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ABSTRACT

Huffman codes are widely used for image and video data transmission. As the increase of real-time data, a

lot of studies on effective decoding algorithms and architectures have been done. In this paper, we proposed a

balanced binary search tree for Huffman decoding and compared the performance of the proposed architecture

with that of previous works. Based on definitions of the comparison of codewords with different lengths, the

proposed architecture constructs a balanced binary tree which does not include empty internal nodes, and hence

it is very efficient in the memory requirement. Performance evaluation results using actual image data show that

the proposed architecture requires small number of table entries,

and the decodi

memory accesses in minimum, maximum, and average, respectively.

ng time is 1, 5, and 2.41
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B 1. #zg 3= o

AE S EAT A AE S FEHE
S1 00 S8 01110
52 01000 S9 01111
S3 01001 S10 100
S4 0101 S11 101
S5 011000 S12 1100
S6 011001 S13 1101
S7 01101 S14 111

o
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% 2| Compare
a. 7 codeword®l Zol7}t 228 numerical £tol BiRElC),
Ex) A=1001 B=11002! Z% B>A
b. & codewordel ZIo[7} CHE 24 B2 Zojnix|gh uimEc)
Ex) A=1001, B=1100009! Z< B>A

I8 2. Aol & 2=seE 2 37] wiad] A% A
(9]

BuildTree(List)
if List is empty, return.;
let m be the median of List
root<-m;
let leftlist and rightList contaln all elements in the left and right of m
leftChitd(root)<-BuildTree(leftlist);
rightChild(root)<-BuildTree(RightList);
return address of root
end BulldTree;

a8 3. =8 74 dzElFE

Codeword list
(00, 01000, 01001, 0101, 611600, 011001, 01101, 61110, 01111, 106, 101, 1100, 110%, 111)

00(s,)01001(s,) 011000(s,)01101(s,} 01111(5,)104(s,,) 1101(s,)
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T

=0 AgE =4

ol sgele ZEYES e Ao 99 @ 3
A mEgPse Zolunt 71 FEe oAl A
NEAEYOR HEd F AL TRt

rSearch(tree, extracted_bits)
if tree=NIL, return NULL;
if(extracted_bits<tree(root)),
symbol<-Search{tree(leftChild), extracted_bits);
else
symbol<-Search(tree(rightChild), extracted_bits).
if extracted_bits matches tree{root),
symbol<-tree{root);
return the remaining part which is not included in symbol
to the bit stream.
Return symbol;
kend Search;
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33 HOIE 7=

E =E2oA ARbske 2= 2719 HolES 7t
Atk i 19 oE B9 HolES FASH WA
range Elo]Ee] Z7]E 2%clgta S W 1Y 69
(@)%} #o] 74 Etl range HlolE9] ZHo] 3 Hr}
71 FEHEES 7EYle dEZHE U2 HolE
AEEE IQE} 22 WYY =ZggxE 7
AE7F B ARJIAZE A= #AA EHol&
o7} 3t} Z2 F=9 =7 Ve dEF
ol AE A AFEH F 19 oE Y,
range B|o]E-2 Eo]& HIEXEF9 S 3 HE
£ ARSst aZtE JYxE st FIgt R
g HolE2 27 69 (b2t o] 7EH o H
o]5o)= range HlolEo| AGH Z=H=E AL
F=Qegt I o] I 4Eo] A% Hoh 1
YolA By Z=ro] zZgjgAr)o102] ZES)
EE S:FE SHA 371 ©|EE range H|oJES] Al
HA) dEgd= ZAE 03 AEZ] 4= 30] A=
2 f3g HolBeE S3H S0 Az AgH
o Z=LE Aot rEu FAAY e A
range H|o|E¥t AZE=H EAHE AAs)
Aol AES MRSt 4AE1A ZJAE <l
‘Number of entries> BE7} 0914] ofdx|2 F&
th Z=E9 Holr} rith 22 5,9 Aol
Aolg r2 A3t /Y dE=e A=
=fEo] Aot ritt F7| wiiEed] gFo] Zo]
s ZE=E7) HEZ ‘Length HEo| I=¢
o] Aolg AAste thA] QJ¥o R HEHFET
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F
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e e

X
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(e e e

Jo

Huffman code | Length | Symbol
0| (o10)0 5 5,
of e | Lenah | Pinte/symbol 1 [ oo 5 s,
000 0 2 5 2 (01001 4 5%
o1 | 0 2 5, 3 (011)000 6 s,
010 3 0 4 (011)001 & S5
o 5 3 — 5 (011)01 5 s,
100 0 3 S 6 (011)10 5 5
101 0 3 S5, 7 (01111 5 s,
110 2 8 ~, 8 (11000 4 [
111 0 3 Sy 9 (11001 4 Sy
(a) Range table (b) Decoding table

2l 6. "Hols 7=

34 t|=E oty

H=ge e 94 mESEY F o)t
A% range BlolBo] FAE 0|83 range H] o]
H2shl €k Range HlolEel] 28] ‘Number
of entries’ B=7} 0 oW ‘Pointer’ BEol A€
o] ABolghe ofujolmz 3 We| wmz H
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22 §iYo] vzd Hck. 23A ¢x EE $7}
spt ol AR Hol ok o H=d s
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dAske F=A=F il o E=]e AR
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Range table

d(x,y)=ILx,y)— (x—1,) @

7} Aol Ade] =)= 512 x 512 ol 7 P4
2256 level®] gray-scaleZ FF=&d|, gray-scale
9] WSS /R =R AdFdE 3 % 2
o} e EA4E Zderh

2 AY 9y

.ooO(s,).om(s,)/OowC\)m1.100(51,,) .101(5“)Qno @1,

01101(s,)
01001(s,) S A

01000(s, 0101(s,) 011001(s,) 01111(sy) 1100(s,,)

011000(s;)  01110(s,)
18l 7. Range Ho|E-E AM3t Agkshe +2

I3 7 range HIOlEE AMESINE W A=
£ 2] 719 F¥e)Al ErE RFw gt} A4S
E9] 011111000..8] ¥]EAEYe] Soj2rha A
range E|o|Eol| A= Z== AHoldl 011, &
ARlS 3& IdAZE 3¢ range Hlo]Eol HIFH
t}. o] dlE] el EolE] 33} ‘Number of entries’
57} AR=] leeg, t)z:g =Hol&e] qldx 3
FE 7ARlolA] o)Al FMe] zlsh=leiol e &
T 3, o o111110] w=me] QlElx 56 #7=]
°I3E 011013} vlmgch 4 o] =2 e
< w2e] e 74 A=Y gl 011113 Bl
o] YABER So7} EY¥Ew o] FeFch
olv] t)= H SH|EE A3t o}s H|EAEFS
t=9 7] $l8 oA 3u|EQ 100, = AlAS 4
E Y22 3] range Hlo|E| HZ3HH, o) A
< range El°]E2] ‘Number of entries’ TE7} 00]
22, IE o= AE 2H7E A=Y Q1S
< 4 5 3 AE Spo] EHH

V. &8 23 % Hlw

¥ =FolA= Peppers, Lena, Barbara, Zelda 4
7Ne] gray-scale ©]v]Z|¢] Xjo]dArE o]g3ie] A
ek 2ol AL I(x, y)E YAl S o,
o ZE Aoz s, d94tEn) gray
scalec] 53 gtoll AFHEZ, AL dE=Z9E 7
I w2k JPEG FollA olf3h: Fzat 3z
H 7 AAE 4 4 ok
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Peppers | Lena | Barbara | Zelda

e 256 256 256 246
Tree depth 14 15 15 18
Min. code length 4 4 4 4

Image: Peppers

No. of memory accesses
No. of node

4 5 6 7 8 9 10
range table entries 2"

! —a— No. of memory accesses —— No. of node

1% 8. range HolE Z7]o o} Hl

I3 82 & 32 A3 <34 peppersel]l gt wim
2] ARt dzd A vize] HZ SAFE u|wg
azo|e}. AY JAe] F=H=EE B B 2
°o]2] F= =7} 40]E 2 range Elo]Ee] =Z7|E 2*
2E] 2717 tf2A sle] APsick aHZE B
A tzge] g3 vz HZ 3gvt ApHe
2 Zhasie] vme] AReRe AgRoz Syl
A& & 4 3ich Range table®] =715 714 &
F= Zolql 2'¢lx ¥ oA FMA 2°2 ok
Hzg A 493 vre AT A5 A Fe
el ubs] a3t vme] 27E o FvkeH 9
o} ol2d AY AAE vigoZ tzdy A g
W2e] Zgel Aol Es] 9] trade off
BANA ARt A H-E 3 range Elo]Ee] =]
£ AP "ok £ EEdxE ro] 53 A$ Al
¥ 24945 e ¢uE3 vlasigich

R 4% ABle 729 A A9 509 o
T2l 3l 7} FxoA "ez sl vme =
715 Jebd Zeolth o)al Egle YR x=F BF
AAsfoF =2 2N-1 "wHg9] <lEg)y} Fgsjc)
LC-treex ©|3l EjollA Zo|7} g-174A]9] #E-&
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I 4. W®e 37 2° range HolEY AL HA dEE H
Peppers Lena Barbara Zelda
Proposed | 7, 275 276 363
scheme
olF Eg 511 511 511 491
LC-tree 496 496 496 476
FIstbit- |05 145 | 354096 | 428,667 | 5,139,333
change
*SGH-tree 6,319 5,744 4,474 3,658
*CHT 267 267 267 260

*canonical tree only

5 A W=

2 A 352° range Hlo1E] A9

Peppers Lena Barbara Zelda
Proposed | (3 353 | 702,100 | 732,563 | 609,088
scheme
o]7 E7] (1,494,024| 1,526,741 | 1,630,367 | 1,449,043
LC-tree | 707,592 | 740,300 | 843,934 | 662,611
Firstbit- | o) 788 | 524288 | 524288 | 524288
change
*SGH-tree | 524,288 | 524,288 | 524288 | 524,288
*CHT | 969,710 | 1,002,379 | 1,106,038 | 924,743

*canonical tree only

Sl @N-1)-(2d-1) ¢ dE

oM ®l I 2

£ a73EE ¥ 4

23s B oA dE

nl9} 7ol first-bit-change T2 A 2y 3w
AES F7} wig AA HEHo)A] X3 F&

Hov rIr w fr
w AN > r_
2
>
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