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Abstract

This project accomplishes several results
including: (1) a low-complexity high-performance
modified mixing Phong shading algorithm; (2) a new
Phong shading processing core, based on the new
shading algorithm, which has low complexity and high
speed; (3) a low-complexity log function unit; (4) a
low-complexity anti-log function unit; (5) alow-power
multiplication-and-accumulation unit for general and
3-D audio processing, (6) an efficient FFT structure
for fast convolution of 3-D sound effect synthesis.
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Fast filtering
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Fig. 1. Flow chart for mixing shading
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Table 1. Comparison of image quality o 12 d ot
SNR (dB) Xt X +0;
Gouraud shading 13.34
Mixing shading 30.77 9> fog+x+d) + (g tx+allg- d) + 15 F g+ +al - df
Proposed mixing shading 27.20 . . 5
Table 2. Comparison of complexit » fOg )+ f Dl - Cé)+)/2f be+d -l
+ [ R »alex)+apxn)+al%s O
Gouraud| 0.413 | 0.097 [ 0.091 [ 0.085 | 0.05 d,=2""%mt. ot 6))
Phong | 1.576 | 2.022 | 2.273 | 1.111 | 1.238 X.. X a.(x. x a
Mixing | 1.393 | 1.658 | 1.873 | 0.983 | 1 2% . 1) 206 %) '
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Wallace tree shading engine

Table 3. Comparison of ROM size

Modified Booth Radix-2,-4

Baugh-Wooley
Polarity
AB -AB

Inverse

[A/(A+1)] * [B/(B'+1)] = [A*B/A™*B'] + [A'/0]

12 | 16 20 24 28 32

STAM)| 4608 | 26624|135168|700416(3342336|15663104

Propo | 2048 |10624 | 45568 {194560| 827392 | 3833856
sed

STAM

Table 4. Comparison of Wallacetreelevel

121 16 | 20 24 28 32

STAM 2 3 3 4 4 4

Proposed | 4 4 4 5 5 5
STAM

Table 5. Performance of the shading engine

Gate count Clock rate Fill rate
37662.55 135MHz 67.5MHz
STAM
Table size 4/5
©)] 3-D
NxN-bits
1 N/2
N/2 1
1
174 (172 1 1/2 1 AND)
1/16 (1/4 1 1/4 1 AND)

Switching Activity

+ [B'/0] + [0/1] VA
Term
Critical Path output
Switching 3-stage
pipeline 1
N/2 N/2
AB —AB
[A/(A'+1)] [B/(B'+1)]
AB
1 Table 6
IP1 1
N/2  1P2 MSB 1
N/2 NOV  [A*B/A'*B'] 1
ov [A*B/A'*B'] + [A'/0] + [B'/0] +
[0/1] 1
Baugh-Wooley 1
Table 6. 1
1
N IP1 1P2
NOV ov NOV oV
2 1.5 0.8751(4.93 |1.25 |4.5
4 5.5 3.55 |10.77 |3.81 |10.06
8 19.5 14.07 |26.57 |14.04 |25.29
12 41.5 29.73 |48.46 |29.44 |46.69
16 71.5 50.91 |76.84 |50.40 |74.65
1 A B 1 3/4
(1-1/%) [A'/0] [B'/0] A B
1/2 Baugh-Wooley
singed bit (
bit) 1 3/4 (
1-1/4)
1 3/4  [A/0]
[B'/0] singed bit
Matrix2
Matrixl
1 Switching
Switching Timing
delay Switching
Switching
Sum
n n-1 m Sum
m Switching



Table7 IP1 IP2
Baugh-Wooley
IPL 1IP2
[B'/0] + [0/1]
Table 7.

(N-1)-bits
[A'/0] +

[1] K. Harison, D. Miktchell, and A Watt (1998). “The
H-test: a method of high speed interpolative
shading”. In “New Treads in Computer Graphics,
Proc. CG international "88, pp 106-116 Berlin;
Soringer.

[2] B. C. Shih, Y. H. Yeh, and C. Y. Lee, “A 40M
Pixels/s 3D Graphics Shading Processor”,
Proceedings of the Tenth VLSl Design/CAD
Symposium, 1998, pp.261-264.

[3] M. J Schulte and E. E. Swartzlander, Jr.,
“Exact Rounding of Certain Elementary Functions’
in Proceedings of the 11™ Symposium on Computer
Arithmetic, pp 138-145, 1993

[4] I. Koren, “Evaluating Elementary Functions in

®) 3-D a Numerical Coprocessor Based
FFT FFT on Rational Approximations’ |EEE Transactions on

memory based Computers, vol C-40, pp. 1030-1037, 1990

[5] H. Hassler and N.

“Function Table

1P1 1P2

Arrayl Arrayl

2 1.31 0 0

4 4.566 0.227 0.047

8 16.52 2.939 2.286

12 36.50 11.07 10.13
Table 7

NxN

3-stage pipeline

Flip-Flop

Takagi,

MEMORY

and

Evaluation by

Look-up
Addition”

in Proceedings of the 12" Symposium on Computer
Arithmetic, pp. 10-16, 1995

[6] D. D.
“Faithful

Sarma and

W. Matula,
Bipartite Rom Reciproca Tables’

in Proceedings of the 12" Symposium on Computer
Arithmetic, pp. 17-29, 1995

[71 W. F. Wong and E. Goto, “Fast Evaluation
of Elementary Functions in Single Precision” IEEE
Transactions on Computers, vol. C-44, pp. 453-457,
1995

[8] M. J Schulte and E. E. Swartzlander, Jr.,
“Accurate Function Approximations by Symmetric T
able Lookup and addition” IEEE International
Conference, pp. 144 —153, 1997

[9] L. Jia, Y. Gao and H. Tenhunen, “A Pipelined
Shared-Memory Architecture for FFT Processor,”
Circuits and Systems, 2000. 42nd Midwest
Symposium on, Volume: 2, 2000, Page(s): 804 -807
vol. 2.

Table 8. Performance comparison of the new memory-based FFT unit and the existing designs.

Fig. 8. New memory-based architecture.
Butterfly

Equivalent |BF No. of Memory|Computationtime |No. of Length
Radix-2 BF |Registers |accesstimes |(Unit: clock cycles) |Complex
PE type Multiplier
Radix-2 (Single) 1 1 Nlog:N Nlog,N 1 Power of 2
Proposed 2 4 Nlog,N 0.5Nlog,N 1 Power of 2
architecture
Radix-2° (single) 0.5Nlog,N 0.5Nlog,N Power of 4
Radix-2° (single) 3 7 0.33Nlog,N 0.33Nlog;N Power of 8
[9]
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