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A Novel VLSI Architecture for Parallel Adaptive
Dictionary-Based Text Compression

Yong-Doo Lee ' - Hiecheol Kim' - Jung-Gyu Kim '

ABSTRACT

Among a number of approaches to text compression, adaptive dictionary schemes based on a sliding window
have been very frequently used due to their high performance. The LZ77 algorithm is the most efficient algor-
ithm which implements such adaptive schemes for the practical use of text compression. This paper presents a
VLSI architecture designed for processing the LZ77 algorithm in parallel. Compared with the other VLSI
architectures developed so far, the proposed architecure provides the more viable solution to high performance
with regard to its throughput, efficient implementation of the VLSI systolic arrays, and hardware scalability.
Indeed, without being affected by the size of the sliding window, our system has the compiexity of O(N) for both
the compression and decompression and also requires small wafer area, where N is the size of the input text.
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3. L2779 Parallelism 24

LZ77¢] ¥ A& 98 e 2 deFe iA
€ Parallelismo] oj§ 2% ojsj7} asich 2 A
XM LZ77 ¢2elZ9 Parallelisme] 24 A3E
Xesiy a2 AAE 71Ee] Wl & -3t dyjia

3.1 L.Z772] Paralielism

LZ779] 2129 (Encoding) ¥ E7+] 48 W
o W& Abd 492 Y&F v He oA E
F Aol7t Al & A& Fohlle B ¥(2Y 29 line
79)0] H A A& 715A 3l Parallelisme W 25}
X Y Boh &3 A9 S Y5t AHA Q=% A

71 (W)7} (n)elw, A8 W el 27 (L)o] ()3l A%
& A7 B 97 AbE =49 uga Ay
HH o y8E Zh (w;, wy Wi, Wa)Sb (x), Xy
X3, Xn 0 2 F O3, (29 2)9) line 798 83}
AANE ZE (x, wp) (1<i, j<n, i<l st x;
o} wizkell Sz} vzt gasid 72k FA viae A
2 2|EA (Dependency)E ZHA] oo WHE o
Fojd 4 glon, ¥ =89 ynjA REJHE 2
2 WAL o3 (Matching) Parallelismo] 237 3
1=

uj Parallelism& (n)7] 2] Processor7} A} 9%
S0 ggso] Ag o, t}go ¥ sx AF9-2 HE
2] 7} 7453t

L (2R w9l 39 A9y une 2393
A AALESY 2L W2 2R
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2 (27 @9 WY Ad): A uRe 22A4E A
AYESe) BE FAd HUE FANZE 49
Ft.

(29 32 (n=59 A4 (FAY @9} (A

Procedure LZ77-Encode (Text)
1: begin
2 |~ W+
3 whilei € N-L+1 do
4: begin
5: LM« ¢
6: for j — i-W until i-1 do
begin
7 Find longest match belween
window(Textljl, Textli-10 and
buffer(Texdil, Textli+L-1):
8 | « the size of longest match:
9 Add two tuples<j], Textli+l-11> o LM;
end
10: Find <jmlmTextlinl> which is the longest Match in
LM:
it [ B
12: LZ77_Codelk|.offset < jau
13 LZ77_Codelkllength +— 1.
14: LZ77_Codclkl.char « Textlil:
15 kek=+1L
16: end
170 retrutn LZ77_Codce:
18 end

Procedure Lz77-Decode (LZ77_Code)
1: begin
i+~ 1)~k
4:  while C is not cmpty do
5 begin
/* get starting location and length
of a LZ77 code. +/
6: offset « LZ77_Codclil.offse}:
7: count « LZ77_Codelil.count:
Py

N

: I« i+
9: while (count>0) do
10: begin
11: Textljl —Textlj-offset];
12: j e il
13: end
14: i i+l
15 end
16: return Text:
170 end

(a8 2) iz 2L BE AnRE
(Fig. 2) LZ77 encoding and decoding algorithm
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i
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W4 34zt 249 AgA 4ad 5334 B3
€ oS3 2ol 898

e LAY E 99 948 W1 processors?] Y8 Y
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iy 29 AHelAl, 4 wale] A FAEEH A
Zsle EAYEF AHH A=49 A2 w3 o] H
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=22 Wy ¥, gy 3 FANE A REe
(&, n2 oldd AHzlg A A ZAE B9 3
A st o} 25(Step)2] Ao "1 SAY
A2 g Y@t 2 AY g FALY AT A
2] #A & ot ¢ 72}

(&4 1):Bus-1§ §3td 4= & vl WAd ¢
%4 o719 A UA A7 7 ZRAAM IE H o
a2 Z2AA AME A LHY ARE e 2/
9} 9] F =} H) 3 (Character comparison)7} o] Fo} 2 t},
(24 2): 32 vy A thE3 2L A= A
g 94X, 2x vne ARz, F I A A
S vwrle g To], 2FA & Aol
‘0'0] &= o] et VYebl & Fel(State) HA &
el 9] ol gt e] =2 A=(AND)Zto] oA 4l 8

A 2ge AZEct o] M2 ol el ¥ 2E o)
A7) A, A9 g ol A el (Pre-state) &) =] 2=
Hell AZEth 4 g 269 27182 34 ‘1o
=g dAE don, A oj= A ‘e A~
B9 $e felA A9 FEgt sS(0E Jehls o
AR A 2HY e St-19 g vebdct A
st 7R Y 7 FAES ST T2AA 9 T
2 2 ojHddH #HAZE9 ko] ‘I'o] HY, F7h
vjgo] du§ Ao¢e ‘022 "ol ¥ Ho oA
228 Agle S kol ‘I'Y ZIAA A2
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chain) 722 QA9 shift-request-out ¥} A& £ 3}
A N5y AEER ) Aggrt &, A HAX
o] gleo] ‘I’ TR Afde vy HE
shift-request-out H{28 F3ato] ‘I'S QEH m 24
Ao} 288 FEEHR 397 H vy IAGF
A7t A& sHojo §& deEd. g wdz2
AE HALE ) gho] ‘0 ZaAA Ao g%
ZZANZ HE Hed NI Q8P ZRAN
2 Aggez Ad Wiy 24 A Y4 o
L XA gA drh

(&4 3):HEE = shift-request-outAl & HAS
o] 2 gto] ‘I'old BRE Z2AMZ 5o F dlx2H
o] gg dud F&8 g AAMo] HEE(Shift)A] 7]
EE AEE VZE HYoZ AA g8 @ ¢
PHUO R o]FAUL: o) Y WM E §4 gV
2 olgHo] uig ojAd A7t B Y W A
A< LEW vpA T 22 M0 Qg ddt. B¢, A
EEHE A7 22 I 71 AA @A 9 o
g FAEE 2718 30 F, (&4 DRE o
Al B 2AE A3 |

(@A 4):(2A e Vo, 28 Z2AAM 9 S@t)
ol ‘0’ A9oe, HEESE report AFTL ‘I'S
2 AIA, St-DE el & oA A 2E o ‘T
£ 723 e TRAMNE TZA MY (processor 1D)
€ Bus-29] 23R E @t} o714, Y8 AL
o] NE tpE ZEA A A& 7 A& F Uan, 1
3 Ao d ZRAANZ RE FAd & ) o
Ae] M A ] Bus-2¢9] 28 HE AL #3179
3lad, reportdl 3 dlo|x] AlQl(Daisy-chain) 72
Hol o} 7H¢ WA dhEE T2y o] M
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e LZ77%% 2 $=g AYAA 298 (24 5
Ax). 2F ZZ2 AN A3 E B gL 239
A Yo BB 27 3Kinitialization)& A7 ¥, @
A1Z gob7l b2 Hd oA SA4E M@

Bus -1
- A o >
set
-« Y 3 ~—>
- a  SHRt N
data-out data-in
“ * L
A
Compare T
[}
H
Window Reg.
E) )
state Reg D Flip-Flop
@
PR ©
Pre-state Reg D Flip-Fop
o o
eport-out report-in
{daisy-chan)
o ¥ shiftvequest
ID Reg 1
o shift-request-out
shiftrequestin 1D
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(a%l6) Z2MMe| 7=
(Fig. 6) The structure of a processor

(A 5):(A Nl Ho vy 2AGo] BAHY
on 1 TZAA L ID7} PID, |3 AEE 9 A
7] gto] Countd o}, P} LZ77 e L
3} zo] AZ gt} WA LZ7T AS=g NEE 9
3 gad Aue (VWYL 48 2Adel wAd
Z2 A g Q) 2AY 23 A%, Q)
38 98 G AHA 299 UFHA 9N
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B3 e ZZMA Y IDQ PIDing o} 9} 7o)
238

PID,, = W —Count +1 (a)

283, w9 Abd SAELe 3 Ao Wy 2
go] dAY TaAA ulg QW9 Countrfe) =
ZAM o] e 7] & 2 AHA T2 ID
2 PIDd & o}eh 9} 7o) A4 A}
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Offset = PID;, — PID4
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A3, AQshe Al A ujy 2499 WA
Counts} PID,& BAAF 2, o2 49 2xdo R
A 948 w9 A 23 YA go4A Qenz
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He LZ77 2928 A4NZ £ Jon, T2 AN
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Z2MA e ojn ¢t AW 18 HAE ‘bebacha’
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13) A e 4 2AE ‘Coln, S viF o] Yo
UEs ZaAAMq glorg RE T2 MM S(13)9)
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o, S(12)9) gtel ‘r'¢l PE67; A vjF 24gEL
AN T Ho], 2 T2AMY ‘6L BEE
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&7 9ok (4714 LZ77 299 394 JEQ o}
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*°IIIEIIIEHE
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l L matching string
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(ag 7 eay oy
(Fig. 7) Sample encoding operations

LZ77 o9 d2Ee] ZAEZ FAH LZ77
A& 79z 94 3 E(Decompression)o] 3§ A
Be B =2 g OE YYs) ol B2 G A
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49 A 24 AT Ye FZ(Reference) T2
M A¢l PE6E (ZF, PID=W~Offsct +1) & 0},
Countg}te] A7} $¢He T2 M B (mode)E 1)
%] ®=(Replacement mode)2 HFAA SFA| I}
WA BE Fofs LZ77 2959 Count3te 2z 23
AAlettt ‘TY ZAA Y ‘0] SR Pz =
ZAM|AQl PEeo] AbA 9E9-9 248 A 9%$
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Fo8th B Ao Agse o A AF
# B A8 7edt A5 $4& VLSI Al=d
o) A% WrtolM 7t 8% F 842 () A2
259} (2) VLSI 789 dojAe 23z ¢ 584
& 3402 o|Fo] o, At A 71E9
ot X3¢l w4el M. Gonzales$} J. Storer?] Match
Tree Architecutre(MTA)[3]1¢}2] A 5v]527}

o] FojA}.

5.1 ®|QH VLS| A|AHle| £

U2 o HAE QE A|27(System)2]
AR o] XA ol H(Application)e] 7o} uje}t 4
ol3t ARE YA He2 0 AYLAE 28
W 717} olF k. 2y, Aozt (wolZ Hul w3
72 Zel7t (m)) HAEE ¢Ede A2dE 1d
& A%, gutdoz o AR akvt Fad
A% AR a7 eo7).

1. Time(w, m): Q1 2 (Encoder)7} {3 HAEE A
g8 AY, tati(Decoder)7t 238 F=E AAA
7l& #d) A ZHWorst-case time)

2. Lagw, m): A8 SA7F Al=H piped] Eoloe
AP RE Yz q7x des Ho)AHWorst-case
time)

3. Restart(w, m): 2% 4 wlolg]o] w{ Y& A
37] 8l ALAE 271A7Ied dEle Hd

A} 7HWorst-case time)

Shift Chain

J

CONTROLLER

(T8 9) Mg walo] glo|H P& of
(Fig. 9) An Example layout of the proposed system

AIHE O|BS HAE =0l HEH MIIF 2B visI X 1505

Match Tree Architectures= E&] W& Apgaof
WAL FAHER, logw)ihFe] Ajzke] HAdg 7
WA o3 E Fed gasA do 2%, A9 84
Fol thste} M. Gonzales$} J. Storer7} H¢H§ Match
Tree Architecture(MTA)+= o33 2 gh-& zhetHiil

* A3H : Time (w, m) =0 (log (w))
e U2 Time(@w, m)=0(1)

s Lag(w, m)= 0 (w)

¢ Restart (w, m) = O (log(w))

B oM AgE A2EY ool AMAYES
o] A7) Aol F4 dFE AN £ 8 2o
W, FojR A7t Al ¥ Pipedl] &89 £ Yz}
28] A ZH& ApA A7 vl e, AEE g 5
3 5t7] Y& MTA) A 9} 72 Matching Treed] 7]
7t 9astA 4o 2dEz 99 ¥ A4 84
59 e G35 2o

o A5G : Time(w, m)=0(1)
o U2 : Time(w, m)=0(Q1)
e Lag(w, m)= 0 (w)

e Restart (w, m) =0(1)

B At A2de 2 53 gt 71E
Hog HAXE F&3 2@ A% Ao A
o2 g4 £58 4L = e FHo) A AA
2 8o AN 5 UKo, & RoA ALEE
W2 ¢ZF(Encodere} A F)oIvt 3] H(Decodere] 4
BRAA &4 YT Holi Jon, /|EFHL=E
H2E Q% Al2fldA T8E £ Qe oAU A
g BR3 gleE ¢ Y

5.2 VLSI A|AE] 28N

SH, ¢4& Aj2ge VLSI 73AHL Hrge 3l
oA e 825L zeisof AT, o T
24SE M FaT 248 T 9T

1. Al2=¥ Pipe2] z} A(Cel)2] 7o} ¥ Hard-
ware2] <%

2. AR dolA JAE
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