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ABSTRACT

This paper presents an efficient VLSI architecture for transposing matrix in high speed. In the case of
transposing N X N matrix, N2 numbers of transposition cells are configured as regular and square shaped structure,
and pipeline structure for operating each transposition cell in parallel. Transposition cell consists of register and
input data selector. The characteristic of this architecture is that the data to be transposed are divided into several
bundles of bits, then processed serially. Using the serial transposition of divided input data, hardware complexity of
transposition cell can be reduced, and routing between adjacent transposition cells can be simple. The proposed
architecture is designed and implemented with 0.5 um VLSI library. As a result, it shows stable operation in 200

MHz and less hardware complexity than conventional architectures.
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Table 2. Hardware complexity and operating speed comparisons between the existing matrix transposition

architectures and the proposed architecture(N =8, K =16, D =2)

O’ Leary|{10] Carlach et. al{11] Panchanathan(12] Proposed
Number of Transistors 328K Tr. 293 K Tr. - 44 K Tr. 27 K Tr.
Core sizefmm] 1.47 X 1.01 2. 04 x 0.83 1‘587>7< 0.94 1.21 X 0.66
Critical Path Delay(T/C) 8.97 ns ’ 2. 54 ns 2.86 ns 2.27 ns
Critical Path Delay(W/C) 13.82 ns 4.]7 ns 4.71 ns ‘ 3.61 ns

3262

www.dbpia.co.kr



WX/ E AAE A% AEHQY VLSI 72

-t
==

-

Lf:-..ﬁ-

|1| I -I
i ‘:"ll'i 1
k [l

o | !lf.l.’l.‘,

R
- 1

40T Py
s o REL T
EERANENE,

Tl i

LLy L IEuE

L S0 e

i|"n' 1!1 L H :

T - uq%_n' [T

. STHTY T8 T

ettt 4]

. HEME RN e
l. :lll‘llllf:.| 1 lJ;
K T ey

RSB TN W
HOn w1 vy r

[N T LAY MR B A S
IR AR ATE R A
I:i lL bx S L "ll'"ﬂlll‘l 5
. f’Jii‘ ‘,l.u lul N ‘111 )

‘r ‘L'Tlr’nlr"li i I

I Rl

LA B T o i s o

IR N

ISR S O N A

o} _'-L-i—'

e e B e IO

3 9. vE A2 AA e i ¥ HeE(N=8 K=16D=2)
Fig. 9. Routing and floorplan of the bit serial transposition circuit(tN =8, k=16, D=2)

Y 95 B =iolA AlQte v E Al2]Y AR A
7ve] A 2 B o) o]y §HE, §Xx 8 |
st QAo g A shah g, 2ela A2 e A
HAse 72t A5 452 A wAs Aol o
2hA A okel rxe wjAde] v g Uy 4E
Atolofjvt vl E WMo Aase WAL HA
2 &Y 4 ek

A F&E VITHVLSI Technology Inc.)oll A =
23t 0.5 pm = A(standard cell), 3.3 V, TLM
(Triple Layer Metal) gto]lH 2{a]9} Compass Chip
CompilerZ o] §-3to] golo} -3 A} 16 HE 8x8
o) izt MA B2 ] 27K ERA LH
7t 2QE9en, 1.2 (0.66 mme] Y& WYL 3}
A& ek g 2918 BE| A M9 g A e o 2§
At 2 A-e Heol 7390 3.61 ns7F Eo] 200 MHzoj
MNE tgH o g FAES gAsact.

V.4 8

B =FdA vE A2d HA 4EE o] 88 1%
Mz 35 AL VLSI 271 AAEHAY A
Al e AR 2R QY= dolHE o v
Ego fgoz $usd Helgoms, dx] e

BFEE Fol, A HAA A Alole] WA g d&
g 3tY). ol VLSIZ FEs3o) A{Pe Fxo
W, A A2 29 JEEAA Y A 2HE 7}
g3l =0} 200 MHz o) 442) 214 F3to] 7Hedt ).
wabA] AeHE MR B2+ 200 MHz o149 14 2
219 Mgyl H & 7hEdty, oAy W o] A
A A4 F A

goEd

1. S. K. Rao, “The Matrix Transform Chip,”
Proceedings of 1989 IEEE International Conference
on Computer Design:V LSI in computers & processors,
pp. 86-89, Oct. 1989.

2. M. T. Sun, T. C. Chen, and A. M. Gottlieb, “VLSI
Implementation of a 16X 16 Discrete Cosine
Transform Chip,” IEEE Trans. Circuits and Syst.,
pp. 610-617, April 1989.

3. Shin-ichi Uramoto et al., “A 100-MHz 2-D Dis-
crete Cosine Transform Core Processor,” IEEE J.
of Solid-State Circuits, Vol.27, No.4, pp. 492-499,
APRIL 1992.

4. B. A. Bowen, and W.R. Brown, Systems design.

3263

www.dbpia.co.kr



WG ESERLE '9%6-12 Vol.21 No.12

“w

10. D. P. O'Leary,

11.

12.

13.

. M. J. Atallah and S. R. Kosaraju,

Vol. 1. Prentice-Hall Inc., 1985.

J. O. Eklundh, “A Fast Computer Method for
Matrix Transposing,” IEEE Trans. On Compulers,
VOL. C-21, NO.7, pp.801-803, July 1972.

J. S. Lim, Two-Dimensional Signal and I[mage
Processing. Englewood Cliffs, NJ:Prentice Hall,
1990.

M. R. Portnoff, “An Efficient Method for
Transposing Large Matrices and Its Application to
Separable Processing of Two-Dimensional Signals,”
IEEE Trans. On Image Processing, VOL. 2, NO. 1,
pp. 122-124, Jan. 1993,

“Graph
problems on a mesh connected processor array,”

Proceedings 14th Annual ACM Symp. Theory Com-
put., pp.345-353, 1982.

. 1. D. Ullman, Computational Aspects of VLSI.

Rockville, MD : Computer Science, 1984.

“Systolic Arrays for Matrix
Transpose and Other Reorderings,” IEEE Trans.
On Computers, VOL. C-36, NO. 1, pp. 117-122,
Jan. 1987.

J. C. Carlach, P. Penard, and J. L. Sicre, “TCAD:
a 27 MHz 8 x 8 Discrete Cosine Transform Chip,”
proceedings ICASSP'89, pp. 2429-2432, 1989.

S. Panchanathan, “Universal architecture for
matrix transposition,” IEE Proceedings-E, vol.139,
No. 5, pp. 387-392, Sept 1992.

“0.5-micron HDI 3 V core cell-based libraries,”
VLSI Technology, Inc., Sept. 1995.

3264

Zl 74 #=(Kyeounsoo Kim) 4 3] 91

196233 11Y 224

19963 29 :Fotujsta HAF
&7 £(F gHAD

19883 g9 RAystE Ay
Bl I b e e B
84 AD)

19973 29 : - 2Hd 8k o) 849

ARpg8ta E (L&A

1990\ SE~JAA FFEA QY HErlie

Ara AP+
4] Eof: g E3), VLSI A T

& &= 3HSoon Hwa Jang) 43 %

19633 129 8U A

1985\ 29 :AMdjgtr AzpF
&t EYH(E 54D

1987 293t 87 w9
7] B oAz etat &
A(F 82D

19923 24935348t e 9

7] @ AxF & EHEFAD

1992 d~3 ) g2 Al Ay d4r|edt

RN R
A ok o b 5 8, VLSI A A

=

2

Z1 X &(Jae Ho Kim) 2] 3] g1
LS 2] A219 55 F2(1996)

A AlKyung Sik Son)
= A18F3) 2] 218 53 F3(1996'3)

439

o b

www.dbpia.co.kr



