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Abstract

We propose a variable-latency Decimal Floating Point(DFP) adder which adopts the dual data path scheme. It is to
speed addition and subtraction of operand that has identical exponents. The proposed DFP adder makes use of L. K.
Wang's operand alignment algorithm, but operates through high speed data-path in guaranteed accuracy range. Synthesis
results show that the area of the proposed DFP adder is increased by 826% compared to the L. K. Wang's DFP adder,
though critical path delay is reduced by 10.54%. It also operates at 13.65% reduced path than critical path in case of an
operation which has two DFP operands with identical exponents. We prove that the proposed DFP adder shows higher
efficiency than L. K. Wang‘s DFP adder when the ratio of identical exponents is larger than 2%.

Keywords : Decimal Floating—Point Adder, IEEE 754-2008
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1 bit
s
(sign)

w + 5 bits

G
(combination field )

t=Jx 10 bits

T
(trailing significant field )

Gy decimal encoding : J declets give 3 x J=p — 1 digits
binary encoding :  bits give values from 0 through 2' - 1
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Table 1. Parameters of DFP formats.

decimal | decimal | decimal
Parameter
32 64 128
storage bits (k) 32 64 128
sign bit 1 1 1
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) . 20 50 110
field bits (¢)
precision (p) 7 16 A
maximum exponent
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(emaw)
minimum exponent
) -95 -383 -6143
(emin)
exponent bias (bias) 101 393 6176
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Table 3. Defintion of Symbols used in DFP Adder.

Symbol Definition

SA, Sign bit of operand A
SB, Sign bit of operand B
C4, Significand of operand A
CB, Significand of operand B
FA, Biased exponent of operand A
EDB, Biased exponent of operand B
FEOP Effective operation
LA, The number of leading Os in CAy
RSA Right shift amount
LSA Left shift amount
CAgq Significand with larger exponent
CByg Significand with smaller exponent
ER, Temporary result exponent
CA, Significand after alignment of CAg
CB, Significand after alignment of CBy
. Shiftgd gr}d injected 19 digit

2 significand from CA4,
CB, | Shifted 19 digit significand from CB,
CA, Precorrected significand from CAQV
CB, Precorrected significand from CB;
C Carry-out bits
UCR Uncorrected result
F Flag bits used in the postcorrection

step
F, Flag bits indicate trailing—nine
CR, Corrected result
SR, Sign bit of the result
overflow Overflow flag

LR, Final result exponent
CR, Final result significand
R, Final DPD-encoded result
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a8 6. MY FEasH TRt ALkl of

Fig. 6. Example of DFP addition.
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a7 7. AR RSASE 2 ddel of
Fig. 7. Example of DFP subtraction.
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ol B elg) S Abgeth ¥ 2v A REA5HE
A71e] Al AAg R AAS Hagk Zloltk AP R
o] AAAZRE 77t ns@el et FO4E o] -&3to] AAtst
e, FO4= tAE CMOS 71&ollA a4 533
ol A7 @9(delay metric)o]th WAL a9 S

ARE-sle] el on NAND2 57F Aol E(equivalent
gate)®] FE eI

F 4v vadide Aeket sRabr) e A AR
Ebdl Folth L. K. Wang?] 4% H-5254 7Ht7]9]
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004ns = AXFe A3} 50.84 FO49F 2t} &3k W3
0.102949mro] ™ o] 938072 NAND2 57} 7]
2okt L K Wang®] A% F5254 7HE7]elA
A= A AN 9 wd Fug A A3 R
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HojFE) mx|gog B =o)X Aokek Az
0 HEhTA Mo AAAE AAA RS 382ns
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Table 4. DFP adder comparison with respect to delay
and area.

Area
. Delay | Delay Area
Designs (NAND2
£ (ns) | (FO4) | (m)

Eq. Gates)
L. K. Wang's _
4.27 50.84 | 0.102949 9380
Adder
L. K. Wang's
Adder with 381 4537 | 0.110631 10079
Refined OACSU
Proposed
Variable-Latency 3.82 4548 | 0.1114%6 10155
Adder
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