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for Transformation of 3D Graphics)
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Abstract :

This paper proposes a 24-bit floating point multiply and accumulate(MAC) unit that

can be used in geometry transformation process in 3D graphics. The MAC unit is composed of

floating point multiplier and floating point accumulator. When separate multiplier and accumulator are used,

matrix calculation, used in the transformation process, can't use continuous accumulation values. In the

proposed MAC unit the accumulator can get continuous input from the multiplier and the calculation time is

reduced. The MAC unit uses about 4,300 gates and can be operated at 150 MHz frequency.
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i 1. Xilinxs

g A%

Table 1. Verification using xilinx

eycle || INPUT MULA1 MUL2/ADD1 ADD2

0 A X D

1 E X, H A X D

2 I X, L E, X, H AX, D

3 M, X, P I, X, L EX, H AX+D

4 B, Y M, X, P IX, L EX+H

5 FY B, Y, AX+D MX, P IX+L

6 Jy F. Y, EX+H BY, AX+D MX+P

T N, Y JY IXHL FY, EX+H AX+BY+D

8 cZz N, Y, MX+P JY, IX+L EX+FY+H

9 Gz C. Z, AX+BY+D NY, MX+P IX+JY+L

10 K, Z G, Z, EX+FY+H [ CZ, AX+BY+D MX+NY+P

1" 0.z K, Z, IX+JY+L | GZ, EX+FY+H | AX+BY+CZ+D

12 O, Z, MX+NY+P | KZ, IX+JY+L EX+FY+GZ+H
? OZ, MX+NY+P IX+JY+KZ+L
T MX+NY+OZ+P

T 7. AIRKE MAC QA1 o] &8 A4k 314
Fig. 7. Calculation processing of proposed MAC
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Proposed
Add+ Mul
MAC
Logic Utilization
Number of Slice Flip Flops 138 58
Number of 4 input LUTs 589 561
Logic Distribution
Number of occupied Slices 330 306
Number of Slices coqtammg 330 306
only related logic
Number of Slices containing
- 0 0
unrelated logic
Total Number 4 input LUTSs 706 585
Number of BUFG/BUFGCRLs 2 1
Total equwalent‘ gate count 6.970 5.534
for design
Additional JTAG gate count -
for I0Bs 5,856 7,008

x 2. 4%

H] L

Table 2. Performance comparison

Proposed
MAC Add + Mul
1 Matrix ’
(cycle) 12 20
1 Transformation
Evee 30 47
1 zol 288 =
Transformatlon 5,000,000 3,191,500
(7}/sec, 150MHz)
Frequency 150 MHz 150 MHz
Gate count 4,689 4,646

E 3. B dAabrleke] vl
Table 3. Comparison to other MAC units

MAC1 MAC2 MAC3 |Proposed
[12] [13] [14] MAC
IEEE 754 |IEEE 754 |IEEE 754 .
Format | 35 1 | 32-bit | 32-bit | 24P
mul-acc,
Operation | mul-acc mul, mul-acc | mul-acc
mul-sub
Phgiee ] 1+ | 1 | 2 | 8
Frequency| 3 GHz 80 MHz | 30 MHz | 150 MHz
g)%tgt 230,000 | 12,800 56,000 4,689
T 3& A%k MAC 94b7]9} b dabrlslel
H g vepd ®olth o2 MAC dAb7]el H]ste
e 2718 A, Ee FaidAd SAe: A
2 gA% & A
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