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'DWD�&RPSUHVVLRQ
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'DWD�&RPSUHVVLRQ

&RPSUHVVLRQ�UHGXFHV�WKH�VL]H�RI�D�ILOH�
■ 7R�VDYH�7,0(�ZKHQ�WUDQVPLWWLQJ�LW�
■ 7R�VDYH�63$&(�ZKHQ�VWRULQJ�LW�
■ 0RVW�ILOHV�KDYH�ORWV�RI�UHGXQGDQF\�

:KR�QHHGV�FRPSUHVVLRQ"
■ 0RRUH
V�ODZ� ��WUDQVLVWRUV�RQ�D�FKLS�GRXEOHV�HYHU\�������PRQWKV�
■ 3DUNLQVRQ
V�ODZ� GDWD�H[SDQGV�WR�ILOO�VSDFH�DYDLODEOH��
■ 7H[W��LPDJHV��VRXQG��YLGHR��������

%DVLF�FRQFHSWV�DQFLHQW������V���EHVW�WHFKQRORJ\�UHFHQWO\�GHYHORSHG�
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$SSOLFDWLRQV�RI�'DWD�&RPSUHVVLRQ

*HQHULF�ILOH�FRPSUHVVLRQ�
■ )LOHV��*=,3��%=,3��%2$�
■ $UFKLYHUV��3.=,3�
■ )LOH�V\VWHPV���17)6�

0XOWLPHGLD�
■ ,PDJHV���*,)��-3(*��&RUHO'UDZ��
■ 6RXQG���03��
■ 9LGHR���03(*� 'LY;���+'79�

&RPPXQLFDWLRQ�
■ ,78�7�7��*URXS���)D[�
■ 9���ELV�PRGHP�

'DWDEDVHV�
■ *RRJOH�
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(QFRGLQJ�DQG�'HFRGLQJ

0HVVDJH���%LQDU\�GDWD�0�ZH�ZDQW�WR�FRPSUHVV�
(QFRGH���*HQHUDWH�D��FRPSUHVVHG��UHSUHVHQWDWLRQ�&�0��WKDW�KRSHIXOO\�
XVHV�IHZHU�ELWV�
'HFRGH���5HFRQVWUXFW�RULJLQDO�PHVVDJH�RU�VRPH�DSSUR[LPDWLRQ�0
�

&RPSUHVVLRQ�UDWLR���ELWV�LQ�&�0������ELWV�LQ�0�

/RVVOHVV���0� �0
���������RU�ORZHU�
([���&�VRXUFH�FRGH��H[HFXWDEOHV�

/RVV\���0�a�0
������RU�ORZHU�
([���LPDJHV��VRXQG��YLGHR�

(QFRGHU0 'HFRGHU&�0� 0
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6LPSOH�,GHDV

$QFLHQW�LGHDV�
■ +XPDQ�ODQJXDJH�
■ 0RUVH�FRGH�
■ %UDLOOH�

)L[HG�OHQJWK�FRGLQJ�
■ 8VH�VDPH�QXPEHU�RI�ELWV�IRU�HDFK�V\PERO�
■ 1�V\PEROV��⇒ ORJ�1 ELWV�SHU�V\PERO�
■ ��ELW�$6&,,�FRGH�IRU�WH[W�
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5XQ�/HQJWK�(QFRGLQJ

1DWXUDO�HQFRGLQJ� ���× ������� �����ELWV�
5XQ�OHQJWK�HQFRGLQJ� ���× �� �����ELWV�
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5XQ�/HQJWK�(QFRGLQJ

5XQ�OHQJWK�HQFRGLQJ��5/(��
■ ([SORLW�ORQJ�UXQV�RI�UHSHDWHG�FKDUDFWHUV�
■ 5HSODFH�UXQ�E\�FRXQW�IROORZHG�E\�UHSHDWHG�FKDUDFWHU��EXW�GRQ
W�
ERWKHU�LI�UXQ�LV�OHVV�WKDQ���
² $$$$%%%$$%%%%%&&&&&&&&'$%&%$$$%%%%&&&'
² �$�%$$�%�&'$%&%�$�%�&'

■ $QQR\DQFH���KRZ�WR�UHSUHVHQW�FRXQWV�
■ 5XQV�LQ�ELQDU\�ILOH�DOWHUQDWH�EHWZHHQ���DQG����VR�RXWSXW�FRXQW�RQO\�
■ �)LOH�LQIODWLRQ��LI�UXQV�DUH�VKRUW�

$SSOLFDWLRQV�
■ %ODFN�DQG�ZKLWH�JUDSKLFV�

² FRPSUHVVLRQ�UDWLR�LPSURYHV�ZLWK�UHVROXWLRQ�
■ -3(*��-RLQW�3KRWRJUDSKLF�([SHUWV�*URXS��
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9DULDEOH�/HQJWK�(QFRGLQJ

9DULDEOH�OHQJWK�HQFRGLQJ�
■ 8VH�',))(5(17�QXPEHU�RI�ELWV�WR�HQFRGH�GLIIHUHQW�FKDUDFWHU�
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9DULDEOH�/HQJWK�(QFRGLQJ

9DULDEOH�OHQJWK�HQFRGLQJ�
■ 8VH�',))(5(17�QXPEHU�RI�ELWV�WR�HQFRGH�GLIIHUHQW�FKDUDFWHU�

² XVH�IHZHU�ELWV�IRU�PRUH�IUHTXHQW�OHWWHUV��(7$21,6�
² XVH�PRUH�ELWV�IRU�UDUHU�OHWWHUV��=4-;.9%�
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9DULDEOH�/HQJWK�(QFRGLQJ

9DULDEOH�OHQJWK�HQFRGLQJ�
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9DULDEOH�/HQJWK�'HFRGLQJ

%XW��WKHQ�KRZ�GR�ZH�GHFRGH"
■ 9DULDEOH�OHQJWK�FRGHV�FDQ�EH�DPELJXRXV�

+RZ�GR�ZH�DYRLG�DPELJXLW\"
■ 2QH�VROXWLRQ� HQVXUH�QR�HQFRGLQJ�LV�D�35(),;�RI�DQRWKHU�
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,PSOHPHQWLQJ�3UHIL[�)UHH�&RGHV

+RZ�WR�UHSUHVHQW"
■ 8VH�D�ELQDU\�WULH�

² V\PEROV�DUH�VWRUHG�LQ�OHDYHV
² HQFRGLQJ�LV�SDWK�WR�OHDI

(QFRGLQJ�
■ 6WDUW�DW�OHDI�RI�WULH
FRUUHVSRQGLQJ�WR�V\PERO�V�

■ )ROORZ�SDWK�XS�WR�WKH�URRW�
■ 3ULQW�ELWV�LQ�UHYHUVH�RUGHU�

'HFRGLQJ�
■ 6WDUW�DW�URRW�RI�WUHH�
■ 7DNH�ULJKW�EUDQFK�LI�ELW�LV����OHIW�EUDQFK�LI����
■ :KHQ�DW�D�OHDI�QRGH��SULQW�V\PERO�DQG�UHWXUQ�WR�URRW�
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+XIIPDQ�&RGLQJ

2.��EXW�KRZ�GR�,�ILQG�D�JRRG�SUHIL[�IUHH�FRGLQJ�VFKHPH"
! *UHHG�

7R�FRPSXWH�+XIIPDQ�SUHIL[�IUHH�FRGH�
■ &RXQW�FKDUDFWHU�IUHTXHQFLHV�S

V
IRU�HDFK�V\PERO�V�LQ�ILOH�

■ 6WDUW�ZLWK�D�IRUHVW�RI�WUHHV��HDFK�FRQVLVWLQJ�RI�D�VLQJOH�YHUWH[
FRUUHVSRQGLQJ�WR�HDFK�V\PERO�V�ZLWK�ZHLJKW�S

V
�

■ 5HSHDW�
² VHOHFW�WZR�WUHHV�ZLWK�PLQ�ZHLJKW�S

�
DQG�S

�

² PHUJH�LQWR�VLQJOH�WUHH�ZLWK�ZHLJKW�S
�
� S

�

$SSOLFDWLRQV� -3(*��03���03(*��3.=,3�
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+XIIPDQ�(QFRGLQJ�,PSOHPHQWDWLRQ

#define SYMBOLS 256

char *lookup[SYMBOLS];          // lookup[c] = codeword for c
unsigned char text[MAXN + 1];   // input text

typedef struct node *link;      // Huffman trie node
struct node {

unsigned char c;             // symbol
int freq;                    // symbol frequency
link l, r;                   // subtries

};

int main(void) {
... 

while((c = getchar()) != EOF) {    // read input
text[N++] = c;                  // save input text
freq[c]++;                      // compute frequencies

}
... 

+XIIPDQ�(QFRGLQJ



��

+XIIPDQ�(QFRGLQJ�,PSOHPHQWDWLRQ

PQinit(SYMBOLS);                    // init PQ
for (i = 0; i < SYMBOLS; i++)

if (freq[i] > 0)
PQinsert(NEWnode(i, freq[i], NULL, NULL));

while (PQsize() > 1) {              // build trie
x = PQdelmin();                  // smallest
y = PQdelmin();                  // next smallest
parent = NEWnode(’*’, x->freq + y->freq, x, y);
PQinsert(parent);

}
trie = PQdelmin();

makeLookupTable(tree, 0);           
for (i = 0; i < N; i++)

printf("%s", lookup[text[i]]);

+XIIPDQ�(QFRGLQJ���EXLOG�WULH�DQG�SULQW�FRGHZRUGV�

FKDU ORRNXS
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����� �����
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+XIIPDQ�'HFRGLQJ�,PSOHPHQWDWLRQ

+XIIPDQ�GHFRGLQJ���UHFDOO�&26�����

typedef struct node *link;  // Huffman trie node
struct node {

unsigned char c;                 // symbol in leaf
link l, r;                       // subtries

};

. . .

x = trie = maketrie(); // reconstruct trie
while ((c = getbit()) != EOF) {     // read in bit

if      (c == 0) x = x->l; // go left
else if (c == 1) x = x->r;   // go right
if (x->l == NULL) { // no more trie

putchar(x->c);                // print symbol
x = trie;                     // restart

}
}

+XIIPDQ�'HFRGLQJ
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+XIIPDQ�(QFRGLQJ

7KHRUHP��+XIIPDQ�������� +XIIPDQ�FRGLQJ�LV�RSWLPDO�SUHIL[�IUHH�FRGH�
■ 1R�YDULDEOH�OHQJWK�FRGH�XVHV�IHZHU�ELWV�

&RUROODU\� *UHHG�LV�JRRG�

,PSOHPHQWDWLRQ�
■ 7ZR�SDVVHV�

² WDEXODWH�V\PERO�IUHTXHQFLHV�DQG�EXLOG�WULH
² HQFRGH�ILOH�E\�WUDYHUVLQJ�WULH�RU�ORRNXS�WDEOH

■ 8VH�SULRULW\�TXHXH�IRU�GHOHWH�PLQ�DQG�LQVHUW�
■ 2�0���1�ORJ�1��

'LIILFXOWLHV�
■ +DYH�WR�WUDQVPLW�HQFRGLQJ��WULH��
■ 1RW�RSWLPDO�

0�� �ILOH�VL]H�
1�� ���GLVWLQFW�V\PEROV
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:KDW�'DWD�&DQ�EH�&RPSUHVVHG"

86�3DWHQW�����������RQ��0HWKRGV�IRU�'DWD�&RPSUHVVLRQ��
■ &DSDEOH�RI�FRPSUHVVLQJ�DOO�ILOHV�

6ODVKGRW�UHSRUWV�RI�WKH�=HUR�6SDFH�7XQHU��DQG�%LQDU\$FFHOHUDWRU��
■ �=HR6\QF�KDV�DQQRXQFHG�D�EUHDNWKURXJK�LQ�GDWD�FRPSUHVVLRQ�WKDW�
DOORZV�IRU�������ORVVOHVV�FRPSUHVVLRQ�RI�UDQGRP�GDWD��,I�WKLV�LV WUXH��
RXU�EDQGZLGWK�SUREOHPV�MXVW�JRW�D�ORW�VPDOOHU��������

,PSRVVLEOH�FODLPV�IRU�ORVVOHVV�FRPSUHVVLRQ�
■ &RQVLGHU�DOO������ELW�PHVVDJHV�
■ ����� SRVVLEOH�PHVVDJHV�
■ 2QO\����� ������ ��«�����FDQ�EH�HQFRGHG�ZLWK�≤ ����ELWV�
■ 2QO\���LQ����� FDQ�HYHQ�EH�HQFRGHG�ZLWK�≤ ����ELWV�
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$�'LIILFXOW�)LOH�7R�&RPSUHVV

fclkkacifobjofmkgdcoiicnfmcpcjfccabckjamolnihkbgobcjbngjiceeelpfgcjiihppenefllhglfemdemgahlb
piggmllmnefnhjelmgjncjcidlhkglhceninidmmgnobkeglpnadanfbecoonbiehglmpnhkkamdffpacjmgojmcaabp
cjcecplfbgamlidceklhfkkmioljdnoaagiheiapaimlcnlljniggpeanbmojgkccogpmkmoifioeikefjidbadgdcep
nhdpfjaeeapdjeofklpdeghidbgcaiemajllhnndigeihbebifemacfadnknhlbgincpmimdogimgeeomgeljfjgklkd
gnhafohonpjbmlkapddhmepdnckeajebmeknmeejnmenbmnnfefdbhpmigbbjknjmobimamjjaaaffhlhiggaljbaijn
ebidpaeigdgoghcihodnlhahllhhoojdfacnhadhgkfahmeaebccacgeojgikcoapknlomfignanedmajinlompjoaif
iaejbcjcdibpkofcbmjiobbpdhfilfajkhfmppcngdneeinpnfafaeladbhhifechinknpdnplamackphekokigpddmm
jnbngklhibohdfeaggmclllmdhafkldmimdbplggbbejkcmhlkjocjjlcngckfpfakmnpiaanffdjdlleiniilaenbni
kgfnjfcophbgkhdgmfpoehfmkbpiaignphogbkelphobonmfghpdgmkfedkfkchceeldkcofaldinljjcgafimaanelm
fkokcjekefkbmegcgjifjcpjppnabldjoaafpbdafifgcoibbcmoffbbgigmngefpkmbhbghlbdjngenldhgnfbdlcmj
dmoflhcogfjoldfjpaokepndejmnbiealkaofifekdjkgedgdlgbioacflfjlafbcaemgpjlagbdgilhcfdcamhfmppf
gohjphlmhegjechgdpkkljpndphfcnnganmbmnggpphnckbieknjhilafkegboilajdppcodpeoddldjfcpialoalfeo
mjbphkmhnpdmcpgkgeaohfdmcnegmibjkajcdcpjcpgjminhhakihfgiiachfepffnilcooiciepoapmdjniimfbolch
kibkbmhbkgconimkdchahcnhapfdkiapikencegcjapkjkfljgdlmgncpbakhjidapbldcgeekkjaoihbnbigmhboeng
pmedliofgioofdcphelapijcegejgcldcfodikalehbccpbbcfakkblmoobdmdgdkafbbkjnidoikfakjclbchambcpa
epfeinmenmpoodadoecbgbmfkkeabilaoeoggghoekamaibhjibefmoppbhfbhffapjnodlofeihmjahmeipejlfhloe
fgmjhjnlomapjakhhjpncomippeanbikkhekpcfgbgkmklipfbiikdkdcbolofhelipbkbjmjfoempccneaebklibmca
ddlmjdcajpmhhaeedbbfpjafcndianlfcjmmbfncpdcccodeldhmnbdjmeajmboclkggojghlohlbhgjkhkmclohkgja
mfmcchkchmiadjgjhjehflcbklfifackbecgjoggpbkhlcmfhipflhmnmifpjmcoldbeghpcekhgmnahijpabnomnokl
djcpppbcpgcjofngmbdcpeeeiiiclmbbmfjkhlanckidhmbeanmlabncnccpbhoafajjicnfeenppoekmlddholnbdja
pbfcajblbooiaepfmmeoafedflmdcbaodgeahimcgpcammjljoebpfmghogfckgmomecdipmodbcempidfnlcggpgbff
oncajpncomalgoiikeolmigliikjkolgolfkdgiijjiooiokdihjbbofiooibakadjnedlodeeiijkliicnioimablfd
pjiafcfineecbafaamheiipegegibioocmlmhjekfikfeffmddhoakllnifdhckmbonbchfhhclecjamjildonjjdpif
ngbojianpljahpkindkdoanlldcbmlmhjfomifhmncikoljjhebidjdphpdepibfgdonjljfgifimniipogockpidamn
kcpipglafmlmoacjibognbplejnikdoefccdpfkomkimffgjgielocdemnblimfmbkfbhkelkpfoheokfofochbmifle
ecbglmnfbnfncjmefnihdcoeiefllemnohlfdcmbdfebdmbeebbalggfbajdamplphdgiimehglpikbipnkkecekhilc
hhhfaeafbbfdmcjojfhpponglkfdmhjpcieofcnjgkpibcbiblfpnjlejkcppbhopohdghljlcokhdoahfmlglbdklia
jbmnkkfcoklhlelhjhoiginaimgcabcfebmjdnbfhohkjphnklcbhcjpgbadakoecbkjcaebbanhnfhpnfkfbfpohmnk
ligpgfkjadomdjjnhlnfailfpcmnololdjekeolhdkebiffebajjpclghllmemegncknmkkeoogilijmmkomllbkkabe
lmodcohdhppdakbelmlejdnmbfmcjdebefnjihnejmnogeeafldabjcgfoaehldcmkbnbafpciefhlopicifadbppgmf
ngecjhefnkbjmliodhelhicnfoongngemddepchkokdjafegnpgledakmbcpcmkckhbffeihpkajginfhdolfnlgnade
famlfocdibhfkiaofeegppcjilndepleihkpkkgkphbnkggjiaolnolbjpobjdcehglelckbhjilafccfipgebpc....

2QH�PLOOLRQ�SVHXGR�UDQGRP�FKDUDFWHUV��D�² S�
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$�'LIILFXOW�)LOH�7R�&RPSUHVV

#include <stdio.h>
#include <stdlib.h>
#define N 1000000
int main(void) {

int i;
for (i = 0; i < N; i++)

putchar(’a’ + rand() % 16);
return 0;

}

����FKDUDFWHUV

% gcc rand.c

% a.out > temp.txt

% compress –c < temp.txt > temp.Z

% gzip –c < temp.txt > temp.gz

% bzip2 –c < temp.txt > temp.bz2

&RPSUHVVLRQ�$FKLHYHG

% ls –lr temp*

170 rand.c

1000000 temp.txt

576861 temp.Z

570872 temp.gz

499329 temp.bz2

5HVXOWLQJ�)LOHV

(DV\�WR�VWRUH�WZR���ELW
FKDUDFWHUV�SHU�E\WH�IRU
����FRPSUHVVLRQ�
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,QIRUPDWLRQ�7KHRU\

,QWULQVLF�GLIILFXOW\�RI�FRPSUHVVLRQ�
■ 6KRUW�SURJUDP�JHQHUDWHV�ODUJH�GDWD�ILOH�
■ 2SWLPDO�FRPSUHVVLRQ�DOJRULWKP�KDV�WR�GLVFRYHU�SURJUDP�
■ 8QGHFLGDEOH�SUREOHP�

6R�KRZ�GR�ZH�NQRZ�LI�RXU�DOJRULWKP�LV�GRLQJ�ZHOO"
■ :DQW�ORZHU�ERXQG�RQ���ELWV�UHTXLUHG�E\�$1<�FRPSUHVVLRQ�VFKHPH�



��

/DQJXDJH�0RGHO

+RZ�FRPSUHVVLRQ�DOJRULWKPV�ZRUN"
■ ([SORLW�ELDV�RQ�LQSXW�PHVVDJHV�
■ :RUG��3ULQFHWRQ��RFFXUV�PRUH�IUHTXHQWO\�WKDQ��<DOH��
■ :KLWH�SDWFKHV�RFFXU�LQ�W\SLFDO�LPDJHV�

&RPSUHVVLRQ�LV�DOO�DERXW�SUREDELOLW\�
■ )RUPXODWH�SUREDELOLVWLF�PRGHO�WR�SUHGLFW�V\PEROV�

² VLPSOH���FKDUDFWHU�FRXQWV��UHSHDWHG�VWULQJV
² FRPSOH[���PRGHOV�RI�D�KXPDQ�IDFH

■ 8VH�PRGHO�WR�HQFRGH�PHVVDJH�
■ 8VH�VDPH�PRGHO�WR�GHFRGH�PHVVDJH�

([DPSOH� 2UGHU���0DUNRY�PRGHO�
■ (DFK�V\PERO�V JHQHUDWHG�UDQGRPO\�ZLWK�IL[HG SUREDELOLW\�S�V���
LQGHSHQGHQWO\�
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(QWURS\

(QWURS\����6KDQQRQ������

■ ,QIRUPDWLRQ�FRQWHQW�RI�V\PERO�V�LV�SURSRUWLRQDO�WR
■ :HLJKWHG�DYHUDJH�RI�LQIRUPDWLRQ�FRQWHQW�RYHU�DOO�V\PEROV��
■ ,QWHUIDFH�EHWZHHQ�FRGLQJ�DQG�PRGHO�
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(QWURS\�DQG�&RPSUHVVLRQ

6KDQQRQ
V�WKHRUHP�������� $YJ���ELWV SHU�V\PERO��≥ HQWURS\�
■ ,I�GDWD�VRXUFH�6�LV�DQ�RUGHU���0DUNRY�PRGHO��WKHQ�$1<�FRPSUHVVLRQ�
VFKHPH�PXVW�XVH�≥ +�6���ELWV�SHU�V\PERO�RQ�DYHUDJH�

■ &RUQHUVWRQH�UHVXOW�RI�LQIRUPDWLRQ�WKHRU\�

+XIIPDQ
V�FRGLQJ�WKHRUHP�������� +XIIPDQ�FRGH�LV�RSWLPDO�
■ ,I�GDWD�VRXUFH�6�LV�DQ�RUGHU���0DUNRY�PRGH��WKHQ
+�6���≤ DYJ���ELWV�SHU�V\PERO��≤ +�6������

,V�WKHUH�DQ\�KRSH�RI�GRLQJ�EHWWHU"
■ <HV���+XIIPDQ�ZDVWHV�XS�WR���ELW�SHU�V\PERO�

² LI�+�6��LV�FORVH�WR����WKLV�PDWWHUV
² FDQ�GR�EHWWHU�ZLWK��DULWKPHWLF�FRGLQJ�

■ <HV���6RXUFH�PD\�QRW�EH�RUGHU���0DUNRY�PRGHO�
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(QWURS\�RI�WKH�(QJOLVK�/DQJXDJH

+RZ�PXFK�LQIRUPDWLRQ�LV�LQ�HDFK�FKDUDFWHU�RI�(QJOLVK�ODQJXDJH"
■ 0RGHO� �(QJOLVK�WH[W�

+RZ�FDQ�ZH�PHDVXUH�LW"��6KDQQRQ
V�H[SHULPHQW��������
■ $VNHG�KXPDQV�WR�SUHGLFW�QH[W�FKDUDFWHU�JLYHQ�SUHYLRXV�WH[W�
■ 7KH�QXPEHU�RI�JXHVVHV�UHTXLUHG�IRU�ULJKW�DQVZHU�

■ 6KDQQRQ
V�HVWLPDWH� ������ ����
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/RVVOHVV�&RPSUHVVLRQ�5DWLR�IRU�&DOJDU\�&RUSXV
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6WDWLVWLFDO�0HWKRGV

(VWLPDWH�V\PERO�IUHTXHQFLHV�DQG�DVVLJQ�FRGHZRUGV�EDVHG�RQ�WKLV�

6WDWLF�PRGHO� 6DPH�GLVWULEXWLRQ�IRU�DOO�WH[WV�
■ )DVW�
■ 1RW�RSWLPDO�VLQFH�GLIIHUHQW�WH[WV�H[KLELW�GLIIHUHQW�GLVWULEXWLRQV�
■ ([� $6&,,��0RUVH�FRGH��+XIIPDQ��(WDRLQ�6KUGOX��FRGH�

'\QDPLF�PRGHO� *HQHUDWH�PRGHO�EDVHG�RQ�WH[W�
■ 3UHOLPLQDU\�SDVV�QHHGHG�WR�JHQHUDWH�PRGHO�
■ 0XVW�WUDQVPLW�WKH�PRGHO�
■ ([� +XIIPDQ�FRGH�XVLQJ�IUHTXHQFLHV�IURP�WH[W�

$GDSWLYH�PRGHOV� 3URJUHVVLYHO\�OHDUQ�DQG�XSGDWH�PRGHO�DV�\RX�UHDG�WH[W�
■ 0RUH�DFFXUDWH�PRGHOV�SURGXFH�EHWWHU�FRPSUHVVLRQ�
■ 'HFRGLQJ�PXVW�VWDUW�IURP�EHJLQQLQJ�
■ ([� /=:�
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/=:�$OJRULWKP

/HPSHO�=LY�:HOFK��YDULDQW�RI�/=����
■ $GDSWLYHO\�PDLQWDLQ�V\PERO�WDEOH�RI�XVHIXO�VWULQJV�
■ ,I�LQSXW�PDWFKHV�ZRUG�LQ�67��RXWSXW�LQGH[�LQVWHDG�RI�VWULQJ��

$OJRULWKP�
■ )LQG�ORQJHVW�ZRUG�:�LQ�67�WKDW�LV�D�SUHIL[�RI�VWULQJ�VWDUWLQJ�DW
FXUUHQW�LQGH[�

■ 2XWSXW�LQGH[�IRU�:�IROORZHG�E\�[� �QH[W�V\PERO�
■ $GG�:[�WR�GLFWLRQDU\�

([DPSOH�
■ 'LFWLRQDU\���a��aa��ab��aba��abb��abaa��abaab��abaaa,
■ 6WULQJ�VWDUWLQJ�DW�FXUUHQW�LQGH[���...abaababbb...
■ :� �abaab��[� �a�
■ 2XWSXW�LQGH[�IRU�:��LQVHUW� abaaba LQWR�67�
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/=:�,PSOHPHQWDWLRQ

,PSOHPHQWDWLRQ�
■ 8VH�WULH�WR�FUHDWH�V\PERO�WDEOH�RQ�WKH�IO\�

² SUHIL[�RI�HYHU\�ZRUG�DOVR�LQ�67
■ (QFRGH�

² ORRNXS�VWULQJ�VXIIL[�LQ�WULH
² RXWSXW�67�LQGH[�DW�ERWWRP
² DGG�QHZ�QRGH�WR�ERWWRP�RI�WULH

■ 'HFRGH�
² ORRNXS�VWULQJ�VXIIL[�LQ�WULH
² RXWSXW�67�ZRUG�DW�ERWWRP
² DGG�QHZ�QRGH�WR�ERWWRP�RI�WULH

:KDW�WR�GR�ZKHQ�67�JHWV�WRR�ODUJH"
■ 7KURZ�DZD\�DQG�VWDUW�RYHU���*,)
■ 7KURZ�DZD\�ZKHQ�QRW�HIIHFWLYH���8QL[�FRPSUHVV
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6XPPDU\

/RVVOHVV�FRPSUHVVLRQ�
■ 6LPSOH�DSSURDFKHV�

² 5/(
■ 5HSUHVHQW�IL[HG�OHQJWK�V\PEROV�ZLWK�YDULDEOH�OHQJWK�FRGHV�

² +XIIPDQ
■ 5HSUHVHQW�YDULDEOH�OHQJWK�V\PEROV�ZLWK�IL[HG�OHQJWK�FRGHV�

² /=:

/RVV\�FRPSUHVVLRQ�
■ $OJRULWKPV�QRW�FRYHUHG�LQ�&26�����
■ 6LJQDO�SURFHVVLQJ��ZDYHOHWV��IUDFWDOV���������

/LPLWV�RQ�FRPSUHVVLRQ�
■ (QWURS\�


