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CHAPTER f Data Compression

2 ‘7 C:xxatue JJaHHBIX

Data transmission and storage cost money. The more information being dealt with, the more it
costs. In spite of this, most digital data are not stored in the most compact form. Rather, they are
stored in whatever way makes them easiest to use, such as: ASCII text from word processors,
binary code that can be executed on a computer, individual samples from a data acquisition sys-
tem, etc. Typically, these easy-to-use encoding methods require data files about twice as large as
actually needed to represent the information. Data compression is the general term for the vari-
ous algorithms and programs developed to address this problem. A compression program is used
to convert data from an easy-to-use format to one optimized for compactness. Likewise, an un-
compression program returns the information to its original form. We examine five techniques
for data compression in this chapter. The first three are simple encoding techniques, called: run-
length, Huffman, and delta encoding. The last two are elaborate procedures that have established
themselves as industry standards: LZW and JPEG.

[Tepenava u xpaHeHue naHHbIX CTOSAT AeHer. [loapoOHas nadopmanus, ¢ KOTOpor UMEIOT JETO,
cTout gopoxke. Hecmotps Ha 310, Hanbonee undpoBbie JaHHBIE HE COXPAHEHbI B HAaHOO0Iee KOM-
nakTHOH Gopme. CKopee, OHU COXPaHEHBI JTIOOBIM CIIOCOO0M, YTO AENAeT X CAMBIMHU MPOCTHIMU
Uit ucnonb3oBanus, Tumna: TeKCT ASCII oT TekcTOBBIX MPOIEeCCOPOB, ABOUYHBINA KO, KOTOPBIN
MOJKET OBITH BBITIOJHCH Ha KOMITBIOTEPE, WHAUBHUIYAIbHBIC BEIOOPKH OT CHCTEMBI cOOpa JaH-
HBIX, U T.1. Kak mpaBumno, 3tu y1o0HbIe B paboTe METOIbI KOAUPOBAHUS TpeOyIoT ¢ailnoB aaH-
HBIX BIBOC OOJIBIIETO pa3Mmepa, yeM (aKTUISCKH HEOOXOIUMO, YTOOBI MPEJACTaBUTh WH(OpMA-
uto. Cxxkatue JlaHHBIX - OOIIUH TePMUH Ui Pa3lIUYHBIX AITOPUTMOB U MPOTPAMMHUPYET pa3pa-
0OTaHHBIM, YTOOBI azpecoBaTh 3Ty mpobiiemy. KommpeccrmoHHas mporpamma HCIOJB3YeTCs,
yTOOBI TTpeo0pa30BaTh JaHHBIC OT YAOOHOTO B paboTe hopmaTa 10 OJHOTO ONTUMHU3HPOBAHHOTO
JUTSE KOMITAKTHOCTU. AHAJIOTHYHO, He-KOMITPECCHOHHAS TIporpaMMa BO3BpaIniaeT nHpopMmamnuo K
ee nepBoHayanbHOM (opme. MBI HccaeayeM MATh METOAOB Ha CXKAaTHE JAHHBIX B 3TOH TJaBe.
[TepBbie TpH - MPOCTHIC METOIBI KOJIMPOBAHUS, HAa3bIBaeMbIe: run-length (BeImomHsIEMas — JUIMHA;
KOJMPOBaHHUE C TIepeMeHHoM anmuHo# cTpoku), Huffman (Xaddwman), u delta encoding (menbra
koaupoBanue). [locmeanre n1Ba MeTOIa KOAMPOBAHUS - CIOXKHBIC MPOLEAYPHI, KOTOPBIC yTBEP-
JIAITMCh KaK MpoMblIlIeHHbIe cTanaapTel: LZW u JPEG.

Data Compression Strategies
Crparernn Cxatus JJaHHbIX

Table 27-1 shows two different ways that data compression algorithms can be categorized. In
(a), the methods have been classified as either lossless or lossy. A lossless technique means that
the restored data file is identical to the original. This is absolutely necessary for many types of
data, for example: executable code, word processing files, tabulated numbers, etc. You cannot
afford to misplace even a single bit of this type of information. In comparison, data files that rep-
resent images and other acquired signals do not have to be keep in perfect condition for storage
or transmission. All real world measurements inherently contain a certain amount of noise. If the
changes made to these signals resemble a small amount of additional noise, no harm is done.
Compression techniques that allow this type of degradation are called lossy. This distinction is
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important because lossy techniques are much more effective at compression than lossless meth-
ods. The higher the compression ratio, the more noise added to the data.

B Tabmume 27-1 mokazaHo ABa pasIWYHBIX CIIOC00a, KOTOPHIMU aJTOPUTMBI KOMIIPECCUU JTaH-
HBIX MOTYT OBITh KaTeropu3upoBaHbl. B (a), MeTonasl ObTn KiaccuuupoBaHbl kak lossless
(0e3 motepn) wiu lossy (¢ morepsimu?). Meroauka 6e3 MOTeph O3HAYAET, YTO BOCCTAHOBJICH-
HBIA (aill TaHHBIX udeHmuyer OPUTHHATY. DTO aOCOIIOTHO HEOOXOAMMO Ui MHOTHX THIIOB
JAHHBIX, HAIPUMEP: BBIMOJTHUMBIN KO/, (haiisibl 00pabOTKH TEKCTOB, CBEJCHHBIC B TAOJIHILy YHC-
7a, U T.1. Bel HE MOXeTe MO3BOJISITh ce0e MOJIOKHUTh HE Ha MECTO JaXKe €IMHCTBEHHBIN JTIBOMY-
HBIN paspsan(6ut) storo tuma uHpopmarmu. Jns cpaBHeHUs, Galiabl JaHHBIX, KOTOPBIC MPE-
CTaBJISIIOT, U300pakKeHUs U JApyrue MpUOOPETCHHBIE CUTHAIBI HE JOJDKHBI OBITh, COXPAaHEHBI B
OTJIMYHOM COCTOSTHUM JJIIXpaHEHUs Win nepefadd. Bce peanbHble(BelIeCTBEHHBIE) MUPOBbBIE
M3MEpEHUs] HEOThEMJIEMO COJIEPIKAT HEKOTOPOE KOJIMYECTBO IyMa. Eciiu M3MEHEeHHs, cleaH-
HbI€ K 3THUM CHTHajJaM MOXOJSAT Ha MaJEHbKOE KOJMYECTBO JOIMOJHUTENBHOIO IIyMa, HUKaKOU
Bpea He caenaH. KomnpeccnoHHBIE METO/IbI, KOTOPBIE MO3BOJISIOT ATOT THIT IeTpajaliy, Ha3bl-
BaroTcs lossy(moromienue). 1o pa3audre BaKHO, TOTOMY 4YTO 0SSy METOJsI HAaMHOTO OoJiee
3¢ (eKTHBHBI TPU CKATUA YeM METOHIbI 0e3 moreph. Uem BbIIE KOMIIPECCHOHHOE OTHOIIIE-
Hue(kodpuimeHT), TeM 0obIIee KOJIUYECTBO IIyMa J00aBIISIIOCH K TJAHHBIM.

Group size:
Lossless [.ossy Method input B é._,tpm
run-length CR&Q CR&Q) fixed fixed
Huffman JPEG Huffman tixed variahle
delta MPLG Arithmetic variable  variahle
LZW run=lenath, 1AW variable fixed
a. Lossless or Lossy b. Fixed or variable group size

TABLE 27-1

Compression classifications. Data compression methods can be divided in two ways. In (a), the techniques are clas-
sified as lossless or lossy. Lossless methods restore the compressed data to exactly the same form as the original,
while lossy methods only generate an approximation. In (b), the methods are classified according to a fixed or vari-
able size of group taken from the original file and written to the compressed file.

TABJIMIA 27-1

Komnpeccronnble knaccuukanuu. MeToapl CKaTus JaHHBIX MOTYT ObITh pasjerieHbl AByMs crmocobamu. B (a),
MeTo/bl KiIaccu(UIMpPOBaHbl Kak lossless (6e3 moteps) mwm lossy(c notepsimu). Metonsl bes noteps BoccraHaBim-
BAaIOT CXKaThle JaHHBIE K TOYHO TOW ke caMoil (popMe KaKk OpUTHHAJ, B TO BpeMs Kak l0Ssy METOIBI TeHEpUPYIOT
TONBKO ammpokcumanuio. B (b), MeToms! kiaccupuIUpOBaHbI COTTIACHO (UKCUPOBAHHOMY WA NePeMeHHOMY pa3-
Mepy epynnol, IPUHATON OT MIEPBOHAYATBHOTO (paiiina 1 3aImMCaHHOTO B CXKATHIN (aii.

Images transmitted over the world wide web are an excellent example of why data compression
is important. Suppose we need to download a digitized color photograph over a computer's 33.6
kbps modem. If the image is not compressed (a T/FF file, for example), it will contain about 600
kbytes of data. If it has been compressed using a lossless technique (such as used in the GIF
format), it will be about one-half this size, or 300 kbytes. If /ossy compression has been used (a
JPEG file), it will be about 50 kbytes. The point is, the download times for these three equivalent
files are 142 seconds, 71 seconds, and 12 seconds, respectively. That's a big difference! JPEG is
the best choice for digitized photographs, while GIF is used with drawn images, such as com-
pany logos that have large areas of a single color.

N300paxenus, nepeaanubie no “Beemuproii [layTrHe” - MpeBOCXOIHBIN MPUMEpP TOTO, TOYEMY
C)KaTHe MAaHHBIX SIBISICTCS BaKHBIM. [IpeNmoyioMM, YTO MBI JOJDKHBI 3arpy3uTh HHU(POBYIO
BETHYIO (QoTorpaduio B KOMIBIOTEp MoaeM(MomysTop-nemoayistop) 33.6 kbps. Eciu uzo-
Opaxxenue He cxkaro (Hanpumep, TIFF daitn), aTo Oyaer coaepxkarb npudauzutensHo 600 ku-
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no6aiiToB maHHbIX. Eciu 3TO OBUIO CKaTo, UCHONB3YS Memoouky ez nomepwv(lossless) (Tuma
ucrosibzyemoro B ¢opmare GIF), 310 OyAeT OKOJIO TOJIOBUHBI ATOTO pasmepa, win 300 kuio-
6aiitoB. Ecnu ucnons3oBasnock cxarue lossy(c nomepavu) (JPEG ¢aiin), sTo Oyner npubnuzu-
tenbHO 50 kmimo6aiToB. [IyHKT, Bpems 3arpy3Ku ISl 3THX TPEX SKBUBAJICHTHBIX (aiios - 142
cexyHbl, 71 cexkyHna, u 12 ceKyHI, COOTBETCTBEHHO. JTO - Oobinas pazHocts! JPEG - myqmmii
BeIOOp nisi  1udpoBeix ¢otorpaduii, B TO Bpems kak GIF (®OPMAT OBMEHA
IT'PAOUYECKUMU JJAHHBIMU) wucnonb3yercs ¢ BBIBEIECHHBIMU(HEKOTOPBIMU) H300paxe-
HUSIMH, THUNa 5MOJeM KOMIAaHUHM, KOTOpble HMEIOT OoJblIMe 00JacTh €IUHCTBEHHO-
ro(OTAEIbHOI0) LIBETA.

Our second way of classifying data compression methods is shown in Table 27-1b. Most data
compression programs operate by taking a group of data from the original file, compressing it in
some way, and then writing the compressed group to the output file. For instance, one of the
techniques in this table is CS&Q, short for coarser sampling and/or quantization. Suppose we
are compressing a digitized waveform, such as an audio signal that has been digitized to 12 bits.
We might read two adjacent samples from the original file (24 bits), discard one of the sample
completely, discard the least significant 4 bits from the other sample, and then write the remain-
ing 8 bits to the output file. With 24 bits in and 8 bits out, we have implemented a 3:1 compres-
sion ratio using a lossy algorithm. While this is rather crude in itself, it is very effective when
used with a technique called transform compression. As we will discuss later, this is the basis of
JPEG.

Hamr Bropoif myTh KiaccUpUKAIMA METOJOB CXXAaTHs JaHHBIX MOKa3biBaeTcs B Tabmmue 27-1b.
BonbmMHCTBO mporpamMm ckaTusi JaHHBIX ONEpUpYyeT, Oeps rpyliy JaHHBIX OT MEpPBOHAYAIIb-
HOro (paiina, cxKUMast 3TO HEKOTOPBIM CIIOCOOOM, M 3aTEM 3aIlUCHIBAs CXKATYIO IPYIIY B BBIXOJ-
HOM ¢aiin. Hanpumep, onuH u3 MeToa0B B 3ToM Tadnuie CS&Q, KOpoTok /i 6oJiee KPYIHOT 0
oCyllecTBJIeHUs] BHIOOPKM M/WJIHM KBaHTOBaHMA. IIpeamonoxuM, 4To Mbl CKUMaeM IUQPPO-
BYI0 ()OpMy BOJIHBI, THITA ayIUO-CUTHAJIA, KOTOPBIKA ObUT onudpoBan k 12 6utam. Mbl MOTIH OB
YHUTaTh JIBE CMEKHBIX BRIOOPKU M3 MEpBOHAYaNbHOTO (paiina (24 Outa), 0TKa3aThCs OT OJHOU U3
BbIOOPOK MOJTHOCTBIO, OTKA3aThCsA OT CaMbIX MJaAlmuX 4 OUTOB APYyroil BEIOOPKH, U 3aTEM 3allu-
caTb coxpaHeHHe 8 OMTOB B BBIXOAHOH (aiin. C 24 6uramu B U 8§ OMTOB M3, MBI OCYIIECTBUIN
ko3 uueHT komnpeccuu 3:1, UCHOIB3YS aNrOpuUTM ¢ nomepsamu. B TO Bpems Kak 3TO 10BOJIb-
HO Tpy0o0 camo 1o cebe, 3To oueHb FIPPEKTUBHO, KOTJa HCIIONB3YeTCsS C METOIMKON Ha3bIBAaeMOM
corcamuem mpancgopmanmol. Kak Mb1 00Cy1uM 1103Ke, 3TO - ocHoBaHue JPEG.

Table 27-1b shows CS&Q to be a fixed-input fixed-output scheme. That is, a fixed number of
bits are read from the input file and a smaller fixed number of bits are written to the output file.
Other compression methods allow a variable number of bits to be read or written. As you go
through the description of each of these compression methods, refer back to this table to under-
stand how it fits into this classification scheme. Why are JPEG and MPEG not listed in this ta-
ble? These are composite algorithms that combine many of the other techniques. They are too
sophisticated to be classified into these simple categories.

Ta6mmia 27-1b nmokazeiBaeT CS&Q, 4TOOBI OBITH CXeMOH (PUKCHPOBaHHBIN BBOJ — (PMKCUPOBAH-
HBII BBIBOJ. TO €CTh YCTaHOBJIIEHHOE YUCIO OWTOB YMTAETCS OT BXOXHOTO (aiiya, U MEHbIIEe
YCTaHOBJICHHOE YHMCIJIO OUTOB 3alKChIBACTCSl B BBIXOAHOM (hailn. J[pyrue KoMmpecCHOHHbIE Me-
TOJIbI TIO3BOJIAIOT TEPEMEHHOMY YHCIy OWTOB YMTAThCS WIIM 3amuchiBaTbes. [lockoibky Ber
MPOXOJUTE OMUCAHUE KAXKIOTO M3 ATHUX KOMIIPECCHOHHBIX METO/I0B, 0OpaTHTECh Ha3aa K ITOU
Tabmuie, YTOObI MOHATh, KaK 3TO BIIUCHIBATHCS B 3Ty cxeMy kiaccudukanuu. [louemy - JPEG u
MPEG, nHe nepeuncnensl B 3Toi Tabiuiie? OHU - COCTaBHBIC aITOPUTMBI, KOTOPBIE O0BEAUHSIOT
MHOTHE U3 APYTuX MeToa0B. OHU CIUIIKOM CIIOXHBI, YTOOBI ObITh KIACCU(PHUIIMPOBAHHBIMU B
3TH MPOCThIE KATETOPUH.
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Run-Length Encoding
KoaupoBanue ¢ nepeMeHHOM IJIMHON CTPOKH

Data files frequently contain the same character repeated many times in a row. For example, text
files use multiple spaces to separate sentences, indent paragraphs, format tables & charts, etc.
Digitized signals can also have runs of the same value, indicating that the signal is not changing.
For instance, an image of the nighttime sky would contain long runs of the character or charac-
ters representing the black background. Likewise, digitized music might have a long run of zeros
between songs. Run-length encoding is a simple method of compressing these types of files.

@aisbl JaHHBIX YaCTO COJIEPKAT OJIUH U TOT K€ CUMBOJI, TOBTOPSIOIIMICS B CTPOKE MHOTO pas3.
Hampumep, TekcToBbie (ailiibl HCIOIB3YIOT MHOTOYHCIEHHBIE POOEIbl, YTOOBI OTIACIUTh MPEa-
JOXKeHus1, maparpadbl oTCTymna, Tabmuipl GpopMara U auarpammsl, U T.1. Lludpossie cucranv
MOTYT TaK)K€ UMETb, BBIMIOJIHIET TOTO K€ CAMOI0 3HA4YeHHUsI, yKa3bIBas, UTO CUTHAJl HE W3MEHsI-
eTcs. Hampumep, n3o0pakeHHe HOYHOTO HeOa CoMepskaio Obl, JOITO BBHIMOIHSIETCS CHMBOJA
WIM CUMBOJIOB, IMPEICTaBISIONINX YepHbIH (POH. AHaIOrMuHo, 1UdpoBas My3blka Morjia Obl
UMETh JUIMHHBIM BBIIIOJHEHHBIM W3 HyJIeH Mexay necHsmu. KonupoBaHue ¢ nmepeMeHHOW Au-
HOM CTPOKH - IPOCTON METOJ| CHKAaTUsl ITUX TUIOB (paitiIoB.

Figure 27-1 illustrates run-length encoding for a data sequence having frequent runs of zeros.
Each time a zero is encountered in the input data, rwo values are written to the output file. The
first of these values is a zero, a flag to indicate that run-length compression is beginning. The
second value is the number of zeros in the run. If the average run-length is longer than two,
compression will take place. On the other hand, many single zeros in the data can make the en-
coded file larger than the original.

Pucynok 27-1 wimoctpupyer KOIUpOBaHUE C IEPEMEHHOW IIMHOM CTPOKH AJI MOCIEA0BATENb-
HOCTH JAHHBIX, UMEIOIINX YaCTOE BHINIOTHEHUE HyJel. Kaxplii pa3 ¢ HyJeM CTaJKHUBAaIOTCS BO
BXOJHBIX JTAHHBIX, [BA 3HAUYCHHUS HAMKCAHBI K BRIXOAHOMY (paitnmy. [1epBblit U3 3TUX 3HAYCHUI -
HYJb, (hJIAXKOK, YTOOBI YKa3aTh, UTO CXKATHE BBIOIHAEMOM - JUIMHBI HaUWHaeTca. Bropoe 3Have-
HUE - YUCJIO HyJIel B BBINOJIHEHHOM. Ecim cpenHsisi BbINOJHsAEMAs - IJMHA JOJbIIE YEM JIBa,
cxartue Oyaer uMmerb Mecto. C Ipyroil CTOPOHBI, MHOTO €IMHCTBEHHBIX(OTAETBHBIX) HYJIEH B
JTaHHBIX MOTYT JeNIaTh 3aKOAUPOBAHHBIN (aiin OOIBIIMM YeM OPUTHUHAI.

Many different run-length schemes have been developed. For example, the input data can be
treated as individual bytes, or groups of bytes that represent something more elaborate, such as
floating point numbers. Run-length encoding can be used on only one of the characters (as with
the zero above), several of the characters, or al/ of the characters.

MHOro pa3iIn4yHbIX CXEM BBIIOJIHAEMOM - IIMHBI OblIM pa3paboTanbl. Hanpumep, BXoaHbIE JaH-
HbI€ MOTYT OBITh 00pabOTaHBl KaK WHAMBHAyalbHbIE OallThl, UM TPyHIbl O0aWTOB, KOTOPHIC
MPEACTABISIOT KOe-4To 0oJiee CIO0KHOE, THIMAa 4Yucel C IuiaBaromieil 3amaroi. KogupoBanue c
MEPEeMEHHON JJMHOM CTPOKH MOXKET HCIIOJIb30BAaThCS Ha TOJIBKO OJIHOM M3 CHMBOJIOB (KakK B
CIIy4ae C Hy/liem, OMUCAHHOM BBIIIIE), HECKOIbKUX U3 CUMBOJIOB, UJTU 8CeX CUMBOJIOB.

A good example of a generalized run-length scheme is PackBits, created for Macintosh users.
Each byte (eight bits) from the input file is replaced by nine bits in the compressed file. The
added ninth bit is interpreted as the sign of the number. That is, each character read from the in-
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put file is between 0 to 255, while each character written to the encoded file is between -255 and
255. To understand how this is used, consider the input file: 1, 2, 3, 4, 2, 2, 2, 2, 4 and the com-
pressed file generated by the PackBits algorithm: The 1, 2, 3, 4, 2, -3, 4. The compression pro-
gram simply transfers each number from the input file to the compressed file, with the exception
of the run: 2,2,2,2. This is represented in the compressed file by the two numbers: 2,-3. The first
number ("2") indicates what character the run consists of. The second number ("-3") indicates
the number of characters in the run, found by taking the absolute value and adding one. For in-
stance, 4, -2 means 4,4,4; 21,-4 means 21,21,21,21,21, etc.

Xopomuid nmpuMep 000OIICHHONW CXEMBI BHITIONIHsIeMOM - IuHBI - PackBits, cozmanubiil s
nonb3oBareneid Macintosh. Kaxnerii 6aiiT (Bocemb OMTOB) OT BXOAHOTO (paiiyia 3aMEHEH JIeBS-
ThIO OuTamu B c:katoM (aiine. JloOaBiaeHHBIN NEBITHIA JBOUYHBINA pa3psaa(OUT) HHTEPIPETUPY-
eTcs Kak 3Hak HoMepa. To ecTh KaKJ0e CUMBOJBHOE YTEHHE OT BXOAHOTO ¢aiina - Mexay ot 0
10 255, B TO BpeMsl KaK KaXK/IbIii CHMBOJI, 3aITMCAHHBIN B 3aKOAUPOBAHHBIN (aili - MexXIy -255 1
255. UtoObl MOHUMATH, KaK 3TO HCIONIB3YeTCs, pacCMOTpUTe BXoaHou daitn: 1, 2, 3,4, 2, 2,2, 2,
4. Cxarblii ¢aiin, crenepupoBannbiii PackBits anroputmom: 1, 2, 3, 4, 2, - 3, 4. Kommnpeccuon-
Hasl IporpaMMa MpocTo nepeaaeT(nepeMeniaet) KaKaplii HoMep OT BXOAHOTO (haiina 10 cKaToro
daiina, 3a UCKIFOYCHUEM BBIMOJIHEHHOTO: 2,2,2,2. DTO MPEACTaBICHO B C)KaToM (ailine dTUMHU
IByMs unciaamu(Homepamn): 2, -3. Ilepsbriil HoMep ("2") yka3bIBaeT TO, U3 KaKOI'O CUMBOJI BbI-
MOJIHEHHBIA cocTOUT. BTopoit Homep ("-3") yka3bIBaeT 4KMCIIO CUMBOJIOB B BBIIOJTHEHHOM, Haii-
JIeHHOM, Oepsi abcooTHOE 3HaYeHne U Jo0aBiss oquH. Hanpuwmep, 4, -2 cpenctsa 4,4,4; 21, - 4
21,21,21,21,21 cpenctsa, u T.1.

original datastream: 17 8 54 0 0 0 97 5 16 0 4523 0 0 0 0 0 3 67 0 0 8 ==

run-length encoded: 17 85403 97 5160 1 45230 5 3670 2 8=

FIGURE 27-1
Example of run-length encoding. Each run of zeros is replaced by two characters in the compressed file: a zero to
indicate that compression is occurring, followed by the number of zeros in the run.

An inconvenience with PackBits is that the nine bits must be reformatted into the standard eight
bit bytes used in computer storage and transmission. A useful modification to this scheme can be
made when the input is restricted to be ASCII text. As shown in Table 27-2, each ASCII charac-
ter is usually stored as a full byte (eight bits), but really only uses seven of the bits to identify the
character. In other words, the values 127 through 255 are not defined with any standardized
meaning, and do not need to be stored or transmitted. This allows the eighth bit to indicate if run-
length encoding is in progress.

Heyno6ctBo ¢ PackBits - To, 4T0 3TH 1€BATH OUTOB TOJKHBI OBITH TIepe(hOpMaTHPOBAHBI B CTaH-
JapTHbIE OAalTHI ¢ BOCEMbBIO JBOWYHBIMH pa3psaMH, UCIOJIb3yeMble B KOMIIBIOTEPHOW Mamsi-
TU(XpaHeHun) u nepenade. [lonesnas MoauduKanus K 3TOW cXxeMe MOXKET ObITh CJellaHa, Korjaa
BBOJ orpaHuueH, 4To0bl ObITh TekcToM ASCII. Kak mokazano B Tabmuie 27-2, KaXIblii CUMBOI
ASCII 00b19HO cOXpaHseTCs KaK MOJHBI 0allT (BoceMb OMTOB), HO IEHCTBUTENBHO TOJBKO MC-
HOJIb3YET CeMb U3 OUTOB, YTOOBI HACHTU(UIIMPOBATH CUMBOJ. [IpyrumMu cioBaMu, 3HaueHus 127
70 255 He ompezaeneHbl JI00bIM CTaHJAPTH3UPOBAHHBIM 3HAYEHHUEM, U HE JIOJDKHBI OBITH COXpa-
HEHbI WU MepeiaHbl. JTO MO3BOJSET BOCBMH pa3psiaM(OUTy) yKas3bIBaTh, IPOUCXOIUT JIU KO-
JUPOBAHUE C IEPEMEHHON JIMHOW CTPOKHU.
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0  Null 32 space 64 @ 96

1 Start heading 33 ! 65 A 97 A
2 Start of text 34 " 66 B 98 B
3 end of text 35 # 67 C 9 C
4 end of xmit 36 S 68 D 100 D
5 enquiry 37 % 69 E 101 E
6 acknowledge 38 & 70 F 102 F
7 bell, beep 39 71 G 103 G
8 backspace 40 ( 72 H 104 H
9 Horz. tab 41 ) 73 1 105 1
10 line feed 42 * 74 ] 106 J
11 vert. tab, home 43 + 75 K 107 K
12 Form feed, cls 44 , 76 L 108 L
13 carriage return 45 - 77 M 109 M
14 Shift out 46 . 78 N 110 N
15  Shiftin 47 / 79 O 111 O
16  data line esc 48 0 80 P 112 P
17  device control 1 49 1 81 Q 113 Q
18  device control 2 50 2 82 R 114 R
19  device control 3 51 3 83 S 115 S
20  device control 4 52 4 84 T 116 t
21 negative ack. 53 5 8 U 117 r
22 synch. idle 54 6 86 V 118 v
23 end xmit block 55 7 87 W 119 w
24 cancel 56 8 8 X 120 x
25 end of medium 57 9 89 Y 121 vy
26  substitute 58 : % Z 122 z
27  escape 59 ; 91 [ 123 {
28 file separator 60 < 92 \ 124 |
29  group separator 61 = 93 ] 125 }
30 record separator 62 > 94 A 126 ~
31  unit separator 63 ? 95 127  del

TABLE 27-2

ASCII codes. This is a long established standard for allowing letters and numbers to be represented in digital form.
Each printable character is assigned a number between 32 and 127, while the numbers between 0 and 31 are used for
various control actions. Even though only 128 codes are defined, ASCII characters are usually stored as a full byte
(8 bits). The undefined values (128 to 255) are often used for Greek letters, math symbols, and various geometric
patterns; however, this is not standardized. Many of the control characters (0 to 31) are based on older communica-
tions networks, and are not applicable to computer technology.

TABJIMIA 27-2

Konpet ASCIIL. D10 - AIMHHBIA YCTAHOBJIEHHBIM CTaHAAPT Ul pa3pelieHHs CHMBOJIOB M YHCElN, KOTOpbIe OyIyT
Hpe/cTaBiIeHbl B IM(ppoBoil popme. Kaxxiomy neyataemoMy CUMBOIJIy Ha3HaueH HOMep Mexnay 32 u 127, B To Bpe-
Ms Kak HoMepa Mexay O u 31 ucnons3yroTcs Ui pa3iMyHbIX YHIPaBISIOIIUX BO3JAedcTBUM. J[axe MpU TOM, 4TO
TonpKo 128 xomoB ompenencHsl, cuMBOIBI ASCII 00BIYHO COXpaHSIOTCS Kak MOJHBIA O0alT (8§ OutoB). Heompene-
neHHble 3HaueHus (0T 128 1o 255) yacTo MCHONB3YIOTCS VISl TPEUYECKUX CHMBOJIOB, MaTEMaTHUECKHX CHMBOJIOB, U
Pa3IMYHBIX TEOMETPUIECKUX 00pa3IOB; OHAKO, 3TO HE CTAHAAPTU3NPOBAHO. MHOIHE N3 YNPABISIONINX CHMBOJIOB
(ot 0 mo 31) ocHOBaHBI Ha CTAPIIUX CHCTEMaX KOMMYHHUKAIMN(CETSAX), M HE IPUMEHUMBI K KOMITBIOTEPHOU TEXHO-
JOTUH.

Huffman Encoding

Koauposanue Xaddmana

This method is named after D.A. Huffman, who developed the procedure in the 1950s. Figure
27-2 shows a histogram of the byte values from a large ASCII file. More than 96% of this file
consists of only 31 characters: the lower case letters, the space, the comma, the period, and the
carriage return. This observation can be used to make an appropriate compression scheme for

this file. To start, we will assign each of these 31 common characters a five bit binary code:
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00000 ="a", 00001 = "b", 00010 = "c", etc. This allows 96% of the file to be reduced in size by
5/8. The last of the five bit codes, 11111, will be a flag indicating that the character being trans-
mitted is not one of the 31 common characters. The next eight bits in the file indicate what the
character is, according to the standard ASCII assignment. This results in 4% of the characters in
the input file requiring 5+8=13 bits. The idea is to assign frequently used characters fewer bits,
and seldom used characters more bits. In this example, the average number of bits required per
original character is: 0.96 x 5 + 0.04 x 13 = 5.32. In other words, an overall compression ratio
of: 8 bits/5.32 bits, or about . 1.5 : 1

OtoT Meto Ha3BaH o uMeHn D.A. Huffman, kto pa3zpaboran nporeaypy B 1950-b1x. Pucynox
27-2 moka3bIBaeT TUCTOrpaMMy 3HaueHHi Oaiita oT Gosbmioro ¢aiina ASCIL. bonee yem 96%
sToro (aina cocTosT ToNbKO U3 31 cUMBOJa: CHMBOJIBI CTPOYHBIX OyKB, MpoOe, 3amsras, To4-
Ka, U BO3BPAT KapeTKUu. DTO HAOJIIOJCHHE MOXET MCIOJIb30BATHCS, YTOOBI JIENaTh COOTBETCT-
BYIOIIYI0O KOMIIPECCHOHHYIO cXeMy 3Toro (aiina. UtoObl HauaTh, Mbl Ha3HAUYUM KaXKIOMY U3
9TuX 31 OOMmMX CHMBOJIOB IBOMYHBIN KO MATh ABOMYHBIX paspsmos: 00000 = "a", 00001 = "b",
00010 ="c", u 1.1. D10 mo3BosieT 96 % (aiina ObITH COKkpalieHHbIM B pazMepe 5/8. Ilocnennuit
U3 KOJIOB IIATh JBOMYHBIX pa3psaoB, 11111, Oyner ¢uaxok, yka3bIBaromui, 4To epeaaBaeMbli
CHMBOJ - HA OoJuH u3 31 o0mux cumBoisioB. Crnenyromue BoceMb OMTOB B (haiiyie yKa3bIBaIoT,
KaKOB CUMBOJI, corjacHo cranaapTHoMy HazHaueHHto ASCIIL. Oto npuBogut k 4 % cUMBOJIOB BO
BXOJHOM (aiine, TpeOytomeM 5+8=13 6utoB. Maes cocTouT B TOM, 4TOOBI HA3HAYUTH YaCTO HC-
NOJb3yEMbIM CHMBOJIAM MEHbIIIEE KOJHMYECTBO OWUTOB, M PEAKO HCIOJIb3YEeMbIM CHMBOJIAM
OoJiplliee KOJIMUECTBO OMTOB. B 3TOM mpumepe, cpednee uucino 6uToB, TpeOyeMbIX Ha TIEPBOHA-
yasbHbIi cuMBOI: 0.96 x 5 + 0.04 x 13 = 5.32. /Ipyrumu cioBaMH, IOJHBIH KOMIIPECCUOHHBIN
koa(durment: 8 6utos/5.32 6uta, wiu B oTHomeHn# 1.5: 1.

0,20
FIGURE 27-2 space
Histogram of text. This is a histogram of the ASCII
values from a chapter in this book. The most com-
mon characters are the lower case letters, the space
and the carriage return.
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PUCYHOK 27-2

I'uctorpamma Tekcta. DTO - THCTOTpamMma 3Haye-
it ASCII or mimaBel B 3t1oM KkHure. Hamboiee
OOBIYHBIC CHMBOJIBI - CHMBOJBI CTPOYHBIX OYKB, 0.05

npoOern 1 BO3BpaT KapeTKH. Hpper ciive

) eiters &
| numbers

Fractional cccurence

0,00 | - 1
[1] S0 100 150 200 250

Byte value

Huffman encoding takes this idea to the extreme. Characters that occur most often, such the
space and period, may be assigned as few as one or two bits. Infrequently used characters, such
as: !, @, #, $ and ?, may require a dozen or more bits. In mathematical terms, the optimal situa-
tion is reached when the number of bits used for each character is proportional to the logarithm
of the character's probability of occurrence.

Komuposanue Xadgpmana O6eper 3ty uaero 1o kpaHoctu. CHUMBOJIaM, KOTOPBIE BCTPEYAIOTCS
HanboJiee 4acTo, TaKUM Kak MpoOes U TOYKa, MOTYT ObITh Ha3HAYEHBI TOJBKO OJIMH WJIW JIBa OW-
ta. HedacTo ucnosib3yemble cUMBOJIBI, THMa: !, @, #, $ u ?, MOryT TpeOOBaTh TIOKHHBI HJIH
OoJplliero KoiaudecTBa OWTOB. B MaTeMaTHYeCKMX TEpMHHAX, ONTHUMAJIbHOE TIOJIOXKE-
HUe(cUTyaIys) JOCTUTHYTO, KOTJla YUCIO OMTOB, MCIOIB3YyEMBIX ISl KaKIOTO CHMBOJA IPO-
MOPIIMOHATILHO K JIorapu(My BEPOSITHOCTA MECTOHAXOXKIEHUS CUMBOJIA.

(c) ABTOKC, Canxr-IlerepOypr, http://www.autex.spb.ru, e-mail: info@autex.spb.ru




HAYYHO-TEXHUYECKOE PYKOBOJICTBO 110 IM®POBOW OBPABOTKE CUTHAJIOB

A clever feature of Huffman encoding is how the variable length codes can be packed together.
Imagine receiving a serial data stream of ones and zeros. If each character is represented by eight
bits, you can directly separate one character from the next by breaking off 8 bit chunks. Now
consider a Huffman encoded data stream, where each character can have a variable number of
bits. How do you separate one character from the next? The answer lies in the proper selection of
the Huffman codes that enable the correct separation. An example will illustrate how this works.

YMHasi(TamaHTIMBas, UCKyCHas) 0OCOOEHHOCTh KonupoBaHusi XaddmaHa - TO, Kak KOABI Tepe-
MEHHOHM UIMHBI MOTYT OBITh yIakOBaHbI BMecTe. BooOpasuTe moiyyeHHue MocieoBaTeIbHOTO
MOTOKA JTAaHHBIX €IWHUIl M HyJeW. Ecim Kaxaplii CHMBOJI MpeCcTaBieH BOChbMBbIO OMTamu, B
MOKCTC HCIIOCPCACTBCHHO OTACIUTH OAWH CUMBOJI OT CJICAYIOLICTO, NPCPhIBAsA KYCKU 8 JABONY-
HbIMH pa3psaaamu. Teneps paccMoTpute KoaupoBanue Xad@maHa NOToOKa JaHHBIX, TJE KaXKIbIN
CUMBOJI MOKCT UMCTb IECPEMCHHOC YHCJIO 6I/ITOB. Kax BrI OTACIIMTC OJUH CUMBOJI OT CJICAYIO-
niero? OTBET JIGKUT B HaJIJIeXKaIIeM BeIOOpe KoaupoBanus XaddmaHa, KOTOpoe MO3BOISIET Tpa-
BUJIbHOE pa3zzeneHue. [IpumMep WumrocTpupyer, Kak 3To paboTaer.

Figure 27-3 shows a simplified Huffman encoding scheme. The characters A through G occur in
the original data stream with the probabilities shown. Since the character 4 is the most common,
we will represent it with a single bit, the code: 1. The next most common character, B, receives
two bits, the code: 01. This continues to the least frequent character, G, being assigned six bits,
000011. As shown in this illustration, the variable length codes are resorted into eight bit groups,
the standard for computer use.

Pucynok 27-3 moka3biBaeT yIrpoIiieHHyo cxeMy koaupoBaHusi Xadgdmana. CumBoisl oT A 10 G
BCTPEYAIOTCS B NEPBOHAYAIBHOM MOTOKE JAHHBIX C IMOKAa3aHHBIMH BEPOSTHOCTSAMHU. Tak Kak
CUMBOJI A HanboJsee 0ObIYeH, MBI IPEJICTABUM €r0 €MHCTBEHHBIM ABOUYHBIM pa3psaoM, Koa: 1.
Crnenyrouuii HarOosiee 0ObIUHBIN cUMBOJ, B, monydaer nBa 6uta, koa: 01. 3To mpogomxkaercs K
HauMeHee JacToMmy cumBoiy, G, HazHawaemomy 1mectb OutoB, 000011. Kak mokazaHo B 3TOM
WUTIOCTPAINH, KOABI TIEPEMEHHON JUTMHBI 00pAIIatoTCsl B TPYIIBI IO BOCEMb JIBOUYHBIX pa3psi-
JIOB, CTAaHAAPT JJIs1 KOMIIBIOTEPHOTO UCTIOJIb30BaHUSI.
Example Encoding Table

FIGURE 27-3 letter | probability Huffiman code
Huffman encoding. The encoding table A 154 ]
assigns each of the seven letters used in this '
example a variable length binary code, based B 110 01
on its probability of oceurrence. The original C 072 0010
data stream composed of these 7 characters is [ 163 0011
translated by this table into the Huffman
encoded data. Since each of the Huffman E 059 0001
codes 15 a different length, the binary data F1 015 000010
need to be regrouped into standard 8 bit bytes G D11 Q00011
for storage and transmission.
original data stream: /75 G A D \\\\
Huffiman encoded: 0010 0001 000011 1 0011 000010 O 0001 1+«
erouped into bytes: 00100001 00001110 01100001 00100011 ==
bvte 1 byte 2 byte 3 byte 4
FIGURE 27-3
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Huffman encoding. The encoding table assigns each of the seven letters used in this example a variable length bi-
nary code, based on its probability of occurrence. The original data stream composed of these 7 characters is trans-
lated by this table into the Huffman encoded data. Since each of the Huffman codes is a different length, the binary
data need to be regrouped into standard 8 bit bytes for storage and transmission.

PUCYHOK 27-3

Konuposanue Xadhmana. Tabnuna KoAUPOBaHHS HA3HAYACT KAKAOMY M3 CEMU CHMBOJIOB, HCIIOIb3YEMBIX B 3TOM
nprMepe TBOMYHBINA KO MEePEeMEHHO JUTHHBI, OCHOBAaHHBII HA €ro BEPOSATHOCTH MECTOHAaxXOxAeHHMs. [lepBoHavab-
HBIH MTOTOK JAHHBIX, COCTABJICHHBIA U3 3TUX 7 CUMBOJIOB, OTTPaHCIHUPOBaH 3Toi Tabmunel B Xaddmana 3akoxupo-
BaHHbIEC aHHbBIe. Tak Kak Kaxaplid U3 KoJoB XadpmaHa - passiMyHas JIMHA, IBOUYHbBIC TAHHBIC JOJDKHBI OBITH IIe-
PErpylIMpOBaHbl B CTAHAAPT 8 IBOMYHBIX Pa3psAoB Ha OAlT, U1 XpaHEHUS U liepeJadH.

When uncompression occurs, all the eight bit groups are placed end-to-end to form a long serial
string of ones and zeros. Look closely at the encoding table of Fig. 27-3, and notice how each
code consists of two parts: a number of zeros before a one, and an optional binary code after the
one. This allows the binary data stream to be separated into codes without the need for delimiters
or other marker between the codes. The uncompression program looks at the stream of ones and
zeros until a valid code is formed, and then starting over looking for the next character. The way
that the codes are formed insures that no ambiguity exists in the separation.

Korna He-koMmmpeccust MPOUCXOAMT, BCE TPYIIIILI TI0 BOCEMb JIBOMYHBIX Pa3ps0B MOMEIICHBI OT
Havaia 10 KOHIA, (OopMHUpYs JITUHHYIO MOCIEIOBATEIbHYIO CTPOKY M3 €IMHUI U HyJei. Pac-
CMOTpHUTE OJIMKE TaOJHUIly KOIUPOBaHUs Ha puc. 27-3, 1 oOpaTuTe BHUMAaHKE, KaK KaXKIbIH KO
COCTOUT M3 JIBYX 4YacTei: psl HyJieH nepes edunuyell, 1 HeoOsI3aTeIbHBIM JBOMYHBINA KOJI TIOCIIE
€AMHUIIBI. DTO TIO3BOJISIET ABOUYHOMY TMOTOKY JAHHBIX OBITh OTACIEHHBIM B KOJbI O€3 MOTped-
HOCTH B PA3ACIUTCIIAX WKW APYIOM MAapKEpPEe MEKAY KOAaMH. HGKOMHpeCCI/IOHHaﬂ nporpamMmma
CJICZIUT 3a TIOTOKOM €JMHUI] U HYJICH MoKa He OyJeT chopMUpOBaH CIpaBEIIUBBIA KO, U 3aTeM
HAYMHACT TIOUCK CIIEAYIONero cuMBoja. [1yTh, KOTOPBIM KOJBI chOpMHUpPOBAHBI, 00ECIICUNBACT,
YTOOBI B pa3ieJICHUU HE CYIECTBOBAIO HUKAKOW HEOHO3HAYHOCTH.

A more sophisticated version of the Huffman approach is called arithmetic encoding. In this
scheme, sequences of characters are represented by individual codes, according to their probabil-
ity of occurrence. This has the advantage of better data compression, say 5-10%. Run-length en-
coding followed by either Huffman or arithmetic encoding is also a common strategy. As you
might expect, these types of algorithms are very complicated, and usually left to data compres-
sion specialists.

Bonee crnoxnas Bepcus noaxona Xaddmana Ha3piBacTcs apupMeTH4eCKMM KoaupoBaHueM. B
ITON CXeMe, nocredoeamenbHocmy CUMBOJIOB NPEACTaBIEHbl MHIUBUAYAIbHBIMU KOJAMH, CO-
IJIACHO MX BEPOSITHOCTH MECTOHAXOXKJIEHUSA. JDTO UMEET NMPEUMYIIECTBO JyULIErO CHKaTus JaH-
HBIX, ckaxeM 5-10%. KonupoBanue s cepuit conpoBoxaaemoe uinu Xahdmanom miu apud-
METHYECKHM KOIHMPOBAHUEM - Takke oOblyHast crparerus. [lockonsky Bbl Mornm Ob1 0XHUIaTh,
9TH THUIbI QJITOPUTMOB OUY€Hb YCIIOXKHEHBI, 1 OOBIYHO OCTABJICHBI CHELMATIMCTAM CXaTus J1aH-
HBIX.

To implement Huffman or arithmetic encoding, the compression and un-compression algorithms
must agree on the binary codes used to represent each character (or groups of characters). This
can be handled in one of two ways. The simplest is to use a predefined encoding table that is al-
ways the same, regardless of the information being compressed. More complex schemes use en-
coding optimized for the particular data being used. This requires that the encoding table be in-
cluded in the compressed file for use by the uncompression program. Both methods are common.

UYtoOsl ocymecTBISITh KogupoBanne Xaddmana wim apudMeTHIecKoe KOAUPOBAHUE, aITOPHUT-
MBI CXKATUA U HC-CKATUA JOJIKHBI JOTOBOPUTHCA O ABOUYHBIX KOJAAX, OGBI‘IHO MNpCACTaBIAIOIINX
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KaX/IbIii CHMBOJI (MJTU TPYIIIIBI CHMBOJIOB). DTO MOXKET ObITh 00paboTaHo crocoOOM M3 JABYX ITy-
teir. CaMblil MPOCTOM, YTOOBI UCIIOIB30BATh MPEAONPEACICHHYIO0 TaOJINIy KOAUPOBAHUSA, KOTO-
past SBJISIETCSI BCETJa TEM K€ CaMblil, He3aBHUCHMO OT CxkuMmaemol umHpopMmainuu. bonee xowm-
IJIEKCHOE UCIOJIb30BAaHUE CXEM KOJIMPOBAHUS ONTHMHU3HPOBAHO AJI CHEHM(PUUECKUX HCIIONb-
3yeMBbIX JaHHBIX. JDTO TpeOyeT, uToObl TadnuIa KOJUpOBaHUs ObUIa BKIIIOUYEHA B CXKATbIM (haiin
JUTSI ICTIONTb30BaHUS HE-KOMITPECCUOHHOM nporpaMmMoit. O6a meToa o01re(0ObIIHbI).

Delta Encoding
HeabTa KogupoBanue

In science, engineering, and mathematics, the Greek letter delta ()) is used to denote the change
in a variable. The term delta encoding, refers to several techniques that store data as the differ-
ence between successive samples (or characters), rather than directly storing the samples them-
selves. Figure 27-4 shows an example of how this is done. The first value in the delta encoded
file is the same as the first value in the original data. All the following values in the encoded file
are equal to the difference (delta) between the corresponding value in the input file, and the pre-
vious value in the input file.

B Hayke, KOHCTpyUpOBaHHMHU, U MaTeMaTUKEe, CUMBOJ Ipeueckas denvma (A) UCTIOIB3YETCs, UTO-
Obl 0003HAYUTH U3MEHEHHE B TEpEeMEHHOW. TepMuH derbma KoOuposauue, OTHOCUTCA K He-
CKOJIbKUM METO0JlaM, KOTOPbIE COXPAHSAIOT JaHHbIE KaK Pa3HOCTb MEXAY MOCIIEI0BaTeIbHBIMU
BBIOOpKaMU (MJIM CUMBOJIBI), CKOpPEE, YEM HEMOCPEICTBEHHO COXPAHEHNE BBIOOPOK HEMOCPECT-
BeHHO. PucyHok 27-4 mokasbIBaeT NMpUMeEp TOro, Kak 3To cjaenaHo. I[lepBoe 3HadueHue B (aiine
JIeJIbTa KOAUPOBAHUS - TO K€ caMoe Kak IepBOe 3HaUeHHE B IEpBOHAYaIbHBIX JaHHBIX. Bee cie-
JyIOLMe 3HAaYE€HUs B 3aKOJMPOBAaHHOM (haiie paBHBI pa3HOCTH (AEIbTA) MEXKIY COOTBETCTBYIO-
LM 3HAYE€HHEM BO BXOAHOM (aiiie, u npedvloyuum 3HAUEHUEM BO BXOJHOM (Qailie.

[

original data stream: 17 19 24 24 24 21 15 10 89 95 96 96 96 95 94 94 95 93 90 87 86 86+

delta encoded: 17 2 5 03 -6-53796 1 0 0-1-101-2-3:3-110-=

RO
il

delia

FIGURE 27-4

Example of delta encoding. The first value in the encoded file is the same as the first value in the original file.
Thereafter, each sample in the encoded file is the difference between the current and last sample in the original file.
PUCYHOK 27-4

[pumep nenbra KonupoBanus. [lepBoe 3HaUeHUE B 3aKOJUPOBAHHOM (haiiiie - TO ke camoe Kak MepBoe 3HAUCHHUE B
nepBoHavyaibHOM (aiie. [locie sToro, kaxaas cienyromas BEIOOpKa B 3aKOIUPOBAaHHOM (aiiie - pa3sHOCTb MEXTY
TeKyIIell 1 mocIegHel BEIOOPKOH B IEpBOHAYAIEHOM (aiiie.
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Delta encoding can be used for data compression when the values in the original data are smooth,
that is, there is typically only a small change between adjacent values. This is not the case for
ASCII text and executable code; however, it is very common when the file represents a signal.
For instance, Fig. 27-5a shows a segment of an audio signal, digitized to 8 bits, with each sample
between -127 and 127. Figure 27-5b shows the delta encoded version of this signal. The key fea-
ture is that the delta encoded signal has a lower amplitude than the original signal. In other
words, delta encoding has increased the probability that each sample's value will be near zero,
and decreased the probability that it will be far from zero. This uneven probability is just the
thing that Huffman encoding needs to operate. If the original signal is not changing, or is chang-
ing in a straight line, delta encoding will result in runs of samples having the same value.

JlenbThl KOMUPOBAHUE MOYKET UCIIOJIB30BATHCS JIUIS CHKATHSL JAaHHBIX, KOT[a 3HAYCHUS B IIEPBOHA-
YaJlbHBIX JaHHBIX 27a0Ku, TO €CTh MMEETCS TUIIUYHO TOJbKO MaJICHbKHE U3MEHEHUS MEXKIY
cMexHbIME 3HadeHnsMu. He tax ob6crout menmo mist tekcta ASCII 1 BEINOIHUMOro Kona; oxHa-
KO, OUeHb 00BIYHO, Kor/aa (aitn mpeacrarmsieT curnan. Hanpumep, puc. 27-5a moka3bIBaeT cer-
MEHT ayAHO-CUTHaJa, OLU(PPOBAHHOTO 8 OUT HA KaXKIyI0 BBIOOPKY Mexay -127 u 127. PucyHnok
27-5b moka3bIBaeT aenbTa KOJUPOBAHHYIO BEPCHUIO 3TOTO curHajia. KirroueBas 0cOOEHHOCTB - TO,
YTO JeNbTa KOJUPOBAHHBIM CHUTHAJI MMEET 0ojiee HH3KYI0 aMIUIHTYAY, YeM IMepBOHAYaTHHBIN
curHai. [lpyrumu cioBamu, J1eibTa KOAUPOBAHUE YBEIMUYMIO BEPOSTHOCTD, UTO 3HAUYECHUE KaXK-
JIOM BBIOOPKU OYZIET OKOJIO HYJIS, U YMEHBIIUIO BEPOSITHOCTh, YTO 3TO OyAET ManeKo(IabIie)
OT HyJIs. DTa HEYETHAsl BEPOSATHOCTD - TOJIBKO CITy4ai(00CTOSATENHCTBO) UTO TpeOyeTcst onepa-
st kogupoBanueM Xaddmana. Ecnu nepBoHauanbHBINA CUTHAI HE U3MEHSETCS, UM U3MCHSIET-
Csl B IPSIMOM CTPOKE(JTMHHUM ), IeTTbTa KOJUPOBAHUE OYIET BBHITIOJIHEHUEM BBIOOPOK, HMEIONTUX TO

&Ke caMoe 3HaYeHUe(M3MEHEHUS 3HAYCHHS IPSIMOM — 3aKOTUPOBAHHBIM IpauKoOM).
128
I [

128

5| 8. Audio signal | 46| b. Delta encoded |
64 jﬂ— 64

: H n 12

-mfﬁ- s -—u -4

T
il 11K} 200 3k} 0K} SiK) 0 1K) 20K} 3K ] 51K}
Sample number Sample number

o
[
1
T
1

Aanpl itude
n

Amplitude
P—

FIGURE 27-5

Example of delta encoding. Figure (a) is an audio signal digitized to 8 bits. Figure (b) shows the delta encoded ver-
sion of this signal. Delta encoding is useful for data compression if the signal being encoded varies slowly from
sample-to-sample.

PUCYHOK 27-5

[Tpumep nenbra KoaupoBaHus. PucyHok (a) — ayano-curnan, onudpoBaHHblil k 8 6utam. PucyHok (b) nokaseiBaer
JieNibTa KOAUPOBAaHHYIO BEPCHUIO 3TOr0 CUrHaja. JleabTa KoJupoBaHUE MOJIE3HO JJIS CKATHS JaHHBIX, €CIH 3aKOAU-
POBaHHBII CHTHAJI H3MEHSICTCSI MEJICHHO OT " BBIOOPKH K BEIOOpKE .
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This is what run-length encoding requires. Correspondingly, delta encoding followed by Huft-
man and/or run-length encoding is a common strategy for compressing signals.

DTO - TO, Yero KOJUPOBAHHUE C IEPEMEHHOU JUIMHON CTpOoKH TpeOyeT. COOTBETCTBEHHO, JIEIbTA,
KOJMPOBAHUE COMPOBOXKAACMOE UeIOBEKOM U KOAUPOBAHUEM JUIMH CEpUN C IIEPEMEHHOM JUIN-
HOMW CTPOKH - OOBIYHAsL CTPATETHs JUIsl CKATUS CUTHAJIOB.

The idea used in delta encoding can be expanded into a more complicated technique called Lin-
ear Predictive Coding, or LPC. To understand LPC, imagine that the first 99 samples from the
input signal have been encoded, and we are about to work on sample number 100. We then ask
ourselves: based on the first 99 samples, what is the most likely value for sample 100? In delta
encoding, the answer is that the most likely value for sample 100 is the same as the previous
value, sample 99. This expected value is used as a reference to encode sample 100. That is, the
difference between the sample and the expectation is placed in the encoded file. LPC expands on
this by making a better guess at what the most probable value is. This is done by looking at the
last several samples, rather than just the last sample. The algorithms used by LPC are similar to
recursive filters, making use of the z-transform and other intensively mathematical techniques.

Wnes, ucnonszyemasi B eNIbTa KOJAUPOBAHUH MOXKET OBITH pacuIupeHa B 0oJiee CI0KHYIO METO-
nuky no umeHu Jluneiinoe Ilporunosupywmee(IlpenuxkruBuoe) Koguposanue, niu (JIIK).
YroOsr monumats JIIIK, BooOpasute, uro nepebie 99 BEIOOPOK OT BXOJIHOTO CHUTHAJA ObUIN 3a-
KOJIMPOBaHBI, U MBI coOupaemMcsi pabotath Ha BeIOOpke HOMep 100. MBI Torma cnpammBaem ce-
Os1: Oaszupysich Ha MepBBIX 99 BBHIOOpKAX, YTO SBISETCS HAWOOJIee BEPOSTHBHIM 3HAUCHHEM IS
BbIOOpKH 100? B nenpTa KOMUpOBAaHWH, OTBET - TO, UTO HanOOJIee BEPOSITHOE 3HAUCHUE JIJISI BBI-
6opku 100 sBIsIeTCs TEM K€ caMblif Kak Mpeblayliee 3HaueHue, Beioopka 99. 310 oxunaemoe
3HAYCHHE HCIIOIB3YETCS KaK CChUIKA, YTOOBI KogupoBaTh BIOOPKY 100. To ects, 3Ta pasnocmo
MEX]y BBIOOPKOH U 0KMAaeMOM BBIOOPKOH MOMelIeHa B 3aKoupoBaHHbIi ¢aiin. JIIIK moxpo6-
HO OCTaHaBJIUBAETCS, ATO, Jejas Jy4ylle NpUOIU3UTENBLHO ONpeaesieT, KakoBO Hanboee Bepo-
STHOE 3HaY€HHUE. JTO CAENAHO CMOTPSIINN Ha TOcIeHUE(TIPOIILIBIE) HECKOIBKO BEIOOPOK, CKO-
pee 4em ToJibKo mocieaHss(mpomnuias) BeIOOpKa. Anroputmsl, ucrnonbsdyembie JITIK mogoOHBI
PEKYPCUBHBIM (DUIBTPaM, UCTIONB3YS Z-TPaHC(HOPMAHTY U IPYTUe UHTCHCUBHO MaTEMaTHUECKHE
METO/IBI.

LZW Compression
LZW Cxartne

LZW compression is named after its developers, A. Lempel and J. Ziv, with later modifications
by Terry A. Welch. It is the foremost technique for general purpose data compression due to its
simplicity and versatility. Typically, you can expect LZW to compress text, executable code, and
similar data files to about one-half their original size. LZW also performs well when presented
with extremely redundant data files, such as tabulated numbers, computer source code, and ac-
quired signals. Compression ratios of 5:1 are common for these cases. LZW is the basis of sev-
eral personal computer utilities that claim to "double the capacity of your hard drive."”

LZW cxaTre Ha3BaHO 1O UMEHHU ero paspaboruukoB, A. Lempel u J. Ziv, ¢ Gosnee no3qHuMH
moaudukarusmu Terry A. Welch (Tappu A. Berdom). D10 - mepenoBasi METOMKA IS YHUBED-
CaJIBHOT'O CXKAaTHs TaHHBIX U3-3a €ro MPOCTOTH U MHOrocTropoHHocTU. Kak npasuio, Bel Moxkere
0XXHJaTh, 4T0 LZW COXMET TEKCT, BBIIIOJHUMBIN KO, ¥ TTOJI00HBIC (paiiyibl JaHHBIX MPUMEPHO K
IIOJIOBUHE UX NEPBOHAYAIBLHOIO pasmepa. LZW Taxke UCIOHIET XOpOIIO KOrja MpeACcTaBICHO
C Ype3BbIYAHO U30BITOYHBIMU (DaiiylTaMu JaHHBIX, TUIIA: CBEJIEHHBIX B TaOJIHIly YHCEN, KOMIIBIO-
TEPHOTO HCXOJHOTO TEKCTa, W TNPUOOPETEHHBIX CHUrHalioB. KoMIIpecCHOHHBIE OTHOIIE-
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HUsI(KoapdurmenTsl) 5:1 oObIYHbI A 3TUX ciny4yaeB. LZW - ocHOBaHHME HECKOJIBKUX yTHUIIUT
IIEPCOHAIBHOTO0 KOMIIBIOTEPA, KOTOPBIE YTBEPAKAAIOT, UTO "VOBOUNU BMECTUMOCTb BAULESO JiCe-
cmroeo oucka".

LZW compression is always used in GIF image files, and offered as an option in TIFF and Post-
Script. LZW compression is protected under U.S. patent number 4,558,302, granted December
10, 1985 to Sperry Corporation (now the Unisys Corporation). For information on commercial
licensing, contact: Welch Licensing Department, Law Department, M/SC2SW1, Unisys Corpo-
ration, Blue Bell, Pennsylvania, 19424-0001.

LZW cxartue Bceraa ucnonb3yercs B 3arpy3ounbix Monyisix GIF(.GIF ¢aiinax), u npemnaraer
kak ommuio B TIFF u PostScript. LZW cxxatue 3amumeHo AMEpUKaHCKAM MTaTeHTOM HOMEpPOM
4558302, Bergannoro 10 nexabps, 1985 kopnoparun Sperry (teneps koprnopauust Unisys). Jlns
nH(pOpMaIUK OTHOCHUTEIIBHO JIMIICH3UPOBAHUS pEKJIaMbl, BoHauTe B KOHTAakT: Welch Licensing
Department, Law Department, M/SC2SW1, Unisys Corporation, Blue Bell, Pennsylvania,
19424-0001.

LZW compression uses a code table, as illustrated in Fig. 27-6. A common choice is to provide
4096 entries in the table. In this case, the LZW encoded data consists entirely of 12 bit codes,
each referring to one of the entries in the code table. Uncompression is achieved by taking each
code from the compressed file, and translating it through the code table to find what character or
characters it represents. Codes 0-255 in the code table are always assigned to represent single
bytes from the input file. For example, if only these first 256 codes were used, each byte in the
original file would be converted into 12 bits in the LZW encoded file, resulting in a 50% larger
file size. During uncompression, each 12 bit code would be translated via the code table back
into the single bytes. Of course, this wouldn't be a useful situation.

LZW cxaTtue ucroap3yeT TadJauIy Koaa, Kak WITIOCTPUPOBAHO B puc. 27-6. OOBIYHBIN BHIOOD
nomxker obecrieunth 4096 BXxon0B B Tabmuie. B aTom ciydae, LZW koaupoBaHue TaHHBIX, CO-
CTOUT TOJHOCTBHIO U3 KOJOB 12 MTBOMYHBIX Pa3psioB, KaXIbli 4TO KacaeTcs(chopMUpOBaH; OT-
HOCHTCSI) K OJTHOMY W3 BXOZIOB B Tabmuie kojaa. HecxxaTue MOCTUTHYTO, Oepst KaKIbld KOJ OT
cxaTtoro ¢aiaa, ¥ TPaHCIUPYS ATO Yepe3 TaOIHIly KOjaa, 4TOObl HAWTH TO, KAKOW CHMBOJI WU
CUMBOJIBI 3T0 mpescTaBiser. Kogupoanue 0-255 B Tabiuile KoAa, BCErjaa MOpydaroTCs Mpej-
CTaBUTh €IWHCTBEHHBIC(OT/AEIbHBIE) OaliThl OT BXomHoro (haitna. Hampumep, ecau OB TOJIBKO
3TU NepBbIE 256 KOIOB UCMOIb30BAIHNCH, KAXKABIH OAUT B MepBOHAYAILHOM (haiiine ObLI OBI Ipe-
obpaszoBad B 12 OuTHbIN 3akoaupoBaHHbd B LZW (aiin, npuBoas 6omnbinoi pasmep (daiina
50%. B Teuenue HecxkaTHs, KXl KO 12 ABOMYHBIX pa3psioB ObUT OBl OTTPAHCIUPOBAH Ye-
pe3 Tabnuily Koja Ha3aja B €IWHCTBEHHBIC(OTAENIbHBIE) OaiiThl. KoHeuHo, 3TO HEe OBLIO OBI TO-
JIE3HOE MOJIOKEHUE(CUTYALIHS ).
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Example Code Table

FIGURE 27-6 code number translation
Example of code table compression, This is the basis of the [ 0000 ]

popular LAW compression method. Encoding occurs by % 0001 1
identifving sequences of byvtes in the original file that exist =z

in the code table. The 12 bit code representing the sequence 3 : :

i5 placed in the compressed file instead of the sequence. The S 0254 754

first 256 entries in the table correspond to the single byie b= Ses o

values, 0 1o 235, while the remaining entries correspond Lo = 0255 255
seguences of bytes, The LZW algorithm is an efficient way .§ 0256 145 201 4
of generating the code table based on the particular data H 0257 243 245
being compressed, (The code table in this figure is a g‘ s '
simplified example, not one actually generated by the LZW g . -
algorithm}). L 4095 XX OXNXN XXX

yriginal data stream: 123 145 201 4 119 89 243 245 59 11 206 145 201 4 243 245--

code table encoded: 123 256 119 89 257 50 11 206 256 257---

FIGURE 27-6

Example of code table compression. This is the basis of the popular LZW compression method. Encoding occurs by
identifying sequences of bytes in the original file that exist in the code table. The 12 bit code representing the se-
quence is placed in the compressed file instead of the sequence. The first 256 entries in the table correspond to the
single byte values, 0 to 255, while the remaining entries correspond to sequences of bytes. The LZW algorithm is an
efficient way of generating the code table based on the particular data being compressed. (The code table in this fig-
ure is a simplified example, not one actually generated by the LZW algorithm).

PUCYHOK 27-6

[Ipumep TabmuIBl cKaTHUA KoAa. DTO - OCHOBAaHWE MOIYJSIPHOTO KOoMITpeccHoHHOro Merona LZW. KoampoBanue
MIPOUCXOAUT, HMIACHTUGHLMPYS MOCIEA0BATENFHOCTH 0alTOB B NMepBOHAYaNbHOM (haiiie, KOTOphe CyIIEeCTBYIOT B
tabmune kona. Koxel 12 IBOMYHBEIX pa3psaoB, NPEACTABIAIONIMX MOCIENOBATEIbHOCTD, IOMENIAIOTCS B CXKATHIHA
¢aiin BMecTo mnocienoBarenbHOCTH. [lepBbie 256 BXOM0B B TaOJHIle COOTBETCTBYIOT €IUHCTBEHHBIM(OTICIbHBIM)
3HaYeHUsM Oaiita, oT 0 710 255, B TO BpeMsi Kak OCTArOIIHeCs BXO/IbI COOTBETCTBYIOT MOCIEIOBATEILHOCTIM OAHTOB.
LZW anroputm - 3¢)(eKTHBHBIN yTh NMPOU3BOJCTBA TaOJIMIIBI KOJa, OCHOBAaHHOM Ha crieln(pHYeCKUX JaHHBIX, Oy-
ayad oxuMaembix. (Tabnuua koxa B 9TOM PUCYHKE - YIPOLICHHBIH NpUMeEp, He OAWH (aKTHYECKH CTeHepHPOBaH-
Hblii LZW anroputmom).

The LZW method achieves compression by using codes 256 through 4095 to represent se-
quences of bytes. For example, code 523 may represent the sequence of three bytes: 231 124
234. Each time the compression algorithm encounters this sequence in the input file, code 523 is
placed in the encoded file. During uncompression, code 523 is translated via the code table to
recreate the true 3 byte sequence. The longer the sequence assigned to a single code, and the
more often the sequence is repeated, the higher the compression achieved.

LZW wmeton mocTuraer ckatusi, HCIONB3Yys Koabl 256 mo 4095, 4ToObl IpeaCcTaBUTh MOCIE0-
BareibHOCTH OaiftoB. Hampumep, koa 523 MOKeT NMpeAcTaBiIsTh MOCIEA0BATENBHOCTh TPEX Oail-
ToB: 231 124 234. Kaxaplil pa3 alropuTM KOMIIPECCUU CTAJIKUBAETCS C ATOM MOCIIEI0BATEIbHO-
CTBIO BO BXOJHOM dhaite, koj 523 moMenieH B 3aKOIUpPOBaHHBIA (aitl. B Teuenne Heckarus,
Koz 523 OTTpaHCIMpOBaH uepe3 TabJUIy KOAa, YTOObl OCBEXUTh(IEpeco3jaTh) UCTUHHYIO I10-
clenoBaTeNbHOCTh 3 Oalita. UeMm NIMHHEE MOCIIEN0BAaTEIbHOCTh, HA3HAUEHHAs] HAa OTAEIbHBIN
KOJ, ¥ yeM 0oJiee 4acTo MOCIeA0BaTeIbHOCTh IOBTOPEHA, TEM BBILIE JOCTUTHYTOE CXKATHE.

Although this is a simple approach, there are two major obstacles that need to be overcome: (1)
how to determine what sequences should be in the code table, and (2) how to provide the un-
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compression program the same code table used by the compression program. The LZW algo-
rithm exquisitely solves both these problems.

XOTs 3TO - MPOCTOM MOJXOMA, UMEIOTCS /IBa TJIABHBIX MPEMSITCTBUS, KOTOPbIE JOKHBI OBITH Ipe-
onouieHbl: (1), Kak OMpeneNnaTh, 4TO MOCIEIOBATEIBHOCTH JOKHBI OBITH B TaOMUIE Koaa, U (2),
KaKk 00ecreunTh MporpaMMy He-CHKaTHsl, TOH e camMou Tabnuiel Koja, MCIOJIb3yeMOU KOM-
IPEeCCHOHHON MporpaMMoii. LZW anroput u3smiHo pemaer 06e 3TH mpooaeMbl.

When the LZW program starts to encode a file, the code table contains only the first 256 entries,
with the remainder of the table being blank. This means that the first codes going into the com-
pressed file are simply the single bytes from the input file being converted to 12 bits. As the en-
coding continues, the LZW algorithm identifies repeated sequences in the data, and adds them to
the code table. Compression starts the second time a sequence is encountered. The key point is
that a sequence from the input file is not added to the code table until it has already been placed
in the compressed file as individual characters (codes 0 to 255). This is important because it al-
lows the uncompression program to reconstruct the code table directly from the compressed
data, without having to transmit the code table separately.

Korna nporpamma LZW naunnaeT koaupoBaTh (aiii, Tabnuna Koga coIep>KUT TOIBKO MEpBbIe
256 BXOJOB, C OCTATOYHBIM WICHOM OT TaOJUIIBI, SBISAIOMICHCS MPoOeIoM. ITO 03HAYAET, YTO
HepBbIe KOJbI, BXOJSIIUE B CXKATBIM (ailil - IpoCcTO eIMHCTBEHHBIE(OTACNIbHBIC) OAUTHI OT BXO/-
HoTO (paitma, mpeoOpazoBbiBaeMble K 12 6utam. [10CKOJIBKY KOAUPOBAHKE MTPOIOJKACTCS, aJIro-
put™M LZW unentuduuIupyeT NOBTOPHbIE MOCIEA0BATEILHOCTH B JTAHHBIX, U MPUOABISAET UX K
tabnuue kona. C:katve HauWHAETCs, KOT/la MOCJeI0BaTEIbHOCTh BCTPEUAETCs BO BTOPOM pas.
KitoueBoit myHKT - TO, 4TO MOCIEI0BATEIBLHOCTh OT BXOAHOTO (paiiya He mobaBieHa K TabauIe
KOJa, TI0Ka 3TO YK€ He ObLIO MOMEIIEHO B CKaThIi (haiil KaK MHIAWBUIYalIbHbIE CUMBOJIBI (KOIbI
ot 0 10 255). D10 BakHO, MOTOMY 4YTO 3TO NO3BOJISIET HEKOMIIPECCHOHHOW ITPOrpaMMe BOCCTa-
HaBJIMBATh TAOIMIy KOJIa HEMOCPEJACTBEHHO OT CXAThIX JAHHBIX, 0€3 TOTO, YTOOBI UMETh HE0O0-
XOZMMOCTD TepeaBaTh TabIHIly KOJa OTAEIbHO.
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input first bvte, !
store in STRING

o
¥

. b
input next byte, =
/ store in CHAR /

is
STRINGHCHAR
in table?

NO YES

¥ )
output the code 4 STRING = 7
for STRING STRING + CHAR
add entry in table for 5
STRING+CHAR
¥
; 6
STRING = CHAR

YES

maore byles
toy input?

ouput the code 9
for STRING

FIGURE 27-7

LZW compression flowchart. The variable, CHAR, is a single byte. The variable, STRING, is a variable length se-
quence of bytes. Data are read from the input file (box 1 & 2) as single bytes, and written to the compressed file
(box 4) as 12 bit codes. Table 27-3 shows an example of this algorithm.

Pucynox 27-7

biok-cxema xommnpeccun LZW. Ilepemennas, CHAR, ecThb eIWHCTBEHHBIA(OTIENBbHBIN) Oaiit. IlepemeHHas,
STRING, sBisercs TEPEMEHHOM JJIMHHOW TOC/IEAOBATCAbHOCTH OalToOB. JlaHHBIE YHMTAIOTCSI OT BXOIHOTO
¢aiina(box 1 & 2) kak onuHOYHBIE OAlTHI, M 3aIIMCHIBAIOTCS B COOTBETCTBYIOIIMI CkaThii daitn (box 4) xak 12 paz-
PAAHBIE KOABI.

Figure 27-7 shows a flowchart for LZW compression. Table 27-3 provides the step-by-step de-
tails for an example input file consisting of 45 bytes, the ASCII text string:
the/rain/in/Spain/falls/mainly/on/the/plain. When we say that the LZW algorithm reads the char-
acter "a" from the input file, we mean it reads the value: 01100001 (97 expressed in 8§ bits),
where 97 is "a" in ASCII. When we say it writes the character "a" to the encoded file, we mean it
writes: 000001100001 (97 expressed in 12 bits).
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Pucynok 27-7 mnoxaspiBaer Onok-cxema mnsi LZW cxarus. Tabmuma 27-3 obecrieuyuBaet
MOCTETICHHBIEC MOAPOOHOCTH U1l IPUMEpPa BXOAHOTO (aitia, cocTosiero u3 45 6aiiToB, cTpoka
tekcta ASCIL: the/rain/in/Spain/falls/mainly/on/the/plain. Kornma Mbl TOBOpUM, YTO aITrOPUTM
LZW uguraer cumBoa "a" oT BXOAHOTO (haitia, Mbl MOApPa3yMeBaeM, YTO ITO YHTACT 3HAUYCHUE!
01100001 (97 Beipaxkenusiii B 8 6utax), rae 97 - "a" B ASCII. Korma mMbl TOBOpUM, YTO ATO

3aMrchIBaeT CUMBOJ "a" K 3aKOAMPOBAHHOMY (hailiry, MBI MOJIpa3yMeBaeM, 4TO 3TO 3aMHCHIBACT:
000001100001 (97 BbIpaxeHHslii B 12 Outax).

The compression algorithm uses two variables: CHAR and STRING. The variable, CHAR, holds
a single character, i.e., a single byte value between 0 and 255. The variable, STRING, is a vari-
able length string, i.e., a group of one or more characters, with each character being a single byte.
In box 1 of Fig. 27-7, the program starts by taking the first byte from the input file, and placing it
in the variable, STRING. Table 27-3 shows this action in line 1. This is followed by the algo-
rithm looping for each additional byte in the input file, controlled in the flow diagram by box 8.
Each time a byte is read from the input file (box 2), it is stored in the variable, CHAR. The data
table is then searched to determine if the concatenation of the two variables, STRING+CHAR,
has already been assigned a code (box 3).

Anroput™M KoMIpeccuu ucnonb3yer nase nepemeHHsle: CHAR u STRING. IlepemenHnas,
STRING, nipoBOAUT(AECPKUT) ONUHOYHBIM OYKBEHHO-IIM(PPOBOW CHMBOJI, TO €CTh, €IUHCTBCH-
Hoe(oTnenpHOe) 3HaueHue Oaiita mexay 0 u 255. Ilepemennasi, CHAR, sBIsieTCS CTPOKOM Tiepe-
MEHHOMW JIIMHBI, TO €CTh, FPYIIa OJHOTO WJIH OOJIBLIETO KOJIMYECTBA CUMBOJIOB, C KaXKIbIM CHM-
BOJIOM, SIBJISIFOIIMMCS €IMHCTBEHHBIM(OTAETBHBIM) OaiitoM. B mone 1 puc. 27-7, 3amycku mpo-
rpamMMbl, Oeps IEPBBIM OAUT OT BXOAHOTO (aiiia, u moMemas 3To B nepemenHoi, STRING. Ta6-
muna 27-3 moka3biBaeT 3TO JAEUCTBUE B CTpOKE 1. DTO COMPOBOXKAACTCS BBIOJIHEHUEM LIMKIIA
aNropuT™Ma s KaXXJO0ro JOIMOJIHUTENbHOrO Oaifta BO BXogHOM (aiine, yrpaBisercs B OJIOK-
cxeme mosiem 8. Kaxxapiid pa3 OallT gntaercs oT BXogHOTrO ¢aiiia (mose 2), 3T0 COXPaHEeHO B Iie-
pemennoi, CHAR. Tabnuiia 1aHHBIX TOrAa 0OBICKaHA, YTOOBI OMPEICINTh, €CITU KOHKATCHAIIHS
u3 31ux AByX nepemeHHbix, STRING+CHAR, yxe Obuta HazHaueHa Ko/ (mmoje 3).

If a match in the code table is not found, three actions are taken, as shown in boxes 4, 5 & 6. In
box 4, the 12 bit code corresponding to the contents of the variable, STRING, is written to the
compressed file. In box 5, a new code is created in the table for the concatenation of
STRING+CHAR. In box 6, the variable, STRING, takes the value of the variable, CHAR. An ex-
ample of these actions is shown in lines 2 through 10 in Table 27-3, for the first 10 bytes of the
example file.

Ecnu cooTBercTBUE B TaOIMIle KOJIa HE HAWIEHO, TPU ACHCTBUS MPUHATHI, KaK TOKa3aHO B MOJISIX
4,5 u 6. B none 4, xoxn 12 1BOMYHBIX pa3psA0B, COOTBETCTBYIOIIUX COJIEPKAHUIO IEPEMEHHOM,
STRING, nanucana k cxatomy ¢aiury. B mosie 5, HOBBIN KOJI cO3/1aH B TaOIHIIE JJIsi KOHKaTeHA-
uun STRING+CHAR. B mnone 6, nepemenHas, STRING, npuHUMaeT 3HaY€HUE NEPEMEHHOM,
CHAR. Tlpumep 3TUX ACUCTBUI MOKa3bIBaeTCs B CTpokax 2 mo 10 B Tabmuie 27-3, mis npumepa
nepBbix 10 OaiiToB daiina.

(c) ABTOKC, Canxr-IlerepOypr, http://www.autex.spb.ru, e-mail: info@autex.spb.ru




HAYYHO-TEXHUYECKOE PYKOBOJICTBO 110 IM®POBOW OBPABOTKE CUTHAJIOB

CHAR kﬁ:}:{’ In Table?  Output '%'gg]t; .H-T;'Lﬁ"\:“-( . Comments
1 i i i first character- no action
2 h th no L 236 =1h h
3 @ he no h 257 =he e
4 ef no € 258=¢
3 T T no ! 259 =/ r
4] a ra no r 260 =ra a
7 i ai 1o a 261 = ai i
% n in no i 262 =1in n
9 n/ no n 263=n
10 i i no i 264 =i i
11 n in ves (262) in first match found
12 in/ no 262 265 =in/ /
13 5 /8 no 266 =/§
14 p Sp no 5 267="5p p
|5 a pa no p 268 = pa a
16 1 al ves (261) il matches @i, ain not in table vet
|7 n ain no 261 269 = ain n ain added to table
18 / n' yes (263) n/
19 f n/f no 263 270 =n/f f
i} a fa no f 27l =fa a
21 | al no a 272 =al |
22 1 11 no | 273=11 1
23 s Is no | 274 =1s s
24 / s/ no 5 275 =g/ /
25 m /m no ! 276=/m m
26 a ma no m 277 =ma a
27 i ai yes (261) ai matches ai
28 n ain ves (269) ain matches longer string, ain
29 | ainl no 269 278 = ainl |
30 ¥ Iy no 1 279 =1y y
3 ] y! no ¥ 280 =v/ !
iz i] /o no J 281 =/o 0
33 n on no 0 282 =on n
34 ! n/ ves (263) n/
i5 t n/t no 263 283 =nht t
36 h th yes (256) th matches 1, the not in table vet
37 e the no 256 284 = the e the added to table
38 / ef ¥ es el
3 p e'p no 258 285 =e/p P
40 | pl no p 286 = pl |
41 q la no 1 28T =la i
42 i ai ves (261) ai matches ai
43 n ain yes (269) ain matches longer string ain
44 ain/ no 269 2EE = ain/
45 EQF { end of file, output STRING
TABLE 27-3

LZW example. This shows the compression of the phrase: the/rain/in/Spain/falls/mainly/on/the/plain/.

When a match in the code table is found (box 3), the concatenation of STRING+CHAR is stored
in the variable, STRING, without any other action taking place (box 7). That is, if a matching se-
quence is found in the table, no action should be taken before determining if there is a longer
matching sequence also in the table. An example of this is shown in line 11, where the sequence:
= in, is identified as already having a code in the table. In line 12, the next
character from the input file, /, is added to the sequence, and the code table is searched for: in/.

STRING+CHAR
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Since this longer sequence is not in the table, the program adds it to the table, outputs the code
for the shorter sequence that is in the table (code 262), and starts over searching for sequences
beginning with the character, /. This flow of events is continued until there are no more charac-
ters in the input file. The program is wrapped up with the code corresponding to the current
value of STRING being written to the compressed file (as illustrated in box 9 of Fig. 27-7 and
line 45 of Table 27-3).

Korma B Tabnuie cooTBeTcTBUE Kona is HaijaeHo (mose 3), konkareHanuss STRING+CHAR co-
XpaHeHa B nepeMeHHOH, STRING, 6e3 m000r0 Ipyroro AEHCTBHs, UMEIOIIEro Mecto (rmojue 7).
To ecTh ecnu mocienoBaTeNIbHOCTh COOTBETCTBUS HalifieHa B TaOiuIle, HUKAKoe JeilCTBHE He
JIOJDKHO OBITH MPHUHSTO TEpeJl ONpesieieHueM, ecinu TaM umeercs longer COOTBETCTBHUE IMOCTIE-
JIOBATEILHOCTH Takke B Tabmwuie. [Ipumep sToro mokassiBaeTcs B cTpoke 11, rae mociemnoa-
tenbHOCTh: STRING+CHAR = in, uaeHTU(UIMPOBAH KaK y)Xe Hajauyue Kojaa B Tabnuue. B
cTtpoke 12, cnemyromuii CUMBOJI OT BXOJMHOTO (haiina, /, 700aBleH K MOCIEI0BATEIbHOCTH, U
TabIuIa Koaa pasbickuBaeTcs: B in/. Tak kak 3Ta Oonee JIMHHAS MOCIEA0BATEILHOCTh HE B TA0-
JuIe, mporpaMma npudaBisieT 3To K TabiauIe, BBIXOAbl Kojia Jisl 6ojee KOPOTKOW IMocienoBa-
TETBHOCTH, KOTOpasi HAXOAUTCS B Tabmuie (4To0BI 3aKoupoBaTh 262), U 3alyCcKax MO MOUCKY
MOCJIEIOBATEILHOCTEH, HAUMHAIOIITUXCSI C CUMBOJIA, /. DTOT MOTOK COOBITUH TPOJIOJDKEH 10 HE
uMeercsi OoNblle CUMBOJIOB BO BXOAHOM daiine. [Iporpamma obepHyTa ¢ KOAOM, COOTBETCT-
BYIOIIUM TeKyIeMy 3HaueHuto STRING, 3amucbiBaeMoi B C)KaThIil aiii (Kak WITIOCTPUPOBAHO
B nosie 9 puc. 27-7 u ctpoku 45 u3 Tabauusl 27-3).

A flowchart of the LZW uncompression algorithm is shown in Fig. 27-8. Each code is read from
the compressed file and compared to the code table to provide the translation. As each code is
processed in this manner, the code table is updated so that it continually matches the one used
during the compression. However, there is a small complication in the uncompression routine.
There are certain combinations of data that result in the uncompression algorithm receiving a
code that does not yet exist in its code table. This contingency is handled in boxes 4,5 & 6.

biok-cxema LZW HekoMIIpeCCHOHHOTO aaropuTMa Moka3biBaeTcs B puc. 27-8. Kaxaplid Ko 4u-
TaeTcs OT cKaToro (Qaiia W cpaBHEH K Talnuie koja, 4roObl oOecreuuTh TpaHciusauuio. [lo-
CKOJIbKY KaXKIbIi KOJ 00paboTaH 3TUM criocoboM, Tabmuiia Koga MoAuGUIIUpOBaHa TaK, YTOOBI
9TO HETIPEPHIBHO COOTBETCTBOBAJIO TOMY, UCIIOIB3yEMOMY B TeueHue cxaTus. OaHaKo, UMeeTcs
MaJICHbKOE OCJIOXKHEHHE B HEKOMIIPECCUOHHOM noanporpamme. Mimerorcss HeKoTopble KOMOMHA-
IIUU JaHHBIX, KOTOPBIE MPUBOAIT K HEKOMIIPECCHOHHOMY aJITOPUTMY, MOTyYaIoIEeMy KOJI, KOTO-
pBIil elie He CYIIECTBYET B €ro Tabiuile Koja. JTa CONPsHKEHHOCTh MPU3HAKOB oOpaboTaHa B
moJisix 4,5 u 6.

Only a few dozen lines of code are required for the most elementary LZW programs. The real
difficulty lies in the efficient management of the code table. The brute force approach results in
large memory requirements and a slow program execution. Several tricks are used in commercial
LZW programs to improve their performance. For instance, the memory problem arises because
it is not know beforehand how long each of the character strings for each code will be. Most
LZW programs handle this by taking advantage of the redundant nature of the code table. For
example, look at line 29 in Table 27-3, where code 278 is defined to be ainl. Rather than storing
these four bytes, code 278 could be stored as: code 269 + [, where code 269 was previously de-
fined as ain in line 17. Likewise, code 269 would be stored as: code 261 + n, where code 261
was previously defined as ai in line 7. This pattern always holds: every code can be expressed as
a previous code plus one new character.

Toapko HECKOIBKO CTPOK IIPOrpaMMBbI 00s3aTENbHEI JJIA HauOoJee QJICMCHTAPHBIX MPOrpaMm
LZW. PeanbpHas TpyJHOCTh HaxoguTcs B 2(QPEeKTHBHOM yrpaBiieHHH Tadiuiei xona. Ilogxon
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pemeHust "B 106" NPUBOAUT K TPeOOBAHUAM MaMATH OOJIBIION €MKOCTH U MEIJICHHOMY BBIIIOI-
HEHUIO mporpaMmMbl. HECKOIBKO YJIOBOK HCIOJB3YIOTCS B KOMMEpUYECKuX mporpammax LZW,
YTOOBI yIyulmuTh UX 3¢ ¢exkTuBHOCTh. Hanmpumep, mpobiema nmamsTé BO3HHMKAET, MOTOMY UTO
3TO - He, 3HAIOT 3apaHee, Kak JUIMHHAS KaX/as U3 CUMBOJIBHBIX CTPOK Ul KaKIOro Koaa OyJerT.
BonpmmncTBO mporpamm LZW oOpabatbiBaeT 3T0, MOJIB3YSICh MPEUMYIIECTBOM H30BITOUHBIM
xapakTepoM Tabauiel koaa. Hanpumep, cMoTpute Ha cTpoky 29 B Tabmuue 27-3, rae xkox 278
orpenienieH, 4yToobl ObITh ainl. Ckopee ueM COoXpaHEHHe HTHX 4eThIpex OaiitoB, kox 278, mMor
OBITb COXpaHEH Kak: code 269 + [, rne xox 269 ObUT MpeaBapuUTENHHO OMpPENeSieH KaK ain B
cTpoke 17. AHanoru4yso, Kox 269 Obl1 OBl coXpaHeH Kak: code 261 + n, rae kox 261 6bu1 ipen-
BAapUTEILHO OMpPEJENIeH KaK ai B CTpoKe 7. DTOT oOpaser Bceraa aepxkutcs: Kaxmpiii Kog MOXeT
OBITH BBIPAXKEH KaK MPEIbIAYLIHIA KO/ TUIIOC OJIMH HOBBIA CHMBOJI.

The execution time of the compression algorithm is limited by searching the code table to deter-
mine if a match is present. As an analogy, imagine you want to find if a friend's name is listed in
the telephone directory. The catch is, the only directory you have is arranged by telephone num-
ber, not alphabetical order. This requires you to search page after page trying to find the name
you want. This inefficient situation is exactly the same as searching all 4096 codes for a match to
a specific character string. The answer: organize the code table so that what you are looking for
tells you where to look (like a partially alphabetized telephone directory). In other words, don't
assign the 4096 codes to sequential locations in memory. Rather, divide the memory into sec-
tions based on what sequences will be stored there. For example, suppose we want to find if the
sequence: code 329 + x, is in the code table. The code table should be organized so that the "x"
indicates where to starting looking. There are many schemes for this type of code table manage-
ment, and they can become quite complicated.

BpewMs BbInoHEHHs alropuTMa KOMIIPECCHHM OTPaHUYEHO, HINA TaOIHIly KoJia, YTOOBI ompee-
JUTh, IPUCYTCTBYET JIK COOTBETCTBUE. Kak aHanorus, BooOpasure, 4To Bel X0TUTE HaiiTh, mepe-
YHCIIEHO JIU UMS Jpyra B Tele(OHHOM CIpaBOYHUKE. AppeTUp, €AMHCTBEHHbIN KaTauor, KOTo-
poiii Bel nmeete, pa3meniaercss B MOpsAKE TeICPOHHBIX HOMEPOB, HE al(aBUTHBIA MOPSAIOK.
Ot10 TpedyeTt, 4ToObI BB MCKaM CTpaHUILY 3a CTpaHUIEH, MpoOys HaWTH UMs, KOTopoe Brr xo-
TUTe. IT0 HEI((HEKTUBHOE TMOIOKEHUE(CUTYALUS) - TOYHO TOT XK€ caMoe Kak Mouck Bcex 4096
KOJIOB JIJII COOTBETCTBHS CHEIU(PUUECKON CUMBOIBHOM cTpoke. OTBET: OpraHU3yHTe TaOIHILY
KoJa Tak, 4ToObl, uTo Bl nckamu, coobmiaer Bam, rae cMoTpeTh (0JJ00HO YaCTUYHO YIIOPSIO-
yuBaeMoMy 1o ayipaBuTy TeraeOHHOMY CIPaBOYHHMKY). Jpyrumu cioBamu, He HazHauuTe 4096
KOJIOB Ha TMOCJIeIOBATEIbHBIE PACIONOXKEeHUs B mamMsaTu. CKopee, JeIUTe NaMATh B pa3/ielibl, OC-
HOBaHHbBIC HAa TOM, YTO IOCJIEJIOBATEILHOCTU OYIyT coXpaHeHbl TaM. Hanpumep, npeanonoxu-
TE€, YTO MBI XOTHM HaWTH TOCJIEIOBATEIBHOCTD: code 329 + x, eclii OHAa HAXOJIUTCS B TaOJHIle
kona. TabGnuia koma MOKHA OBITH OpraHW30BaHA Tak, 4ToOBI "x" ykaszan, rie HauMHATh IPO-
cMOTp. VIMEIOTCSI MHOTO CXEM ITOTO TUTIA YIPABICHUS TaOIHIIeH KOJa, © OHU MOTYT CTaTh BECh-
Ma CJIOKHBIMHU.

This brings up the last comment on LZW and similar compression schemes: it is a very competi-
tive field. While the basics of data compression are relatively simple, the kinds of programs sold
as commercial products are extremely sophisticated. Companies make money by selling you
programs that perform compression, and jealously protect their trade-secrets through patents and
the like. Don't expect to achieve the same level of performance as these programs in a few hours
work.

OTO MOJHUMAET MOCIEIHUN KOMMEHTapUii OTHOCUTENbHO LZW 1 moJ0OHBIX KOMIIPECCUOHHBIX
CXEM: 3TO - OU€Hb KOHKYPEHTOCIIOCOOHOE 1oJie. B TO Bpems kak OCHOBBI C)KaTHsI JAHHBIX OTHO-
CUTENBHO IPOCTHI, BUABI IIPOJAHHBIX IIPOrPaMM, IIOCKOJIBKY KOMMEPYECKHE IIPOrPAMMBI 4pes3-
BBIYaNHO CJIOKHBI. KOMITaHMM AenaloT AeHbIM, Ipojasas, Bam mporpamMmsel, KOTOpPBIE HCIIOJ-
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HSIOT CXKaTHE, U PEBHUBO 3alUILAIOT UX TOPTOBBIE CEKPETHI Uepe3 nareHTs! U T.1. He oxupaiite
JOCTUYb TOTO K€ caMoro ypoBHS 3(p(PEeKTUBHOCTH KaK 3TH MPOrpaMMbl, TOPabOTaB HECKOJIBKO

qaCoB.
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FIGURE 27-8

LZW uncompression flowchart. The variables, OCODE and NCODE (oldcode and newcode), hold the 12 bit codes
from the compressed file, CHAR holds a single byte, STRING holds a string of bytes.
YUCJIO(PCYHOK) 27-8
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brok-cxema HexomnpeccuoHHoro LZW. Ilepemennsie, OCODE u NCODE (ctapslif KOJ U HOBBIA KOJ), IPOBO-
nar(nepxar) koabl 12 JBOWMYHBIX pa3psanoB oT cxaroro ¢aitna, CHAR m1poBOAMT(IEPKUT) EIUHCTBEH-
HBIA(OTAEBbHEIN) 0aliT, STRING npoBOAUT(IEPIKUT) CTPOKY OAHTOB.

JPEG (Transform Compression)
JPEG (IIpeodpa3zoBbiBaioT CxxkaTue)

Many methods of lossy compression have been developed; however, a family of techniques
called transform compression has proven the most valuable. The best example of transform
compression is embodied in the popular JPEG standard of image encoding. JPEG is named after
its origin, the Joint Photographers Experts Group. We will describe the operation of JPEG to
illustrate how lossy compression works.

Muoro metonioB cxkarusi ¢ nmorepsamu(lossy) Obutr pa3zpaboTaHbl; OJHAKO, CEMEUCTBO METOJIOB
HA3BIBAEMBIX Colcamuem mpanc@opmanmel I0Ka3aJI0 HAUOOJBIIYIO IIEHHOCTh. Jlydmuii mpumep
cxaTusl TpaHc(OpMaHTHI BOIUIONIEH B momyJisipHoMm ctangapte JPEG komupoBanms nzo0pake-
uus. JPEG Ha3BaH o uMeHu ero npoucxoxaeHus, Joint Photographers Experts Group (CoBme-
ctHas ['pynma DkcneproB dotorpados). Ml onumem oneparuto JPEG, aro6sr mmmtoctpupo-
BaTh, Kak lossy ckarue(ckatue ¢ morepsiMu) paboTaer.

We have already discussed a simple method of lossy data compression, coarser sampling and/or
quantization (CS&Q in Table 27-1). This involves reducing the number of bits per sample or en-
tirely discard some of the samples. Both these procedures have the desired effect: the data file
becomes smaller at the expense of signal quality. As you might expect, these simple methods do
not work very well.

Mpl yxe 00cynnmiIu npocToi MeTo lossy cxaTus TaHHBIX, O0oj1ee KPYNHO20 OCYWeCmeleHUs Gbl-
oopku u/unu keanmosanus (CS&Q B tabmuie 27-1). 1o BKiItoYaeT B ceds(moapasyMeBaeT) co-
KpaleHue HoMepa(uucia) OUTOB Ha BHIOOPKY HIIM MOJHOCTHIO OTKA3bIBaThCS OT HEKOTOPBIX U3
BBIOOpOK. O0€ 3TH MpoIeAYPHl UMEIOT KenaTedbHbIN 3P deKT: (ailyl JaHHBIX CTAHOBUTCS MEHb-
MM 3a CUCT KauecCcTBa CHUI'HAJIA. HOCKOJII:Ky Brl mornu 61:1 OKNaTh, OTU IMMPOCTBIC MCTOABI pa-
00TarOT HE OYEHB XOPOIIIO.
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FIGURE 27-9

JPEG image division. JPEG transform compression starts by breaking the image into 8x8 groups, each containing
64 pixels. Three of these 8x8 groups are enlarged in this figure, showing the values of the individual pixels, a single
byte value between 0 and 255.

PUCYHOK 27-9

Paznenenune nzobpaxenuit JPEG. JPEG HaunHaeT npeoOpa3zoBaHue c)katheM, pa3domBas M300pakeHHe Ha TPYIIIbI
8x8, Kaxmast U3 KOTOPHIX coAepkuT 64 mukcena. Tpu u3 3Tux 8xX8 rpymm pacmmupeHbI(yBeTHdeHb B MacITade) B
9TOM PHUCYHKE, [T0Ka3bIBasi 3HAYCHUS MH/IMBULyaIbHBIX [THKCEJIOB, €IMHCTBEHHOE 3HaueHue Oaita mexay 0 u 255.

Transform compression is based on a simple premise: when the signal is passed through the Fou-
rier (or other) transform, the resulting data values will no longer be equal in their information
carrying roles. In particular, the low frequency components of a signal are more important than
the high frequency components. Removing 50% of the bits from the high frequency components
might remove, say, only 5% of the encoded information.

Cxxatue TpaHcdopMaHTBI OCHOBAHO Ha MPOCTOW MPENMOCHUIKE: KOTJa CUTHAI MPOITYCKAIOT Ye-
pe3 tpanchopmanty Dypre (WM Opyryro) TpaHCPOPMAHTY, IMOyYEHHBIC 3HAYCHUS IaHHBIX
Oonbiie He OyAeT paBHBI B UX POJIM HEceHUs HHPopMaIiu. B 4acTHOCTH HU3KOYaCTOTHBIE KOM-
IIOHEHTHI CUT'Hasa, 0oJiee BajKHBI, Y€EM KOMIIOHEHTHI BBICOKOHM 4acToThl. Y manenune 50% OuTOB
KOMIIOHEHTOB BBICOKOM 4acTOTBI MOTJIO ObI yAamsATh, CKaKeM, TOIbKO 5% 3aKOAUPOBAHHOMN WMH-
dbopmariuu.
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As shown in Fig. 27-9, JPEG compression starts by breaking the image into 8x8 pixel groups.
The full JPEG algorithm can accept a wide range of bits per pixel, including the use of color in-
formation. In this example, each pixel is a single byte, a grayscale value between 0 and 255.
These 8x8 pixel groups are treated independently during compression. That is, each group is ini-
tially represented by 64 bytes. After transforming and removing data, each group is represented
by, say, 2 to 20 bytes. During uncompression, the inverse transform is taken of the 2 to 20 bytes
to create an approximation of the original 8x8 group. These approximated groups are then fitted
together to form the uncompressed image. Why use 8x8 pixel groups instead of, for instance,
16x16? The 8x8 grouping was based on the maximum size that integrated circuit technology
could handle at the time the standard was developed. In any event, the 8U8 size works well, and
it may or may not be changed in the future.

Kak nokazano Ha puc. 27-9, JPEG naunnaet cxxatue pazdouBas U300pakeHue Ha TPYIIbI TUKCE-
noB 8x8. Ilomuerit anroputm JPEG MokeT mpuHUMaTh MIMPOKUNA AWana3oH OUTOB Ha IHKCEN,
BKJIIOYAsi UCIIOJIb30BaHKE IBETHON MH(opMaruu. B aToM mpumMepe, Kaxablii MUKCEN - €IUHCT-
BEHHBIA(OTICIBHBIN) 0alT, MOTyTOHOBOE 3HaUeHHE Mexay 0 u 255. OTu rpynmsl 8X8 MUKCEIOB
B TEUEHHE CXaTusi o0paboTaHbl HE3aBHCHUMO. TO €CTh Kaxaas TpyIiia MepBOHAYAIBHO Hpe-
craBieHa 64 Oalitamu. [Tociie mpeoOpa3oBaHus W yIajaeHUs TaHHBIX, KaK1as TPyIIa IpeIcTaB-
JeHa, ckaxeM, oT 2 1o 20 GaiitoB. B Teuenune Hecxarus, oOpatHas TpaHchopMaHTa MPUHATA U3
ot 2 1o 20 6aliToB, YTOOKI CO3/1aTh ANMPOKCHUMAIIMIO OPUTHHANIA TPYNIBEl 8X8. DTH anmpoKCH-
MHUpPOBaHHbIE TPYIIIBI TOTAa MPUCTIOCOOJIEHBI BMECTE, 4T0OBl (pOPMUPOBATH Hec)KaToe M300pa-
kenue. [loueMy MCHOIB3yIOTCA TPYMIbI MUKCETOB 8X8 BMecTO, Hanpumep, 16x16? I'pynnupos-
Ka 8x8 Obl1a OCHOBaHAa Ha MaKCHUMAaJbHOM pa3Mepe, KOTOPBI TEXHOJOTHs WHTETPaJbHOM cXe-
MBI MOTJIa 00pabaThIBaTh BO BpeMs, KOT/Ia CTaHAApT pazpabaTeiBasics. B moboMm ciydae, pazmep
rpymnmsl 8x8 paboTaeT XOpoIIo, ¥ 3TO MOXKET WIIM HE MOKET ObITh U3MEHEHO B Oy TyIIeM.

Many different transforms have been investigated for data compression, some of them invented
specifically for this purpose. For instance, the Karhunen-Loeve transform provides the best pos-
sible compression ratio, but is difficult to implement. The Fourier transform is easy to use, but
does not provide adequate compression. After much competition, the winner is a relative of the
Fourier transform, the Discrete Cosine Transform (DCT).

MaHuoro PA3JINIHBIX TpaHC(bOpMaHT GBIJII/I HCCJIICAOBAHLIL I CXKATUA JAaHHBIX, HCKOTOPBIC U3 HUX
M300pETeHHBIM ompenesaeHHo Juisi 3Tol uenu. Hampumep, tpanchopmanta Karhunen-
Loeve(paznoxenue Kapynena Jlozea) obecriednBaeT BO3MOXKHO Jydlllee KOMIIPECCHOHHOE OT-
HomeHue(kodpduimuent), HO TpyaHa B  ocymectBieHun. IIpeoOpazoBanue  Dy-
pre(Tpanchopmanta Dypre) yaoOHO, HO He oOecrieunBaeT aiekBaTHoe cxkatue. [locne monroro
copeBHOBaHUs, modbeautens -, JAuckpernas Tpanchopmanra Kocunyca (ATK), u3 cemeiictra
npeobpazoBanuii Dypee.

Just as the Fourier transform uses sine and cosine waves to represent a signal, the DCT only uses
cosine waves. There are several versions of the DCT, with slight differences in their mathemat-
ics. As an example of one version, imagine a 129 point signal, running from sample 0 to sample
128. Now, make this a 256 point signal by duplicating samples 1 through 127 and adding them
as samples 255 to 130. That is: Taking the 0, 1, 2, ..., 127, 128, 127, ..., 2, 1. Fourier transform
of this 256 point signal results in a frequency spectrum of 129 points, spread between 0 and 128.
Since the time domain signal was forced to be symmetrical, the spectrum's imaginary part will be
composed of all zeros. In other words, we started with a 129 point time domain signal, and ended
with a frequency spectrum of 129 points, each the amplitude of a cosine wave. Voila, the DCT!
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Tak xe, kak TpancpopmanTa Oypbe UCHOIB3YET BOJHBI CHHYCa U KOCHHYCa, YTOOBI MPEACTa-
BUTH curHaji, JTK ucnonb3yer Tonbko BOJHBI KocuHyca. MiMerorcsa Heckonpko Bepcuid [ITK, ¢
HEeOOJIBIIMMU pa3IMYUsIMH B UX MaTematuke. Kak mpumep onHol Bepcuu, Boodpasute 129 To-
YeK CUTHaJIa, BBIMOJHSIOMMECS oT BbIOOpKU 0, no BbIOOpKU 128. Temeps, nemaiTe(BO3BMHUTE)
3TH 256 Touek curHana, Ayonupys BbiOOpku oT 1 10 127 u mpubaBisis ux Kak BBIOOPKH OT 255
1o 130. Oro: bepsa(lenas) 0, 1, 2, ..., 127, 128, 127, ..., 2, 1. Tpanchopmanta ®ypre U3 ITUX
256 TOYeK cUTHajIa NPUBOAUT K CIEKTPY 4acToT 129 Touek, pacnpocTpaneHHbIX Mexay 0 u 128.
Tak kak curHaj JOMeHa BPeMEHHU ObUT BHIHYKJEH OBbITh CHMMETPUYECKUM, MHUMasl YacTh CIIEK-
Tpa OyIeT cocTaBlieHa U3 BcexX Hysed. Jlpyrumu cioBaMu, Mbl Hadanu co 129 Toyek curhana
JIOMEHA BPEMEHH, U 3aKOHYIJIM CIIEKTPOM 4acTOT 129 Todek, Kakablid aMIUIMTY/1a BOJIHBI KOCH-
Hyca. Voila, ITK!

When the DCT is taken of an 8x8 group, it results in an 8x8 spectrum. In other words, 64 num-
bers are changed into 64 other numbers. All these values are real; there is no complex mathemat-
ics here. Just as in Fourier analysis, each value in the spectrum is the amplitude of a basis func-
tion. Figure 27-10 shows 6 of the 64 basis functions used in an 8x8 DCT, according to where the
amplitude sits in the spectrum. The 8x8 DCT basis functions are given by:

Kornma JITK rpynns! 8x8 npuHAT, 3TO NpUBOAUT K criekTpy 8x8. Jpyrumu cioBamu, 64 Homepa
3aMeHEeHbl Ha 64 npyrux HoMepa. Bee 3T 3HaUeHUs peaibHbIC; HE UMEETC HUKAKOW KOMILJIEKC-
HOM MaTeMaTUKH 37ech. Takxke, Kak B aHau3e Pypbe, KaKI0€ 3HaYCHUE B CIIEKTPE - aMIUIUTY1a
0a3ucHoii pynkiun. Pucynok 27-10 nokassiBaeT 6 u3 64 6a3ucHbIX (PYHKITUH, UCTIONB3YEMBIX B
JATK 8x8, cormacHo Tomy, rie aMIUTUTyJa HaXoAuTCs B cuekTpe. 6aszucHas ¢pynkmus JATK 8x8
JaeTcst:

EQUATION 27-1

DCT basis functions. The variables x & y are the

indexes in the spatial domain, and u & v are the } l_x‘ 1’] = GHHI:
indexes in the frequency spectrum. This is for an '

8x8 DCT, making all the indexes run from 0 to 7.

YPABHEHUE 27-1

Baszucueie pynkmust [JTK. IlepemenHbIe x U y - HHAEKCH B IPOCTPAHCTBEHHOM JIOMEHE, M U, U V - HHICKCHI B CIICK-
Tpe gactot. Ato - ;s JITK 8x8, menast Bce nHaeKkcwl, BeImoaHeHHbIE OT 0 10 7.

(2x + um
16

2v+ Dvw
::us[—[ : )
16

The low frequencies reside in the upper-left corner of the spectrum, while the high frequencies
are in the lower-right. The DC component is at [0,0], the upper-left most value. The basis func-
tion for [0,1] is one-half cycle of a cosine wave in one direction, and a constant value in the
other. The basis function for [1,0] is similar, just rotated by 90°.

Hu3zkue 4acToThl MOCTOSIHHO HAaXOJATCS B JIEBOM BEPXHEM YTJIy CIEKTpPa, B TO BPeMsl KaK BBICO-
KM€ 4YacTOThl HAXOASATCS B HIKHEM mnpaBoM. KommoneHT moctostHHOro Toka - B [0,0], meBoe
BepxHee OOJbIMHCTBO 3HaYeHUs. baszucHas dynkuus s [0,1] - momoBuHA meproaa BOJTHBI KO-
CHUHYCa B OJHOM HAIpaBIIEHWUHU, W MOCTOSHHOM 3HAa4eHWH B Jpyrom. basucHas QyHKIUS ais
[1,0] momo6Ha, TonpKO TOBEpHYTa(CcMemieHa) Ha 90°.

(c) ABTOKC, Canxr-IlerepOypr, http://www.autex.spb.ru, e-mail: info@autex.spb.ru
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FIGURE 27-10

The DCT basis functions. The DCT spectrum consists of an 8x8 array, with each element in the array being an am-
plitude of one of the 64 basis functions. Six of these basis functions are shown here, referenced to where the corre-
sponding amplitude resides.

PUCYHOK 27-10

Bbasucubie pynxunu ATK. Cnekrp TK cocrout n3 maccuBa 8x8, ¢ KaIbIM 3JIEMEHTOM B MacCHUBE, SBISFOLIEMCS
aMIUIMTYI0H ofHOM 3 3TuX 64 6asucHbIX (QyHkuumi. llects n3 3THX 0a3MCHBIX (QYHKLIUH ITOKa3bIBAIOTCS 3[ECH,
YIIOMSIHYTHI K TOMY, TJIe COOTBETCTBYIOIIAsl aMILUTUTY/1a IOCTOSIHHO HAXOJIUTCS.

The DCT calculates the spectrum by correlating the 8x8 pixel group with each of the basis func-
tions. That is, each spectral value is found by multiplying the appropriate basis function by the
8U8 pixel group, and then summing the products. Two adjustments are then needed to finish the
DCT calculation (just as with the Fourier transform). First, divide the 15 spectral values in row 0
and column 0 by two. Second, divide all 64 values in the spectrum by 16. The inverse DCT is
calculated by assigning each of the amplitudes in the spectrum to the proper basis function, and
summing to recreate the spatial domain. No extra steps are required. These are exactly the same
concepts as in Fourier analysis, just with different basis functions.

JATK BbIYMCIsIET COEKTP, KOPPETUPYs TPYIITY MUKCENIOB 8X8 ¢ KaXI0W U3 0a3UCHBIX (PyHKITHIA.
To ecTh Kaxmoe CIEKTpaIbHOE 3HAUYEHHE HANJEHO, YMHOXas COOTBETCTBYIOLIYIO Oa3HCHYIO
(GYyHKIMA Ha TPYIIIY MTUKCENIOB 8X8, U 3aTeM CyMHUPYs MPOAYKTHI. J[Be KOPPEKTHPOBKH TOTa HE-
00xoauMbI, yT0OBI 3aKoHUYNMTH Bhunciienne JITK (taxxke, kak ¢ mpeobpazoBannem Pypoe). Bo
NEpPBBIX, JenuTe 15 crnekTpanbHbIX 3HaueHui B cTpoke 0 u cronbue 0 aBa. Bo BTOphIX, nenute

Bce 64 3HaueHus B cnektpe 16. O6parnbpiii JITK paccunTtan, HazHayas Kaxmayr U3 aMIUTATYI B
(c) ABTOKC, Cankr-IletepOypr, http://www.autex.spb.ru, e-mail: info@autex.spb.ru
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CHEKTpe K Hajajexamieil Oa3ucHOW (yHKUHMS, W MOABOAS UTOTI OCBEXHTH(IIEpeco3naTh) Mpo-
CTpaHCTBEHHBIN ToMeH. Hukakue nonosHuTensHbIE mard He TpeOyrorcs. OHU - TOYHO T€ Ke
camble KOHIENIINHU KaK B aHaiu3e Dypre, TOIBKO € Pa3TUYHBIMUA Oa3HUCHBIMU (YHKIIHS.

Figure 27-11 illustrates JPEG encoding for the three 8x8 groups identified in Fig. 27-9. The left
column, Figs. a, b & ¢, show the original pixel values. The center column, Figs. d, e & f, show
the DCT spectra of these groups.

Pucynok 27-11 ummoctpupyet xonupoBanue JPEG ans tpex rpynn 8x8, uneHtuduuupoBan-
HBIX Ha puc. 27-9. JleBslii cTonber, puc. a, b U ¢, MoKa3bpIBacT NMEPBOHAYAIbHBIC 3HAUCHUS TTHK-
cena. Cpeanuii cronber, puc. d, e u f, nokassiBaer cnektpsl ITK sTux rpymm.

Original Group DCT Spectrum Quantization Error
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FIGURE 27-11

Example of JPEG encoding. The left column shows three 8x8 pixel groups, the same ones shown in Fig. 27-9. The
center column shows the DCT spectra of these three groups. The third column shows the error in the uncompressed
pixel values resulting from using a finite number of bits to represent the spectrum.

PUCYHOK 27-11

[Mpumep kopuposanust JPEG. JleBblit cTonben noka3piBaeT TpH T'PYIIIBI MTUKCEIOB 8X8, T€ K€ camble, YTO MOKa3aHbI
B puc. 27-9. Cpennuii cronben; nmokaspiBaer cnekTpbl JTK u3 atux tpex rpynm. Tpetuit ctonben mokaspiBaeT

(c) ABTOKC, Cankr-IletepOypr, http:/www.autex.spb.ru, e-mail: info@autex.spb.ru
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OU.[I/I6Ky B HECKATBIX 3HAUYCHUAX IMUKCEIA, CICAYIOIHNX U3 HMCIOJIb30BAHUA KOHCYHOT'O YUCJIa 61/ITOB, YTOOBI npea-
CTaBUTH CIICKTDP.

The right column, Figs. g, h & 1, shows the effect of reducing the number of bits used to repre-
sent each component in the frequency spectrum. For instance, (g) is formed by truncating each of
the samples in (d) to ten bits, taking the inverse DCT, and then subtracting the reconstructed im-
age from the original. Likewise, (h) and (i) are formed by truncating each sample in the spectrum
to eight and five bits, respectively. As expected, the error in the reconstruction increases as fewer
bits are used to represent the data. As an example of this bit truncation, the spectra shown in the
center column are represented with 8 bits per spectral value, arranged as 0 to 255 for the DC
component, and —127 to 127 for the other values.

[IpaBsiii cronben, puc. g, h u i, moka3pBaeT, 9To APPEKT COKpAIICHUS YUCIIa OUTOB OOBIYHO
UCTONb3YEMBIH JJIsl NpEeACTaBICHUs KaXJI0ro KOMIIOHEHTa B cliekTpe 4actoT. Hampumep, (g)
chopMHpOBaH, yceKas Kaxaylo u3 BIOOpOK B (d) k mecsatu 6uram, 6epst oopartnsiii JITK, u 3a-
TEM BBIYHMTAas BOCCTAHOBJIICHHOE M300pa)keHHe OT opuruHana. AnanorudHo, (h) u (i) cpopmupo-
BaHBI, yCeKas KaXIylo BBIOOPKY B CIIEKTPE K BOCBMH U TISITH OMTaM, COOTBETCTBEHHO. CTOIIB ke
O’Ku/laemMa, OIIMOKa B YBEIMUEHHUSIX PEKOHCTPYKLUH, KaK MEHbILIEE KOJIMYECTBO OUTOB UCIIOJNb-
3yeTcs, 9ToOBI MPEICTaBUTh JaHHbIe. Kak mpumep 3TOro yceueHHs TBOMYHBIX Pa3psIoB, CIEK-
TpPbI, MOKa3aHHBIE B CPEIHEM CTOJIOIE MpEACTaBIEHbl 8-10 OMTAaMHM Ha 3HAYCHHE CIIEKTpa, pas-
Mentaercs kak oT 0 10 255 /Ui KOMIIOHEHTa MOCTOSTHHOTO TOKa, U oT -127 no 127 nnst apyrux
3HA4YCHU.

The second method of compressing the frequency domain is to discard some of the 64 spectral
values. As shown by the spectra in Fig. 27-11, nearly all of the signal is contained in the low fre-
quency components. This means the highest frequency components can be eliminated, while
only degrading the signal a small amount. Figure 27-12 shows an example of the image distor-
tion that occurs when various numbers of the high frequency components are deleted. The 8x8
group used in this example is the eye image of Fig. 27-10. Figure (d) shows the correct recon-
struction using all 64 spectral values. The remaining figures show the reconstruction using the
indicated number of lowest frequency coefficients. As illustrated in (c), even removing three-
fourths of the highest frequency components produces little error in the reconstruction. Even bet-
ter, the error that does occur looks very much like random noise.

Bropoii MeTon cxxaTHsl 4aCTOTHOT'O JOMEHA COCTOUT B TOM, YTOOBI OTKA3aThCs OT HEKOTOPBIX U3
64 cnektpanbHbIX 3HaueHUH. Kak moka3zaHo cnektpamu B puc. 27-11, moutu Becb CUTHaI CO-
JEPKUTCSI B HU3KUX YACTOTHBIX KOMIIOHEHTaX. JTO O3HAYAET, YTO CaMbl€ BHICOKHE YaCTOTHBIE
KOMIIOHEHTBI MOTYT OBbITh YCTPaHEHbI, TOJIBKO MPHU HEOOJBIIOM KOJINYECTBE YXYALICHUS CUTHa-
na. PucyHok 27-12 moka3pIBaeT mpuMep HCKaKEHHUS N300paKEHHS, KOTOPOE MPOUCXOIUT KOT/Aa
pa3IU4YHBI HOMEpPa KOMIIOHEHTOB BBICOKOW 4YacTOTHI yAajeHbl. I'pynma 8x8, ucnonb3yemas B
3TOM MpUMepe - u3o0paxenue rinaza Ha puc. 27-10. Pucynok (d) mokasbiBaeT mpaBUIbHYIO pe-
KOHCTPYKIIHIO, UCIOJb3ysl BCe 64 CHEKTpalbHBIX 3HaueHHsA. OcTaromuecs 4ucia MOKa3bIBaIOT
PEKOHCTPYKIUIO, UCTIONB3Ys 0003HAYCHHOE YHMCIIO CAMBIX HU3KUX YaCTOTHBIX KOA((UIIMEHTOB.
Kak mmmoctpupoBaHo B (C), Aaxe yJIaleHue TpeX 4YeTBepTed M3 CaMbIX BBICOKMX YaCTOTHBIX
KOMITOHEHTOB IPOU3BOAUT HEOOJBIIYIO0 OMKUOKY B PEKOHCTPYKUUU. Jlaxe mydmie, ommnodka, Ko-
TOpasi MPOUCXOAUT BBITIAUT OYEHb MTOJJO0OHO CIIy4aifHOMY LIYyMY.

JPEG is good example of how several data compression schemes can be combined for greater
effectiveness. The entire JPEG procedure is outlined in the following steps. First, the image is
broken into the 8x8 groups. Second, the DCT is taken of each group. Third, each 8x8 spectrum is
compressed by the above methods: reducing the number of bits and eliminating some of the
components. This takes place in a single step, controlled by a quantization table. Two examples

(c) ABTOKC, Cankr-IletepOypr, http://www.autex.spb.ru, e-mail: info@autex.spb.ru




HAYYHO-TEXHUYECKOE PYKOBOJICTBO 110 IM®POBOW OBPABOTKE CUTHAJIOB

of quantization tables are shown in Fig. 27-13. Each value in the spectrum is divided by the
matching value in the quantization table, and the result rounded to the nearest integer. For in-
stance, the upper-left value of the quantization table is one, resulting in the DC value being left
unchanged. In comparison, the lower-right entry in (a) is 16, meaning that the original range of -
127 to 127 is reduced to only -7 to 7. In other words, the value has been reduced in precision
from eight bits to four bits. In a more extreme case, the lower-right entry in (b) is 256, com-
pletely eliminating the spectral value.

JPEG - xopommwii mpuMep TOro, Kak HECKOJIBKO CXEM C)KAaTHs TaHHBIX MOTYT OBITh 0ObEeTUHEHBI
st 6ombieit addextuBrocTr. [lomnas nponenypa JPEG Beinenena B ciemyromux marax. Bo
HepBbIX, U300paxeHne pazouto Ha rpynmbl 8x8. Bo Bropsix, mpuusaT JTK kaxmoi rpymmsl.
TpeTbe, Kaxablil CIEKTP TPYNIMbl 8X8 CXKAT BBINICYNOMSHYTHIMUA METOIAMU: COKPAIICHUEM YHC-
Ja OWTOB M YCTPAaHEHMEM HEKOTOPBIX M3 KOMIIOHEHTOB. JTO HMMEET MECTO B E€IMHCTBEH-
HOM(OTAETHLHOM) IIare, YIpaBiseMoM Tald/uuell KBaHTOBaHus. /[Ba npuMepa TabauI KBaHTO-
BaHMs MOKa3bIBaloTCA Ha puc. 27-13. Kaxnoe 3HaueHue B CHEKTpe pa3/ieJIeHO 3HAUEHUEM COOT-
BETCTBUSl B TaOiMlle KBAHTOBaHUS, U Pe3yibTaTy, OKPYIJIEGHHOM K CaMOMY OJM3KOMY LIEJIOMY
yucny. Jnst oOpasia, ieBoe BepxHee 3HaUeHHEe TaOJIMIbl KBAHTOBAHUS 00UH, IPUBOJS K 3HAUe-
HUIO TOCTOSIHHOTO TOKa, OCTaBIseMOMY HEW3MEHseMbIM. JlJis CpaBHEHUs, HWKHUI MpaBbIi
BXOJ B (a) - 16, 03Hauas1, 4T0 MepBOHAYATBHBINA quana3oH oT -127 g0 127 cokpalieH K TOIbKO OT
-7 no 7. Apyrumu cioBaMHu, 3Ha4Y€HHE ObLIO COKPAIIEHO B MPELU3UOHHOCTH OT BOCbMU OUTOB /10
yeTblpex OMTOB. B OoiblieM KOIMYeCTBE KPUTHUECKOTO ciydasi, HIKHUI mpaBbiii Bxoa B (b) -
256, IOTHOCTHIO YCTPAHSsS CIIEKTPATIbHOE 3HAUEHHUE.

a. 3 coefficients b. & coefficients c. 15 coefficients

FIGURE 27-12

Example of JPEG reconstruction. The 8=8 pixel
group used in this example is the ¢ye in Fig. 27-9. As
shown, less than 1/4 of the 64 values are needed to
achieve a good approximation to the correct image.

d. 64 coefficients
{correct image)

FIGURE 27-12
Example of JPEG reconstruction. The 8x8 pixel group used in this example is the eye in Fig. 27-9. As shown, less
than 1/4 of the 64 values are needed to achieve a good approximation to the correct image.

PUCYHOK 27-12

ITpumep JPEG pexoHCTpYyKIMHU. TpyMIa MUKCEIOB 8X8, UCIOIB3yeMOoil B 3TOM Ipumepe - eza3 B puc. 27-9. Kak no-
Ka3aHo, MeHbIle yeM 1/4 u3 64 3HaueHHH HEe0OXOAMMBI, YTOOBI JOCTUYb XOPOLIEH alpOKCUMAILINU K TIPaBUIBHOMY
H1300paKeHHIO.

(c) ABTOKC, Canxr-IlerepOypr, http://www.autex.spb.ru, e-mail: info@autex.spb.ru
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FIGURE 27-13

JPEG quantization tables. These are two example quantization tables that might be used during compression. Each
value in the DCT spectrum is divided by the corresponding value in the quantization table, and the result rounded to
the nearest integer.

PUCYHOK 27-13

Ta6muuel kBantoBanusi JPEG. Onu - jBe TabauIbl MPHUMEPa KBAHTOBAHMS, KOTOPbIE MOTJIH ObI UCIIOIb30BATHCS B
Teuenue cxatus. Kaxnoe 3nauenue B criektpe JITK pasneneHo COOTBETCTBYIOIINM 3HAUCHUEM B TaOJIUIE KBAHTO-
BaHMs, U pe3yJIbTare, OKPYTIIEHHOM K CaMOMY GIIH3KOMY IEJIOMY YHCITY.

In the fourth step of JPEG encoding, the modified spectrum is converted from an 8x8 array into a
linear sequence. The serpentine pattern shown in Figure 27-14 is used for this step, placing all of
the high frequency components together at the end of the linear sequence. This groups the zeros
from the eliminated components into long runs. The fifth step compresses these runs of zeros by
run-length encoding. In the sixth step, the sequence is encoded by either Huffman or arithmetic
encoding to form the final compressed file.

B uyerBeprom mare koauposanus JPEG, uzmensiemblil cnektp npeoOpa3oBaH U3 MaccuBa 8X8 B
JMHEHHYIO TOCIIE0BATEIFHOCTh. 3MEEBUIHBIN 00pa3el], mokazanHblii B Pucynke 27-14 ncnoib-
3yeTcsi JIs 3TOrO Ilara, oMellas Bceé KOMIOHEHThI BBICOKOW 4acTOThI BMECTE B KOHIIE JIMHEH-
HOM mocea0BaTeNbHOCTU. DTU TPYIIIbI HYIYU OT YCTPAHEHHBIX KOMIIOHEHTOB B BBIIIOJHEHHOU
JuiiHe. [IATBIM mar ckKMMaeT, 3TU BBIIOJHEHHBIE HYJIM KOJWPOBAHUEM C IMEPEMEHHOW IIIMHOU
CTpoKH. B mectom mare, mocie0BaTeIbHOCTh 3aKOANPOBaHa Wi XahPMaHOM HIH apupMeTH-
CKUM KOJUPOBaHHUEM, YTOOBI (POPMHUPOBATH KOHEUHBIHN CXKaThIi (aii.

The amount of compression, and the resulting loss of image quality, can be selected when the
JPEG compression program is run. Figure 27-15 shows the type of image distortion resulting
from high compression ratios. With the 45:1 compression ratio shown, each of the 8x8 groups is
represented by only about 12 bits. Close inspection of this image shows that six of the lowest
frequency basis functions are represented to some degree.

KonngectBo cxxaTus, U MOTEpU KauyecTBa 3aKaHUMBAIOLIETOCS M300pa’keHHsI, MOKET OBbITh OTO-
Opano, xorna JPEG komnpeccuonHas mporpamma BbIlojiHeHa. PucyHok 27-15 mokasbiBaeT TUI
UCKAXXEHUS  M300pa)KeHHUs, CJIENYIOIEro M3  BBICOKUX  KOMIIPECCHOHHBIX  OTHOIIe-
Hui(ko3ppummenToB). C mMokazaHHBIM KOMIIPECCHOHHBIM OTHOIICHUEM 45:1, KaX bl U3 TpyT-
bl 8x8 mpencTaBiieH TOJBKO MpUOIN3NUTENbHO 12 6MTOB. biu3kuit ocMOTp 3TOro M300paXKeHHs
MOKA3bIBAET, YTO HIECTh M3 CaMbBIX HU3KUX YAaCTOTHBIX Oa3MCHBIX (PYHKIHUI MPEICTaBICHBI 0
HEKOTOPOM CTENeHU.

(c) ABTOKC, Cankr-IletepOypr, http://www.autex.spb.ru, e-mail: info@autex.spb.ru
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FIGURE 27-14

JPEG serial conversion. A serpentine pattern used to convert the 8x8 DCT spec-
trum into a linear sequence of 64 values. This places all of the high frequency
components together, where the large number of zeros can be efficiently com-
pressed with run-length encoding.

PUCYHOK 27-14

ITocnenoBarenpHoe npeodbpazoBanue JPEG. 3meeBumubiii 00pasen; 00bIYHO HC-
nosbp3yeMblid uist mpeoOpaszoBanus cnekrpa JJTK 8x8 B nuneitnyro nocnenosa-
TENBHOCTh 64 3Ha4YeHWi. DTO pa3MelaeT BCe KOMIIOHEHTHI BBICOKOW YacTOTHI
BMecTe, I/i¢ 00JIbIIoe KOJIMYECTBO HyJeH MOXKET ObITh 3P(EKTHBHO CXKATO KO-
JMPOBAHHUEM C TIEPEMEHHON JUTMHOHN CTPOKH.

FIGLIRE 27-13

Example of IPEG distortion, Figure (a)
shows the original image, while (b) and (¢}
shows restored images using compression
ratios of 10:1 and 45:|, respectively. The
high compression ratio used in (¢} results in
gach 8= pixel group being represented by
less than 12 bits.

c. With 45:1 compression

FIGURE 27-15

Example of JPEG distortion. Figure (a) shows the original image, while (b) and (c) shows restored images using
compression ratios of 10:1 and 45:1, respectively. The high compression ratio used in (c) results in each 8x8 pixel
group being represented by less than 12 bits.

YUCJIO(PUCYHOK) 27-15
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[pumep uckaxenust JPEG. PucyHok (a) nmoka3ssiBaeT nepBoHavanbHOe n300paxkeHue, B To Bpems kak (b) u (c) mo-
Ka3bIBalOT BOCCTAHOBJICHHBIE N300paKEHHsI, UCIIONB3YsI KOMITpecCHOHHbIe oTHomeHust 10:1 u 45:1, coorBeTcTBEH-
HO. BhICOKOE KOMIPECCHOHHOE OTHOIIEHUE, UCTIOIb3yeMOoe B (C) MPUBOAUT K KXKIIOM rpyIine MuKceaoB 8x8, mpen-
CTaBJIsIEMO MeHbIIE 4eM 12 OuTamu.

Why is the DCT better than the Fourier transform for image compression? The main reason is
that the DCT has one-half cycle basis functions, i.e., S[0,1] and S[1,0]. As shown in Fig. 27-10,
these gently slope from one side of the array to the other. In comparison, the lowest frequencies
in the Fourier transform form one complete cycle. Images nearly always contain regions where
the brightness is gradually changing over a region. Using a basis function that matches this basic
pattern allows for better compression.

[Touemy - ATK nyumre yem npeodpazoBanue Oypbe 11st cxatus usodpakenusi? OCHOBHAS MPH-
guHa - 10, 4ro JITK umeeT nmonmouHy mnepuona 6a3ucHbIX (yHKIWH, TO ecth, S[0,1] u S[1,0].
Kak moka3zano B puc. 27-10, oHH MSITKO MMEIOT HAKJIOH OT OJTHOW CTOPOHBI MacCHBa K JIPYTOii.
Jlnst cpaBHEHUsI, caMble HU3KHE YacTOTHI B MpeoOpazoBaHun Dypbe GOPMHUPYIOT 00UH NOHbLU
nepuoo. 300paxkeHue OYTH BCET/Ia COACPKUT O0JIACTH, TJE SIPKOCTh MOCTEIIEHHO MepeKIItoYa-
eT obnacte. Mcmonb3oBanue 0a3ucHON (DYHKIMH, KOTOpask COOTBETCTBYET 3TOMY OCHOBHOMY
00pasily, yYUTHIBACT JIyUlllee CIKATHE.

MPEG

MPEG is a compression standard for digital video sequences, such as used in computer video
and digital television networks. In addition, MPEG also provides for the compression of the
sound track associated with the video. The name comes from its originating organization, the
Moving Pictures Experts Group. If you think JPEG is complicated, MPEG is a nightmare!
MPEG is something you buy, not try to write yourself. The future of this technology is to encode
the compression and uncompression algorithms directly into integrated circuits. The potential of
MPEQG is vast. Think of thousands of video channels being carried on a single optical fiber run-
ning into your home. This is a key technology of the 21st century.

MPEG - KOMIpecCHOHHBIM cTaHAapT A MUGPOBBIX MOCIEIOBATEILHOCTEH BUIECO, TUMA HC-
I0JIb3YEMOT'0 B KOMIIBIOTEPHOM BHJIE0 U LIM(PPOBBIX TEJIEBU3HOHHBIX ceTsax. Kpome Toro, MPEG
TaKXke 00ecrneunBaeT ckaThe 3BYKOBOW (hoHOrpammbl, CBsi3aHHOH ¢ Bujeo. Ha3zBaHue cryTHUK
OT €ro OpraHu3aluu BO3HUKHOBeHUs1, Moving Pictures Experts Group (OxcneptHas ['pynmna Ile-
pemenenus M3obpaxennit). Eciu Ber nymaere, uto JPEG cnoxen, MPEG - xommap! MPEG -
Koe-uTo, yTo Bbl mokymnaere, He mpoOyroT 3anucath ceds. byyiiee 3TOi TEXHOIOIMH OJIAKHO
KOJQUPOBaTh KOMIIPECCHOHHBIE U HEKOMIIPECCHOHHBIE AJITOPUTMBI HENOCPEICTBEHHO B HHTE-
rpanbHbie cxembl. [loreniman MPEG oOmmpen. JlymaiiTe 0 ThICS4ax BHICOKAHAIOB, Mepea-
BaeMbl€ 110 €JUHCTBEHHOMY CBETOBOJY, K BalleMy JOMY. JTO - KJIIOY€Basl TeXHOJOrus 21-oro
CTOJIETHS.

In addition to reducing the data rate, MPEG has several important features. The movie can be
played forward or in reverse, and at either normal or fast speed. The encoded information is
random access, that is, any individual frame in the sequence can be easily displayed as a still pic-
ture. This goes along with making the movie editable, meaning that short segments from the
movie can be encoded only with reference to themselves, not the entire sequence. MPEG is de-
signed to be robust to errors. The last thing you want is for a single bit error to cause a disruption
of the movie.

B nononHeHue kK cokpauieHuto ckopoctH nepenaun nanHbix, MPEG nMeeT HeCKOJIbKO BaXKHBIX
ocobenHoctei. KuHouibM MOXKHO 3amycKaTh éneped Wi 0Opamuo, WA B HOPMAJIbHOM WITH
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YCKOPEHHOM pEeXHUMeE. 3aKOAUpOBaHHAs UH(OPMALHS - NPOU3B0IbHLIL 0OCMYN, TO €CTh J00as
WHIUBUyaTbHAS CTPYKTypa(Kaap) B MOCIEAOBATEIIBHOCTA MOXKET OBITH JIETKO OTOOpakeHa Kak
BCE elle u300pakeHne. ITo0 UIST HapsAy C CO3JaHHEM JOCTYIHOTO UL peoaKmuposanus Ku-
HOQMIIbMa, 3HaUYEHHUE, YTO KOPOTKHE CErMEHThl OT KMHO(HUIbMa MOTYT OBITH 3aKOJAMPOBAHbI
TOJIbKO B OTHOIIECHUH ce0si, He MojHas nocienoBareabHOcTs. MPEG pa3paboraH, 4yToObI OBITH
YCTOWYMBBIM K omnOKkaM. [locnenusis Bems, KOTOpyro Bbl XOTUTE - 17151 €TMHCTBEHHOM OIIMOKH
JIBOMYHBIX Pa3psI0B BbI3BATh OO KHHODUIBMA.

The approach used by MPEG can be divided into two types of compression: within-the-frame
and between-frame. Within-the-frame compression means that individual frames making up the
video sequence are encoded as if they were ordinary still images. This compression is preformed
using the JPEG standard, with just a few variations. In MPEG terminology, a frame that has been
encoded in this way is called an intra-coded or I-picture.

[onxoxn, ucnonszyemslii MPEG MoxxeT ObITH pasfenieH Ha JBa THUIA CXaTusi: "B Ipeaenax
CTPYKTYpPBI(paMKH) U MEXIY CTPYKTypoi(pamkoii)". CxaTue mocpeacTBOM "B Mpeenax CTpyK-
Typbl(paMKH)" YTO MHIMBUIYAJIbHBIE CTPYKTYpPBI(KaIpbl), COCTABIIAIOIINE [TOCIEA0BATEILHOCTD
BHJICO 3aKOJUPOBAHBI, KaK Oy/ATO OHU OBLIM OOBIYHBI BCE €Ille, M300paKeHus. ITO CKaTHE - 3a-
roroBka ucnoas3oBanus JPEG cranmapra, ¢ Tonpko Heckonbko Bapuauuil. B MPEG TepMuHo-
JIOTUH, CTPYKTypa(kaap), KoTopas Oblia 3aKOAMpPOBAHA TaKUM OOpa3oM, Ha3bIBaeTCs intra-
coded(BayTpenHee koaupoBanue) win I-picture.

Most of the pixels in a video sequence change very little from one frame to the next. Unless the
camera is moving, most of the image is composed of a background that remains constant over
dozens of frames. MPEG takes advantage of this with a sophisticated form of delta encoding to
compress the redundant information between frames. After compressing one of the frames as an
I-picture, MPEG encodes successive frames as predictive-coded or P-pictures. That is, only the
pixels that have changed since the I-picture are included in the P-picture.

BOJIBIIMHCTBO MUKCEIIOB B MOCIEAOBATEIILHOCTH BHICO M3MEHSETCS OUY€Hh HEMHOTO OT OJTHOTO
Kaqpa 70 cienyromero. Ecnu kamepa He mepemeniaercs, O0binas 9acTh H300paKeHUsT COCTaB-
neHa u3 GoHa, KOTOPBIA OCTaeTCs KOHCTAHTOM Oosiee yeM MHOXecTBa kanpoB. MPEG Bocmosb-
3yeTCsl MPEUMYIIECTBOM 3TOTO CO CIOXKHOU POPMOM denvma Koouposauusi, 9T00bI CKATh U30bI-
TOYHYIO HH(pOpMaIIo medxcdy kaopamu. Ilocne cxxatust omHOTO U3 Kaapos kak I-picture, MPEG
KOJUPYET MOCIICI0BATEIbHBIC CTPYKTYPbI(Kaphl) KaK MPOrHO3UPYIOIIee KoaupoBanue wiu P-
pictures (mporao3upoBaHue KapTHHKH?). TO €CTh TOJBKO MUKCEINbI, KOTOPbIE U3MEHIIUCH Ha-
ynHas(mocne) [-picture BkmoueHsl B P-picture (P-uzobpaxenue).

While these two compression schemes form the backbone of MPEG, the actual implementation
1s immensely more sophisticated than described here. For example, a P-picture can be referenced
to an I-picture that has been shiffed, accounting for motion of objects in the image sequence.
There are also bidirectional predictive-coded or B-pictures. These are referenced to both a pre-
vious and a future I-picture. This handles regions in the image that gradually change over many
of frames. The individual frames can also be stored out-of-order in the compressed data to facili-
tate the proper sequencing of the I, P, and B-pictures. The addition of color and sound makes this
all the more complicated.

B To BpeMms kak 3TH JBE KOMIPECCHOHHBIX cXembl dopmupyroTr ocHoBy MPEG, daktuueckoe
BBHITIOJTHCHHE OYEHb OOJiee CIOKHO 4YeM OIMMCaHHO 3/aech. Hampumep, P-m3o0pakeHue mMoxeT
OBITH YIIOMSHYTO K [-picture KOTOpbIit ObIT cO8uHYm, COCTaBISAA(OOBICHSS) TBKEHUE O0BEKTOB
B TMIOCIIEA0BATEIHLHOCTH M300pakeHus. VimMeeTcs Takke NByHamnpaBlIeHHOE MPEIEKTUBHOE KOIU-
poBanHe Wi B-pictures. OHu ynmomsHyTsI K 000MM U TpeaplayIeMy u Oymaymemy [-picture.
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Ot10 00pabareiBaeT 006JacTH B M300pak€HUH, KOTOPHIE MOCTETIEHHO MEPEKII0YaloT MHOTHE U3
cTpykTyp(KampoB). MHAMBUAYATBbHBIE CTPYKTYPBI(Kaaphl) MOTYT TaKXe OBITh COXpaHEHBI IO-
BPEKICHHBIMU B CXKAThIX JAHHBIX, YTOOBI 00JIErYnTh HaJyIexkaiee ynopspouenue I, P, and B-
pictures. JloGaBieHure 11BeTa U 3ByKa JEIAET, 3TO TeM 00JIee YCI0KHCHHBIM.

The main distortion associated with MPEG occurs when large sections of the image change
quickly. In effect, a burst of information is needed to keep up with the rapidly changing scenes.
If the data rate is fixed, the viewer notices "blocky" patterns when changing from one scene to
the next. This can be minimized in networks that transmit multiple video channels simultane-
ously, such as cable television. The sudden burst of information needed to support a rapidly
changing scene in one video channel, is averaged with the modest requirements of the relatively
static scenes in the other channels.

OcHoBHOe uckaxeHue, ceszanHoe ¢ MPEG mpoucxoaut, korga OoJbiive pas3aenbl u3o0paxe-
HUS U3MEHSIOTCS ObICTpo. B nefcTBUTENBHOCTH, B3pPBHIB(MMITYJIbC) MH(OpMAIMH HEOOXOIUM,
YTOOBI HE OTCTAaBaTh OT OBICTPO M3MEHSIOUMXCA clieH. Eciiu ckopocTh mepenayn JaHHBIX yCTa-
HOBJICHA, CPEACTBO IMPOCMOTpa oOpamiaeT BHUMaHue Ha oOpasisl "blocky"(610kH; KOZOBBIE
TPYIIIBI) IPH U3MEHEHUHU(3aMEeHE) OT OJHOU CIICHBI J0 CJIEAYIOmEH. ITO MOXKET ObITh MUHUMH-
3UPOBAaHO B CETAX, KOTOPHIE MEpeNaloT MHOKECTBEHHbIE KaHAJIbl BHIEO OJHOBPEMEHHO, THIIA
kabenbHOTrO TeNeBUACHUS. BHe3amHblld B3pBIB(MMITYJIBC) WH(DOpMAIINK, HEOOXOIUMOMN MOIEP-
KHUBATh ObICTPO M3MEHSIOLIYIOCS CIICHYy B OJJHOM KaHaJjle BUJEO, YCPEAHEH CO CKPOMHBIMHU Tpe-
OOBaHUSAMU OTHOCUTENILHO CTAaTUYECKUX CIIEH B IPYTUX KaHaJaX.
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