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Systematic Design of Redundant Adders Using Counter Tree Diagrams

An Example of Redundant-Binary Adder Design

NaAoruMI HOMMA, 1t JUN SAKIYAMA, TATHET WAKAMATSU,t
TAKAFUMI AOKIt and TATSUO HIGUCHI

This paper presents a design mothod of redundant adders based on a unified representation
of fast addition algorithms called Counter Tree Diagrams (CTDs). An important feature of
the CTD-based design is its capability to obtain possible constant-time addition algorithms
in a systematic way without using specific knowledge about underlying arithmetic algorithms.
We can derive high-performance redundant adders by mapping them onto physical logic de-
vices. In this paper, we demonstrate the potential capability of CTD-based design through
an experimental design of constant-time redundant-binary adders.
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Fig.1 Symbol of a counter node.
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Fig.2 Decomposition of counter nodes.
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Fig.3 CTD representation of a redundant adder: (a) 1-
digit redundant adder at a high level of abstrac-

tion, (b) 1-digit redundant adder at a low level of

abstraction after node decomposition.
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Fig.4 CTD decomposition of an Redundant-Binary adder
with the radix 2 and the digit set [—1 : 1]: (a) 1-
digit adder, and (b) (k+1)-stage decomposition of
the 1-digit adder.
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Fig.5 3-stage CTD representation for Redundant-Binary
adders: (a) Type 1, and (b) Type 2.
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Fig.6 Circuit implementation of the Redundant-Binary
adder from Ref. 5).
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Binary adder shown in Fig. 6.
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Fig.7 Synthesis results of 8-bit Redundant-Binary
adders in Experiment 1.
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Fig.9 Synthesis results of 4-bit Type-1 Redundant-Binary adders in Experiment 2.
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Table 4 Performance of Redundant-Binary adders in
Experiment 2.

power-delay del
roduct eay power
(ngec*mw) (nsec)  (mW)
Type 1 22.28 0.94 11.84
Type 2 28.87 1.19 14.43
RBA 5) 26.62 1.21 13.58
RBA 6) 23.45 1.20 12.93
RBA 7) 25.85 1.17 14.09

05 0020000000000000020000
Table 5 Optimal binary coding of CTD signals in
Experiment 2.
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