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Design of the Efficient Encoder for the Canonical Huffman Code
Hwa-Sik Park' - Gyung-Yun Cho !

ABSTRACT

In this paper, a new Huffman encoding algorithm with memory based Huffman table is proposed. The mem-
ory based table on the Huffman code of the canonical tree form consists of the Run-length code of the consecu-
tive ‘1’s and the rest of the code bit stream. The proposed algorithm is suitable for the hardware implementation
since the construction of the table is simple and the encoding process is operated by only performing Run-length
decoding and shift operation. The proposed encoder is implemented by using VHDL, simulated and verified the
operation on the COMPASS. The designed chip occupies about 5,000 gates using 0.8 micron process. It is nor-
mally simulated at the 25 MHz clock. The proposed Huffman encoder is expected that it will be widely applied
to the real-time processing such as the field of Multimedia, digital data communications, since it is suitable for
the hardware implementation.
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a 0 1
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c 100 3
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repeat
Field-1 < Mem[8-bit input symbol] /+See
Field~2 «— Meml8-bit input symbol) /+<Fig. 4>
Length « Priority_Encoder(Field-2) /#<Table 3>
if (Field-1 = 0) then /«CW : CodeWord
CW « Shr(Field-2, Length) /+Shift Right
else if (Length = 0) then
CW « RLD(Field-1) /#*Run-length decode
else
CW « RLD(Field-1) @ Shr(Field-2, Length)
end if
end if
until end-of-input-symbol
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(Fig. 6) Encoding algorithm
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(Table 4) Register Definition

ORLC One Run-Length Code
CBS Code Bit Stream
LCBS Length of CBS

TR Temporary Register
RR Result Register(8-bit)
RC Result Counter

Length of Result Register(4-bit)
Initial value is 8.

Start of Result Register(3-bit)
Initial value is 7.
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M'emory Algorithm Memory | Encoding
Simple Access Time
This Paper | 3,584 bit | Simple 1 3CC
MALVLE [4]| 6,144 bit | Complex 3 7CC
HC Park[5] | 3,456 bit | Medium 4 8CC




580 sInFEKDIE2 =K M5 M 235(98.2)

5.d 2

£ =FdMe 71E9 HEgl Holg§ Y Eg
o] B4 0|43 £Pdgon, o|FA £44 ¥
ok Holgo 7|R3o] HEQ L85 grEEd
M. £F £33 HED Holg§ e A
AN E e AUstgct. 2232 8-bit ASCI &£
o A, =g Holgg vrele AMIARS
o, 2 271 39 ASCII 218 ##] 12-bitse}
Mre =7t Yasin @ 256X 12 bits=3,072 bits
7t €} )AL ARE A} /1Y AR Ee &
o W [S19 MR E o, A9 FANG 2719 Wl
=zt 9asty, [4l9) Wyl 1/29) e vine]st
gaditde ¢ ¢ ¢ UAg. 283 E =89 ¢
g EolrMe Fasll 3 Y Alo|go] 2aHmR 7]
& d7e) 7~8 8 Alo|&of H|3 o] ndo] B3
7} 7V& 8t

o ALY NP R332E TR dof
0.8 v 29} vt FH A 25,0007 2] Aol E7}
Ao, 7429 Y 13 E R 2aE A
3 29 Alo]Zo] 28 F B2 25 MHze 284 67
Mbpse] U&&& YeEhiith EH S Z D ol 9l
FAo] 71&e ARuE ¢ 7, Y 7%
Fo] vl st=doje ERErt Frhske Fel
o e gl Hedo] B¥Ee 49 7 +
o vAHA F= 54 & 7HA T A

B =8olA Ay ] xu goj@) AFAHH ¢
ZYEL 4 dole 4 94 doH ¢, =
ol A4E e WEA4L AR Ao

#augd

(1] D. Huffman, “A method for the construction of
minimum redundancy codes”, Proc. IRE, vol. 40,
pp. 1098-1101, 1952.

{2l A. Mukherjee, N. Ranganathan, and M.
Bassiouni, “Efficient VLSI designs for data trans-
formations of tree-based codes”, IEEE Trans.
Circuits and Syst., vol. 38, pp. 306-314, 1991.

(3] K. K. Parhi, “High-Speed VLSI Architectures for
Huffman and Viterbi Decoders”, 1EEE Trans.

Circuits and Syst.- I : Analogy and Digital Signal
Processing, vol. 1, pp. 385-391, 1992.

[4] A. Mukherjee, J. W. Flieder, and N. Ranga-
nathan, “MARVLE:A VLSI chip for data com-
pression using tree-based codes”, IEEE Trans.
VLSI Syst. vol. 1, pp. 203-214, 1993.

{5] Heonchul Park, Viktor K. Prasanna, “Area
Efficient VLSI Architectures for Huffamn Coding”,
IEEE Trans. Circuits and Syst., Vol. 40, pp.
568-575, 1993.

{6] Liang-Ying Lie et al, “CAM-Based VLSI Archi-
tecture For Dynamic Huffman Coding”, IEEE
Trans. Consumer Electronics, Vol. 40, No. 3, pp.
282-289, 1994.

[7) R. Hashemian, “Design and Hardware Imple-
mentation of A Memory efficient Huffman
Decoding”, IEEE Consumer Elec. Vol. 40, pp.
345-352, 1994.

(8] Tomoyuki Kawamura, Yoshikazu Eguchi, and
Tetsuji Shigemura, “Compression of Huffman
Code Table and Applications”, (BN MERAR
38, Vol. 35, pp. 267-271, 1994 (in Japanese)

[9) Kwangsoo Seo, Seunghyun Nam, and Moonkey
Lee, “VLSI Architecture for Programmable Vari-
able Length Decoder”, KITE Journal of Elect.
Engineering, Vol. 6, pp. 21-25, 1995.

(10] A& o, £4 Holg o3 ¢22F JE, Ist
Ed. 43, pp. 41-64, 1995.

[11] R. Hashemian, “Memory Efficient and High-
Speed Search Huffman Coding”, IEEE Trans.
Comm. vol. 43, pp. 2576-2581, 1995.

[12] Seungbae Choi, Moonho Lee, “High Speed Pat-
tern Matching for A Fast Huffman Decoder”,
IEEE Trans. Consumer Elec. vol. 41, pp. 97-103,
1995.



CTIE TN
19959 24 WA A
, A &4
1995\ 39~1997d 29 2R
' g5 AzpA e
: A A}
19973 39~¥A old A2d
E d74 A7
BBk ARALN7 TR, ASIC B2 4A

My 51T D=ol TEXNQ BHTY(Q MA 581

= 3 4
1990 249 <l FHd
3 AzxFeEd
FAF(FAD
19834 39~1991d 29 H8H
Fe Ned7x ¥
SR
1991 39~1995d 39 a4
Adete zasy
et HApA A
2Ry
1995\ 49~¥A RANSR FAAY FHRHFS
3 BRIy
1991d 39~¥A HRAFEH redTi v
AR R
19934 69~ opd o 2E WYY &¢I E
19959 19 ~8A dEFAAHE) Y 712
PR AAA A7) R, ASIC B2 AA, ASIC
memory



