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Abstract
In this paper, we proposed a new architecture of MACMultiplier-Accumulator) to operate high-speed

multiplication-accumulation. We used the MBA(Modified radix-4 Booth Algorithm) which is based on the 1's complement
number system, and CSA(Carry Save Adder) for addiion of the partial products. During the addition of the partial
product, the signed numbers with the 1’s complement type after Booth encoding are converted in the 2’s complement
signed number in the CSA tree. Since 2-bit CLA(Carry Look-ahead Adder) was used in adding the lower bits of the
partial product, the input bit width of the final adder and whole delay of the critical path were reduced. The proposed
MAC was applied into the DWT(Discrete Wavelet Transform) filtering operation for JPEG2000, and it showed the
possibility for the practical application. Finally we identified the improved performance according to the comparison with
the previous architecture in the aspect of hardware resource and delay.
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Fig. 1. General arithmetic operation of multiplication and
accumulation.
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Fig. "2. General hardware architecture of MAC.
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Table 1. comparison of hardware amounts for MAC.
Our design f
Standrd design | Design in [19) | Ovr design | | th:nn:
General {16-bit| General |16-bit| General |16-bit | General | 16-bit
# of FA n2/2+n 1152 | n2/2+2n+3 | 1304 | n2/2+n/2 | 1088 o4 630
(5/4n+1
# of HA 0 0 0 0 jGon2| 14 |62 B
# of 2-bit
CLA 0 0 n/2-1 63 n/2 72 /4+1 45
Size of (2n+1)-bit 2% (n+2)-bit 121 0 0 0 0
Accumulator CLA CLA
Size of final | (2n)-bit a8 0 0 n-bit 107 n-bit 107
adder CLA CLA CLA
Total - 1596 1488 - 147 920
E 2. ZstEdo FHeL 0 fst HOIE 5
Table 2. Gate count of each hardware element.
Logic Gate count
NAND 1
HA 4
FA 8
2-bit CLA 9
16-bit CLA 107
18-hit CLA 121
32-bit CLA 218
33-bit CLA 226
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® 1=2 ratio of the saturation velocity
® =C/Cg
® t=0.1xT/t
e C ‘gate load capacitance
® (Cg :gate capacitance of the minimum-area
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Table 3. Normalized capacitance and gate delay. Table 4. Delay time comparison for the critical paths.
; Standard P - QOur design for
Gate Comment Cin Ty design Design in [19]| Our design DWT filtering
Inverter t+e General| 16-bit | General | 16-bit | General | 16-bit | General | 16-bit
8<1 MUX | 4-level logic 35.2+t+c Booth Booth Booth Booth
Step 1 Encoding Encoding Encoding Encoding
D-F/F Slave delay 16.1+t+c ; (28n (106)n (106)n (106)n
: , 509 | M7 | grn | B0 | gy | P07 e | B07
1-bit FA input-to—sum 12 30.6+t+c - —— — — —
T — - e CSA Hybrid CSA | Hybrid CSA | Hybrid CSA
o Input~—to-carry e Step 2{(n/2-1) (n2-1) (n/2)x (23] e
3633 4697 5%38 3%H5
2-bit CLA | input-to-sum | 12 BA9+tc LY 61.1) 6.1 A1)
- - Final Addition | Final Addition | Final Addition | Final Addition
2-bit CLA | input-to-carry 16 53.9+t+c Step 3 R
- - 572n | 9152 | £ 5148 | 286n | 4576 | 286n | 4576
4-bit CLA | input-to-sum 12 6.3+t 57.2 ?
N - Accumulation - - -
4-bit CLA | input-to-carry 24 88+t+c Step 4 5700 952 |~ - - - - -
Total | - [30084] - |12%B2] - (1261 - |21
Pipeline |
® T duration Cotal | LD 12785 | A | 0845 | Step | 5368 | Stepd | 4576
.. . . Delay
¢ T ‘minimum-area inverter fall time by Cg
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