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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, N? 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 ym VLSI library. As a result, it shows stable operation in 200

MHz and less hardware complexity than conventional architectures.
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Fig. 1. Operation timing diagram for asynchronous SRAM
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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 size[mm] 1.47 X 1.01 2. 04 x 0.83 1.58 X 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. 17 ns 4.71 ns ‘ 3.61 ns

3262



WX/ Y dAE AP AEHY VLSI =

i HA T T
i -2 | N3 B .Y [':l
‘ ¥ gy ; l-llrilll :
; L1 T REiE N IR L TE
: . -If.l,.’l.‘. i
? B PG 2 On EH t1 -
: DN
e i e
A E Tt
! i ppara ‘UK
. 8 o LI X
o i N o R R 1R
: A M ¥ ' AT
j 2 a A 1T i o L I
k g g T T8 T
' . : AR "L LI LE R
i B LI I § THL U T O §
WA B (NN -
Faw AT RE W R WL
Y1ITx oy I R TTRE (o |
(110 I CULNAE RN L
l " ROE A LI IR O TR A A
‘ Ll 1 [IREY IR R b
g ALY LML TRy nnny
N T l| [} o U
, ! .,F‘ntn,
Ji5) e N LE I;II‘ X ‘1'11 i
- 44 ke
s IR
b | LI B I O T e
[ TLE T 110N
[ I RES N

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)

a9 9 F- oA Aljbe v E AlelY dA A
7he] wjA 2@ Hlwo|u) ol& §HE, §x 8 o
dist Qo g Ahshah g, 2ela M2 e A
HAsie 2zt g AR A F sjas Aelch o
2hA A okel rxe wladel uasl Y W AE
Atolofj vt wjAsle 2 WMol 288 WYL Ha
2 &Y 4 ek

A+ F&EF VTI(VLSI Technology Inc.)oll A A
23t 0.5 um ¥ A(standard cell), 3.3 V, TLM
(Triple Layer Metal) 2lo]¥ 2]} Compass Chip
CompilerZ o] §3ta) gojop2-3 A3} 16 HE 8x8
o) izt M F2ol sl 27K/ S ERALH
7 285929, 1.21 (0.66 mme] A2} A& 3}
skt 5291 HE]EH A 9 Y A 2B o) 2
At 2 d-e Heol A9-o) 3.61 ns7t H o] 200 MHzol
Nk tgH oz Fashg &s.

V.4 8

B =g e A2d Hx 45S oj&d 14
Az B2 AEAQ VLSI F27F AAEUT. A
Ng FzE AX 2R YEHEHE dolHE o H
BEgo £&oz Butste Mlgons, A e

BFEE Fol, A HAA A Atolo WAL &
g 3tH o). ol VLSIZ FEsl71o] {3 Fxo
W, A A2 2dd FEEYAY A 2HE 7}
g3} =o] 200 MHz o] 4¢] 34 $3o] 7He3td .
wbA] AeHE Mz B2 200 MHz o)) 14 2
29 Mgy H & rhEsty, ok @i A
A A4 F A

guord

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



RIS ER LI 96— 12 Vol.21 No.12

“w

10. D. P. O'Leary,

11

12.

13.

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

Vol. I1. Prentice-Hall Inc., 1985.

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

J. S. Lim, Two-Dimensional Signal and Image
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. |,
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.

. J. 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 ICASS P89, 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

Z 74 3=(Kyeounsoo Kim) 4 3

19623 1149 294

1996\d 29 :Folujsta AxF
7 Z(F 84D

19883 84 :Rakgjgtw Ak
3l AR (F
& Ah)

1997 29 : -4 ) &har o 8kl

Az et FQ(F D

19909 SE~FA FF54A AFNERE H$ &

Arak AYA+4l
% - T4] Eof: g/ &3}, VLSI A §9

& &= 3HSoon Hwa Jang) A 39

1963\ 129 8Y A

1985 29 :AMdigtw A
&t EYH(E 54D

19871 29 :3t=28trjed A
7] B oAz etat &
A(F 82D

1992%d 29 : syl A

71 3 AAE e 22U

1992 ~& A : G AP E RN dE7|EdT
2 AT

A ok o A 5 8L VLSI A A

Z! X E(Jae Ho Kim) % 3 9
E4l5hE] 2] #2014 58 F2(19961)
& 2 Al(Kyung Sik Son) %3] 9

E4183) 2 A219 58 #FF(1996')



