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Abstract

The objective of this project is to study the data compression
technique from the PKZIP program. The study of this program can be divided
into three parts, each part describes in flowchart form of the subprogram
and its result. The used algorithm in PKZIP is modified from LZW , Huffman
/ Shonnon-Fano coding and sliding dictionary. It also includes some special
technique which is the better compression data. ‘fhe data compression
program of PKZIP is rewriten with C language which can compress and

de-compress data from PKZIP file format.
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uie is Baudn aauﬁnaqntiwﬂvtnunaua is iuTHdineT 258 unu nqﬁtuiwutiwuuaﬁu
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T — —
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s ) —_— —_
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4 v 4 )
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next code: read next input code and store in CODE , INcode 3 éﬂuﬁaga
v ¢ L wd
vauatautan CODE, INcode
If no new code s D tunTaIn

v
exit auQQn11ﬁ1q1u

o

next symbol: if CODE = code(wK) 11 CODE ﬁﬁuﬂinQBRTﬁﬁﬂﬁ

e

output K 3 1a7un K
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repeat next symbol 5 n15ﬁ1§ﬂ
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") e _wd
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29 CODE fa K

e
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“e
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v
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v [ vd
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if no new code s DlaNTHA (A

exit

e

b1
Audan1Trinem
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.o
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e

4
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we

CODE = code(w) M CODE =

e
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-
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lEl'W:YI K
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b7}
repeat next code s nTEN1Tn
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4 v -
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1 #m7a9TATETN Zipfile tﬁudqunu71awa1n1oﬁ71¢naquﬁuiagangnaanuwau51
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2 d1unaeLnnunn11taan1naanuwanaga
3 faupavdanainy Shrinking
4 fqumasdanainy Imploding
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3.1 TATeATI¢RAY Zipfile

. . < v 4w o
Zipfile ﬂauﬁunagan1aaﬂnn17aanuﬁaa1ﬂ PKZIP
t 1) l‘l ar ug
TATedT 19089 Zipfile Taanaty ﬁanumslﬁuaqu Aa
[ local file header + data file J...C local file header + data

file 1€ central directory 1 end of central directory record

3.1.1 Local file header

4 < " )
uﬁuﬁagan gnaanuwaﬁaga waninuluglnay  local file header + data filel
- ; . < < . <
L?aqnu1u 29 local file header nad1unuananvmznaquﬁuﬁagangnaanuﬂﬂEaga data
. 4 4 e o | -1 4 é o v
file ﬂadauntnuwnanaeﬁaga data file utﬁudauntnu7nanaquﬁunaga1waazLSaanao

local file header ﬁﬁea

local file header:

00-03 local file header signature 4 bytes (0x04034B50)

04-05 version needed to extract 2 bytes

06-07 general purpose bit flag 2 bytes

08-09 compression method 2 bytes

0A-0B last mod file time 2 bytes

0C-0D last mod file date 2 .bytes

0E-11 crc-32 4 bytes

12-15 compressed size 4 bytes -

16-19 uncompressed size 4 bytes



1A-1B filename length 2 bytes
1C-1D extra field length 2 bytes

1E-.. filename (variable size)

extra field size (variable size)

3.1.2 Central Directory Structure

. ﬁ < w o [V <
Central Directory Structure udvuuaﬂn11lnunagaanumznaqqnquﬁunagangn
: -4 PPV | - .
aanuﬁau51%egnLnULﬁuaﬂauaatuaquaqun [ local file header + data 1 naﬁqnuﬁu
v < . . w v o - ¥
fayainulu Zipfile nﬁuqnquﬁunagaua1 HTATIRTINA Y
Central directory structure:

[file headerl...[file header]l end of central dir recored

File header:

00-03 central file header signature 4 bytes (0x02014B50)
04-05 version made by 2 bytes
06-07 version needed to extract ‘2 bytes
08-09 general purpose bit flag 2 bytes
0A-0B compression method 2 bytes
0c-0D  last mod file time 2 bytes
OE-OF last mod file date 2 bytes
10-13 crc-32 4 bytes
14-15 compressed size 2 bytes
16-17 uncompressed size 2 bytes
18-19 filename length 2 bytes
1A-1B extra field length 2 bytes
1C-1D file comment length 2 bytes
1E-1F disk number start 2 bytes
20-21 internal file attributes 2 bytes
22-23 external file attributes 2 bytes

24-27 relative offset of local header 4 bytes



28-.. filename (variable size)
extra field (variable size)

file comment (variable size)

End of central dir record:

00-03 end of central dir signature 4 bytes

04-05 number of this disk 2 bytes
nunber of the disk with the

06-07 start of the central directory 2 bytes
total number of entries in

08-09 the central dir 2 bytes

04A-0D size of central directory 4 bytes
offset of start of central

directory with respect to

0E-11 the starting disk number 4 bytes
12-13 zipfile comment length 2 bytes
14-.. zipfile comment (variable size) [

ﬂaéﬁnﬁa1ﬁaqﬁun11ﬁnuwLnnﬁﬁn11aanuﬁa§a§aﬁa
general purpose bit flag :
iin 1 : n11635aaauReuY Inploding
- D Tnudaeintg WAUWATH TUIA 8 A1atue

v <4

- f1uadsT udaeity WIRLNTH TUR 4 Atatus
Jin 2 @ 0nfifaRunauuy Imploding
- DTAUAAYINE 3 SF ni (Shannon-Fano tree) Tun17anmuia
iaga
- fuaded  u#eednty 2 SF nd
compression method :
0 1u5gntﬁn1aa1ﬁﬁn11aanu1a (stored)
1 1u59naanu1a1aaaﬁn11 Shrinking

4 -
6 1uagnaanuwaTaani Imploding
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o ' ) . . 4 o Y do
R78879039TATIATI9EEY Zipfile (HANNITARIUNR 3 uﬁunagauaq:ﬂ 3.1

0000: 50 4B 03 04 0A 00 00 00 01 00 8B 16 90 1A B6 FB
0010: DD 6B 21 00 00 00 22 00 00 00 09 00 00 00 44 41
0020: 54 41 31 2E 44 41 54 61 C4 60 41 43 66 CD 9C 81
0030: 64 CE 24 44 63 06 8D 1C 35 66 EA AD 59 13 66 BE
0040: 9A 81 65 12 96 C9 93 10 50 4B 03 04 0A 00 00 00
0050: 01 00 A5 16 90 1A 6A 5C 8E F1 30 00 00 00 32 00 .
0060: 00 00 09 00 OO DO 44 41 54 41 32 2E 44 41 54 61
0070: D4 98 51 C3 86 4C 1A 3A 64 DE 08 24 43 66 EO 19
0080: 35 67 76 98 99 C3 E6 CC 1C 32 3B 2C BE 29 03 51
0090: OD 99 39 6A 20 7E 64 23 E7 4D C3 35 8C 20 02 50
00A0: 4B 03 04 0A 00 00 00 01 00 AF 16 90 1A 93 DD FC
00BO: FE 28 00 00 00 2D 00 00 00 03 00 00 00 44 41 54
00C0: 41 33 2E 44 41 54 66 CE A0 11 98 E6 8D CO 33 73
00D0: CE A8 31 43 86 CC 9A 33 64 12 AE /99 C3 46 CD OB
O0EO: 84 01 D7 30 54 03 F1 4C 9A 39 1C 13 82 04 50 4B
00F0: 01 02 DA 00 0A 00 00 00 01 00 8B 16 90 1A B6 FB
0100: bD 6B 21 00 00 00 22 00 00 0D 0S5 00 00 00 00 0O
0110: 00 00 00 00 20 00 00 00 00 00 00 00 44 41 54 41
0120: 31 2E 44 41 54 50 4B 01 02 0A 00 0A 00 00 00 01
0130: 00 A5 16 90 1A 64 5C BE F1 30 00 00 00 32 00 00
0140: 00 09 00 00 00 00 0O 00 OO 00 00 20 OC 00 00 48
0150: 0D 00 00 44 41 54 41 32 2E 44 41 54 50 4B 01 02
0160: OA 00 0OA 00 00 00 01 00 AF 16 90 1A 93 DD FC FE
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..., 510, 511, 256 , 1, 512, 513, ...
I 1 |
l l

. [ - [ Y
AUIRTBYTUA 9 R AWIABANTUE 10 UR

4 ! [ V3 -
zﬂn 3.2 uﬁaqnWTtﬁunuwanaqvuﬁﬁvainﬁﬂvuqu"256,1"
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maxcode = (1 ¢< codesize) - 1 ;3 UR¥YAIR1 goqaﬁwuiunuwatwuauaa 2 -1

. . v v v
loop:if end of file H nﬁnagauuauau

v
. L 2 .
exit ; 1n§uqan11nWQﬂu
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lastcode
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.
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s DIRITvENTHLAN
v < v
s 070 wiK TuRITINURD

’

in table

’

index of lastcodetsuffix ;3 WM w ﬁvgnaqw+K

(K}
70N Wk TuA1T9

s

’ Lﬂﬁqﬂ W
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repeat loop
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codesize = codesize + 1 3 (WNIWIATANTNA
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code = 0
code_increment = 0 s Auaat L TN unnTaE9Tid SF
last_bit_length = 0
i = number of SF tree - 1 ; M i = 41mumay SF 7 - 1
loop:zif i »= 0 ; AT TRRE Y INATY
code = code + code_increment ; THARIMTUAT i Taf
if bit_lenght(i) != last_bit_length 3 0187817189 THT TN LAY
n11u511naQ7ﬁﬁﬁajﬁu
last_bit_length = bit_length(i) 5 UhiTua1tuanainiaaiu

1 << (16 - last_bit_length) ; uazruFun17i%n

code_increment
. o ]
ANDAY TN SF n1i

SF_code(i) = code FeliuariaTianas SF nIdmTuan i 1aq

e
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i=1+1 ARIMUINEAYIWRE SF NTNRANNITNBRTUR

- . - v
else exit URAYINNAATHANNAULRD
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v
N7ENITIUNINIL DDA THANAR
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repeat loop
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aanainuyA2mTutannInn11Ung unnw%uﬁﬁuun1unﬁ1tnunagauaan1ﬁﬂnnaguwn AN
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Unnnw1nnuuagana¢ nT 70 256 ‘fun UAATTUNLAUAINNTAVAIBNHTURRTAYD fmTinT 3
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ag%uzﬂnaqnWTLnﬂ1udtaadnuu1ﬁnﬂu1unagatwaq 152 Muminuu
#788190FAINITAARTAATAYTHR SF 37W7U 8 A1

TWiayanavTiia SF Aa 0X42 , 0X01 , 0X13

0X42 naRTidlaLde THd 5 A1 TeA1tMaIENIIARY 3 Tin

0X01 naaTidlsidu T 1 A1 FeRaanwanadninafiu 2 in

0X13 paawiataiiu 1d 2 d1 Feitaanuanaininafiu 4 i

awuﬁ1nﬁnv1u1ﬁﬁﬂﬁ§aga 8 #7 Aa 0-7 ﬁﬁ11u311na@1ﬁﬁnac§a§atﬁu 3,3,3,3,
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Reversed Order Original
vVal Sorted Constructed Code Value Restored Length
0: 2 1100000000000000 11 101 3
1: 3 1010000000000000 101 001 3
2: 3 1000000000000000 001 110 3
3: 3 0110000000000000 110 010 3
4: 3 0100000000000000 010 100 3
5: 3 0010000000000000 100 11 2
6: 4 0001000000000000 1000 1000 4
7: 4 0000800000000000 0000 0000 4
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Eﬂn 3.5 RI8IUAAINITNARTRADAVTINA SF 147U 8 a1
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s

initialize Dictionary : ﬁwTﬁuiuwgn1unmztéuauiﬁqxﬂéw
build SF_code s LanTuTunTndas Haa i 19Tid SF
read data to stored in look_ahead_buffer; é1u§agatﬁﬁu1tﬁu131ud7u
a1 B9t
loop: find distance and length_of_match_string 3 m17e8eMINIANARTILAY
n11uawunaqda?qﬁLwﬁauﬁu1zuiwquauwgn1u
wavdauiaz L §11id '

. . . < < o '
if length_of_match_string ¢ min_match nTEnﬁda?vntnﬁaunuﬁaandn

4. v
CRETRETY ]
outputbit 1 3 La1qnﬁn§tﬁutﬁu 1
. v o, P )
if number_of _SF_tree = 2 5 M1dmouBaInInttaa 2

output first_char_of_look_ahead_buffer ;Laﬂqnﬁn?qnu1a11ué
v . o
else s fdmaunaninitae 3

output Literal_code of first_char_of_look_ahead_buffer
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H taquinﬁnaqﬁRanuﬁa 1 Yun

ug QJUu o I's

used_string_length = 1 3 AUARTINL T TRRUA N BN TIUR

ddd |, a 4 a4 o o . Y

else s NTANNARTINLMNARARINUAEN IR NN INUATY
outputbit 0 ; Laquﬁnﬁtﬁu oilu o

. e , - ¢
if size_of_dictionary = 8K ; ﬁwnuwnnaeuauﬂgnwuﬁa8n7a1un
output 7 lower bit of distance ; tawn 7 UNATNTBITE LU

Vv
1avARTINABY
. © 4 « {
else H nﬁﬂuﬂﬂﬂaquﬂuﬂgn1uﬁa4n7a1un
output 6 lower bit of distance ; Laﬁqn 6 UNATNTANTEAEAY
1aNARTINIAAN
output Length_code of 6 upper bit of distance
3 1a7mn 6 UnuRDAaL TE AU
v
N1ANKRTINAFAY
. = . o 4\4 -
if length_of _match_string >= 63 + min_match ;ﬁﬁﬂﬂivntuﬁaunu
1 ld. t 1
#0071 63 + A nnanuall
output Length_code of 63 3 Lﬂﬁgh?ﬁdnaq 63
output length_of_match_string - 63 - min_match 3127UNAYN
LK a d a4
A1 8ANARTINLURS
else
] a d 4 o
output length_of_match_strlng;tﬂﬂqna11uaﬂanaqﬁn1qnLuuaunu
p 14
- & [ VY] Qd!l
used_string_length = length_of _match_string ; avuudaTInien
w, YV « ' e Q < <q o
THRLATHARIALNINUAIINE I BAVARTINL RN AUNY
. . - [ a 4 Y e ,,V
update Dictionary (used_string_length) ; (NUARTINLHIITLENTNFTITY
WU TY
. . o d 4 v
update look_ahead _buffer (used_string_length) ; AUARRTINLWIIZLEN

o < Y o " W a W '
1““831’]3']1\"*')““?3 {1 uasaquﬂaﬂal“Nlﬂ'\u'\‘I“u

. - - 490
if look_ahead_buffer is not empty 3 HQﬁﬁagatuaa1ud1unizLnﬁTMﬁ
¥
repeat loop 5 aeuu3c1u§ﬂ1un
. v Y v v o, d Y w
else exit H naganqnua1atn11udtiau1aaua1
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TANETUIRTANATEN Imploding 138071 Exploding Tvatuisiasn

- . . . . . . } 24 N ' s
initialize dictionary n11nwwu1gn1unmsL?uauﬁwQLﬂaﬂ

-e

L] ' J -
tTanTUsunTueas  Wad T19THA SF

e

build SF_cpde

& J Q o Y v 4
loop: read 1 bit to stroed in flag AMUNWLAY 1 UNLEINNLWATEIuANT

e

WITA
if flag = 1 s DalinwiLAwL T 1
f ; d
if number_of_tree = 2 ;5 f197mIuIaININtEAa 2

- [T - { v
read string 1 byte e ugaTyonna 1 Tuataiun

. L (8
output string 1 byte uaztaquﬁavqnuwa 1 fupy

v . )
else ;5 f19Iunaninidae 3
decode string 1 byte using Literal_SF_tree ; NARTHEIBNARTY
{ o
gu1a 1 1un’ian SF ng

o - 't
output string 1 byte 5 uastaquﬁa1enuﬁa 1 Yuay

&

[

uz - Vaf {
1 ;3 awudaTInnasTndtianauia 1 1um

decoded_string_length

-

a v
else s miabainwiAwLty 0

if size_of_dictionary = 8K ; ﬁﬂnuwanaquuﬂgniuﬁ1iﬁa 8 ATatun
read 7 lower bit of distance ; a1 7 UNANBANTHA
"FrHERINBANARTN"
else ; ﬁﬂnuwanaqwﬂuwgnTuﬁﬁﬁﬁa 4 ATAlun
read 6 lower bit of distance ; 874 8 LnaivpavTngd
"JravnINTaNARIN"
decode 6 upper bit of distance using Distance_SF_tree -
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"frasnne1avfAie"Taald SFn3
decode match_string_length using Length_SF_tree
5 NAATHA"AIINENIDANRATY"TAE
14 SF n3
if match_string_length = 63 5 N1"AIINENITANRATI" = B3
read more data any add to match_string_length
1 . » 4‘\ 3 Q’d
3 AMWIMWIRTANANLARINUNWINLWNEN
copy' string in dictionary to output; ﬁﬂtawﬂﬂ?e1uwﬂu1@n1u
q' 41 Pos g . D | e
tvuqﬁnjanuﬂvaanTﬂlnwnu TEESWINIAIARTI" uazantnany
" Qd‘u"
AN BANARTINLUNAUNY aanLaun
v
. : o ¥ ad o
decoded:string_length = length_of_string; RSUURATINNAATHH
MANTWIRLAITY "AIINATITANHAT "

. . & [ a o o, Y v
updatedictionary (decode_string_length) ; tnudrTeInnarINalauan

131uuﬂuwgn1u
- v o e g o 4 1
If not end_of_file ; ddNTMdiLnRaanunTaly
LV oo 4 “ it
repeat loop 3 naavninaaseldnTenanagsin
g » el 4§ < t e
else exit 5 n11uuTndtnaaanuaa01ﬂ1ndgnnaﬂ
e

@ ﬂ Y v
U EEEHHRY uﬂal'la“uﬂua'l

IO § . . . 4. .
THRIE1TN UdRIN1TNI9MUTaNTUTUNTN Imploding uar Exploding n31aavni1Tniaenuun
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start

v

textcompression = imploding
binary compression= Imploding

move {o next parameter

textcompression = shrinking
binarycompression = shrinking

textcomprgsslon = Imploding
bl:warycompress = |mploding

textcompression = Imploding
blnarycompress = shrinking

textcompression = shrinking
binarycompression = Imploding

<4 t s S add 0
ZIIYI 3.8 T\‘a'lﬂ"l‘fnllﬂ’ﬁ‘lﬂ"l?laﬂﬂ']ﬁﬂ"l'l’ﬂﬁﬁu']ﬂﬂﬂ}'la
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Is text flle

4 compression method =

binarycompression

compression method

= {exicompression

Nt

=

use shrinking method
to compress data

use imploding method
to compress data

<4 ¢ 4
zun 3.7 THRIFITNUARSAITLABNITN I TARIRIA T ANA
L |
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testlength ~ size of file
teststart = 0

1ze of file >= 3
?

48

testiength = 3K
teststart = O

ze of file >= 9
?

testlength = 3K
teststart = 6K

move file pointer to
teststart

:

total = O
counter - QO

"

D = geldata
filepointer = fliepointer + 1

¢

total = total + welgth[D]
counter =~ counter + 1

<
TUn 3.8
|

Gunter < testleng

¢ S v
Twa{HWTnuaavnw13tn1nznﬂuanaquﬁunaga



resault - total / testlength

return value = 1
(it Is text flle)

resault < 8

return value = 0
(it Is binary file)

o ¢ ¢ I's v
7Un 3.9 Tﬂa1ﬂw7nuﬁaen113La1ﬁznﬂﬁanaquauna§a
|
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read data and store In suffix

Is first data

lastcode = Index of

. codesize = 9
maxcode = ({<<codesize)-1
lastcode = suffix

(lastcode,suffix)

putcode(lastcode)

astcode,suffd
are In table

table full
?

putcode(lastcode)

add(iastcode,suffix
in table

lastcode = suffix

\/

£

putcode(lastcode)
putcode{256)
putcode(2)

call partlal
clear table
routine

code>maxcode

and codesize<ts

is true

putcode{256) putcode(t)
codesize = codesize + 1 lastcode = sutfix
maxcode = (1 << codesize -1)

o4 ' i) o . .
Jun 3.10 Tua{ﬂ11nuﬁavaana1nu Shrinking
9
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V

code = 257
codesize = 9

get code and store In

oldcode

finchar = oldcode
output{finchar)

£
reach end of co
XES
V ? 7
Ni

get code and store In
code

\/
code = 256
?

o I's I's o Qa
EUn 3.11 A 1InUdARIARNA TN Unshrinking




1J

()

incode = code

ode are in ta

T
$ L a4

push finchar In to stack
code = oldcode

code >= 25

?

push sufitx of.code in to stack

v

code = preflx of code

v

finchar = suf{ix of code

push finchar in to stack

v

pop all pushed data from stack
to output

!

pul(oldcodefinchar) in table
oldcode =~ incode

___DQ

4 - < <o - .
zﬂn 3.12 Tﬂa%ﬁw%nuﬁa¢aana1nn Unshrinking
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get code and store In

code

code size =
code size + 1

Code = 1
?

code = 2

?

call partlal
clear table
routine

display received code
if not correct

V

m '

't ' - < e . .
Tﬂ# 3.13 TWaf1inudadaanainy Unshrinking
«
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code = O

code_increment = O
" lastbitiength = O
i = number of SF_code

code = cods +
code_increment

if length(i)
lastbitiength

lastbitiength =

bitlength(l)

code_Increment =
i << {16 - lastbitiength)

SF_code(l) = code

:

| =1} -1

< ¢ ¢ o
TR 3.14 THAIE1TnudRINITRAATHA DAY SF n3
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read 1 bit from Input

that bit is set

put clear bit to output

e 8K slid
dictionary
?

read 8 lower bit of
distance and put it to
output

MEo

\?/

read 7 lower bit of
distance and put it to
output

—l

put & set bit to output

! read 8 bit from input

use 3 SF_iree

encode char by using
SF_iree

read 6 upper bit of
distance use distance

i

put code to out put

put code of char to
output

?

put char to output

it 3.15 TWatfrinugasianaine Imploding
b ]
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read 6 bkt of length
and used length
SF._tree to encode It

;

put code to output

read 8 bit and put it to
output e

TU7 3.16 Tadgrfnudaedanaitn Imploding
b §
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start

Y,

read general purpose bl flag
word to find size of dictionary
and number of SF_tree

call routine to
build ali desired |
SF_tree

!

l,

dictionary

clear

sach end of da

read one bit
from input

this bit is gset

2

read 6 lower bit

of distance

read 7 lower bit

of distance

__é,@q__

read 8 blt of data

?

use lteral
SF_tree to
decode data

V_ V¥

put data to output

O)

Tt 3,17 TWadtaTnudaedanainu Exploding
bl
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use length
SF_trese to
decode length
lenght ~ 63 -

? A
read 8 bit of
code length =

N lenght + code
i
copy data from
dictlonary to
output
-

update dictionary

<4 ¢ - o .
Jin 3.18 Tﬂa%ﬁ11nudacaana1nu Exploding
|
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compression ratio |compression speed| expansion speed

(%) (bytes per second) | (bytes per second)

text file|exe file |text filejexe file|text file [exe file
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