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1. Background

2. Research Objective

Distributed Arithmetic (DA)

Multiply-accumulate operations

without multipliers

𝒇 𝒙 = 𝒂𝟎 + 𝒂𝟏𝒙 + 𝒂𝟐𝒙
𝟐 + 𝒂𝟑𝒙

𝟑 + 𝒂𝟒𝒙
𝟒 + 𝒂𝟓𝒙

𝟓 + 𝒂𝟔𝒙
𝟔 + 𝒂𝟕𝒙

𝟕 + 𝒂𝟖𝒙
𝟖 + 𝒂𝟗𝒙

𝟗

Direct DA for Taylor-Series Expansion

Need reduction of

- Number of multiplications

- Look Up Table (LUT) size

𝒇 𝒙 = 𝒇 𝜶 +
𝒇′ 𝜶

𝟏!
𝒙 − 𝜶 +

𝒇′′ 𝜶

𝟐!
(𝒙 − 𝜶)𝟐+

𝒇′′′ 𝜶

𝟑!
(𝒙 − 𝜶)𝟑+⋯

Development of efficient dedicated DSP architecture 

for Taylor-series expansion calculation

Reduction of

- Number of multiplications

- Look Up Table (LUT) size

4. Our Approach: Term Division Method

• Distributed arithmetic & Division of terms 

to Taylor-series expansion calculation

8  ⇒ 5

𝟏𝟎𝟐𝟒𝟎 ⇒ 𝟑𝟐𝟎

• Future Work

Evaluation with FPGA

Division by
Number of 

multiplications
LUT size

16 

terms

1 14 65536

2 8 512

4 6 64

8 8 32

32 

terms

1 30 4294967296

2 16 131072

4 10 1024

8 10 128

16 16 64

64 

terms

1 62 1.84×1019

2 32 8589934592

4 18 262144

8 14 2048

16 18 256

32 32 128

Optimal number of term divisions

for N-term Taylor series expansion

5. Verification of Term Division Method3. Distributed Arithmetic (DA)

6. Conclusion
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𝒚 = 𝒉𝟎𝒙𝟎 + 𝒉𝟏𝒙𝟏 + 𝒉𝟐𝒙𝟐

Abstract

● Development of efficient DSP

for Taylor-series expansion  

calculation

● Distributed Arithmetic  usage

● Proposal of

term division method 

for circuit reduction

Bit-series operation in parallel

With LUT and adder, without multiplier

√𝑁

DA 1 DA 2

Term division by 2

A-12

⇒ Reduction of LUT memory size

⇒ Reduction of 𝑥𝑛 calculation by Multiplier


