=

IEEE754 HEE - HIZEE XNHSls 78 248 HEI| 44 gy 2

== 2011-48SD-10-12

[EEE/A SAEHIAEE A Ysh= H 27d W3] A7

( Floating Point Converter Design Supporting Double/Single Precision o
IEEE754 )

* -7 -k K%
O I I M B NRS

B =M [EEETH4 E59 BAE 2 widLS X Yshs 2 L5253 Wer|S Aetsta AAs Aoty
e 3 e AFERUEMMEIE)S} FEAFH(EAEMAE) 7F #3535 glv AF@UEMMEIE)E F54A577(
Ar/miAE)o 2ol Wgl Beidd g wMAds 7F weaEy ofjygl 3 s BALFHGHE-ME)Y FE
A(HAZ-AAE) 2 18-S 2P ZE A4 FyE e q 1 5 JeE oo zy
o g Wl wE SHEZES AAE dA EE 9tk ulF JEE [EEETH 2008 RoollA] AoH Fsas
o] 345 Hej(extended format)} FAFSITE o] HFAE BEAE5A ALY 248 FH(extended format)e] HA A
2 HEZL 5R|Egta WA Y Aotd AWEE Fdst= 1IN ERe g E 2E&th w3 siAr)rt tial +1 S
ARESPEA B At &40 AEE do] /lEdlEE WEv|e gy AHoANE HAHFsNTE dd Y Alo]F o
ol ~e} 55 wfo] ]l dlolHsjAE AAEAh WMEY F dolgde digk HDL EES 7|3 $o Synopsys
design compiler® ARE&Ee] TSMC 180nm &4 olBog&® FAsach dA4 ZAxpe] A wze 12836 ACEERYH
NAND Al°|E 7]F)e]lal Hd 52 Far+ 411MHzo|t

N

r
I
e

>

fitl
Ho
)

e
K

=)

Abstract

In this paper, we proposed and designed a novel floating point converter which supports single and double precisions of
IEEE754 standard. The proposed convertor supports conversions between floating point number single/double precision and
signed fixed point number(32bits/64bits) as well as conversions between signed integer(32bits/64hits) and floating point
number single/double precision and conversions between floating point number single and double precisions. We defined a
new internal format to convert various input types into one type so that overflow checking could be conducted easily
according to range of output types. The internal format is similar to the extended format of floating point double precision
defined in IEEE7%4 2008 standard. This standard specifies that minimum exponent bit-width of the extended format of
floating point double precision is 15bits, but 1lbits are enough to implement the proposed converting unit. Also, we
optimized rounding stage of the convertor unit so that we could make it possible to operate rounding and represent
correct negative numbers using an incrementer instead an adder. We designed single cycle data path and 5 cycles data
path. After describing the HDL model for two data paths of the convertor, we synthesized them with TSMC 180nm
technology library using Synopsys design compiler. Cell area of synthesis result occupies 12,836 gates(2 input NAND gate),
and maximum operating frequency is 411MHz.

Keywords : Convertor, Internal format, Floating point number, Fixed pooint number, IEEE 754 standard
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Table 1. Conversions  supported by the proposed
coverting unit.
3 H3S

float single precision

float double precision

signed fixed point 32/64bits

signed integer 32/64bits

float double precision

float single precision

signed fixed point 32/64bits

signed integer 32/64bits

signed fixed 32bits

float single/double precision

signed fixed 64bits

float single/double precision

singed integer 3Zbits

float single/double precision

signed integer 64bits

float single/double precision

unsigned integer 32bits

float single/double precision

unsigned integer 64bits

float single/double precision
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(XX |x]  [X[X[X[-]|X][X]X]
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exponent fraction

gzl 1. HMetEl iR Yel(internal format)
Fig. 1. The form of the proposed internal format.
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64bit extended number (unsigned)

64 bits .

e R input type ‘
6.0.0.0d &KX rtde 8ol X signed integer (64bits)
internal format
i fil 11 bits 64 bits
10000111110 0.0 L0 L B X X X X XX

sign exponent=1023+63=1086 significant
(a)
64bit extended number (unsigned)
64 bits i ;
= mput type '
I X Ko XA oo X X . X .
00040 X, Cor bis signed fixed number (64bits)
fwil 5
internal format
[ bit 11 bits 64 bits
0 XX EXEXXXEZIXXXEX 0. 0001 XXX XXXX
sign exponent=1023+63—efwl significant
=1086—efwl
floating point number (single precision)
1 bit 8 bits hidden one (1bit) 23 pits
0 X XXXXXXX i 'X XXXXXX-X
sign exponent=expsingle fraction
internal format
L /J:'/ 11 bits 64 bits
0 X XXXXXXXXXX 1 .X XXXXXX X 00
sign exponent=expsingle +896 significant zero padding
(©) (40 bits)
internal format (before additional operation)
{ gfz 11 bits 64 bits
O X XXXXXXXXXX I .X XXXXXX--X0--0
sign exponent=expsingle+896 significant zero padding
internal format (after additional operation) G20 irs)
1 bit 11 bits 64 bits
O XXX XX XXXXXX I XXXXXXX~XO0 - 0‘
sign shift_amount=1086— (expsingle +896) significant
(@
internal format (before additional operation)
{ ZIZ 11 bits 64 bits
0 X XXXXXXXXXX ].X X XXX XXX 00
sign exponent =expsingle +896 significant zero padding
internal format (after additional operation) (40 bits)
{_'bi[ 11 bits 64 bits
0 XX XXXXXXXXX 1XXX--X X-X s X izzai O
sign shift_amount significant i
Crwi bits

=(1086—efwl) — (expsingle +896)
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Fig. 2. Converting into the internal format according to
the input forms.
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data opcode

RS_bits round_mode

e— o

| All one dector ” 1's complement ” Round up decision |

{

| Overflow detector |

Constant biasing

| | Adder |
default

exp_incr

| MUX |
\

output

I3 6. HMY|E o823t 2lRE 25
Fig. 6. The rounding block using an adder.
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Fig. 7. The rounding block using an incrementor.
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Table 2. Comparison of area and data arrival time for
single clock cycle datapath and 5 stage

pipelined datapath.

area [2-input NAND | data arrival
datapath .
gate] time[ns]
single cycle 8,965.97 7.03
5 cycles 12,878.50 2.25

¥ 3 5tk mo|=zfel oolHmjALl Z+ AHOIX|
BN Z3t

Table 3. The synthesis result for each stage of 5 stage
pipelined datapath.

. data
area [2-input i
stage NAND gatel] arrival

time[ns]
e 230434 | 203
input aligner
2 stage
leading zero detect 1771376 1.87
3 stage
shifter/range & exception detect 4724018 1.87
ot 341554 | 2.5

g/€Xp Process

e 1,11467 212
output aligner

(605)
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datapath+
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o] 8 #4919 data arrival timeo. 2 AAo R
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3 T}E constraints, environment, optimization level
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Table 4. The synthesis results for Synoptys IP
Converter datapath.
Synopsys area data
DW Converting Type [Zinput anI'iVal
IP name NAND time
gate] [ns]
DW_fp_flt2i | float(single)—signed int(32bits) 726.82 6.91
DW _fp_fIt2i | float(single)—signed int(64bits) 121547 702
DW _fp_fIt2i | float(double)—signed int(32bits) 1051.48 703
DW_fp_fIt2i | float(double)—signed int(64bits) 1549.77 7.03
DW_fp_i2flt | signed int(32bits)—float(single) 716.51 7.03
DW_fp_i2flt | signed int(32bits)—float(double) 688.56 7.02
DW_fp_i2flt | signed int(64bits)—float(single) 1801.58 7.03
DW_fp_i2flt | signed int(64bits)—float(double) 1589.02 7.03
DW _fp_i2flt | unsigned int(32bits)—float(single) 548.86 703
DW _fp_i2flt | unsigned int(32hits)—float(double) 333.31 701
DW_fp_i2flt | unsigned int(64bits)—float(single) 993.26 7.03
DW _fp_i2flt | unsigned int(64bits)—float(double) 1160.91 702
Total 12,375.55 7.03
E 5 o WM™ Zntuo|d
Table 5. Comparison of the area for two designs.
gflember data. area .
design of a.rr1va1 [2-input | relative
functions 1[:1me NAND | area
] nsl gate]
the proposed
converting 22 7.03 8,965.97 0.72
unit
Sly)%spfgs 12 703 | 1237555 1
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