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1. The first bits
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Flash Player 9 opened new areas of discovery for Flash developers, by allowing them to
manipulate data at a lowevel.In this chapter, v are going to discover the basics oinlary data

and see how to use that knowledgen the Flash Player through the Byieray class. Each
concept will be illustratedwith different use cases. Once this chaptnished, you will have
everything you need to understandor instanceany file specification and creatpoweful things

like a fie parser or generate ankind of files

Binary coding

We have to come back to the roots of computing in order to understand the reasons behind the
existence of binary datalhe lowest level of input a computecan understand is representeld
representedby the numbers 0 and 1, whictefine the state of an electricalircuit:

¥ 0:the circuit is opened.

¥ 1 :the circuit is closed.

Processors only understand binaryhough all this may seem complicated at first sight, it is
simply a different notation to egress dataBefore focusing on theByteArray class, we must

first be comfortable with the concept dbasearithmetic The man is counting with a base 10 and

this is what we call thelecimal baseToillustrate the notion of time, we use aexagesimal base
consisting of 60 symbols. Thus, when 60 seconds have elapsed, we do not write 61 seconds, we
add a new unit, that is to say, a minute and return to O in the number of seconds.

In everydayDéife, we use all the following symbols to represent numbers :
|0, 1,2,3,4,56,7,89

Beyond 9, we must combine the previous symbols. To this we add a new unit, then we start
from 0 again. Forwery movement on the left, we add a power of 10. ThRigiure 11 illustrates
the splitting of a numberinto differentgroups of powerof 10:
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/750

1021011Q0

Figure 11
Groups of power of 10

Our decimal system works by power of 10, we can express the number 750 as follows :
| 7¥100+5*10=7*10 2+5*%10 '

Unlike the decimal, binary notation allows the use of symbols 0 and 1 onlg. Atmber 150 is
expressed in binary as follows :

| 10010110

We will learnhow to convert binary notation into decimal notationThis time, we apply the
same conceptas with decimak, but now with powers of 2.Figure 12 illustratesfirst how to
convert a number from its binary form taifferent groupsof power of 2:

10010110

27 26 25 24 23 22 21 20

Figure 12
Groups of power of 2.

At school, we learned to count to 10 in decimal. If the standard had been using the binary
notation, we would read the right column of Table 23.1 very natlyaand the left column
would seem confusing :

Tableau 23.1illustrates the diffeence between decimahnd binarynotation :

Decimal notation Binary notation
0 0

1 1

2 10

3 11

4 100

5 101
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6 110
7 111
8 1000
9 1001
10 1010

To understandthe binary notation, we must focus and understand what the weight of a bit is all
about. Once thiswill be understood we will introduce the concept of byte.

Note
¥ A CPWnderstands onlybinary.

¥ Among the mostwell-known notations, the most common ones aralecimal pase 10) and
sexagesimall{ase60).

¥ Our decimal system (base 10) works by power of tt& binary notation (base 2) ovks by power
of two.

LetOs discover right away the concept of weight when talking about bits.

Position and weight of the bit
LetOs get lok to the number 150 which is expresséis way in binary :

| 10010110

The symbols used in binary are called bit, the waramesfrom binary digit Unlike the decimal
notation which works with powers of 10,the binary notation works wth power of 2. Each bt
movement modifies the original valueelated to the weight of the bit and the base being used.
Bearing in mind hat the position of the bit defines itsveight, the strongestbit (most significant
bit or msh) is always positioned at the extreme left, udi theweakest bit(least significanbitor
Isb) which is positioned at the extreme right

The following figure illustrateshe idea:

0

A
least significant bit (Isb)

Figure 13
Leastsignificant bit

TheFigure 14 illustrates the location of the most significant b{tnsb):
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1

A

most significant bit (msb)

Figurel4
Mostsignificant bit

As a result, toggling one of the bits will causeradification on the number depending on the
weight of each bit.Continuing with the number 150, we see that if wieggle the strongest bit
to O, we subtract 1282") to the number 150 (sed-igure 15):

1

<

0

Figure 15
Togglingthe most significant bib Q

Conversely, if weoggle a less significanbit, theimpact on the final value is less important, in
the following case, we only substract(@?) to the value(seeFigure 16):

\%

0

Figure 16
Togglinga less significant bio Q

As a result, in order to convert a binary notation to decimal, it is just a simple as that. Taking our
number 150:

| 10010110

We need tomultiply each bit by its weight and sum the results :
|127+02 °+ 02°+12 “+0%2 *+1%2 2+12 '+02 °

This gives us in a more compact form
|2"+2 *+22+21=150

Now, a quick exercise, convert the following binary notation to decimal
| 1000

This results to 8 in decimagot it?
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Now, another one even simpler
| 101

This gves us5, maybe you already noticed tha binary valuewih its least significantbit set to
1 cannot be even. We will come back to tHeter and discover howo detect even or odd values
with bitwise operators.

We often find the concept of bitsin colors. We will see later that the colors aremgrallystored
into 8, 16 or 32vits. A nerdy jokesaysthaNt there are 10 types of people in the world. Those who
undergand binary and those who donOtVe know that 10 in binary corresponds 162, which
gives us2:

There are only 10 types

of people in the world:
Those who understand binary
and those who don't.

Figure 17.Nerdyjoke

As for the base 2, other databases exist, suchtresbases 8 or16, more conmonly called
hexadecimal notation which isgenerally used to represent colorand its componentsor more
generally data mside hexdecimal ditors. Unlike the binary notationmade of only 2 symbols,
the base 16s using16 symbols.

In the following code weconvert the decimalvalue 1200 base 16 :
var integer int=120;

/I outputs :78
trace ( integer .toString(16));

Unlike the base 2, dbase 10, base 16 uses 16 symbols ranging from 0O to F in order to express a
number. We are therefore workingith powers of16 (sed-igure 17) :
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Figure 17
Groups of power of 16

Table 23.2 lists alhe symbols usedy the base 16

Hexadecimal notatio n Decimal notation
0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
A 10
B 11
C 12
D 13
E 14
F 15

Thehexadecimalvalue 1A can beconverted to decimalas follows :

| 116 * +10*16 °=16+10=26
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Remember that ly default, the Flash Player outputs uas using the decimal notation (base 10)
However, when working with a binary stream, it may be necessary to express numbers in
different bases Instead of making the conversion manually, we cegly on the toString
method from the Number class. Here isstsignature:

| toString(radix:*=10):String

Theradix parameter defines the base tooavert the value into. n the following code we
convert the decimal number 5 to itbinary notation we use 2 as parameter as for base 2

var value :int=5;

/I outputs :1 01
trace(  value .toString(2));

If we start ounting from 1 to 10 in binary, we find the values from Table 23.2

var zero :int=0;
var one:nt=1;
var two:int=2;
var three :int=3;
var four :int=4;
var five :int=5;
var Ssix :int=6;
var seven :int= 7;
var eight :int=8§;
var nine :int=9;
var ten :int=10;

/I outputs :0
trace( zero.toString(2) );

/I outputs :1
trace(  one.toString(2));

/I outputs :10
trace(  two .toString(2));

/I outputs :11
trace(  three .toString(2));

/I outputs :100
trace(  four .toString(2));

/I outputs :101
trace(  five .toString(2));

/I outputs :110
trace( six.toString(2) );

/I outputs :111
trace(  seven .toString(2));

/I outputs :1000
trace(  eight .toString(2));

/I outputs :1001
trace( nine .toStr ing(2));

/I outputs :1010
trace(  ten .toString(2));

Similarly, we can convert a decimal numbetants hexadecimal notation

| var zeroiint = 0;
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var oneint=1;

var two:int = 2;

var threeint=3;

var fourint = 4;

var fiveiint=5;

var six:int=6 ;
var seven:int=7,;

var eightint=8;

var nine:int=19;

var ten:int = 10;

var eleven :int=11;
var twelve :int=12;

var thirteen :int=13;

var fourteen int=14;

var fifteen :int=15;

/I outputs :0

trace( zero.toString( 16));

/I outputs : 1

trace(  one.toString( 16));
/I outputs : 2

trace(  two .toString( 16));
/I outputs : 3

trace(  three .toString( 16));
/I outputs : 4

trace(  four .toString( 16));
/I outputs : 5

trace(  five .toString( 16));
/I outputs : 6

trace( six.toString( 16));

/I outputs : 7

trace(  seven .toString( 16));
/I outputs : 8

trace(  eight .toString( 16));
/I outputs : 9

trace(  nine .toString( 16));
/I outputs : a

trace(  ten .toString( 16));
/I outputs : b

trace(  eleven .toString( 16));
/I outputs : c

trace(  twelve .toString( 16 ));
/I outputs : d

trace(  thiteen  .toString( 16));
/I outputs : e

trace(  fourteen .toString( 16));
/I outputs : f

trace(  fifteen  .toString( 16));
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We just talkedabout all those bits, but how do we store them to express someth#ifp handle
and store a set of bitgngineers decided to group them in packetshus was born the concept
of byte that we will discuss now.

Note

We talk about the weight of a bit to express its strength.
The most significant bitrisb) is always positionned othe extreme left.
Theleast significantbit (ISb) is always positionned on the extreme right.

K K K K

The toString method from the Number class allows us to express aumerical value in
different bases.

What is abyte ?

Thebyte enablesusto express a quantity bdata. We use it every day in the computer world to
show by example the weight of a file. Of course, we will not #agt an MP3 file weighs 345
728 bytes, but rather 3MB.

We generallyadd a prefix agilo ormegato express a volume of bytes :

¥ 1 kilo-byte (kb) = 10° bytes (1 000 bytes) ;

¥ 1 mega-byte (mb) = 10° bytes = 1 000 kb (1 000 000 bytes).

Be careful not to confuse theotion of bit andbyte. A byte ignade of 8 bits :
10110000 byte

L
76543210 bits

As you may hag already noticed, the bit indexing is zero based and as a byte only contains 8
bits, it cannotcontain a value above 255(unsignedbyte). To conver@a full byte into decimal we
use the technique discussed before.

We multiply each bit by its weight andusn the results :
|127+12 ®+1%2 P+12 ‘412 412 412 P42 O
Which gives us
| 128+64+32+16+8+4+2+1=255

Wewill see that it is also possible to express in a byte a value ranging betw&28 and 127 by
using what we call ssignedbyte (negative) Now, you may wonder whya maximum valueof
1277

In case of negative values, the msb is used to specifiy the sign, as a result, only 7 bits are
thereforeavailable to store the value

|12°+12 *+1%2 ‘412 4192 2412 t412 °
Which gves us :

| 64+32+16+8+4+2+1=127
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It is important to note thatwhen working with binary data, the base 16 is often used in software
such as headecimal editors to simplify the representation of each byteChoose your favorite
editor, and make iyour best friend when workingvith binary.

Here is a list of somef the besthexadecimaleditors:

¥ Free Hex Editor Neo (free) : http://www.hhdsoftware.com/Family/hex-editor.html ;
¥ HxD (free) : http://mh-nexus.de/hxd ;

¥ Hex Workshop : http://www.hexworkshop.com ;

¥  Hexprobe : http://www.hexprobe.com/hexprobe.

In practice it is easieto read a byte in hexademal as follows :
| 4E

Rather than in the following binary notation
| 1001110

The value255 stored inside an unsigned bytesan be expressed by two symbols thanks to the
following hexadecimal notation :

| FF

Remember, g combining the weight of each symboand summing the result we get the
original value:

| 15%16 *+15*16 °=240+15=255

To putall thatinto practice, wewill open a PNG image into our favorite hastecimaleditor.

TheFigure 18 illustrateghe beginning ofthe binary stream:

e OO0 figure-20-07.png - Data
Len: $06981328 | Tupe/Creator: / | Sel: $0PAEEO0:0ERE0R00 / $AORORODE
OPOPDEDO: 50 S50 4E 47 00 OA 1A DA 00 00 00 0D 49 48 44 52  .PNG........ THOR
PPOPDR10: 0O OO B1 B2 00 00 B1 43 03 02 00 00 00 49 OB @7 ....... T .. T
PPOPDE20: B7 0O 98 12 EF 49 44 41 54 73 OC ED DD 20 7F A3 ..... IDATX . e =
DEEEEE30: S8 FF C7 71 F6 FF BA SE D4 10 45 8D 51 8C 49 54 X..Q...”..E.0.1T ||
PPEEE4E: S5 6B SA 95 31 AD EA OA SO BS OF 60 1E D4 AR 55 UkZ.1...]..>...U ||
PPOPDESE: A3 B6 66 A2 32 66 A2 52 93 28 54 30 45 65 53 54 ..f.2f.R.(TOE.ST
PPOPBE6@: 30 CS CC SF BO 57 AE 6C F3 @5 4E BS BF FQ BC DS Bau_HuleuMoes.. ’
PPOPDE7G: 4C OA 1B 4A F3 30 9C C3 FO 71 FS ES E7 CF OF 1A L.ude=eeeQeeenns ’
PPOPDESA: 59 7F FB BF AG 37 00 63 23 52 61 03 @3 66 20 28 ..... 7.h%. ..., |
PPOPOEOB: 15 S50 S0 60 B0 B2 52 1 03 03 66 20 20 18 88 88 ... v...... ..
PPOPDOAG: 60 OO B2 52 B1 03 @3 66 20 20 15 90 50 60 00 02 “....... e N
PPOPOEBO: 52 B1 92 B3 66 20 20 18 90 50 60 00 02 82 01 @3 ..... e :
PPOPDECO: O3 B 20 20 15 50 50 60 00 02 52 01 @3 63 06 28 .. .. ees.es..
PPOEDEDE: 20 15 S0 50 60 00 @2 52 01 @3 65 06 20 20 18 88 ... .e.s... |
PPOPOPED: 50 60 0O 02 52 01 B3 B3 06 20 20 15 50 890 60 98 . ....... e I
OPOPDOFD: B2 52 O1 @3 BS 06 20 20 15 50 90 60 08 62 82 @1  ...... e
Figure 18

Hexadecimal editar

We cansee that each column isnade of two symbols representing one byte. As its name
suggests,an hexadecimal editor shows each byteusing the hexadecimal notation. Why such a
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decision ?This is explainedor practical reasons : the FF ip@f symbols used to represt the
maximum value of a bytés optimized in terms of space and less painful to read and memorize.

As we shall see later, each file can be identified by its heaHence, by reading the PNG
specification [ttp://www.w3.0rg/ TR/IPNG)we see that any valid PNG fileust start wih a
signature composed of the followinglecimal values :

| 137807871131026 10

By ®@nverting to hexadecimal notation each of thesdecimal values weend up with the same
valuesasin our PNGspecifcation :

var firstByte Aint=137;
var secondByte :int=80;
var thirdByte :int=78;
var fourthByte int=71,;
var fitthByte int=13;
var sixthByte :int=10;
var seventhByte :int=26;
var eighthByte :int=10;

/I outputs :89
trace( firstByte toString (16) );

/I outputs :50
trace( secondByte .toString (16));

/I outputs :4e
trace( thirdByte  .toString (16));

/I outputs :47
trace( fourthByte toString (16) );

/I outputs :d
trace( fithByte toString (16) );

/I outputs :a
trace( sixthByte .toSti ng(16));

/I outputs :la
trace( seventhByte .toString (16));

/I outputs :a
trace( eighthByte  .toString (16));

Figure 19highlights the PNG file header
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o000 figure-23-03.png - Data
Len: $060820B2 | Tupe/Creator: ! | sel: $00000000:00000002 / $0000OBGS
POPPOERR: 20 S5O 4E 47 60 BA 1A BA 90 00 00 G0 49 48 44 52 [LPNG........ IHOR
PPPOPR10: OP BB B2 FF 60 00 B1 42 B2 B2 00 60 80 E9 25 25 ....... Bevenns B TF
PODPEEZ20: 43 66 BB 20 B 49 44 41 S4 78 9C ED DD 3F 73 DB C IDATX...?s
PPPEBE30: 46 1E F@ 71 E4 99 1B AB A1 46 BC A1 1B A9 11 D2 F..Queees. Fovenns
PEPEEA4e: CS 95 46 9C 89 1B BB 31 D2 SC 2A 47 CC 4C AA 6B Fouuol WG .L.K
POPPERSO: 44 BF 82 30 AF 20 F4 2B 26 DD SE 13 AS B9 2A 9E D..0. .+8.7...%
PBEPPEEER: D8 S1 ES 6B AC 35 52 63 4D C8 51 25 35 686 1B Bl .0.k.SRcM.0&S
POEPEEA7E: B9 67 C2 31 OB BA E1 53 E@ 39 3E B2 95 99 2C 48 .g.1...5.9>...,R
PPPERESB: FC A2 7E DF 4F AS 3F 20 BS BB 2C 76 7F S8 EC 2E  ..V.0.7 ..,v.X
PPPPEEIP: BE S8 2C 16 66 98 00 280 18 FF A7 E2 84 00 80 88  .X, .eeeeeesnnass
POPPOOAB: E4 SA ES 97 00 98 CS 42 F4 93 60 66 64 21 FA 81 ....... Bovuud!..
PPPEPPBO: BB B3 B2 10 FD 00 60 9B SO 82 7E 00 90 80 2C 44 ........ vore.nD ()
POPPEECH: 3F 66 98 40 16 A2 1F B0 9O 20 OB D1 OF 60 60 98 7..R..... cee.e..
PPPEEEDE: S5 ES B7 00 00 CS 42 F4 93 00 60 64 21 FA 81 88 ...... Buvuud!...
POPPEREG: 03 B2 16 FD 00 90 99 S0 82 7E 00 60 86 2C 44 3F ....... Ye¥..,07?
PODPOOFO: B0 GG 48 16 AZ IF 90 B0 20 OB D1 OF 99 60 98 85 ..R...ee ceeeen.
Figure 19

PNG file signature
LetOspend some time now orthe byte ordeing mechanismwith the concept ofendianness

Note

Do not confusel byte and 1bit.

Abyteis made of dits.

An unsigned byte can contain the maximum value 288 ¢ 2+ 2+ 2+ 2+ 2+ 2 + 2).
An signed byte can contain the maximum value 12?7 @22 + 2+ 2+ 2+ 2 + 2).

The hexadecimal notation is often used to represent bytes.

K K K K K

Endianness

When using multiple bytes tostore a value, it is important to take into account the storage
order. This concept is calledndiannessor byte ordering Remember, in thesection entitled
CPosition and weight of the bit We sawthe differences of weights between bits though the
notion of msh (most significant bit) andsb (east significantbit). The same concept applies to a
group of bytesWethen speakabout the most significant byter MSBand least significanbyteor
LSB

Note that we use the acronynMSBand LSBcapitalized to express byterder.
Converselywe use lowercase in theassb andlIsb acronyms to describe the weight
of a bit.
Suppose we were to store thiollowing value :
| 550000000
This number is 82-bit unsigned integerand requires 4 bytes to be stored
| 001000001100100001010101 10000000

We can groupthoseinto four bytes:
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| 00100000 11001000 01010101 10000000
Either way represented intashexadecimal :
| 20 C85580

Processors, such as the Motorola 68000 and SPARC platfesedby Sun Microsystems, use
this kind of storage and are cormdered big-endian We use this term because thgroups of
bytes CendsEon the left with the most significanbyte (MSB. Gher processors, like the famous
5602 Motorola or Intel x86 areittle-endianand store the bytes in the oppositerder (see Table
23.3).

Tableau 23.3Difference betweerbig-endian and little endian.

Big-endian
0 1 2 3
20 (MSB) cs 55 80
Little -endian
0 1 2 3
80 55 C8 20 (MSB)

Hence, big-endian CPUOs will end up with the valiB0000000when reading the following
bytes :

| 20C85580
Little-endianswill interpret the exact same result when readirtge bytes in the opposite order
| 8055 C820

During the development of ActionScript 3 applications using th&yteArray  class, wanust
remember to alwaysconsider endiannessespecially in a auext of external communication
The concept of byte ordeng has no real consequencehen reading one byte at a time
Conversely, when multiple bytesnust be interpreted to express one single valyeve must
absolutely take into accounendianness

Note

¥ Endianness only applies toytes, never on bits.
¥ Some CPU architectures use litdian, others use bigendian.

¥ Byte ordering or endianness is an importantoncept to consider when sending data across
different computers which may have a different CPU architecture.

¥ Usually sockets API on operating systems handle this automatically through simple APIOs.

Now letOwork with bitwise operators to really dig into the the power of binary data
manipulation with ActionScript 3.
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Bitwise operators

In order toaccurately manipulate each bit across bytege will use throughout the book
operators called bitwise operators. These disted below :

¥ & (Bitwise AND) : Converts expressionl and expression2 to 32-bit unsigned integers, and performs a
Boolean AND operation on each bit of the integer parameters.

¥ << (Bitwise left shift) : Converts expressionl and shiftCount to 32-bit integers, and shifts all the bits in
expressionl to the left by the number of places specified by the integer resulting from the conversion of
shiftCount.

¥ ~(Bitwise NOT) : Converts expression to a 32-bit signed integer, and then applies a bitwise one's
complement.

¥ | (Bitwise OR) : Converts expressionl and expression2 to 32-bit unsigned integers, and places a 1 in
each bit position where the corresponding bits of either expressionl or expression2 are 1.

¥ >> (Bitwise right shift) : Converts expression and shiftCount to 32-bit integers, and shifts all the bits in
expression to the right by the number of places specified by the integer that results from the conversion
of shiftCount.

¥ >>>(Bitwise unsigned right shift) : The same as the bitwise right shift (>>) operator except that it does
not preserve the sign of the original expression because the bits on the left are always filled with 0.

¥ /(Bitwise XOR) : Converts expression] and expression2 to 32-bit unsigned integers, and places a 1 in
each bit position where the corresponding bits in expressionl or expression2, but not both, are 1.

DonOt worrywe will not useall of these operators, onlgome of them remairtruly useful in
everydayOs life as a develogaut it is important tounderstand all of them.Themost important
operators to understand are the bitwise shifting operatoexpressedby the left (<<) or right
(>> and >>>)arrows

Keep in mind that using any of those operators wallwaysconvert the valuesyou are working
with, to signed or unsigned integersAny floating value will be converted to integers whatever
the bitwise operator used

/I a decimal value
var value:Number = 67.4;

Il outputs : 1
trace( value & 1);
floutputs : 134
trace(value <<1);

Il outputs : - 68
trace( ~value );

Il outputs : 67
trac e(value|1);

/I outputs : 33
trace(value >>1);

Il outputs : 33
trace( value >>>1);
/I outputs : 66
trace(value*1);
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We are going to covenow the bitwise shifting operators which are really simple to understand.
By moving the bits to the righ and to the left, we will produce amaodification on the value
being shifted. Eachbit movement equals to aivision or a multiplication ofa power of two
related to the weight of the bit

To understand the following mechanism, always think in binary afmiget the usual decimal
notation. So take the number 8 in binary notatian
| 1000

If we start movingthe bits to the right, no free space iavailable As a resultshifting all the bits
one bit to the rightgives us the value 4100 in binary)

1000
0100>>1
100

Thus, this approachis extremely useful fo achieving faster performancedivision or
multiplication by a power of 2, each n shiftill multiply or divide by2":

| expression >> shiftCount
To translate that in ActionScripletOs takehe following code:
var sizeint=8;

/I division by 2*
var result :int=size >> 1;

/I outputs : 4
trace( resultat );

In the previous case, we shiftl all thebits one bit to the right so we just divided by2'. By
moving 2 bits tothe right we divide by 22:
var size:int = 8;

/I division by 22
var result :int=size >> 2;

/I outputs : 2
trace(  result );

You would imagine, moving the bits @ the opposite direction will justproduce the opposite
result, and you would be just right

var sizeint=8;

/Il multiply by 2 2

var resultint = size << 2;

/I outputs : 32
trace( result);

By moving the bits to the left we produce multiplication :

1000
100000 << 2

100000
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In terms of performance, it may be advantageous to ubé techniqueto divide or multiply a
value. In the following code we use the traditional division operator :

var started:Number = getTimer();

var value:int = 8;
var resultint;

for (var iiint = 0; i< 5000000; i++)
result = value / 4;

/I outputs : 2
trace( result );

floutp uts: 617
trace( getTimer() - started);

Now letOs usase thebitwise operator, as we need to divigeve will use thebitwise right shift
operator:

var started:Number = getTimer();

var value:int = 8;
var resultint;

for (var iiint = 0; i< 5000000; i++ )
result = value >>2

/I outputs : 2
trace( result);

/loutputs : 586
t race( getTimer() - started);

Weseeaveryslight difference interms ofperformance. Of course, the bitwisshifting operators
are not intented to be used only for thatNow youmay wonder what the bitwise unsigned right
shift operator is for, we wiltkome back this one later

Likewise, taoggle a bit, we use the ((OR)operator. This operator, just like a@Rstatement for a
condition simply performs anORoperation onthe bits of two patterns of the same length :

| expression1 | expression2

The result is 1 if the first bit is 1 OR the second bit,i©R both bits ard.. The follawing figure
illustrates the behaviot

0110
OR 0011

o111
Totoggle the bits of a byte esily,we can use the OBperator. In the following code, we toggle
the 7th bit (msb) to

Il byte : 127
var byte:int = Ox7F;

/I set the 7th bit on the left (mshb)

Il outputs : 255

trace( byte | 1<<7);
Note that we just used the bitwise left shiftingperator to produce a mask to process the OR
operation on the bits.To understand what is happeninmternally, here is the binarypperation:
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01111111
[ 10000000 1<<7

11111111
Likewise, we can use thre (XOR) operator, whickimply perbrms an XOR operation on the bits
of two patterns of the same length :

| expressionl  ” expression2

The result in each position is 1 if the two bits are different, and O if they are the saime.
following figure illustrates the behavior :

1101
XOR1011

01 10

Then comeghe & (AND) operator. Just like an AND statement for a condjtibve & operator
performs an AND operation on the bits of two patterns of the same length :

| expressionl  &expression2
Theresult is 1 if the first bit is 1 AND tlsecond bit is 1 otherwise, the result is 0

1101
AND1011

1001
It is commonly used inbit programming to test if a bitis setthrough the use of a mask (bit
masking) h the following code, wecheckwhether each bitcontained ina byte isset :

I/ byte : 255
var byte:int = OxFF;

Il testing of each bit from the byte
Il outputs : true

trace( (byte & (1<<7))1=0);

Il outputs : true

trace( (byte & (1<<6)) I=0);

Il outputs : true

trace( (byte & (1<<5)) 1=0);

Il outputs : true

trace( (byte & (1<<4))1=0),
Il outputs : true

trace( (byte & (1<<3))=0);

/I outputs : true

trace( (byte & (1<<2))=0);

Il outputs : true

trace( (byte & (1<<1)) =0);

Il outputs : true

trace( (byte & 1) =0);

In the same wayby taking the original value :
|1
And shifting the bits to the left, we get the following binary outcome :

1
1000000 1 <<7

1000000
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Note how we used the lvise left shift operator (<<) to shift the bits to the left to produce once
again the appropriate mask for detectingach bit state. The purpose of the mask here is to
create an appropriate pattern which will allow us to preserve only the bits we want to test.

We now have our mask to test the valuetbe most significant bit (msb)

1111111 1
& 10000000

1 0000000
In the following binary representation, we see that the mask is compagaghinthrough an AND
operation to the other bits, only the corresponding bits are preserved

010101 00
& 01000000

01000000
In the following situation, the corresponding bit does not match, therefore nothing is
preserved, all the bits are reset

00100000
& 01000000

00000000
In order to store easily some bitaie cancreateeasilyawriteBits ~ andreadBits  function :
var buffer:int=0;

var inc:int = 0;
var incRead:int=0;

function writeBit (pBit: uint):uint
return buffer |= (pBit << inc++);
}
function readBit ():uint
{
return uint( (buffer & (1 <<incRead++)) =0);
}
/I outputs :1

trace( writeBit ( 1 ).toString (2));

/I outputs :11
t race( writeBit (1 ).toString (2) );

/I outputs :111
trace( writeBit ( 1 ).toString (2));

/I outputs :111
trace( writeBit (0 ).toString (2) );

/I outputs :10111
trace( writeBit ( 1 ).toString (2) );

We can then movehose to a specifiditW riter  class :
package org.bytearray.utils
public class BitWriter
{

private var buffer:uint = 0;
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}

private var length:uint = O;
private var pointer:uint = 0;

public function writeBit(pBit:int):uint

if(0 > pBit || 1 < pBit) throw new Er
return buffer |= (pBit << (length = pointer++));

ror("Argument should be 0 or 1);

}

public function readBit():uint
{

if ( pointer > length ) throw new Error ("End of data encountered.”);
return uint( (buffer & (1 << pointer++)) I=0);

public function set position (pPosition:int):void

{
pointer = pPosition;
}
public function get position ():int
{
return pointer;
}

Anytime we need to store bits, Bew lines of code are required

To

import org.bytearray.utils. BitWriter;

var writer:BitWriter = new BitWriter();

I

1

trace( writer.writeBit ( 1 ).toString (2));

I

111

trace( writer.writeBit ( 1 ).toString (2) );

I

1111

trace( writer.writeBit ( 1 ).toString (2));

I

1111

trace( writer.writeBit (0 ).toString (2) );

I

110111

trace( writer.writeBit ( 1 ).toString (2) );

read the stored bits, we just need to call theadBit method:

import org.bytearray.utils.Bit\Writer;

var writer:BitWriter = new Bit Writer();

I

01

trace( writer.writeBit ( 1 ).toString (2) );

I

111

trace( writer.writeBit ( 1 ).toString (2));

I

1111

trace( writer.writeBit ( 1 ).toString (2) );

I

1111

trace( writer.writeBit ( 0 ).toStrin g(2));

I

110111
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trace( writer.writeBit (1 ).toString (2) );

I reset position
writer.position = 0;

/I outputs :1
trace( writer.readBit() );

/I outputs :1
trace( writer.readBit() );

/I outputs :1
trace( writer.readBit() );

/I outpu ts :0
trace( writer.readBit() );

/I outputs :1
trace( writer.readBit() );

You may wonder why we would require to store bits this wéty.some situations we may need
to optimize the space being used as much as possible and pack for instance 8 booleams in
byte, where each bit will be worth O foialse and 1 fortrue . Thistechnique allows usfor
instance, to store 32 states in a sihguint (32-bit) value instead of creating an Array of
boolean . Using such a trick can be really uskfior data transfer.

Storing button states in a byte for instance can be realypwerful for game controllers for
instance.In WiiFlash(wiiflash.bytearray.org)each button state of the Wiimote is stored as a
single bit. 0 means the button is not pressed and 1 means ifffgough this technique we are
able to represent althe states of the buttons on a Whote through a few bits. Here ia part of
the C# souce code of the WiiFlash Server.

You may notice thatbitwise operatorsremains thesamein C# which is also true fanany other
languages:

Il create the ByteArray
MemoryStream ms = new MemoryStream(bulffer);

Il create a byte variable to store the states
byte buttonStateHI = 0;

Il create a byte variable to store the states
byte buttonStateLO = 0;

if (ws.ButtonState.On e)
buttonStateH! |= 1 << 7;

if (ws.ButtonState. Two)
buttonStateH! |= 1 << 6;

if (ws.ButtonState.A)
buttonStateH! |= 1 << 5;

if (ws.ButtonState.B)
buttonStateHI |= 1 << 4;

if (ws.ButtonState.Plus)
buttonStateH! |= 1 << 3;

if (ws.But tonState.Minus)
buttonStateH! |= 1 << 2;
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if (ws.ButtonState.Home)
buttonStateH! |= 1 << 1;

if (ws.ButtonState.Up)
buttonStateH! |= 1;

if (ws.ButtonState.Down)
buttonStateLO |= 1 << 7;

if (ws.ButtonState.Right)
buttonStateLO |=1 << 6;

if (ws.ButtonState.Left)
buttonStateLO |= 1 << 5;

The AND operation is also commonly used to test Wadue is even or oddAs we said earlier, an
odd number always have its Isb set to Thus, we can test if the bit is set by a simple bit masking
operation:

/l'in binary 1100
var value :int=4;

/I checking of the least significant bit  (Isb)
/I outputs :0
trace( value &1);

/I in binary :101

value =5;
Il checking of the least significant bit  (Isb)
/I outputs :1

trace( value &1);

As expeted, the isEven function returnstrue when the value is odd, anthise when even:

/l'in binary 100

var value :int=4;

Il checking of the least significant bit  (Isb)
/I outputs : true

trace(isEven ( value ));

/I in binary :101

value =5;

Il checking of the least significant bit (Isb)
/I outputs :false

trace(isEven ( value ));

function isEven (p Value :Number ):Boolean

{

reurn(  ( pValue &1 ) ==0),
}
The & operator is also commonly used to cut a set of bits so that they do not exceed a specific
maximum value In order toemulate a CPU, we need to create registdrsetOs say thate need
to emulate 8bits registers if availableve may use thenyte type for that.

In a byte world, ly adding 1 to OxFFEthe value should revert to O because the ovexil would
entail the following result :

100000000

876543210
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Asthe byte type cannot hold 9 bits, only the 8 lowest bitdsb)would be preserved giving us
the final value:

| 00000000
Either:
|0

Perfect right?But as wedonOt havelayte orubyte type in ActionScript 3, we generally use the
int or uint types for registers Keep in mind those are 3Bit integers. Do you see the
problem ?

When usingsuch types, adding 1 to OxFF would just give 28fhich would crash our CPU
emulation:

| 200000000

Thanks to theAND operatorwe canmake sure we always preserve the 8 less significant bits
(Isb). The following figure illustrates the idea

100000000 Register
& 11111111 Mask

Which gives us the followind\ctionScriptcode :

Il byte :256
var byte :int=0x100;

/I masking , only the 8 (Isb)bits are preserved
Il outputs :0
trace( byte &OxFF);

More generally the & operator is also commonly used &xtract the components of a colar
Colors are generallgtored as 24bit or 32-bit integerswhere each channel (redgreen, blue) is
stored on 8bits. (Hence the concept of Bit per component you may see in various files specs).

In the following code, we take a random 2t color andextracteach component

/I color 24 bits
var color :uint=0xFF9911;

Il extraction of the red component
trace(  color & OxFFO000);

Il extraction of the green component
trace(  color & OxOOFFQO0);

Il extraction of the blue component
trace(  color & OxO000FF);

With the code abovewe just used the & operator to perform a bit masking operation égtract
the bits we want to preserve. To understand this first step, letOs take a look at the following
figure which shows first our color in binary notatian
11111111 10011001 00010001
RED GREEEN BLUE

Each byte (&it) stores an offsetnow we can filter that and retrieve eaclkthannel by using a
simple &(AND)operation with an appropriate mask for each channel.
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In the following figure, we retrieve the red channel

11111111 10011001 00010001 Color
& 11111111 00000000 00000000  Mask

11111111 00000000 00000000
We now need to shift the 8its (red channel) 16 bitso the right to get our final value

/I color 24 bits
var color :uint=0xFF9911;

/le xtraction of the red component
/I outputs : 255
trace(( color &OxFFO000) >>16 );

For the green we get the following result :

11111111 10011001 00010001 Color
& 00000000 11111111 00000000 Mask

00000000 10011001 00000000
In this case, we must shift the green bits 8 bits to the right

/I 24 bits color
var color :uint=0xFF9911;

Il extraction of the red component
/I outputs :255
trace((  color & OxFFO000)>>16);

Il extraction of the green component
/I outputs :153
trace( ( color & OxOOFFOQ)>>8);

For the blue channelno shifting is required athey are already aligned to the right :

01011001 00111111 10101100 Color
& 00000000 00000000 11111111 Mask

00000000 00000000 10101100
In this casea simple AND operation is enough

/I 24 bits color
var color :uint=0xFF9911;

Il extraction of the red component
/I outputs :255
trace((  color & OxFFO000)>>16);

Il extraction of the green component
/I outputs :153
trace((  color & OxO0FF00)>>8)

Il extraction of the blue component
/I outputs 17
trace(  color & OxO000FF);

Thanks to theoString  method we convertthe base 1Go base 16 :

1l 24 bits color
var color :uint=0xFF9911,;

/I extraction of the red component
/I outputs : ff
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trace( (( col or & OxFF0000) >> 16). toString(16) );

Il extraction of the green component
/I outputs : 99
trace(((  color & OxOOFFOO)>> 8). toString(16) );

Il extraction of the blue component
/I outputs : 11
trace((  color & OxO000FF).  toString(16) )i

Sweet, we just extreted correctly our color channeldNow letOs discovehe bitwise unsigned
right shift operator.

In the following code we try teextract the alpha channefrom a 32bit color :

/I 32-bit color
var color :uint=0x CO-F9911;

I/ extraction of the alpha component

/I outputs : -34

trace(((  color & OxFFO00000) >> 24).toString(16) );
Il extraction of the red component

/I outputs :ff

trace( (( color & OxFF0000) >> 16).toString(16) );

Il extraction of the green component
/I outputs :99
trace(((  color &O0x00 FFOQ)>>8).toString(16));

Il extraction of the blue component
/I outputs :11
trace((  color & OxOO00FF).toString(16) );

As you can see, the valu84 does not reflect the alpha offsetvhich should return 204 (OxCC).
The problem is that we cannot shithe alphabits 24 bits to the rightoecause this requirea 32
bit space to work,®we need to work with the unsigned right shift operatqp>>):

11 32 bits color
var color :uint=0xCCFF9911,

/I extraction of the alpha component
/I outputs :cc
trace((  (color &OxFFO00000)  >>> 24).toString(16));

Il extraction of the red component
/I outputs :ff
trace(((  color & OxFFO000) >> 16).toString(16) );

Il extraction of the green component
/I outputs :99
trace(((  color & OxOOFFOO) >> 8).toString(16) );

llex traction of the blue component
/I outputs :11
trace((  color & OxO000FF).toString(16) );

Conversely, thg (OR)pperator can then bealsoused tocreatea color. BRmember we usedhat
operator previously to detect if a bit was selin the following code wewill create a 32bit color
from 4 components(alpha, red, green and blye

var transparency:int = OxFF;
var red:int = 0x88;

var green:int = OX7E;

var blue:int = 0x11;
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var color :uint=transparency << 24 | red << 16 | green << 8| blue;

/I outputs :FF8 87E1l
trace ( color .toString (16 ).toUpperCase() ) ;

Just to make sure you understand what is happening internally, we vodirel afew secondson
what we just did at the binary level

1 1111111 00000000 00000000 0OOO00A0 <

Transparency  (shift 24 bits on the left)

OR 10001000 00000000 00000000 < - Red (shift 16 bits on the left)
OR 01111110 00000000< - Green (shift 8 bits on the left)
OR 00010001 < - Blue (no shift required)

11111111 10001000 01111110 00010001 (base 2)

OxFF 0x88 OX7E Ox11 (base 16)

If we need to change ony one component(byte) fromthe 32-bit color, we can use the OR
operator with a simple masko only modify the bits we are interested into

/I color 32 bits
var color :uint=0xFFAA9911;

color  |=0x00BB00OO;

/I outputs :ffbb9911
trace(  color .toString ( 16));

And here is what is happening at the binary level

11111111 10101010 10001001 00010001 Color
| 00000000 10110111 00000000 00000000 Blue Mask

11111111 10111111 10001001 00010001

Similarly, if we want to sesicolor channel to Owe camot do this with a single operatonve will
need to use the bitwise NOF) operator:

| ~expression
The NOT operator performs an invert on all the hits
NOT1011

0100

As we cannot shift zeroes, we wdhift our bis to the left, then revert the whle expression to
get the following mask:

| 00000000 11111111 11111111
Thanks to this mask we are then able to use it with the AND operator to reset the red offset :

11111111 10101010 10001001 00010001 Color
&00000000 11111111 12112111121121111 Red Mask

00000000 10101010 10001001 00010001

We can then apply our mask as the following code illustrates :
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var color :uint=0xFFAA9911;
color = color & ~(0XFF<<16);

Il outputs : ff009911
t race( color.toString (16));

But we can compact the code by using the &= operator :

/I color 32 hits
var color :uint=0xFFAA9911;

color &= ~(0OxFF<<16);

/I outputs :ff009911
trace(  color .toString (16));

We will come back to the assignement operatovge just used very soorNote that the Flash
Player in the trace output, does not show the trailing zeros. For instance when trying the code
below, we see that the trailing zeros are hidden

var color:uint = OXFF<<8;

/I outputs : 1111111100000000
trace(  color.toString (2));

When working with masks and binary stuff, you can use a littlstom function when lost in this
binary world, to see for instance in a 3@t space what is moved and what is the room available
for moving the bits.

In the code belav we use a simpleonvertToBinary  function which does the job for us

function convertToBinary(numberToConvert:Number):String
{
var result:String ="";
var Ish:Number;
consting int=32;
for (variiint=0; i< Ing ;i++)
{
/I Extra ct least significant bit using bitwise AND.
Isb = numberToConvert & 1;
/I Add this bit to the resuilt.
result=(Isb==1?"1":"0") + result;
/I Shift numberToConvert right by one bit, to see next bit.
numberTo Convert>>=1;
}

return result;

}

var color:uint = (OXFF<<8);

I/ outputs : 00000000000000001111111100000000
trace( convertToBinary (color));

As you can see, the output shows the -b& remaining at the beginning of the expression.
Anytime this behavior is required just call theonvertToBinary  function :

var value :int =128;

/I outputs  : 00000000000000000000000010000000
trace(convertToBinary( value ));
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Bitwise @eratorsusing the equal signallows usjust like with other operatorgo execute the
operation and assign the result directly tthe variable. mstead of writingthe following verbose
code:

var sizeint=8;

/Il division by 2expl
size = size >> 1,

Il outputs :4
trace( size);

We will write:
var sizeint=8;

/I division by 2expl
size >>=1;

Il outputs :4
trace( size);

Similarly,instead of writing :
var size:int = 0x100;
size = size & OxFF;

/I outputs :0
trace( size.toString (16 ) );

Wewill preferwriting :
var size:int = 0x100;
size &= OxFF;

/I outputs :0
trace( size. toString (16) );

Now that you understand the basics, let's discover thgteArray  class Which is going to help
us writing and reading bytes.

Note

¥ Bitwise operators converts expressions to integers (unsigned or signed).
¥ Bitwise operators can offer nice AonScript speed improvements.
¥ Bits can be easily used to store states.

The ByteArray class

It is time to implement all the concepts previously discussed with the
flash.utils.ByteArray class. Even this class is among one of the most powerful classes of
the Flash Playethe most common questiorrelated to it, is

CWhat is he real power of such a class, what can | do witPEt

It is hard to describe in a few lines the power of thgteArray  class, but letOs start wiHist of
some projectsrequiring the ByteArray  class :
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FC64. Commodore 64 emulator, http://codeazur.com.br/stuff/fc64 final/ ;

Intel8080 : Intel8080 “Space Invaders” CPU Emulation : http://www.bytearray.org/?p=622 ;
AlivePDF. PDF generation library, http://alivepdf.bytearray.org ;

FZip. ZIP library, http://codeazur.com.br/lab/fzip/ ;

GIF Player. GIF player library, http://www.bytearray.org/?p=95 ;

GIF Encoder. GIF encoding library, http://www.bytearray.org/?p=93 ;

WiiFlash. Wii peripherals library, http://wiiflash.bytearray.org ;

Encodeurs dOimage$PEG and PNG encoding classes, http://code.google.com/p/as3corelib/ ;

KK K K K K K K K

Popforge Audio. Runtime sound generation library, http://www.popforge.de/.

Without byte access, those projects could not be develop&tiepower of the ByteArray  class

is thelow leveldata manipulation it allowsIn other words, we will be abléo manipulate and
handle data at the byte level, something never exposed in previous versions of ActionScript (1
and 2).

This may enable us, fanstance to interpret or generate anyype of files in ActionScript 3 as
soon as we know what we are doingnd what is possible in terms of performancaAs its name
suggests, theByteArray class represents an array of bytd® expess 1K, we will use 1 000
indices(seeFigure 110):

[11111111, 11111111, ... ]

byte byte
Figure 110
Byte Array

As its name suggests, theyteArray class has some sitarities with the Array class. Both
objects are array@nd thus have a length, but each index an array of byte ByteArray )is
limited to 8 bits, preventing any number above 255 to be stored in any of tidiges.

Note that the same capabilities as # ByteArray class are also present in the
flash.net.Socket andflash.net. URLSteam dasss

Writing and reading methods

To create atream of byteswe use theByteArray  class, although we can create amray
instanceusingthe following literalnotation :

| var monTableau:Array =[];
AByteArray  can only be instanciated through theew keyword:

Il we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

To retrieve the length of the bytstream we usats length  property :

I we creat e an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

/I outputs :0

28/46



What can you do with byte®D Chapter 1D The first bits

|trace ( bytes .length);

When a bytestreamis createdas you would expect, its length returns O.

Note that in ActionScript 3, the size of a ByteArray is dynamic anchathe fixed
as in other languages like C# or Java.

As we previously discussed, the byte order may vary according to each platformeiftien
property defined by theByteArray class allows you to specify the byte ordieg.
By defaultaByteArray is bigendianin the Flash Player

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

/I outputs :bigEndian
trace ( bytes .endian);

To change the order in writing or reading of bytes we use thesh.utils.Endian class
constants:

¥ Endian.BIG_ENDIAN : MSB in first position ;
¥ Endian.LITTLE_ENDIAN :LSB in first position ;
In the following code, we check if the byte ordeg is bigendian :

Il we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

/I outputs :true
trace(  bytes .endian == Endian.BIG_ENDIAN);

We can seethat the order isbigendian by default, but we can changehat easily, by setting
the endian property :

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

/I we will be using little - endian for byte ordering
bytes .endian  =Endian.LITTLE_ENDIAN;

To storethe value 5 asa 32bit unsigned integerwithin an instance of theArray class, we can
write the following code :

var buffer :Array = new Array();
var value :uint=5
buffer [0]= value ;

/I outputs :1
trace(  buffer .length);

/I outputs :5
trace(  buffer [0]);

To store the samevalue with the same datatypein an array ofbytes, the number should be
separated into groups obytes. In this case, for a 3bit value, we must split the value into 4
bytes:

| // we create an array of bytes (ByteArray)
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var bytes :ByteArray = new ByteArray();
var value :uint=>5;

/I manual writing (big - endian)

bytes [0]=( value & OxFFO00000)>>24;
bytes [1]=( value & O0xO0FF0000)>> 16;
bytes [2]=( value & 0x0000FF00)>>38;
bytes [3]= value & OxFF;

Oncestored,we canreconstructthe valueby usinga few bitwise operators

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=5;

/I manual writing (big - endian)

bytes [0]=( value & OxFF0O00000)>>24;
bytes [1]=( value & 0xO0FF0000)>>16;
bytes [2]=( value & 0xO000FF00)>>8;
bytes [3]= value &OxFF;

var finalvValue :uint= bytes [0]<<24 | bytes [1]<< 16| bytes [2] << 8| bytes [3];

/I outputs :5
trace(  finalvalue );

To store data in littleendian format, wecan simplyreverse the order of writing

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=5;

/I manual writing (litdle - endian)
bytes [3]=( value & O0xFFO00000)>>24;
bytes [2]=( value & 0xO0FF0000)>>16;
bytes [1]=( value & 0xO000FF00)>>8;
bytes [0]= value &OxFF;

var finalvValue :uint= bytes [ 3]<<24| bytes [2]<<16]| bytes [1] <<8| bytes [ 0];

/I outputs :5
trace(  finalValue );

Note that we can alsachievethe sameresult as above with the code below

/I we create an array of bytes (ByteArray)
var bytes:ByteArray = new ByteArray();

var value:uint=5;

/I manual writing (little - endian)
bytes] 3]= (value>>24)& OXFF;
bytes] 2]= (value >>16) & OxFF;
bytes] 1]= (value >>8) & OxFF;

bytes[ 0] =value & OXFF;

var finalValue:uint = bytes| 3] << 24| bytes[ 2]<< 16| bytes[ 1] << 8] bytes[ 0];

Il outputs : 5
trace( finalValue );

As you can seet is extremely tedious to write dat into aByteArray  using the previous code.
Rest assured, to facilitate our task the Flash Player will automatically maakhdeat by using
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the appropriate reading and writing methods Thus, to writean unsigned integer in a
ByteArray , wewill use thewriteUnsignedint method with the folllbwing signature:

| public functio n writeUnsignedint(value: int ): void

A 32-bit unsigned integer is expectedAs a result, thgrevious tedious code can be rewritten as
follows :

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=5;

/I we write a 32- bit unsigned integer
bytes .writeUnsignedInt( value );

By testing the length of theByteArray , we can see that 4 bytes have been written the
stream of bytes

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value : uint=5;

I'we write a 32 - bit unsigned integer
bytes .writeUnsignedInt( value );
/I outputs :4

trace(  bytes .length);

Toreadback the valuewe simply use theeadUnsignedint ~ method :

/I we create an array of bytes (ByteArray)
var bytes :ByteArray =new B yteArray();

var value :uint=5;

Il we write a 32 - bit unsigned integer
bytes .writeUnsignedInt( value );

/I throws a runtime error
var finalValue :uint= bytes .readUnsignedint();

If we try to run the pevious code runtime error is thrown:
| Error: Error #20 30: End of file detected

Keep in mind that vinen writing datainside aByteArray , an internal pointer, defined by the
position  property, automatically moves to the nexposition where writing or reading will
occur:

/I we create an array of bytes (ByteArra y)
var bytes :ByteArray = new ByteArray();

var value :uint=5;

/I outputs :0

trace(  bytes .position);

I/ we write a 32 - bit unsigned integer
bytes .writeUnsignedint( value );
/I outputs :4

trace(  bytes .position);
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Theposition  property is asimple pointer being moved when data is written or read-his is
the point at which the next call to a read method starts reading or a write method starts writing.

The following figure (sedigure 111) illustrates the idea

[ 00000000, 00000000, 00000000, 00000101, ]

A
pointer (position)

Figure 111
Internal pointer (positionrpperty)

Always remember that in order to read through the streaypu must firstreset the interna
pointer to the position where you want to start reading. Once set, you can tadl different
reading methods:

/I we create an array of bytes (ByteArray)
var bytes:ByteArray = new ByteArray();

var value:uint=5;

I/ we write a 32 - bit unsigned integer
bytes.writeUnsignedint(value);

Il reset the pointer so that we can read the 4 following bytes
bytes.position = 0;

Il reading a 32 - bit unsigned integer
var finalValue:uint = bytes.readUnsignedint();
/I outputs : 5

trace( finalValue );

Keep in mind that just like with any other API@sprevent any runtime error to occyrwe can
placethe different reading methodscallswithin atry catch ~ statement:

/lwe  create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=5;

I/ we write a 32 - bit unsigned integer
bytes .writeUnsignedint( value );

try

I/ throws a runtime error
trace(  bytes .readUnsignedint());

}catch ( e:Emor )

trace (“"Error while reading. ");

}

Note that n the previous code, we usedagain the uint type to store the result of the
readUnsignedint method. You may have heard that thit type is preferred sometimes for
performance reasons, especiallgr mathematical operators or more simplynside loops.In the
context of binarydata manipulation, youshouldalways use themost appropriatetype related
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to the reading and writing methods As a result, we will use thént type when using methods
like writeUns ignedint  andreadUnsignedint

If we do not respect this, we may get wrongsult The following example illustrates this
situation. Westore a 32bit unsigned integer with a value of 3 000 000 0@DaByteArray . By
storing the result of thereadUnsignedin  t method within a variable of typent , we end up
with a wrong result :

Il we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=  3000000000;

I'we write a 32 - bit unsigned integer
bytes .writeUnsignedInt( value );

bytes .position =0;

Il reading a 32 - bit unsigned integer
var finalValue int= bytes .readUnsignedint();

/I AVM runtime conversion
/I outputs : -1294967296
trace(  finalValue );

Theunsigned integerreturned by the methodreadUnsignedint ~ cannot been stored poperly
using theint type which cannot handle an integegreater than 2 147 483 647.

Using theuint type,our value is properly stored

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=3000000000;

Iw e write a 32 - bit unsigned integer
bytes .writeUnsignedInt( value );

bytes .position =0;

Il reading a 32 - bit unsigned integer
var finalValue :uint = bytes .readUnsignedint();

/I AVM runtime conversion
/I outputs : 3000000000
trace(  finalValue );

By looking at the Figure 112, weremember that a32-bit unsigned integeroccupies 4 bytes
which areallocated by the VM fotheuint type :

[ OxB2, OxDO, Ox5E, 0x00 ]

Figure 112
32-bit (4bytes) unsigned iager stored in a Byteray.

Have you noticed thatigure 112 uses the hexadecimalotation to simplify the representation
of such a number ?
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Wewill now alwaysuse hexadecimal notation to simplify data representation.

Therefore, we can express such a value by using the hexadecimal notatibrside our

ActionScript code
var value :uint = O0xB2D05EQO;

I we write a 32 - bit unsigned integer
bytes .writeUnsignedint( value );

Veay easily we can store the value 3000000000 in litdeadian :

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

bytes .endian = Endian. LITTLE_ENDIAN;
var value :uint=0xB2D05EQQ;

I/ we write a 32 - bit unsigned integer
bytes .writeUnsignedint( value );

Bytes are written using the littleendian ordering, we can confirm that by readingach byte one

by one :

/I we create an array of bytes (Byt
var bytes :ByteArray = new ByteArray();

eArray)

bytes .endian = Endian.LITTLE_ENDIAN;
var value :uint=0xB2D05EQQ;

I/ we write a 32 - bit unsigned integer
bytes .writeUnsignedint( value );

bytes .position =0;

[/l outputs : O

trace(  bytes .readUnsignedByte().to String(16) );
Il outputs : 5E

trace(  bytes .readUnsignedByte().toString(16) );

/loutputs : DO
trace(  bytes .readUnsignedByte().toString( 16 ) );

/loutputs : B2
trace(  bytes .readUnsignedByte().toString(16));

Of course by using thereadingsmethods of the ByteArray
and done automatically.

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

bytes .endian = Endian.LITTLE_ENDIAN;
var value :uint=0xB2D05EQQ;

lIwe writtea32 - bitunsig
bytes .writeUnsignedint(

ned integer
value );

bytes .position =0;

[l outputs : b2d05e00

class, the conversion is transparent
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| race(  bytes .readUnsignedint().toString ( 16) );

We will get backto the concept of byte orderingwhen creating encoders or parsers. Similarly
when emulating a process respecting the endianness of the CPU is essential.

In some situations, it can be fasteioing the conversionmanually. h the following code, we
read a 16bit integer from memory by calling the readShort ~method which handles
endianness automatically.

This forces us to set theosition  property so that we read theppropriate data from the
stream:
protected function readShort(address:int):int
I set the pointer to access memory
memory.position = inAddress;
I/ return the short (16 - bit integer)
retur n memory.readShort();

}

We can optimizethe previous code, by removing theosition  property call and access the
memory index directlyand swap the bytesmanually:

protected function readShort(address:int):int

I/ return the short (16 - bit integer)
retu m memory[int(address+1)] << 8 | memory[address];

}

This version is compact and will performgi@r. We manually shift the LSB tioe left, to return a
little -endian short.

Now if we store an unsigned integer with a value of 5 using théteUnsignedint method,
remember that only3 bits are really required

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=5;

I'we write a 32 - bit unsigned integer
bytes .writeUnsignedInt( value );

bytes .position =0;

/lread inga32 - bit unsigned integer
var finalValue :uint= bytes .readUnsignedint();

/I outputs :5
trace( finalvValue ),

We will be wasting 3 bytes here, as the following figure illustrates

[ 0x00, Ox00, 0x00, 0x05 ]

Figure 113
The value 5 stored in a Byte Amay 32bit space
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As you can imagine,such a value can fit in a gjle byte. We will be using thevriteByte
method for that:

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=5;

/I we write a single byte
bytes .writeByte(  valu e);

Thebyte is placed at index (Figure 114 illustrates the bytan the ByteArray in hexadecimal
notation :

[ Ox05 ]

Figure 114
A byte stored at the index 0

To read the value back, we will be using as you may have guessedieth2/nsignedByte
method :

Il we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :uint=5;

Il we write a single byte
bytes .writeByte(  value );

bytes .position =0;

Il reading a 32 - bit unsigned integer
var finalValue :uint= bytes .readUnsignedByte( );
/I outputs :5

trace(  finalvalue );

As a byte is not be able to hold more than 8 bilswe try to write a value exceeding one byte in
storage,we will end up with a byte overflow. As a result, only the 8 Isb will be written into the
stream.

In the fdlowing code weconvert the decimalvalue 260to binary :

var value :uint= 260;

/I outputs : 100000100
trace ( value .toString(2));

As we can see, we need 9 bits to hold the value 268ichgives us the following representation
in binary :

1 00000100

L
7 6543210 76543210

As discussegbreviously, each index of ByteArray  cannot hold more than8 bits. Thus, when
we try to write a value requiring more than 8 bits, ortlye 8 Isbwill be written into the index
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Remember, the less significant bits (Isb) are located on the right. The most
significant bits (msb) are located on the left.

The folllowing code illustrates the scenario

/I we create an array of bytes (ByteArray)
var byt es:ByteArray = new ByteArray();

var value :uint=260;

/I we try to store the integer (260) into asingle byte (8 - hits)
bytes .writeByte(  value );

bytes .position =0;
/I we read the byte

Il outputs 4
trace ( bytes .readUnsignedByte() );

By converting theunsigned integer 40 binary notation :

Il we read the byte and show its value in binary base
/I outputs :100
trace ( bytes .readUnsignedByte().toString(2) );

Which is simply our 3 Isb
1 00000 100

—
76543210 7654321 0

As we have seemreviously,a byte canhold a value rangingfrom O to 255 when it is said
unsigned. An signedbyte, on its handcan contain an integer ranging froml28 to 127. So if we
want to sorea signed integerwith a value of-80, wewill use the most appropriate method
calledreadByte

Il we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :int= - 80;

/lwe  store the integer ( - 80) into a single byte
bytes .writeByte( value );

bytes .position =0;
/I we read the byte

/I outputs : -80
trace(  bytes .readByte());

We can then ask ourselvewhat is the besttype to use when weusing methods like
writeByte , readByte , or even readUnsignedByte . We saw previously that it was
recommended to use the uint type when using methods andwriteUnsignedint
readUnsignedint . Unfortunately, there is ndyte orubyte type in ActionScript 3As a result,
we will use theint typeinstead whichcaneasily store anypyte orubyte value.

We have been wding with 32-bit integers since the beginning of this chapter. If vetore a
value greater than 255, we must workith two bytes. Consider théd 6-bit integer 1200 in its
binary form :

| 100 10110000
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I | ___ I
7 6543210 76543210

To store such a valyavewill use thewriteShort ~ method with the folllowing signature:
| public function writeShort(value: int ): void
As you can imagine it would make more sense having such a signature
| public function writeShort(value: short ): void
Unfortunately,such atype is not available in ActionScript 3, we will then use the type when
dealing with short values inside thByteArray

ThewriteShort ~ method allows us to write 1bit integers irto the stream of bytesA pair of
two bytes is generally knowras a @ord Ein the binary world it can contain a value ranging
from -32 768 to 32 767 or 0 to 65 535 if it is sambkigned

Note that the ByteArray  class does not expose any APIOs to lmudsigned
short types. As a result, you wonOt find awyiteUnsignedShort or
readUnsignedShort  methods.

In the following code, westore a 16bit integer into the ByteArray

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :int=1200;

Il we try to store the integer (1200) into a word (16 - bits)
bytes .writeShort( value );

/I number of bytes written
/I outputs :2
trace(  bytes .length);

By testing the code above weeethat two bytes are writteninto the stream. Toead backthe
stored value wesimply use thereadShort method :

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :int=1200;

/I we store the unsigned integer (1200) into a word (16 - bits)
bytes .writeShort( value );

bytes .position =0;
Il wereadal6 - bitsigned integer

/I outputs :1200
trace(  bytes .readShort());

If we analyze the binary representation of the integer 1 200 we obtain the following
representation:

100 10110000

L __ B | |
7 6543210 76543210

Such a valueequires al6-bit space If we call the methodeadUnsignedByte  successively, we
can retrieve the whole valudyte by byte :
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/I we create an array of bytes (ByteArray)
var bytes ByteArr ay=new ByteArray();

var value :int=1200;

/I we store the unsigned integer (1200) into a word (16 - bits)
bytes .writeShort(1200);

bytes .position =0;

/I'we read the first byte
var firstBByte  int= bytes .readUnsignedByte();

/I we read the second byte
varsecond Byte :int= bytes .readUnsignedByte();

/I outputs :4
trace(  firstByte );

/I outputs :176
trace(  second Byte );

[l outputs : 1200
trace (firstByte << 8 | secondByte );

The first byte will hold the value 4
L]

7 6543210

And the second one the value 176
10110000

L
76543210

Now if we want tostorea floating point number in a ByteArrayctionScript 3 uses the standard
IEEE 754 to hanellifloating point numbers through thewriteFloat ~ method:

| public function writeFloat(value: Number): void

Here again, you may notice that thiooat type is not used in the sigature of thewriteFloat
method, such a signature would have been sweeter

| public function writeFloat(value: float ). void

Unfortunately, such a type is not handled by the AVM2 used in ActionScript\& will simply
use theNumber type (which is a 64it datatype)to store floats.

In the following code, westore a32-bit float inside theByteArray

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :Number=125;

/I we write a 32 - bit float
bytes .writeFloat( value );

/I setthe pointer to 0
bytes .position =0;

Il we read the float
var float :Number= bytes .readFloat();
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/I outputs :125
trace( float );

As afloat  requires 32bit, 4 bytes araequiredand storedinside the stream of bytes

| I we create an array of by tes (ByteArray)
var bytes :ByteArray = new ByteArray();

var value :Number=125;

/I we write a 32 - bit float
bytes .writeFloat( value );

/I outputs :4
trace(  bytes .length);

If we want to store a floating point numberequiring more than 32 bits, we will b&ising the
writeDouble  method:

/I we create an array of bytes (ByteArray)
var bytes:ByteArray = new ByteArray();

// we write a 64 - bit float
bytes.writeDouble(12.5);

Il outputs : 8
trace( bytes.length );

bytes.position = 0;

/loutputs : 12.5
trace(byt  es.readDouble());

Note that adoubleis the equivalent of typeNumber and uses 64it. ECMAScript 4 defines a
doubleg then we might see such a type in ActionScript 3 one day.

Note

¥ The ByteArray class defines a set of methods allowing developers to wifferent types of
numeric types.

¥ Somedata types handled by the ByteArrayAPIOdoes not have anyequivalents types in the
AVM2. This is trudor float  (writeFloat),byte (writeBytd, ubyte (readUnsignedBytg and
short  (writeShort).

¥ The writing methods aubmatically divides values in groups of bytes.
¥ The reading methods automatically merges groups of bytes as a final value.

Writing string to the byte stream

We will see now how text can be storddside a stream of byteslo write text datainside a
ByteArr ay, wecan use thevriteUTFBytes  method with the following signature:

| public function writeUTFBytes(value: String ): void

Eachcharacter code is simply written into thyteArray , in the following code, we write a
simple sentence:

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();
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var chars :String = "Bonjour Bob";

/I outputs :11
trace(  chars .len gth);

I we write the string into the stream
bytes .writtUTFBytes(  chars );

/I outputs :11
trace(  bytes .length);

If we use the first 127 characters of th&SCll codeswe see that each character is coded on one
byte.Using the methodreadByte , we carretrieve each character codemanually:

/I we create an array of bytes (ByteArray)
var bytes:ByteArray = new ByteArray();

var chars:String = "Hey there!";

/I outputs : 10
trace( chars.length );

/I we write the string into the stream
bytes.writeUTFBytes(cha rs);

Il outputs : 10
trace( bytes.length );

bytes.position = 0;

[/l outputs : 72
trace( bytes.readByte() );

Il outputs : 101
trace( bytes.readByte() );

By sending those character codes to tifeomCharCode method of the String  class, we
discover each chiacter:

/I we create an array of bytes (ByteArray)
var bytes:ByteArray = new ByteArray();

var chars:String = "Hey there!";

/I outputs : 10
trace( chars.length );

/I we write the string into the stream
bytes.writeUTFBytes(chars);

Il outputs : 10
trace(  bytes.length);

bytes.position = 0;

/[ outputs : H
trace( String.fromCharCode( bytes.readByte() ) );

I/l outputs : e
trace( String.fromCharCode( bytes.readByte() ) );

/I outputs : y
trace( String.fromCharCode( bytes.readByte() ) );

/I outputs :
trace ( String.fromCharCode( bytes.readByte() ) );
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[/l outputs : t
trace( String.fromCharCode( bytes.readByte() ) );

Il outputs : h
trace( String.fromCharCode( bytes.readByte() ) );

I/l outputs : e
trace( String.fromCharCode( bytes.readByte() ) );

/I outputs : r
trace( String.fromCharCode( bytes.readByte() ) );

Il outputs : e
trace( String.fromCharCode( bytes.readByte() ) );

Il outputs : !
trace( String.fromCharCode( bytes.readByte() ) );

Conversely, if we use special characters, they will be riyte. In e following code, we use
the ¢ E character from the French alphabet

var bytes :ByteArray = new ByteArray();
var chars :String ="Bonjour Bob sava ?"

/I outputs : 19
trace(  chars .length);

bytes .writtUTFBytes(  chars );

/I outputs : 20
trace( bytes .le ngth);

Such a character will bencoded on two bytesAnother method is available to write strings in a
ByteArray , this method is calledvrite UTF

| public function writtUTF(value: String ): void

This method is almost similar tariteUTFBytes , the only difference is that the string will be
preceded by a 16bit integer indicating the length of the stringLet's take a simple examg] in
the following code we write the single charactefb E through thewriteUTF  method:

/I we create an array of bytes (ByteArray)
var bytes:ByteArray = new ByteArray/();

/I we write a single character

bytes.writeUTF("b");
Il outputs : 3
trace( bytes.le ngth);

If we had used thewriteUTFBytes  method, the length would have been 1. Bysing the
writeUTF  method, we have 2 more bytes (4t integer) which indicatesthe length of the
string. W& can manually retrieve that value with theadShort method :

/I we create an array of bytes (ByteArray)
var bytes:ByteArray = new ByteArray();

Il we write a single character
bytes.writeUTF("b");

/I outputs : 3
trace( bytes.length );
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bytes.position = 0;

/I outputs: 1
trace( bytes.readShort() );

The length returns 1which means that the string stored right after the length &ored on a
single byte:

/I we create an array of bytes (ByteArray)
var bytes:ByteArray = new ByteArray();

/I we write a single character
bytes.writeUTF("b");

Il outputs : 3
trace( bytes.leng th);

bytes.position = 0;

/loutputs : 1
trace( bytes.readShort() );

/I we retrieve the char code
var characterCode:uint = bytes.readUnsignedByte();

/I outputs : b
trace( String.fromCharCode( characterCode ) );

As you can imagine, we will not be usinthis approach to retrieve text storednside a
ByteArray . LetOs cover now the APIOs availalbtarislate character codes to readable strings.

Reading string from the byte stream

As we have seen previously, keep in mind setting thesition  pointer accuraely, to prevent
any end of file runtime errarReRmember,what happened previously when we did not handle
the position property properly.

| Error: Error #2030: End of file detected
To track the number of bytes available for readve will alwaysuse the byt esAvailable

property. Internally, the Flash Player subtracting the position  pointer value to the total
length of the ByteArray  to compute the number of bytes available

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

I/ we write the string into the stream
bytes .writtUTFBytes("Bob Groove");

/I we set the pointer to 0
bytes .position =0;

/I compute manually the bytes available
/I outputs :10
trace( bytes length - bytes .position);

Il outputs : 10
trace( bytes.bytesAv ailable );

To extract the text stored in the stream, we use tledUTFBytes method, with the following
signature :
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| public function readUTFBytes(length: uint ). String

The method expects the number of bytes to read, each charadgeidecoded internallyto
construct a final UT® string. Thus in the following code, we read only the first 3 characters of
the stream :

/I we create an array of bytes (B yteArray)
var bytes :ByteArray = new ByteArray();

I we write the string into the stream
bytes .writtUTFBytes("Bob Groove");

I we set the pointer to O
bytes .position =0;

/I we extract the three first characters from the stream
/I outputs :Bob
trace(  bytes .readUTFBytes(3));

We can therefore use theytesAvailable property to be sure to rad the full text stored in
the dream :

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

/I we write the string into the stream
byte s.writtUTFBytes("Bob Groove");

/I we set the pointer to O
bytes .position =0;

/I we extract the entire string from the stream
/I outputs : Bob Groove
trace(  bytes .readUTFBytes( bytes .bytesAvailable ));

We usually use the propertyytesAvailable with awhile loop to extract each character:

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

I/ we write the string into the stream
bytes .writtUTFBytes("Bob Groove");

/I we set the pointer to 0
bytes .position =0;

while ( bytes .bytesAvailable >0)

outputs
'B

oo o%

©CO~NOUAWN R
®< 00~

*
trace( String.fromCharCode( bytes .readByte()) );
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Tomap the charactercode to the appropriate charactemwe use tie fromCharCode method of
the String  classif we insert special characters, calling the methachdUTFBytes characters
correctly decode multibyte :

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

II'we write the string i nto the Stream including spZcial characters
bytes .writtUTFBytes("Bob «a Groove");

I we set the pointer to O
bytes .position =0;

/I we extract the entire string from the stream
/I outputs : BobeaGroove
trace(  bytes .readUTFBytes( bytes .bytesAvailable ) );

Conversely, if we use thecadByte method to decode each character, weannot decode
multi-byte characters

/I we create an array of bytes (ByteArray)
var bytes :ByteArray = new ByteArray();

Il we write the string into the Stream including spZcial char acters
bytes .writtUTFBytes("Bob a Groove");

/I we set the pointer to O
bytes .position =0;

while ( bytes.bytesAvailable > 0)

oo w

O©CoO~NOU D WNEFEOTF

trace (bytes.position + " : " + String.fromCharCode( bytes.readByte() ) )

}

As you can imagine, theeadUTFBytes comes very handy when reading strings encoded with
the writeUTF  method. Now, letOs say that we donOt know the length of the string, such a
method is intented to be used witheadUTFBytes which is expecting the length of the string

to be read, we will come back to such a method riht after this section

I we create an arr ay of bytes (ByteArray)
var bytes:ByteArray = new ByteArray();

/I we writea  string
bytes.writtUTF("Hello there!");

Il outputs : 14
trace( bytes.length );
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bytes.position = 0;

Il we retrieve the length of the String following in the stream
var stringLen gth:uint = bytes.readShort();

[l outputs : Hello there!
trace( bytes.readUTFBytes( stringLength ) );

This ends our first chapter through the binary world in Flash. In the next chapter we will see how
to use the ByteArray class in everyday use as a Ftsteloper with real world cases, like
embedding assetsand shared libraries as ByteArrayOs, XML runtime compression, and much
more.

Note

¥ In order to decode a set of bytes as a LA Btring, we use theeadUTFBytes method.
¥ To take in account character sedsicoding, we can use theriteMultiByte method.
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