
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'AL WORKINGS 

~ PRtssING KEY B :al contact in a rubber dome 
li! th key B touches two contacts 
Oie { ~ds of a pair of lines from 

ey oard chip. 
isc 
-ls th ANNING SIGNAL 

e cont t \t~ltal 
5 

ac s meet, a scanning 
~ie k ent along the lines f rom 
~ rd chip changes strength. 

ENDS OF PAIR 
CONTACTS AT J(EYBOARD CHIP 
oF LiNESfROM 
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