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Alldata in computers is stored and transmitted as a series of zerosand
ones. Yet compu’rers can {epresent arich range of mformatsor; documents,
- web pages, photographs music, videos, and soon. How can this be? In the-
 se first activities we wi I begin tolearn how d;fferenf mformafsan ccm be repre-
- sented using just fwo different dxgﬁs zero and one "
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Computers are incredibly powerful and flexible.
They can be used to browse the internet, send
emails, watch videos, edit photos, listen to
music, write books and control machines. But
they also have limitations. Sometimes people get
frustrated with how slow they are —even though a
low-cost computer can do billions of operations
per second. Sometimes files are too big to
download. Sometimes computers cause costly
and time-consuming problems. Because so much
of our lives and our world depends on these
machines, it's important to understand both their
power and their limitations.

Before you can do anything useful with information you
have to be able to store it, so that you can read it
again tomorrow. We will begin by learning how
numbers are stored on computers. Eventually, we will
learn about how to store words and pictures, how 1o
store lots of data in a small amount of space, how to
prevent errors from happening, and how to measure
the amount of information we are storing.

But first we are going to learn about binary numbers.
Because everything on a digital computer is stored
and fransmitted using binary numbers, they affect
many of the things we worry about on computers.
how full the disk is, how fast we can download, how
secure an online payment is, how high the quality of
graphics is on a screen, and how fast the computer can
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Activity 1.1 Binary cards

vl EHOXTNERE . RBEEASSKFR,. G

KFFBLOUTHERER, ROTUARF
BHRTEHNER,

A

7

al

Topic 1 _Binary Numbers and “Bits”
FI1E ZiE Ui

do calculations. Understanding how binary numbers
work means that you understand what is happening
with the information on your computer in great detail,
and it will remove a lot of the mystery of computers.

Amazingly, computers store all information and numbers
using only two values: zero and one. This information
can be stored in a computer's memory with a transistor
that is switched off or on (for zero and one). It can also
be stored on magnetic disks (such as a hard disk),
flash cards (such as the one in a digital camera), and
tapes (such as a digital video tape). We will iearn
more about this in the next set of activities, but the
main thing to understand now is ‘that computers only
represent things using two different values, which is
why the system is called binary (the prefix “bi-”
means two, as in bicycle, biplane, or bifocals).

But first, how can you count using only zero and
one? Read on . .. ‘

Video: Watch the Binary Numbers video.

To do this activity, you need to make 5 cards or
pieces of paper with dots on them as in the
picture below. You can put numbers on the cards
instead of dots if you prefer.
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] R AMEZIEFREMAMB A —KFH, L
XkFHLEEEZSHILNE ERY

@ R QAN R m—R-FE 2K EHD
FHLEEZEHIUAHER?

Bl GARBEHGAERRINAHEFH LK
BEu?

N

BT —EFAMECERERHL . AETT
EERHEFR EABZRRRTENHE,
tean, FEFXE 1 MRAHW4PMERBFALE
HIHERRTHF 5, XPHRHNBUREF—1
RIEFFEAFE@H L, EABIRE@H L,

mmgx

R EEAMILEKFHEAALRATHT 6R?

0l EEARAMILKFHR ATHRT 207
Bl T2AAMILKFRATHKT 167

il BEAAMILKF R AFHRSF 217

¥.] Put the cards on the table in front of you, in the
order shown.

What do you notice about the number of dots on
the cards?

How many dots would the next card have if we
added a 6th card on to the left?

How many dots would there be if we added yet
another card on the left?

What rule are you using to create the next card?

¥, We can use these cards to make numbers by
turning some of them face down and adding up
the number of dots that are showing. For
example, we can make the number 5 by turning
over the 1-dot and the 4-dot cards. The rule is
that each card is either fully visible, or fully
hidden.

Which cards should you turn face up so that
exactly 6 dots are showing?

How can you make the number 207
How can you make the number 157

How can you make 217
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Bl T8 MR —F A ERERIL? (L
W, RERTRR TR M B ERRTEF 5 15?)

Bl EAERTHUBAKFTESD?

B ceERFORNEFXES DR?

Pl BRI 0 #1231, LB FAHET
RETHALRRO,AE—K—KBAHESEKX
BFhH, M 1.2.3.4 —HE¥F 31,

M £0ZE31 2% AhAkhsdRbHFD?

Bl 48588 1 2R 75240427 (R 53K
FHW1L,BE1VARLESFEALET THD? 4
REEIAREGFAEZUALREDH T, A
2BE2 AL FAEEALHNGODT K
SO ERER B R FEE 1R LT %D

PIRIANERBRFAT ZHEBNRERE, F1M
BEEFTHHINB20 0% 9EMN T 3HH
#Z (decimal number) , FFr B &8+ 25 & 2 A 10
NMFENEEEAR(1 B, BNLE—10),—B
R URTORTBEBENHOUL, Lot
HE A REB N THFINAN, " S"EXER
RI3IMNT, MItENRBAENEF O 1 KRR
ER.uMAKEAN TR, TATEHFLRR
FFO,TEAHERFREF 1. EALRBI®ED
BE,RNEENHRZ A #E, 5kFHT
FRR—1 6 A8 Z#H H

Ve BT SRR ERMEETHER U _HSE
B th 3 FR A B # A 2 B9 %% (base-two) ,

Topic 1 Binary Numbers and “Bits”
F1E ZHBEBMLE

B How can you make 307

Is there more than one way to form any number? {For
example, are there two ways to make the number 57)

What is the biggest number you can make with
these five cards?

What is the smallest number?

Now we are going to try counting from O up to 31. Flip
all the cards face down to represent O, then flip cards
over to get 1, then 2, 3, 4, and so on up to 31.

s there any number you can't make between the
0 and 317

Is there an easy way to count up by 17 (Hint.
what happens to the 1-card each time you add
one? If the 1-card has to change to facedown,
what happens to the 2-card? Based on that, can
you find a simple description of how to add 17)

#.] The cards that you have used are using binary numbers.
Normally we work with decimal numbers, which are
made up of digits from O to 9. There are only ten
different digits (1 to 9, plus the O digit), but to get
numbers higher than 9, we use more digits. For
example, the number 34 has two decimal digits,
and the 3 actually means 3 lots of 10. On'computers
the only digits are O and 1-—there are just two
different digits. With the cards, a 0 is when the
card is face down, and a 1 is when you can see
the dots. Because there are just two values, we
call them binary digits. The 5 cards represented
a b5-digit binary number.

¥} Sometimes binary is called “base-two” because
there are only two possible values for each digit.
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AEBHTENRE
7] tbin, Z @41 % 01001 —3# B4 5, wRHAT ¥l For example, the binary number 01001 has five
ARHsgNFAXXRTEN, BT LR binary digits, and if we turn over the cards to
K, meBs tids 9, TEEBKFARE— match the digits, we get the decimal number 9.
DB Each of the cards we have used represents a
g single binary digit.
° e
e o .
® o
1 1 =9
]T:-Lg — M\
The phrase bmary digit” is so common in computer science that it is given an abbreviation;
“bit”. So a bit is just a digit that can be a zero or one.

EHENR DB AN RN NRR L (bit) e — PN EEFRR— T, RAET
A0 1,

BB x4 —£ERSFAFR? B8 How many bits do we have with these cards?

B omErasd —at 404 01101, & x5 8 + 3 4 & 2] Use the cards to make the binary number 01101.
B Which decimal number does it represent?

Pl s BEANEAFRARNEFER, Tt 7] Decimal numbers are the types of numbers that
WEHHEEEMRCT I, SN LHH 101MTE people usually use; decimal digits can have the
¥iE, Bt + s ROUERARES 108 values 0 to 9. Since each digit can have 10 different
¥4l (base-ten) o ‘ values, decimal is sometimes called base-ten.

Binary 0,1 Base-Two
Decimal 0,1,2,3,4,5,6, 7 8,9 Base-Ten

Z# 4% 00110 B ey -+ H R Z 7
8 —sax0NM0sraa s RS S

€8 What is the binary number 00110 in decimal?

g2 What is the binary number 01110 in decimal?

B 4310001 st eg +RAKE S V7 - B What is the binary number 10001 in decimal?



Activity 1.2

FIRABRN—ERS PSRRI HEH,BR
HEULPEEEEATESH AR L L =
¥o B, RMTMUASKFAGTHFHK X
A 01001, A 4 KK B EFKIRA 1001 HE
TRBN,

® olle o Y
® o
° o o
e o o @ @
TR 6 RFTRARAFTHFS
A HILLLUITE R S0 B ®
8522|lesnsil® °
I
2323 jeoee||® _ol]|® o]

M A E6kERBRRERTS VRY

W BNTUBEENTSRARRHEF PR O
To BT RAGHE-—THARNTSKRET
7o

R TEESEMTRTHHME,

..................................................................

EMBEEM =
(B=1, E=0)

T3¢ =
(0=1, 4=0)

00000 =
(©=1, O=0)

ANES =
(eD=1, =0

Topic 1
13

Binary Numbers and “Bits”

b L g A

Shorter and ionger binary numbers

¥, So far we've always used 5 bits to represent
numbers, but sometimes we will need more, and
other times we use fewer. For example, we
wrote the number 9 as 01001 using b cards, but
with 4 cards we only need to write down 1001.

Write down the number 9 using 6 cards.

@ What is the largest number that can be represented
using 6 cards?

in the binary numbers. The following challenge
uses all sorts of symbols 10 represent numbers.

Wark out the values represented by the symbols
in the following chart.

...............................................................

+4+X+ =
(+=1, x=0)

LOVJYOL =
(L=, U=0)

AVAVY =
(A=1, ¥=0)

bbb =
(a=1, #=0)
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RERMTENAE

®=
(©=1, @=0)

Ogdo =
(§=1, Q=O)

OO =
(O=1, %=0)

SORBORY =
(=1, #=0)

Y (EESHENXNNT RS MR NGEE, Rt

XERRE —ERE WS BENBH ARG )

al CHESS EUREBELEMKEYN 2 &,

XM EFLEE TSP, TSR EH L0
fréy 1065, tbao, T3S ¥ 423 b, LA MH 4
K3k 4 #9100 £, Bp 400,17 2 IR %K 2 89 10 4,
Bl 20, [LERRABHN TS, HL 4 — 5%
AEXNAN? EMNNRNERT A AROHOTELK
mE.

MROHGIBEZNO FHEN, XEORTUEKR
B, Fllo+#F 7 IPUBS Y _HHE
001N kxR, ELTUBA 0111 HF 111, 3X
BERTHFNN =B AT 999, BERLEH
W7+ HBNBRRNEBREF 7, AR,
00N AEGREHEUS M BN FEREE, T
HES MR N S BEARN 1111, B+ 58
#8 31,

A

{You don't have to read this section for each
topic, but it might contain some information that
you were wondering about. )

Each digit in a binary (base-two) number is
worth twice as much as the one to the right of it,
in the same way that each digit in a decimal
(base-ten) number is worth ten times as much
as the digit to the right (for example, in the
decimal number 423, the left-hand digit is worth
100 times as much as it looks (i.e. 400), while
the 2 is only worth 10 times as much as it looks
(20). So the binary number system isn't that
different to the numbers that you're familiar with
— it just uses a different multiplier for the value
of the digits!

If a binary number begins with zeros, they can be left
out. For example, the decimal number 7 can be
written as the 5-bit number 00111. It can also be
written as 0111 or just 111, in the same way that
the original number 7 can be written as 007. it's still
just the number 7, although having 3 digits implies
that the 7 is part of a series that might go up to 999.
In a similar way, 00111 means that the number is
being stored in 5 bits, and the largest possible
number is 11111 (31 in decimal).



