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Implementation of Efficient Exponential Function Approximation
Algorithm Using Format Converter Based on Floating Point Operation
in FPGA
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Abstract: This paper presents the FPGA implementation of efficient algorithms for approximating exponential function based on
floating point format data. The Taylor-Maclaurin expansion as a conventional approximation method becomes inefficient since high
order expansion is required for the large number to satisfy the approximation error. A format converter is designed to convert fixed
data format to floating data format, and then the real number is separated into two fields, an integer field and an exponent field to
separately perform mathematic operations. A new assembly command is designed and added to previously developed command set to
refer the math table. To test the proposed algorithm, assembly program has been developed. The program is downloaded into the
Altera DSP KIT W/STRATIX I EP2S180N Board. Performances of the proposed method are compared with those of the Taylor-

Maclaurin expansion.

Keywords: exponential function approximation, floating-point processor, FPGA

L MEB
T ATH 23 A AR JA 4Asta glen o
of uiel Aed 2R A2RlE TE] A Yud= =2
Aol ot FEsa Ik wE guds =
T2 2R Ao AMAoR FES nA7] wiel g
o Bot AT TEAM ARGl 878 A2Z 58

=
A5y 23l AR Aol AP Brkn & 5 9

T ARSShE Zo] ARsith AeAo] daglEe 1 daY
B dEell wlnd 145 AR e e vt
o|&F ARGdfoR b7l mWiEel B A" 4%
DSPE AHgstel THE dk SRt 1959 DSPE AHE:
& A% vl8ol TRk AR WA 2R AE A% FE
& F7HQ Bgol st o] ¥, ol A
S B 3 FPGAS WAl AT shE[L2),
FPGARHE: AME3}7] I &l

TAEE kg AT Heasd 7
o] Za3jr}. IEEE 754 F-5453
A ZRAMN Elel tutel s £}
o AgHolt}. Wehr FEgigi 7k A
o] E3he L2AA9| sie] SEn. olHd
B AT AlojellA m=ejdn} glem2), FEk
Mol A5 LdaelFel 7= glem4s), £

F_E;:’
o
=
[>

g

Mo

>,
¢ fo o&

pec)
A
rlI.
. 1o
O
ﬂF

WY, Jit gt

o
> 9
o
rg g
v ¢

-
o
iy

e A

Mo o

o

* 121 2] AR Corresponding Author)

=FAS2009.4.30,  %: 2009.8.12, A EA: 2009.9.9,

A4, Ae g M7teE R gela)

insideasuram(@hotmail com/jungs(@cnu.ac kr)

¥ 2 AT w8asISR 2008 AL clHEdAel A9
o2 F3glon] ol YAE Egc

12}

—

OME olv] T AIYEFE FPGAIN TEd7] 93 &
FaTA ZEAM oig Ad A7 Aiche7). RBF
(Radial Basis Function)E 7@3}7] H3l Taylor SeriesE AM§-3}
of ZAlElElGtHe). old 24K V1¥e AR Ae A4
el 1 gro] At B 249 Taylor A/NE & gk
E DAL eAFE 49E] ARl gk webd o) E oA
£ Bgep] g 2 F2e] BeskA 9o

2 =R e A8 6100194 THE 15 25 7
Hhe] TZANE o83 AlE A58 A gy
ZollA [BEE754 THFe] FEA5d ¥wio] EAAL o)
oH& Fao tigt & Feard-aA4LFY AvEe
math tableS AME-3l] A & Hrh G§Ho2 ZAE
A 9 el disl] Aistaat g

IL Taylor-Maclaurin ZF&}
Taylor Series= UIEAQ vIAY sha ZAME) Wby & 3hu)
olth, A g AR whE TaylorMaclaurin H7HE o2
¢} 7t

=Y —x 1
4 (g WA e ek

1 1 1 1
e :1+x+5x2 x4 —xt =

1 1 1 @
+—=x"+=x"+=x* + HOT
6 7 8
Taylor-Maclaurin 278l W& Q) g offe} 2t
1+l
Rn(x) - f (f(x)) xn+1 (3)

(n+1)!



1138

AANI e X7t FoldSE 2AlsE QxR EojEA

2 9 dare SojuA "ok TaylorMaclaurin 32 103}
7 ANNRE B Hol 3= oo} Fo]l AR F
At

LUED) i 0, o

R10(1)= mn n

I11. Exponential Function Approximation Algorithm

A4 g olelle) 2 Ao FHHECH
f=¢ @
A71A x & Agoln, Thet el T & 5 itk
x=ab )

A a = x ghol A & gl MAAN g A
ghlet, Y= 1 w9 elch B el grﬂ@ =
& 5o M2 1T W o/l 713 S Qe WAE 8

~880lth. 4} (4)& olfiet o] T FEE 5 Utk
fx)=e" ="t =¢ (6)
Axstes 2T 2o) & ¢ 9 & 9 FoE A

ek A5 g o W7E AFHA 7] dzel o ghe 71
T e AT APHorh mEA o o HF gk math

table2 T2 A4t A AFst AREskE Aol Fsst
t} A4 g 9 W7} -88 ~ 880]7] wfjEol math tableS THE
71 9% dxe Fas 177707 28 fok & o A
= b7h1 vuke] e T BE AR A 749 Taylor
Maclaurin gl efsf A7} 7hssith

¢* ol U3 math table o}2fje] T} Zow, ofof] gk gk
& 32bit single precision 719H] o FE|= AAE ] TEA
A Ulell $x]31A Hok

e o ta 2A13R= Taylor-Maclaurin 23] @4+ F49
o3 GAE sdlAe] BEAUHE ejste] 20xbFollA
TAREE A7) AoR FE3ith

Exponential math table>} Taylor-Maclaurin #73Jof 23} ¢ ¢}
&9 e A4 Az 2 2A8 FAS T T F olE
Fold HE ARE AN wEbd, dE ¥ ﬂ7]°ﬂ
A glol AE Fat FFE 7L AR AN 7E

E 1L AFESF Hols
Table 1. Exponential math table.

Equation Value
e 6.054601895401186¢-039
eV 1.645811431082274e-038
e® 4.473779306181121e-038
& 2235246603734715e+037
& 6.076030225056873¢+037
P 1.651636254994002e+038
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Fig. 1. Flowchart of the exponential approximation algorithm.
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Fig. 2. Architecture of floating-point processor core.
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ZERQ  mr0

MOV sri5 mro
NOP

MOV srG mel
SPINT  mr0

INTSP mrD

SUB mri sr0 e
DIV sr2 mrl 2

ADD sr2 sr2 cr2
o sr2 o osr2 20
M Taylor-Maclaurin
MUL sr2 512 mel Expansion
ADD 512 sr2 w2 (N=20)
Div 572 sr2 o3
MUL s£2 512 mrl
ADD 5¢2 552 cr2
MUL sr2 512 mrl
ADD mrl 5r2 2
MOV srl mrl
SPINT  mtD
LD mrb
MUL mr{ mrl sl
ST memssl mrd
NOP
NOP
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Fig. 8. Code implementation of exponential approximation
algorithm.
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