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Design and implementation of pipelined floating-point reciprocal

approximation operation unit

HE Jun, WANG Li
(Shanghai High Performance Integrated Circuit Design Center, Shanghai 201204, China)

Abstract; In some low precision applications, pipelined floating-point reciprocal operation is required actually. Based on SRT -4 algorithm,

a pipelined floating-point reciprocal operation unit was designed and implemented, which is constructed as a 6-stage pipeline unit, resulting in an

8-bit valid fractions. In order to support hardware process of denormal numbers, the unit was improved to get higher performance, which is

constructed as a 8-stage pipeline unit, adding source operand pre-normalization and result post-normalization function components and supporting

hardware process of denormal numbers. After logic synthesis, the area of the unit was increased by 19.23% , which is reasonable. The timing of

the unit was not affected obviously and met the expected frequency goal of 1.6 GHz.
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Tab.1 The SRT -4 quotient look-up table!"’
IEDA S
0 1 2 3 4 5 6 7 8 9 A B C D E F
00 ~02 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +O
03 +1 +1 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0 +0
04 +1 +1 +1 +1 +1 +1 +1 +1 +0 +0 +0 +0 +0 +0 +0 +O0
05 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +0 +0
06 ~0B +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
’E 0C +2 +2 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
gﬁ 0D +2 +2 +2 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
%i 0E +2 +2 +2 +2 +2 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
£y OF +2 +2 +2 +2 +2 +2 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
10 +2  +2  +2 +2 +2 42 +2 +2 +1 +1 +1 +1 +1 +1 +1 +1
11 +2 +2 +2 +2 +2 +2 +2 +2 +2 +1 +1 +1 +1 +1 +1 +1
12 +2  +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +1 +1 +1 +1 +1
13 +2  +2  +2 42 +2 +2  +2 +2 +2 +2 +2 +2 +1 +1 +1 +1
14 +2 42 +2 42 +2 42 +2 42 +2 42 +2 42 +2 42 +1 +1
15 +2 42 +2 42 +2 42 +2 42 +2 42 +2 +2  +2 +2 +2 +1
16 ~3F +2  +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 42 +2 +2 +2 +2
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0 1 2 3 4 5 6 7 8 9 A B C D E F
40 ~ 68 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 =2 =2

69 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 =2 -2 =2 -1

6A -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -1 -1

6B -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -1 -1 -1 -1

6C -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -1 -1 -1 -1 -1

}E 6D -2 -2 -2 -2 -2 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1 -1
# 6E -2 -2 -2 -2 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1 -1 -1
2; 6F -2 -2 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
70 -2 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

71 -2 -2 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

72 -2 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

73 ~78 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

79 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -0 -0

7A -1 -1 -1 -1 -1 -1 -1 -1 -0 -0 -0 -0 -0 -0 -0 -0

7B -1 -1 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0

¢<~7%* -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0
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Fig.2  Schematic diagram of iterative
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Fig.1 Implement of SRT -4 quotient selection function
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Tab.3 Logic synthesis result
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FREC 2348.11 13.44 7.89
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B 19.23% 13.47% 18.38%
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