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Table 1 The six kinds of number format
(the IEEE 754-1985 standard).

Meaning Sign Exponent Mantissa
field field field
Zero Don’tcare All0’s AllO’s
Positive denormalized 0 All 0’s Non-zero
Negative denormalized 1 All 0’s Non-zero
Positive infinity 0 All 1’s Al 0’s
Negative infinity 1 All I's All O’s
Not-a-Number (NaN) Don’tcare All I'’s Non-zero
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Table2 The coding mode based on the improved BOOTH
arithmetic.

Multiplier Product

000 +0
001 +M
010 +M
011 +2M
100 -2M
101 -M
110 -M
111 -0
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Fig.3 The tree-structure for adding the products.
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Table3 Comparison of different algorithms.

TAH TR BT IR Resource HE Speed R
Professional component Intellectual property right
IP#: 5 RFKE Yes Le:256/24,624 Ar=14826MHz  No
IPcore:5-step pipelining EM_9bit:7/132 T= 60ns
IP ¥ 5 &FKE No Le:902/24,624 Ar = 124.24 MHz No
TPcore:5-step pipelining EM_9%bit:0/132 T=60ns
P #%. 11 Rk Yes Le:323/24,624 At = 200 MHz No
IPcore:11-step pipelining EM_9%bit:7/132 T> 55ns
P ¥ 11 RFKE No Le:1,119/24,624  At=15482MHz  No
TPcore: 11-step pipelining EM_9bit:0/132 T>55ns
A3 Feik 48 This multiplier No Le:881/24,624 At=T=40ns Yes
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Improved multiplier used in the state-matrix for magnetic control of a synchrotron

LONG Yindong'? QIAO Weimin' LIN Feiyu? JING Lan'
1(Institute of Modern Physics, Chinese Academy of Sciences China, Lanzhou 730000, China)
2(Graduate University of Chinese Academy of Sciences China, Beijing 100049, China)

Abstract The magnetic control of a synchrotron is a high precision real time system. With the development of
digital processing, the HIRFL-CSR project (Cooler Storage Ring of the Heavy Ion Research Facility in Lanzhou) has
higher requirements on floating multiplier’s speed and used-resource. In this paper, we report the improved floating
multiplier realized by the VHDL and the Booth algorithm, based on the tree-structure consisting of the 4-2 and 3-2
compressors. It takes the EP3C25F256 as the hardware environment to get the timing-emulate and function-emulate.
Comparing with other designs, this floating multiplier has better in correction and speed.
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CLC TP3322"1



